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TABLE 14.1 Microbiological Menitoring and Venification of Various Water Types within a Factory

Frequency of

Walter Target Organisms Method Guideline Value Monitoring
Potable, municipal Coliferms presence/ 1S0 9308 ND" 1 100ml As determined by
drinking water at absence test using HACCP
intake point membranc filtration
Water (municipal or Escliericue coli 150 9308 ND in 100m!
well) after treatment Enterococcl 1SO 7899 ND in 100ml
Total plate count 22°C 150 6222 <100/m]
Total plate count 37°C 150 222 <10/ml
Product make up Depended on processing - - As determined by
water HACCP
Chilled water circuits Coliferms plate count 1S0O 9308 <1/ml As determined by
{closed), unpreserved Total plate count 22°C 150 6222 <1000/ml HACCP
Chilled water aircuits Coliforms plate count 150 9308 <1/ml As determuned by
(closed), preserved Total plate count 22°C 106222 <1000/ml HACCP.
Check preservative
concentration

continuous or weekly
Hot water circuits None = — Check temperature
storage (60°C) and
distribution (56°C)
continuously
Final rinse water Depended on processing - For aseptic As determined by
processes sterility HACCP
1s required

Cooling water for Coliforms plate count. 150 w308 <1/ml As determined by
canning Total plate count 22°C 1S0 6222 <100/ml HACCP
Chlorination 1507293 2-10mg/1 Check chlerine
concentration

continuous or daily

Bottled water Escherichia coli 150 9308 ND in 250ml As determined by
Enterococei 150 7899 ND in 250 ml HACCP
Psendomonas ceruginosa 15016266 ND in 250ml
Total plate count 22°C 150 6222 <100/ml
Total plate count 37°C 150 6222 <20/ml

Adapted from (151, 2008, WHCO, 2010 and EC 2012

“ND = Not detectable m the defined volunies.

Groundwater

Groundwater is water contained beneath the surface in rocks and soil, and which accu-
mulates underground in aquifers (WHO, 2000). Groundwater constitutes 30% of the global
freshwater pool (Figure 14.1). In many parts of the world groundwater sources are the’
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TABLE 14.2  Estimation of the Global Water Distribution (¢

96)
Water Volume, Water Volume, in Fresh Water Total Water

Water Source in Cubic Miles Cubic Kil F T 8
Oceans, seas, and bays 221,000,000 1,338,000,000 - 965
Ice caps, glaciers and 5,773,000 24,063,000 687 174
permanent snow
Ground 5,614,000 23,400,000 - 17

Fresh 2,526,000 10,530,000 30.1 076

Sahine 12,870,000 - 094
Soil moisture 3959 16,500 0.05 0001
Ground ice and permafrost 71,970 300,000 0.86 0.022
Lakes 42,320 176,400 - 0013

Fresh 21,830 91,000 0.26 0.007

Saline 20,490 85,400 - 0.006
Atmosphere 3095 12,900 0.04 0.001
Swamp water 2752 11,470 003 0.0008
Rivers =9 2120 0,006 00002
Biological water 269 1120 0.003 0.0001
Total 332,500,000 1,386,000,000 - 100

single most important supply for the production of drinking water, particularly in '“;‘I“’I
with limited or polluted surface water sources, Groundwater is typically {‘f more sta ILI
quality and better microbial quality than surface waters. Groundwater q\_l-lhl)' from sma

suppliers suffers more from a lack of information, risk assessment and risk lll-ll,l..l)!,("l"'"l.
Groundwater often requires little or no treatment to be suitable for drinking. There are
many examples of groundwater being distributed without treatment. However, );““"“I'_
water quality may be corrupted by nearby sources of hazards if the groundwater well is
insufficiently confined and/or well integrity is compromi > :

be the most critical pathogens for groundwater contamination, because of their ability to
travel through the subsurface and their high infectivity (Schijven ot al, 2010). Flooding of
groundwater wells due to extreme precipitation and unnatural threats to its quality should
be recognized (Schijven and de Roda Husman, 2005). It is vital therefore that the quality of
groundwater is protected if public health is not to be compromised.

«d. Viruses are considered to

Surface Water

Surface water may consist of fresh or saline water, or a combination of semi-saline water
called brackish water. Brackish and saline walers are present in our oceans, seas and river
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FIGURE 14.1  Freshwater sources.

delta areas. Fresh surface waters include nivers, lakes, swamps and groundwater (Figure
14.1). The larger part of fresh water (two-thirds) is, however, frozen and encapsulated in ice-
caps and glaciers. Groundwater also constitutes a large part: one-third. Of the remaining
part, fresh water mostly includes lakes, swamps and rivers. Surface waters are largely under
the influence of contamination from human and animal activities but also from the envi-
ronment itself, which may compromise public health. The range of human activities in the
catchment that may cause pollution of surface waters with microbiological, chemical and
radiological hazards includes agricultural activities, sanitation practices, industry, mining,
military sites, waste disposal and traffic. As compared with groundwater, surface waters
generally need to be treated, often extensively.

Rainwater

Rainwater is initially free of contamination, except for air pollutants (Lye, 2009, Schets
et al, 2010; WHO, 2011). However, the quality of rainwater may subsequently deteriorate
during harvesting, storage and household use. When collected from rooftops or otherwise,
it may become contaminated by animals and humans directly or indirectly from their waste
or, alternatively, chemicals may dissolve from collecting and storage devices and human
pathogens may grow in stored rainwater. Well-designed rainwater harvesting systems with
clean catchments, covered cisterns and storage tanks, and treatment, as appropriate, sup-
ported by good hygiene at point of use, can offer drinking water with very low health risks
Rainwater can provide an important source of drinking water in some circumstances as well
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354 14. BOTTLED AND DRINKING WATER

as be a useful source of water for blending with other sources to reduce the levels of con-
taminants that may cause health concerns, such as arsenic and fluoride.

Saline Water

In light of climate issues and population growth, it may be difficult to provide sufficient
water supply to the world including meeting industry needs. In this respect, desalination
of ocean and sea water has been explored. Desalination facilities exist all over the world,
particularly in the eastern Mediterranean region, with use increasing on all continents.
Desalination is used to remove salts from brackish or saline surface water and groundwater
in order to render it acceptable for human consumption or other uses such as in the food
industry. Some of the desalination processes used (especially distillation and reverse osmo-
sis) are highly effective in removing microbial and chemical hazards facilitating the use of
these processes as single-stage treatments.

Recycled Water

After use in the food industry (1151, 2012), water may be of sufficient quality for use in a
similar process, e.g. washing. Depending on the contact, both in time and surface, between
the water and food ingredient or end product, the recycled water needs to meet quality
requirements. If these are not met, there is a range of available treatment options to improve
water quality (WHO, 2011). See also “Water Reuse in Food Processing,” on page 372.

DRINKING-WATER APPLICATIONS IN THE FOOD INDUSTRY

Water is used widely in the food industry. It is used to move products, to produce and/
or wash vegetables, fruits, fish and poultry, and to clean and refresh raw vegetables after
harvesting and during distribution. Water, or steam made from it, is used for cleaning, dis-
infection and heating purposes. Finally, water can be a consumer end product and/or an
ingredient in food. Virtually all frozen foods carry a glaze of ice which is often derived from
process water, and for certain frozen foods (such as fish and shelifish) a glaze is added as a
protective measure

The amount of water used to produce food commodities is sometimes impressive. The
so-called water footprint is defined as the total volume of fresh water that is used to pro-
duce the goods and services consumed by an individual or community or produced by a
business. The production of 1 kilogram of beef requires 15,415 liters of water, an average of
1,600 liters are needed for 1 kg of bread and 27 liters are needed for a cup of tea (250 ml).
(www.waterfootprint.org, accessed June 2013).

Water as End Product

Water is delivered to the consumer either as tap water from a piped distribution system
or packaged in bottles, cartons or other containers. The food industry delivers packaged
water only.

L. RISKS AND CONTROLS IN THE FOOD SUPFPLY CHAIN
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The following types of water are produced as an end product, packaged in plastic or
glass bottles, cartons, water coolers, water dispensers and so on. Sizes range from small sin-
gle serving PET bottles to large carboys for water coolers.

Spring water: Bottled water derived from an underground formation from which
water flows naturally to the surface of the earth. Spring water must be collected only
at the spring or through a borehole tapping the underground formation feeding the
spring

Purified water: Water that has been produced by distillation, deionization, reverse
osmosis or other suitable processes while meeting the definition of purified water in the
United States Pharmacopoeia.

Mineral water: Bottled water containing not less than 250 parts per million total
dissolved solids.

Sparkling bottled water: Water that, after treatment and possible replacement with
carbon dioxide, contains the same amount of carbon dioxide that it had as it emerged
from the source.

Artesian water/Artesian well water: Bottled water from a well that taps a confined
aquifer (a water-bearing underground layer of rock or sand) in which the water level
stands at some height above the top of the aquifer.

Well water: Bottled water from a hole bored, drilled or otherwise constructed in the
ground, which taps the water aquifer.

The amount of bottled water consumed per year was estimated in 2011 to be 262 billion
liters worldwide. This represents an average of 37 liters per capita. (http://www.zenithin
ternational com/accessed june 2013). However, some countries show extremely higher fig-
ures. lable 14.3 shows the 20 countries where most bottled water is consumed, compared to
the average global consumption.

The market is forecasted to grow to over 400 billion liters in 2020.

Bottled water has come under criticism in recent years for the environmental impacts
of groundwater extraction, the energy and environmental costs of the plastic packaging
and transportation costs and concerns about water quality and the validity of some mar-
keting claims. One criticism of bottled water concerns the packaging. Bottled water com-
monly is packaged in polyethylene terephthalate (PET), which requires a significant amount
of energy to produce. While PET is recyclable, only a fraction of plastic bottles made from
PET are actually recycled. For example, in the United States, according to a NAPCOR
(National Association for PET Container Resources) study, water bottles account for 50% of
all the PET bottles and containers collected by curb side recycling, and the recycling rate for
water boltles was 28% in 2009. However, bales of PET collected for recycling often contain
materials such as polypropylene caps, labels and glue, and other contaminants, which are
then weighed and included in the PET recycling rate. The percentage of “clean PET flake”
yielded once the contaminants have been removed was 21% in 2009 and is a more accu-
rate depiction of how much PET actually gets recycled. European recycling rates tend to be
somewhat higher. In the United States, plastic used to create bottles uses an estimated 15
million barrels of oil annually (data on recycling from hitp:/ /www.container-recyeling org,
accessed September 2012).

I RISKS AND CONTROLS IN THE FOOD SUPPLY CHAIN
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TABLE 14.3 Per Capita Bottled Water Consumption by Top Countries 2000

to 2010
Per Capita Bottled Water
Consumption (liters)

Counlries 2000 2005 2010
Mexico 124 179 243
Ttaly 160 191 187
United Arab Emirates 14 181 153
Belgium-Luxembaurg 118 160 148
Germany 102 128 134
France 126 139 132
Spain 105 146 124
Lebanon 77 107 121
Thailand 70 76 14
Hungary 70 m
Switzerland 90 104 108
Uniled States 67 9 107
Slovenia 56 81 107
Croatia 17 75 101
Cyprus 72 98 os
Qatar - 79 05
Saudi Arabia 80 93 95
China, Hong Kong SAR o 95
Czech Republic 65 90 w
Austria 75 %1 ol

Data from Beverage Marketing Conpo

Water as Ingredient

The importance of water quality cannot be underestimated by food manufacturers, It plays
a vital role, both as a critical ingredient in ensuring food quality and as a key to efficient pro-
duction. It provides appropriate water content in the final product. For example, canned
soups and vegetables contain a high percentage of added water once they have been cooked
and packaged. Another important function of water is to dissolve ingredients. Especially
when used as ingredient, it is important that the water produces no hazards, flavors or smuI[';
which might affect the quality or consistency of the final product. “Determination of Water

ater
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Safety,” on page 367, presents a simple safety classification of water “fit for purpose” and an
easy-to-use decision tree for assessing the suitability of water for its intended use.

Producers of food products that need to be rehydrated before consumption should be
aware of the safety of water used for this purpose. In particular products that will not, or
will not sufficiently, be reheated need attention from both the water supplier as well as
the supplier of the dried food. The water supplier obviously needs to provide safe water,
either bottled or tap. The food supplier is responsible for pathogen-free products, maximal
ntrinsic security (like water content or capacity, acidity, temperature, packaging) and shall
instruct customers in how to safely rehydrate the product - in particular if they sell their
products to areas where safe water is not commonly available.

Dried foods intended for babies, such as infant formula, require specifically safe water
as infants’ immune system is not fully developed and they are particularly vulnerable. Of
course, the product itself shall be free from any harmful chemical, microbiological or physi-
cal hazards; however, consumers should be alerted that dried foods are not sterile. Risks
associated with the rehydration of products and their final preparation for consumption,
including recontamination during storage, should be considered in the products’ HACCP
plan, and validated safety instructions should be provided to consumers. The Codex
Guidelines on Validation of Control Measures provide guidance on the validation pro-
cess for preparation of consumer information (see Codex Alimentarius. Guidelines for the
Validation of Control Measures).

The World Health Organization has issued guidelines for safe preparation, storage and
handling of powdered infant formula (WHO, 2007b). These guidelines are valuable for con-
sumers and producers of infant formula. A few relevant subjects for producers of infant for-
mula are summarized:

¢ Formula preparation: In most cases, it is safe to mix formula using ordinary cold tap
water that has been brought to boil and then boiled for 1 minute and cooled. According
to the World Health Organization, recent studies suggest that mixing powdered formula
with water at a temperature of at least 70°C (158°F) will eliminate the bacterium
Cronobacter sakazakii (previously Enterobacter sakazakii) and other pathogenic (micro)
organisms. Remember that formula made with hot water needs to be cooled quickly to
body temperature if it is being fed to the baby immediately. If the formula is not being fed
immediately, refrigerate it right away and keep refrigerated until feeding.

Water: Use the exact amount of water recommended on the label. Under-diluted formula
can cause problems related to dehydration. Over-diluted formula will not provide
adequate nutrition, and, if fed for an extended period of time, may result in slower growth.
Bottled water: If consumers use non-sterile bottled water for formula preparation,

they should follow the same directions as described for tap water above. If the water

is marketed by the manufacturer as sterile and for infants, it must meet general
requirements for commercial sterility.

“Use by” or “expiry” date: This is the date after which a package or container of infant
formula should not be fed to infants.

Storage: Manufacturers must include instructions on infant formula packaging for before
and after the container is opened. They must also include information on the storage and
disposal of prepared formula
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Water for Processing

During food production, water is widely used as a processing aid without the aim of
serving it as an ingredient. Examples of demands for water during food processing are (not
exhaustive):

Washing or cleaning of (raw) products.

Transport of products.

Treatment of the product (e.g. alteration, separation).

Cooling processes: for example, fish is typically shipped in ice; poultry may be cooled in
water and slush ice and transported in ice.

Steam generation for heating, directly or indirectly.

Cleaning or rinsing of equipment.

Abnormal incidents (like fire protection).

Sanitation.

Increasingly process water is recycled. This subject is discussed in “Water Treatment
Technologies for Safe Water Production,” on page 367.

Water at Household Level

To obtain and maintain safe water at the household level, integrated planning, com-
bined with effective monitoring and evaluation, is critical. An estimated 780 million people
drink water from unimproved sources, and millions more drink contaminated water from
improved sources (WHO and Unicef, 2012). Until safe, reliable, piped-in water is available
to every household, interim measures, such as household water treatment and safe stor-
age (HWTS) to prevent contamination during collection, transport and use in the home,
are needed to reduce the burden of diarrheal disease. While a growing body of evidence
demonstrates that the use of HWTS methods improves the microbial quality of houschold
drinking water and reduces the burden of diarrheal disease in users, there is also increasing
evidence that inconsistent and/or incorrect use may be a major challenge in realizing the
full potential from HWTS. In order to develop effective mechanisms to encourage and sus-
tain correct use of HWTS, there is a need to monitor and evaluate uptake. Recently, WIHO
(2012) has provided a toolkit including process monitoring to assess program implementa-
tion and quantitative analysis through surveys, direct observation and water quality moni-
toring. As part of this toolkit, a set of indicators pays attention to reported and obser ved
use; correct, consistent use and storage; knowledge and behavior; other environmental
health interventions; and water quality.

HAZARDS ASSOCIATED WITH DRINKING WATER

Microbial, chemical and radiological hazards may compromise water quality and confer
public health risks by human consumption of food and water. The great majority of evident
water-related health problems are the result of microbial (bacterial, viral, protozoan or other
biological) contamination.
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An appreciable number of serious health concerns may occur as a result of the chemical
contamination of drinking water. Adverse health effects due to exposure to microbial haz-
ards will be acute and may be chronic as opposed to exposure to most chemical hazards that
are rarely acute.

Microbial Hazards

Bacteria, viruses, protozoan parasites, algae, amoebae and helminths are known micro-
bial hazards associated with drinking water. Some of these organisms, such as a few
bacterial species, algae and helminths, can multiply independently in the aquatic envi-
ronment whereas other, so-called enteric pathogens are completely dependent on their
warm-blooded host, animals and/or humans, for their multiplication (Table 14.4). In
case the enteric bacteria, viruses or parasites can be transmitted from animals to humans,
whether or not waterborne, these are called zoonotic. Examples are the protozoan parasite
Cryptosporidium, the hepatitis E virus and the bacterium Campylobacter. Viruses (20-300 nm)
in general are much smaller than bacteria (approx. 1 pm) which are turn smaller than pro-
tozoan parasites (10 pm or larger). The different sizes affect their fate and transport in the
aquatic environment as well as their removal and inactivation efficacy by treatment.

Infection with waterborne pathogens may pass without symptoms, or lead to mild dis-
ease, severe disease or death. Young children are especially vulnerable for contracting
water-related infections and diseases mainly involving diarrhea, and if not properly treated
these could be life threatening. On a global level, the UN and partners estimate that child
mortality has declined by 41% since 1990, from 12 million deaths per year to 6.9 million in
2011 (data from WHO, accessed November 2012). However, many countries, especially in
sub-Saharan Africa, are still far off-target in reducing child deaths. Contaminated water is
an important cause of the catastrophe (see also Motarjerm et al, 1993, 2012): worldwide, an
estimated 780 million people lacked safe drinking water in 2010 involving 1.8 million diar-
rheal disease deaths, mostly children, every year (WHO, 2011).

In low income regions exposure to Vibrio bacteria causes large cholera outbreaks with
many thousands becoming ill, resulting in countless deaths (Mandal et al, 2011). These out-
breaks may follow natural disasters such as floods, as in Haiti in 2010. However, outbreaks
are ongoing in sub-Saharan Africa. Hepatitis E virus has caused numerous outbreaks among
displaced people in Chad and Sudan in 2004 resulting in more than 45 deaths, mostly preg-
nant women (Boccia et al, 2006). In 2007, in northern Uganda, the virus demanded 160
deaths with more than 10,196 persons diseased (Teshale et al,, 2010). Although the problem
with unsafe drinking water is strongly related to low income countries, high income coun- -
tries may also suffer from major outbreaks. One of the largest recorded outbreaks of water-
borne disease took place in Milwaukee (USA) in 1993. Over 400,000 people were infected
with Cryptosporidium paroum. This outbreak was probably caused by polluted water from
Lake Michigan, the source of the drinking water. In May 2000 approximately 2300 people
became seriously ill and seven died from exposure to contaminated drinking water in the
town of Walkerton, Ontario (Canada). A combination of extreme weather, lack of appropri-
ate control systems and human failure resulted in water being contaminated with E. coli
O157:H7 and Campylobacter jejuni. These cases illustrate that the complexity of (tap)water
systems in developed countries may be alive to technical and/or human failure.
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TABLE 14.4 Sources of Water-related Pathogens

Source
Pathogen Human Animal Environmental
Acanthamoeba - = +
Adenovin + + =
Aeromionas - + +
Campylobacter - 7, L
Cruptosporidum - + =t
Cuyanobacterta - - +
Pathogenic E. colt + + 2
Enteroviruses . o =
Giardia - + =
Hepatitis A virus + = =
Hepatitis E virus B + -
Legione! 4 = 4
Leptospira - + i
Mycobacterium (nontuberculous - - +
mycobacteria)
Naegleria fowleri = s +
Noroviruses + - =
Pseudomonas acrugin = " 4
Rotavirus - - ~
Salmonella (para)typhi + ” -
Salmonelia siontyphi + + e
Shigella 4 ‘ -
Staphlococeus anreus 3 - 2
Toxoplasma " " 4
Vibrio 4 ; ;
(Updated from Schrs o )

Disease outbreaks may be directly associated with drinking-water consumption but also
to more indirect exposure, After heavy rainfall, 60% of cruise participants reported gastrocn”
teritis with stools positive for Shigella sonner, Giardia and Cryptosporidium after consumption
of ice produced from potable water contaminated with lake water (Serdarevic et al, 2012).
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Chemical Hazards

Water may contain many different chemicals, usually in low to very low concentrations;
however, spills may be extensive. An example is the Minamata disease in Japan (1956). It
was caused by the release of methyl mercury in the industrial wastewater from the Chisso
Corporation’s chemical factory, which continued from 1932 to 1968 (Wikipedia, accessed
December 2012). In Bangladesh it is estimated that a major part of the population is at risk
of poisoning because groundwater used for drinking has been contaminated with naturally
occurring inorganic arsenic (Smith et al.,, 2000). Due to labor and technical limitations only
part of these chemicals are monitored; beyond this the focus is addressed to well-known
substances or groups of chemicals (and not the individual elements). The main sources of
chemical hazards are (WHO, 2011):

Naturally occurring: rocks, soils and the effects of the geological setting and climate.
Industrial sources and human dwellings: mining (extractive industries) and
manufacturing and processing industries, sewage, solid wastes, urban runoff, fuel
leakages, pharmaceuticals, hormones, personal care products.

Agricultural activities: manures, fertilizers, intensive animal practices and pesticides.
Water treatment or materials in contact with drinking water: coagulants, DBPs, piping
materials

Pesticides used in water for public health: larvicides used in the control of insect vectors
of discase.

Cyanobacteria producing unwanted metabolites: eutrophic water bodies.

The effect of chemical contaminants may be categorized as follows:

Toxic to live stock

Toxic to fish, shellfish or crustaceans, in particular in aquaculture.

Toxic to crops (phytotoxic).

Accumulation in fish, livestock, plants and products derived from them.
Toxic to humans, either directly or indirectly.

Chemical hazards are usually not related to acute toxicity while concentrations are usu-
ally very low. Of concern, however, is exposure (o very low concentrations with effects that
are only evident after a very long period of time.

An extensive overview of chemical hazards has been described by the WHO. Without
being complete this list includes the following categories.

Inorganic

This group of potential hazards includes metals and metalloids (like lead, iron, nickel,
zinc, mercury, arsenic, boron, cadmium and molybdenum), salts (sodium, chloride, potas-
sium, calcium, manganese and magnesium), nitrate and nitrite and the parameter total
hardness.

Some of the inorganic substances are derived from soil and/or rocks, but some metals
are potentially released from pipeline systems. An epidemiological study on the extent of
lead exposure via tap water in Hamburg (Germany) showed that people with lead in tap
water above 5mg/L showed significantly higher blood lead levels compared to those with
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no detectable lead in the tap water. Elevated levels of lead (and other metals) may cause
adverse health effects after prolonged periods of exposure (Cidu, 2011).

In the UK an incident affecting five children attending a summer camp was related to con-
sumption of “blue colored” drinking water. The contamination occurred in an old building
which was being used for the first time after a few months. Because the stored water had been
left standing for many months it had become blue tinged due to the copper pipes and tanks
The children’s symptoms were consistent with excessive copper ingestion. After the system
had been completely flushed through, the water returned to its natural colorless state and fhe
levels of copper were confirmed to be below the (UK) guideline values (Paranthaman, 2010)

These examples elucidate the urge to analyze risks associated with the tap water distribu-
tion system.

Nitrate toxicosis can occur through metabolism of nitrate to nitrite, which in turn oxi-
dizes the iron atoms in hemoglobin from ferrous iron (2+) to ferric iron (3+), rendering it
unable to carry oxygen. This process can lead to generalized lack of oxygen in organ tis-
sue and a dangerous condition called methemoglobinemia. Methemoglobinemia in infants
is known as blue baby syndrome. Although nitrates in drinking water were once Ihnu;;h‘l to
be a contributing factor, there are now significant scientific doubts as to whether there is a
causal link to disease (Wikipedia, accessed 29 August 2012).

Although salts are necessary for the human body and physiology, excessive salt concen-
trations may be hazardous. Fresh water normally has a salt concentration <0.05% Drinking
water with elevated amounts of salt can have unfavorable effects on blood pressure and
heart rate, and produce physiological changes (headache, dizziness, nausea, blood-stained
stools, vomiting). In extreme cases, the increased salt content of drinking water may cause
severe illness and even death,

In conclusion, inorganic hazards may cause severe illness in humans, However, the
chance that the threshold concentrations end up in tap or bottled drinking water can be con-
trolled relatively easy with an appropriate HACCP system.

Organic

Organic pollutants are a comprehensive group of chemicals that include (Wikipedia,
accessed August 2012; WHO, 2011):
o Detergents.
Disinfection by-products found in chemically disinfected drinking water, such as
chloroform.
Food processing waste, which can include oxygen-demanding substances, fats and
grease.
Insecticides and herbicides, a wide range of organohalides and other chemical
compounds.
Petroleum hydrocarbons, including fuels (gasoline, diesel fuel, jet fuels and fuel oil),
lubricants (motor oil) and fuel combustion by-products from storm water runoff
Tree and bush debris from logging operations.
Volatile organic compounds (VOCs), such as industrial solvents, from improper storage.
Chlorinated solvents that may fall to the bottom of reservoirs, since they do not mix well
with water and are denser.

°
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Polychlorinated biphenyl (PCBs).

Trichlorocthylene.

Perchlorate (both a naturally occurring and man-made chemical that is used to produce
rocket fuel, fireworks, flares and explosives). Perchlorate can also be present in bleach
and in some fertilizers (http:/ /waterepa gov, accessed December 2012).

Various chemical compounds found in personal hygiene and cosmetic products.

The WHO guideline for drinking-water quality provides detailed information on many

of the organic hazards and proposes methods to prevent and control them (WHO, 2011).

Disinfectants

Disinfectants commonly used in the food, drink and catering industries include the

following:

Surface active agents (surfactants). These include the amphoterics (based on amyl alkyl
glycines), the cationics (quaternary ammonium compounds - known as QACs or quats)
and biguanides/diguanides. Many of the amphoterics and cationics are classified as skin,
eye and respiratory irritants. Biguanides/diguanides are of low toxicity and irritancy and
are useful skin disinfectants.

Alcohols. These are used as skin cleaners as well as a transport medium for other active
ingredients, but nevertheless are irritating to eyes, nose and throat at high airborne
concentrations and can be a fire risk.

Aldehydes. Glutaraldehyde is classified as a skin and respiratory sensitizer.
Formaldehyde is a strong respiratory irritant and is also classified as a category 3
carcinogen.

Peracetic acid is a powerful oxidizing agent used in the food and drink industries and is
also extremely corrosive

Hypochlorite and organic chlorine-releasing compounds are corrosive in their
concentrated form and are classified as eye and skin irritants in their dilute form (5-10%).

Most disinfectants are used to disinfect equipment or the premises. But drinking water

used for food production may also contain disinfectants which are added by water suppli-

ers to control pathog

ons (see “Water Treatment Technologies for Safe Water Production,”

on page 367), Disinfectants themselves can react with naturally-occurring materials in the
drinking water to form by-products, such as trihalomethanes and haloacetic acids, which
may pose health risks. The challenge for water suppliers is to control and limit the risks
from pathogens and disinfection by-products as well as health risks to customers from dis-
infection by-products. For actual information on allowed disinfectants and maximum resid-
ual disinfectant levels, food companies shall address to local suppliers and legislation.

The food industry may also be at risk directly because chemicals are used for cleaning

and disinfection. Residues may come in contact with the product(s) causing hazards, e.g. as
with the supplied drinking water, and HACCP plans should cover these risks appropriately

Pharmaceuticals, Hormones and Drugs

As a consequence of strong increases in human (and animal) healthcare more and more

pharmaceuticals, hormones and drugs are prescribed. Part of the substances themselves or
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their metabolites are excreted and may reach water sources. In particular substances qmt .-m;
designed to be active in the human body at low levels are of concern. For o(hcr s#t})‘\tacr;g;
small quantities mean that effects are only evident after a long period of (lm(t. .cr‘
most standards for drinking water are based on risk assessments for Ions-terljn e\pus.u.l’t %

A study in 2010 reviewed various QPhRA (quantitative pharmaceutical risk abscs?mtn}
studies l(; identify potential threads (Kumar, 2010). In general, for low conccnlr.‘:jl)?jnsu:)v
APIs (active pharmaceutical ingredients), none of the Q[’th\valF\dms has identi lLPt;RA
human health risks via exposure to drinking water, but uncertainties related i.o the QA :
still exist and warrant consideration. In particular, knowledge about chronic effects an
mixture effects of pharmaceuticals is very limited and requires further study.

Radiological Hazards

Radiation may originate from a number of naturally-occurring and humnnjmade sSources.
Natural materials like uranium, thorium and potassium-40 can be found in diverse environ
ments. Radioactive constituents of drinking water can result from:

Naturally-occurring radioactive substances. } v
echnological processes from which radioactive materials are released (like mining,
processing of mineral sands or phosphate fertilizer production).

Radionuclides discharged from nuclear fuel recycle facili
Manufactured radionuclides (e.g. for medical and industrial use) that are not properly
discharged.

Past releases of radionuclides into the environment, including water sources (nuclear
research programs and tests).

Radiation risks are limited, in particular when water is supplied by reliable suppliers
Food companies using natural sources should analyze the possible radiological risks by
assessing the environment and if necessary testing for contaminants,

Greater concerns are related to nuclear disasters.

In 1986 the Chernobyl accident contaminated 125,000 square miles of land in Belarus,
Russia and Ukraine with radio nucleotides including cesium-137, strontium-90 and pluto-
nium-239. It is interesting that the water supply is not nearly as contaminated as the soil
Levels in water bodies fell rapidly during the weeks after fallout through dilution, physical
decay and absorption of radionuclides to catchment soils. Bed sediments are an important
long-term sink for radioactivity. Aquatic habitats also tend to be more tolerant of radioactive
contamination (http:/ /environmentalchemistry com, accessed August 2012 4+ Chernoby's
Legacy: Health, Environmental and Socio-economic Impacts and Recommendations to
the Governments of Belarus, the Russian Federation and Ukraine. The Chernobyl Forym
2003-2005). .

The Fukushima-Daiichi nuclear plant disaster after the earthquake and tsunamj that
struck Japan on 11 March 2011 again illustrated the risk of radiological contamination, of
water. Most of the radioactive material ended up in the sea and will be strongly diluted ang
therefore will not cause concern for the drinking water, as illustrated by Yasuhiro Sonoda
(MP) drinking a glass of decontaminated water taken from puddles inside the |m\l.~m;; of
the reactors. However, some scientists fear that deep water fish, fish at the top of the

food
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chain, mollusks and other filtrating sea life are most sensitive to nuclear contamination/
concentration.

For the food industry radiological hazards from (drinking) water may be relevant only if

the company is located near a disaster area or when water is imported from these areas. A
thorough risk analysis and monitoring program is required under these conditions.

Organoleptic (Taste, Odor, Appearance) Hazards

Taste and odor in drinking water are two of the most widespread causes of customer

complaints. Although there are in general no associated health effects, the importance for
the food industry is significant while organoleptic problems may influence product quality.

Since taste and odor work together it is often difficult to distinguish the two. Common

organoleptic deviations include (http:/ /extoxnet.orstedu, accessed September 2012):

Strong chlorine taste or smell: Generally this occurs when the water is treated at the
water treatment plant by disinfection (see “Chemical Hazards Associated with Drinking
Water,” above).

Metallic taste: Some water systems have a high mineral concentration causing a salty or
soda taste. In the case of iron and manganese, a strong metallic taste is readily detected.
Rotten egg odor: This is usually a result of decaying organic deposits underground.

As water flows through these areas, hydrogen sulfide gas is picked up, and when

this water reaches the surface or comes out of the tap, the gas is released into the air.
Hydrogen sulfide gas produces the rotten egg odor, can be corrosive to plumbing at high
concentrations and can tarnish silver rapidly. As little as 0.5ppm (parts per million) can
be tasted in drinking water.

Musty or unnatural smells: These smells are normally a result of, even low amounts of,
organic matter or even some pesticides in the water supply.

Turpentine taste or odor: This smell can be a result of methyl tert-butyl ether (MTBE)
contamination. MTBE is a gasoline additive, used as an oxygenate to raise the octane
number. The odor threshold of MTBE is fairly low, so many people can smell it.

Red or brown color: A red, brown or rusty color is generally indicative of iron or
manganese in the water. It may cause stains in sinks, or discolored laundry.

Yellow color: This coloration occurs in regions where the water has passed through
marshlands and then moved through peat soils. It is more commonly found in surface
water supplies and shallow wells. Although the yellow color may be displeasing, it
presents no health hazard, as it is only small particles suspended in the water.

Blue or green color: A green or blue color is generally a result of copper in the water
supply, or copper pipes and corrosive water. Copper has a taste threshold of around
5ppm. Copper can become a problem if the concentration is higher than 30 ppm. Effects
at this dose are vomiting, diarrhea and general gastrointestinal distress.

Cloudy white or foamy water: Cloudy water is usually due to turbidity. Turbidity is
caused by finely divided particles in the water. When light hits the water, it is scattered,
giving a cloudy look to the water. The particles may be of either organic or inorganic
nature. Neither one causes any harmful effects to the body, although they can cause
abrasions to pipes, or possible staining of sinks.
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When water 1s used for food production, or may be in contact with food, orgﬂm‘klt’:l:;
hazards are part of the HACCP plan. If necessary, appropriate measures shall be take
mitigate aberrant characteristics of the water.

Miscellaneous Hazards

To ensure the safety of water in the food industry, apart from environmental and process:
ing care to produce safe water, the role of the staff in the food industry also needs to be con-
sidered. The workers need to be aware that they may be asymptomatic carriers of pathogens
and therefore need to exercise optimal (hand) hygiene after defecation. Ff)r mska{ncu, cruise
ships are regularly involved in large-scale gastroenteritis outbreaks a,s>ucmlgd m‘lh norovi-
rus often due to insufficient hygiene of kitchen workers. Water has been cpldcn\xo]gglcall)
identified as one of the risk factors (Verhoef et al., 2008). Prerequisite programs on ship sani-
tation such as by the WHO and CDC should cover this. In 2011 the WHO launched the |hlrd
edition of the guide to ship sanitation with global reference on health requirements for ship
construction and operation. And the Vessel Sanitation Program (VSP) at the CDC assists the
cruise ship industry to prevent and control the introduction, transmission and spread of
gastrointestinal illnesses on cruise ships. L

The design and maintenance of the entire water distribution system (tanks, boilers, pip-
ing) shall be as optimal as possible. Dead ends shall be removed and long setting times
must be followed by adequate flushing with hot water (or disinfectant). In particular care
should be taken to avoid growth of Legionelia. The WHO has issued an extensive document
on Legionella and the prevention of legionellosis (W10, 2007a). This WHO document has
separate chapters on potable water and in-building distribution systems and on cooling
towers and evaporative condensers,

Drinking water is also a potential vehicle for the deliberate use of microbial pathogens,
microbe-derived products or chemicals that cause harm to humans, livestock or agricultural
crops. Food companies shall conduct assessments of their vulnerabilities to terrorist attack
or sabotage and set up preventive programs or systems to provide a safe and reliable supply
of drinking water (for further information see ¢ hapter 35)

RISK ASSESSMENT AND RISK MANAGEMENT

The most effective means of consistently ensuring the safety of a drinking-water sup-
ply is through the use of a comprehensive risk assessment and risk management approach
that encompasses all steps in the water supply from catchment to consumer. The WHO
has proposed such a water safety framework and the implementation of comprehensive
water safety plans (WSPs) to consistently ensure drinking-water safety and thereby protect
public health (WIIO, 2011). Failure to ensure drinking-water safety may expose 6||L' com-
munity to the risk of outbreaks of intestinal and other infectious diseases. Outbreaks of
waterborne disease are particularly to be avoided because of their cap,
simultaneous infection of a large number of persons and potentially
the community.

acity to result in the
a high proportion of

L. RISKS AND CONTROLS IN THE FOOD SUPPLY CHAIN



HACCP CASE STUDIFS 367

Water safety plans (WHO, 2009, 2011) are suggested to comprise of:

A system assessment to determine whether the drinking-water supply (from source
through treatment to the point of consumption) as a whole can deliver water of a quality
that meets the health-based targets.

Operational monitoring of the control measures in the drinking-water supply that are of
particular importance in securing drinking-water safety.

Management plans documenting the system assessment and monitoring plans and
describing actions to be taken in normal operation and incident conditions, including
upgrade and improvement, documentation and communication.

HACCP CASE STUDIES

Determination of Water Safety

As with any hazard, radiological, chemical and (micro)biological hazards in drinking
water should be sed using principles of HACCP (see Chapter 31).

The first step is to establish the intended use of the water. Questions that should be
answered: does the water come in contact with the product and, if so, at what stages? Are
consumers exposed to the water and, if so, in what form (drinking water, adherent water,
ice, steam)? A simple classification for the “fit for purpose” is (adapted from ILSI, 2008):

Chemically  Chemically

potable non-potable
(Micro)biologically potable Class 1 Class 3
(Microjbiologically non-potable Class 2 Class 4

For each application the right category shall be chosen. For products with little or no fur-
ther processing for safety, class 1 water shall be used as ingredient. If only class 2 water
is available, an appropriate pretreatment shall be applied, or the processing itself contains
appropriate steps to eliminate microbiological risks. Classes 3 and 4 will normally not be
suitable for water as ingredient, but may be used as processing water that will not be in
direct contact with the product itself.

Treatment of the water may change the class. Heat treatment may change class 2 water
to class 1 water. Ultrafiltration and additional chemical treatment may even change class 4
water to class 1 water.

To establish whether the water is safe for the intended use, a decision tree was published
by ILSI (adapted from [1.5], 2008 = see Figure 14.2).

Water Treatment Technologies for Safe Water Production

An increasing number of technologies are developed to process water for safety. Typical
industrial wastewater treatment consists of a combination of physical, biological and chemi-
cal processes to remove solids and organic matter, and, if necessary, pathogens, metals and
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Is the water with either chemical or - NO
i azards al ions which are for human {Class 1
health? The fit for purpose classification. water)

= YES (Class 2, 3 or 4 water)

2. Will the waler be consumed without further treatment or come into contact | —» NO
with products that will be consumied without further treatment? (Class 2, 3 or
4 water)
~, YES (Class 2, 3 or 4 water)
3, s the water treated to eliminate potential hazards before consumption or
contact with the product that vall be consumed?

O (Class 2, 3 or 4 water)
4. will subsequent treatment of the product for consumption, either in the
faclory or al home by consumers, eliminate the hazard?

—, NO(Class 2.3 or 4 waler)
UNSAFE WATER
Question 1 defines the fit for purpose class and refers to knowledge of the potential nazards and criteria set in
water guidelines and (intennational regulations. If no critenia are available a full risk analysis is necessary 1o
establish potential hazards and of chance and i y.

tion 2 refers 1o the lnl!.:nded use of the water and whether a potential hazard mas
g:;sumer either directly or indirectly. Therefore this question involves an evaluation o¥::pgsz?:1::}1v:;’l:‘lf
exposure of the hazard to the prod’un or consumer likely (the chance)? If 50, how much and how long and what
will be the potential ly)? gly water not fit for use (Classes 2, 3 and 4) can be
consldb"&d safe when not used ’uf.lndsred or direct consumption.
3 refers 1o existing steps in the process that will (un)intentionally act as mitigalion step(s) to potential

uestion
y?aw'ds and risks? Steps can involve, for example, heating, filtration, chemical treatment, UV treatment, ozone
(reatment:
Question 4 addresses lrm i)dmlmnal mitigation s consumers’ home or al the produc .
n the latter c45 iss0sty Svoltss prjom ntended 1o reduce the risks but as sid ]
do S0

Water salety decision tree. Adapted from 11 <1 200

FIGURE 14:2

Strients from wastewater. lable 115 summarizes some water treatment alternatives for
o challenges:

in dg's;gnmg a processing system to obtain safe water i to dey
st-effective scheme that is capable of reliably meeting water quality and safety
e The desre.c‘()f treatment n.-qvircd in individual water In'ﬂmwlm‘Il()'ilil;li‘-‘s :.'Ir(i ~)
Dbgf; e the specific (re)use application and associated water quality n'qui'mm-:lls o

elop an inte-

pration e : S
Fil tration involves porous material (filter) to separate (suspended) solids from the wate
Fi o ied 5}'-*‘}'"‘5 are granular filtration and require the use of filter cm:u-id 10 ;ll l;—‘?)‘ s
Most ap lar filtration uses a filter bed consisting of one or B (LRI
) Gran that influe i more layers of sand and
i Factors that | ence effectiveness are the size, form and nature of th LN
anthfacngfh, the porosity, the filtration rate and the bed height. Filter mrt(' dgr BRI
the sl]f:ccd ina Prcssun‘-h\'cﬁd. Effectiveness is determined by the right p‘,,:,l;iieb .|n1: l,‘m;'
P , drop over the filter indicates saturation with soli s SRR
::]g Pressure drop solids. In time, replacement of the
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TABLE 14.5 Water Treatment Alternatives

369

Challenge Treatment Option Advantage Concern
Microbiological Chlorination Easy to handle, effective to Most protozoa are
hazards (bacteria, most bacteria resistant and some viruses
viruses, protozoa) are not eliminated
Chemical by-products
Elevated turbidity reduces
effectiveness
Ozone Very effective against most Complex technology,
bacteria and viruses. Viruses  bromate formation, some
generally more resistant Viruses are not eliminated
than bacteria, effective to
Cryptosporidium
uv Easy to handle, cffective to ISS, turbidity and color

Suspended solids

Organic matter

Inorganic compounds.
heavy metals

Inarganic compounds
salinity

Membranes (ultra-filtration
nano-filtration)

Heating (sterilization)

Granular media, filters

Tubular screen hlters

Membrane (micro-filtration,
ultra-filtration)

Advanced biological
treatment (e, bio-filtration),

Adsorption (PAC, GAC)

AOP {advancea oxidation
processes)

Flocculation/precipitation

lon-exchange

Reverse 0smosis

Cryptosporidiunt

No by-products, no smell,
no taste

Very effective, no smell, no
taste

Low cost, readily available,
simple and effective. Large
volume, low pressure
Widely available in

specialized materials

Robust and offer repeated
use

No by-products, no smell,
no taste

Low cost

Very effective for non-polar
substances

No residuals produced

Effective

Effective

may render it inefficient

Costs, fouling
Costs (energy)

Require regular
maintenance

Relatively coarse
separation. Not suited to
heavy loads, clogging
Selection of sereen

al must match
process conditions

Higher operating costs,
fouling

Only for biodegradable
subslances

Costly, residuals (spent
carbon)

Formation of unknown
(biodegradable)
compounds

Chemicals used increase
salinity

Cost, salt i

ase

Residuals to be disposed
may need to be treated to
reduce corrosivity

(Aday

I. RISKS AND CONTROLS IN THE FOOD SUPPLY CHAIN



370 14. BOTTLED AND DRINKING WATER

TABLE 14.6 Types of Membrane Filtration (EHEDG 2004)

Type of Membrane Pressure Applicd Porosity (cut-off ;

Technology (bar) value) Retention

Micro-filtration (MF) 1-2 20-1000nm Solid particles, bacteria, yeasts,
protozoa, colloids

Ultra-filtration (UF) 1-5 20-200nm Above + polysaccharides, proteins

Nano-filtraton (NF) 5 1-1Unm Above + sugars, amino acids,
hardness (calcium salts), multiple
charged ions (e.g. sulfates,
phosphates), viruses

Reversed osmosis 15-50 <nm Above + salts

filters or back-washing (water flow in the opposite direction) is necessary. Drawbac};s are
long running times, insufficient frequency of back-washing or filter replacement and instal-
lation of non-compliant cartridges in pressure vessels. For filtration of small solids, soluble
materials and microorganisms, membrane filtration is necessary.

Membrane Filtration

Membrane filtration is a pressure-driven technology. Depending on the pore sizes parti-
cles are retained (Table 14.6).

The choice of a filtration system is complex and requires specific knowledge of availa-
ble materials (organic polymers, ceramic and stainless steel), membrane geomel (spiral,
tubular, capillary, hollow fiber) and the application involved (temperature, pH, particles in
the fluid, cleaning methods/chemicals). Like any filtration technology, membrane filtration
is susceptible for fouling and systematic cleaning (or replacement) is required. Leakage of
membranes due to chemical and mechanical damage induces nisk of post-filtration contam-
nation. Reversed osmosis water may have corrosive properties due to removal of minerals
Remineralization may be required in certain applications

Chlorination

Chlorination is one of the most used disinfection systems for potable and utility walter.,

Sodium hypochlorite (N,OCl) is the predominant chemical used  for  chloring-
tion. The main reasons are av. ilability, simplicity of the application, cost effectiye-
ness and, if properly used, reliability. Chlorine is effective at inactivating bacteria and
viruses, and under certain circumstances parasites like Gurdia. However, chlorine
has little impact on the parasite Cryptosporidium at typical water treatment conceny,.
tions (up to 5mg/I). Chlorine’s general disinfection capability with respect to- microgy
ganisms can be illustrated in the following way from most effective to least effectjy,
bacteria > viruses > Giardia cysts > Cryptosporidium oocysts (USPHC, 2006)
en higher numbers of bacteria are generally killed in minutes. This is particularly true
for Gram-negative bacteria like E. coli and Salmoneila. Gram-positive bacteria, (-sp(:ri.lll\.
spore-forming species like Bacillus and Clostridium, tend to be less sensitive but can still be
eliminated at appropriate concentrations of chlorine and contact times.
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TABLE 14.7  The Various Forms of Chlenine (CAWST, 2012)

Product Strength Remarks

High test hypochlorite (HTH) (colcium 65% - 70% Usually in granular form. Stable

hypochlorite) (approximately 2% active chlorine
loss per year)

Chlonnated lime, aka bleaching powder — 30% Usually in powder form. Not stable.

H hold bleach (sodium hyp ) 25-10% Liquid form. Not stable; only use if

manufactured recently (<3 months)
and stored away from heat and light

Sodium dichloro-isocyanurate (NaDCC),  50-60% as granules. Smgto  Usually in tablet form, also available

used in products such >5g active chlorine per tablet  in granular form, Tablets pre-dosed

as “Aquatabs” for water treatment. Very stable
(shelf-life approximately 5 years)

Chlorine has been shown to be a highly effective viricide. Most viruses are killed very
effectively after exposure to chlorine within minutes. The most resistant virus was a poliovi-
rus, requiring more than 60 minutes for 4-log removal.

Chlorine has been shown to have limited success inactivating protozoa. An important
indicator, Giardia lamblia, requires prolonged contact times (30-60 minutes) at chlorine resid-
ual concentration (2-3mg/1) to achieve 99.9% (3-log) inactivation.

The parasite Cryptosporidium, however, is very resistant and requires high chlorine
concentrations and extreme long exposure times to eliminate cells and oocy One
Cryptosporidium study reported that 80mg/1 of free chlorine required 90 minutes to achieve
only a 1-log (90%) inactivation of oocysts! These exposure times and concentrations are gen-
erally not feasible and therefore chlorination is not an option to control protozoa.

Chlorine kills bacteria and viruses by interfering with chemical bonds and in particular
inactivation of enzymes.

Chlorination for the contral of microbiological contamination of drinking and processing
water involves the following parameters (WHO, 2011):

Residual concentration of free chlorine minimal 0.5mg/1, typical 2-3mg/1 and maximum
S5mg/l

Contact time at least 30min at pH <8.0 (optimum pH 5.5-pH 7.5).

The contact time i valid at 18-20°C and above. For every 10°C drop in temperature the
efficiency of disinfection reduces by 50-60% (at close to 0°C disinfection efficiency is
Very poor).

Chlorine is available in several forms (see lable 14.7).
Despite the benefits, some disadvantages must be addressed (EHEDG, 2005)

* Reduced effectiveness at pH >8.0 and lower temperatures

* Reacts with nitrogenous compounds forming chloramines (unpleasant odors and health
concerns). Also reactive with several organic materials forming compounds with possible
health impacts.
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o Easily quenched by organic matter and turbidity in the water.
e Highly corrosive

An alternative to chlorine is the use of chlorine dioxide, a highly reactive compound that
cannot be stored in its active form. Therefore it is generated on site, close to the point of
use. Compared to chlorine it mitigates most of the disadvantages; however, the costs and
the necessity to generate it at the point of use makes 1t a less interesting option for smaller
companies.

Filtration and Chlorination

While chlorination alone is not (always) effective against protozoa, a dual approach may
be applied. Several (household) water treatment systems incorporate both a physical filtra-
tion step for particle removal and a chlorination step for disinfection. Alternatively particles,
including protozoa, may be removed by flocculation prior to chlorination, using coagulants
Aluminum coagulants include aluminum sulfate, aluminum chloride and sodium alumi-
nate. Iron coagulants include ferric sulfate, ferrous sulfate, ferric chloride and ferric chloride
sulfate. Other chemicals used as coagulants include hydrated lime and magnesium carbon-
ate. Overall Giardia and Cryptosporidium removals after coagulation and filtration may be
approximately 5-log (for further reading: i w.iwawaterwikiorg, assessed January 2013)

Water Reuse in Food Processing

Fresh waler resources are globally subjected to increasing pressure in the form of con-
sumptive water use and pollution. On national and international levels awareness is grow-
ing that water resources should be protected both qualitatively and quantitatively. The food
industry is in general regarded as a major water consumer resulting in relatively -hiuh water
footprints. Apart from increased efficiency, reuse of water is a way o reduce fresh water
exploitation. When applying reused water it is necessary to identify whether the reused
water will be in contact with the product(s) or not. Typical applications of reused water
are indirect cooling or the generation of steam that will not be in contact with the prod-
uct. Direct contact applications may include washing and/or transport of raw products (like
fruit or vegetables that will be processed) or cleaning of equipment.

Any food industry considering the application of reused water should ask the following
questions (ILS1, 2008)" : e

e Whatis the proposed reuse? Will the water come into contact with food or will it be yoed
as a noncontacl processing aid (e.g. coolant)?

o What are the regulatory, consumer safety and technical requirernents for the water i the
proposed reuse application?

°

What is the starting quality of the intended reuse criteria and what treatments of contro)
can be applied so that it meets the criteria defined in the previous question? 4

HILSL is working on a Water Recovery Guideline which is expected to be released in 2013
(www.ilsi.org).
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What monitoring procedures need to be put in place to adequately monitor the
performance of the treatments and/or controls?

What procedures need to be put in place to overcome existing technical difficulties, such
as chemicalor biological fouling (e.g. biofilms)?

What measures need to be taken if a deviation from the required quality is detected?
What changes to availability or cost are likely in the future and may alter the current
situation (e.g. proposals in Brazil to charge industry for water abstracted from either
groundwater or rivers)?

What changes to water supply quality are likely in the future (e.g. salination of
groundwater)? :
What treatments will be required to ensure that the water meets the necessary standards?
What modifications could be incorporated into either existing or new equipment (e.g.
appropriate filters on bottle washers) or existing or new process lines to maximize the
opportunities for water reuse?
What regulatory conditions encourage (or discourage) optimized water use?

Example: Recycled Hot Water as a D ination Technique for Meat Carcasses

The European Food Safety Authority has delivered a scientific opinion on safety and effi-
cacy of using recycled hot water as a decontamination technique for meat carcasses (EFSA,
2012). At the moment (2013) only the use of potable water 15 allowed in the EU for carcass
decontamination purposes. However, recycled water (1.e. reusing water after reheating) is
used for carcass decontamination in some countries (e.g. Canada, Denmark). Environmental
care and energy-preserving motives are driving forces for recycling. The EFSA study has
considered potential microbiological and abiotic risks for carcasses associated with recycled
hot water decontamination and related control options.

From the study it is concluded that the decontamination efficacy of recycled hot water
does not differ significantly from that of hot potable water.

By ensuring proper heating regimes of recycled water, vegetative bacterial cells and
protozoan parasites are controlled. Microbial toxins are not significantly inactivated in the
recycling process, but production of these toxins during the first round of carcass decon-
tamination and prior to heating is not relevant.

According to the EFSA study, only microbiological risks associated with heat-resistant
bacterial spores (C. botulinum, C. perfringens, C. difficile and B. cereus) are relevant for recy-
cled hot water. These risks can be controlled by ensuring that recycled hot water is verifi-
ably subjected to appropriate reheating and frequency of renewal regimes. These regimes
shall ensure that the microbiological risk in recycled water is not higher than in hot potable
waler. For abiotic risks, the only concern with recycled hot water derives from the poten-
tial presence and accumulation of residues of veterinary drugs and other chemical contami-
nants in the water for decontamination of poultry carcass

As with any process recycling of water for decontamination of carcasses shall be sub-
jected to HAC Important criteria for efficacy and control of possible risks include
minimal heating temperature, time regime and frequency of renewal of recycled water
These criteria shall ensure compliance with existing microbiological criteria for potable
water and prevent accumulation of heat-resistant spores. Recycling procedures shall be
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FIGURE 14.3  Bottled water production (http:/ 7w nestle-w

wrs.com/brands /water-quality / Pag
waterasps: assessed August 2012)

wrificd

7. Ultraviolet light disinfection
Application of ultraviolet light provides added assurance of product disinfection
and safety. As with ultra-filtration this process should be continually monitored by
nstrumentation.

8. Flavors, minerals and ingredients added
9. Bottling control
Bottling should be conducted under highly controlled conditions using state-of-the-art
equipment. Each bottle shall be marked with a code that identifies the plant (location),
bottling line and time produced. Filling room and environment are subject to high
sanitary conditions.
10. Packaging control
Packaging materials not meeting (internal) standards should be rejected before using
them. Bottles, caps and labels should be controlled and monitored by lot.
11. Clean-in-place line sanitation process

Line sanitation practices include preferably internal pipe and equipment cleaning
methods (cleaning in place - CIP). Such processes should circulate detergent and

L. RISKS AND CONTROLS IN THE FOOD SUPPLY CHAIN



376 14. BOTTLED AND DRINKING WATER

sanitizing solutions at the precise temperatures and time to affect total control and
maximum effectiveness of the line sanitation process.

12. Plant quality control and HACCP

13. Corporate quality assurance
Water, packaging materials and plant processes shall be carefully monitored to casure
they meet company specifications and (inter)national standards. Quality control
and quality assurance departments, preferably independent from production, are
responsible for the standards and specifications and monitoring of the plant quality
programs. A comprehensive set of standards for industries active in bottled w ater
production to ensure safety and quality has been published by the US International
Bottled Water Association (1b'\,., 2012). This code of practice for bottled water offers
monitoring matrices for chemical, microbiological, radiological and organoleptic
parameters.
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Further Reading

An extensive amount of information is available on the safety of water. Many documents are accessible (or can be
downloaded) from websites. For further reading we recommend the following websites and documents (with-
out the intention to be complete, many other sources may be valuable)

‘The Furopean Hygienic Engincering & Design Group (EHEDG) issues guidelines which are regularly updated and
complemented by new documents in various language versions (wsw chedg org).

The International Life Sciences Institute (ILSI) disseminates science by publishing articles on original research, liter-
ature reviews and gap analyses, and mecting proceedings in peer-reviesed journals. ILSI Europe also publishes
books, monographs, white papers and other reports through ILSI Press (v ils org)

The World Health Organization and Unicef have published many relevant documents on water safety. Most of
them are freely available atvowasho dnt In particular we recommend

WHO 201 Guidelines tor Drinking-Water Quality. World Health Organisation, 4e edition, Geneva

WHO (2007) Safe preparation, storage and handling of powdered infant formula; Guidelines.

WHO and Unicefl (2012) A toolkit for monitoring and | g b hald water and safe slorage pro-
grammes. ISBN 978 92 4 150462 1

Ihe International Bottled Water Association produced a Bottled Water Code of Practice in 2012

The Furopean Food Safety Authority (EFSA) regularly publishes documents (opinions) on food and water safety.
These documents can be retrieved from hitp //wwswefsa.cvropa eu. European legislation is available at hitp/ /

enrupaeu/ew-law/index_en htm,
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INTRODUCTION

Dog and cat pet ownership is popular throughout the world and pets are increasingly
treated as members of the family. The pet food industry started in England in 1860, when
the first commercial dog biscuits were marketed. Today sales of pet food in the USA alone
exceed 18 billon US dollars a (APPA, 2012). There are three main types of commercial
pet food products: dry and semi-moist shelf-stable extruded food; thermally processed low
acid canned products; and a variety of product forms sold as treats. With the exception of
some treats, most products are formulated to be nutritionally complete and balanced. Thus,
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the modern pet food industry provides an essential service to pet owners by making nut
tious and palatable pet food convenient to acquire qnd feed. o oo

The pet food industry utilizes the same ingredient streams as those ol ! 1; s
supply making use of many of the by-products and CHPRdochy Thcrefort:; f. ]Lin - the foo
hazards potentially present in pet food ingredients are the .ame as the UI‘I]L}S‘ af; i,s g
industry in general. There is, however, a difference in the severity of healt A5 ccl. ffects 0
hazards to cats, dogs and humans. Pets tend to be very resistant to the clinica c 2 m:
infection by human food pathogens. On the other hand, they may be very 5“"5“'1“'3) e
tain natural toxins or food components {e.g. alkaloids, caffeine, etc.) as well as veterina}
drugs and feed additives. g

The most significant historical pet food safety incidents in terms of s
rence and severity are related to aflatoxins, veterinary drug contamination, Salmonella rec(’rt_
tamination and, more recently, adulterated ingredients. Together, these hagzu’ds account L:
the vast majority of safety incidents where pets were severely affcclefi. Wl(}_\ the t‘XC;‘P“"':
of the food pathogen Salmonella, most other food safety hazards are mgrv.:dmms or _QVI“;.
lations based and have no effective control measures in the manufacturing process .|N‘
(Table 15.1). Potential HACCP control strategies to address these food safety threats will be
discussed in this chapter.

frequency of occur-

BIOLOGICAL HAZARDS

Salmonella Contamination of Dry Pet Foods and Treats

Salmonella is a Gram-negative, non-spore-forming, rod-shaped bacterium belonging
to the Family Enterobacteriaceae. This genus includes about 2400 different serovars. Non-
typhoid strains of salmonellac are a common cause of gastroenteritis and septicemia in
humans and pets. Domestic and wild animals are often intestinal carriers of this pathogen
Salmonella is widespread in nature and has been found to survive for weeks in water and
for several years in soil In food ingredients, Salmonella can contaminate eggs, raw meats

poultry, fish and their by-products (Warcing and Fernandes, 2007). Salmonella is one of the
leading causes of human gastroenteritis worldwide, In the USA there are an estimated 1
million cases a year and some 400 deaths (Vootooh of a1, 2 (1), Salmonellosis remains the

second most often reported zoonotic disease of humans in the European Union with 99,02
cases reported in 2010 (EI'SA, 2012). Valnerable populations include people with compro
mised immune systems, infants and the elderly. The enteric infection has an incubation tim
of 8-72 hours with symptoms that include nausea, vomiting, abdominal cramps, diarrhea
fever and headache. The symptoms can last from 2 to 5 days (Warcing and Fernandes, 2007)

Salmonella-contaminated feed may cause salmonellosis in animals. Generally, youn,
animals are the most susceptible to an enteric-type infection but in more severe cases th
infection may become systemic. In adult amimals the infection is more likely to be asymplo
matic. Prevalence of Salmonella carriage rates have been reported as high as 36% in health
dogs, and 18% in healthy cats (L.eonard et al,, 2010; Sanchez et al., 2002). Dogs infected wit]
Salmonelln often carry multiple strains at a time. Most infections are asymptomatic or m,
and are commonly not identified Prolonged and sporadic fecal shedding of Sabmonella |
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Most Common Hazards Associated with Pet Food Safety Incidents and their Control

Hazard

Type

Root Cause

Control

Salmenelia

lonophore
toxiaty

Adulteration
(e g melamine)

Nutrient toxicity
or deficiency

Mycotoxin
toxicity (c.g
aflatoxing and
DON)

Metal and other
hard bodies

Tiological

Chemical

Chemical

Chemical

Chemical

Physical

Post-CCP cross-contamination from
contanunated factory surface,
environment or ingredient. Potential
sources of contarmunation include:
birds (feces, feathers) entering via air
currents or water leaks.

Presence of raw materials past CCP
due to poor dust tightness, zoning or
tralfic patterns.

Pests

(& of feed

Good manufacturing practices
(GMP) e g ingredient quality
measures, hygiene practices, hygienic
design and process validation and
verification procedures (GM.A, 2000)

with antibiotics via shared production
lines with medicated feed or labeling
errors of medicated feeds or vitamin
premixes

Fraud

Misformulation or mixing error at
batching

Cont, ted cereals

P; of ing from
supplicrs that do not manufacture
medicated products on the same
productien line

“Trust but verify” ingredient supplier

y"ing PP
quality assurance and traceability
programs

Carcful accounting of the ingredient
usage rate during batching. Vendor
assurance measures, including

may occur in the field and/or storage
alsupplier)

Metal contamination from ingredients
or equipment

vahdated mixing processes. Premix
monitoring
Acereal sampling and testing

operational prerequisite program is
required. Depending on prevalence
of aflatoxin and DON, potentially all
cereal deliveries to a factory must be
sampled and tested before use. Good
silo storage practices are required if
grain is 10 be stored at the factory for
any length of time

GMP-based foreign material control
programs including inspection, line
magnets and metal detection of
packaged product (verification)

a well-documented phenomenon (Morse et al, 1976). When symptomatic infections occur,
clinical signs in young animals can include fever, anorexia, vomiting, intermittent diarrhea
and bloody stools (Carter and Quinn, 2000). Infected dogs in the household pose a docu-

mented ¢

ated risk of infection to their owners (Morse et al., 1976). Salmonellosis in cats

is relatively rare, with subclinical infections and carriage rates among healthy cats reported
to be very low. Nevertheless, cases of symptomatic infection, chronic carriage and transmis-
sion to humans have been documented (Van Irnimerseel et al,, 2004).

1. RISKS AND CONTROLS IN THE FOOD SUPPLY CHAIN
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Wks of Salmonellosis Linked to Pet Food (FDA, 2012

TABLE 15.2 Recent Nerth American Human Outbr

Country Pathogen Product Date
Canada Salmonelia Infantis Pig-ear dog treats 1999
Usa Salmonella Newpornt Beelsteak-patty dog treats 2002
Canada/USA Salmonella Thompson Pet treats 2005
UsA Salmonells Schwarzengrund Dry pet food 200620

Pet food products contaminated with Salmonella pose a risk of infection to pet owner
(Morse et al., 1976). Infection can occur via contaminated fomites or from ingestion of con-
taminated pet food (e.g. by children) (Behravesh et al, 2010; Morse et al., 1976). Nume“ﬁ“‘
incidents in the USA have occurred where pet foods were found to be contaminated with
Salmonella resulting in at least 13 recalls since 2006 (FIDA, 2010a). Several human Salmoncl
infections and outbreaks have been linked to commercial pet food products (Tt le 152)
One such outbreak of salmonellosis in the USA during 2007 was thoroughly investigated by
the Centers for Disease Control and Prevention (CDC) and illustrates clearly the zoonotic
potential of contaminated pet foods (C1C, 2005). Young children were found to be ata
greater risk of infection than other family members. The specific family practices involved
in the transmission of Salmonella to consumers included feeding the pet in the kitchen
(Behravesh et al., 2010),

Dry pet foods are considered high fat, low moisture and low water activity (a,) prod
ucts. When formulated without humectants or preservatives, these products have an a, of
0.65 or lower, corresponding to a moisture content of 12% or less. These are typically coated
with fat (tallow, poultry fat) for enhanced palatability (Crane et al., 2000). At these low a
levels, dry pet foods are shelf-stable because bac teria, molds and mites are unable to grow
and spoil the food (FDA, 2012), Despite the inability of Salmonella to typically grow on
low moisture foods, some cells have been shown to survive on pet foods and in pet food
manufacturing environments for an extended period of time (GMA, 2009). The ability of
some cells to survive on manufacturing surfaces can lead to the persistent contamination
of processing areas, including air handling svstems, floors and production equipment. The
capacity to survive in a desiccated state is further enhanced by the presence of fat on prod-
uct contact surfaces. Environmental moisture originating from cleaning and other sources
can allow the multiplication of Salmonella in the fn(lmv](f,' 1A, ,‘“1"-)' Some factors that
contribute "{"‘f‘ possibility ('f‘nm.\s»cun!.\mumlmn include the existence of environmental
f;ondllumr- \f\‘l(’hl" the factory that generate microenvironments where Salmonell can grow
in tl‘c proximity of the pn')d\llcl stream. These include: condensation of moisture on 'pm
duction su}rfacv.'s‘, p.m)r hy SIENIC practices (e.g. wet cleaning), poor equipment design, inad-
equate lnamlcn.lnu"of equipment and inadequate zoning (e incomplete segregation of
pre- and P‘-‘_’I"'X"US“‘H L‘l\_\’lmlnmvnl.s and materials) (GNA, 2009), Important contributing
factors ‘fur ineffective zoning include complex traffic patterns, poor dust control, uncon:
trolled ingress of external air and water, and the presence of pest { wild t

y S pests and wild birds in and
around the factory (GMA 20104). Contaminated ingredients used as post-extrusion flay.
coatings can also be a source of Salmonella contamination s R A
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Many typical pet food ingredients are potentially contaminated with Salnionella; these
include meat and poultry by-product meals, raw meats and even cereal grains. HACCP
studies of typical pet food manufacturing processes identify extrusion cooking as the only
effective critical control point (CCP) for the eliminaticn of Salmonella. Given the tempera-
ture profiles of subsequent unit operations, it is unlikely that any of the post-extrusion pro-
cessing unit operations (e.g. kibble drying, flavor coating, cooling, intermediate storage
and packaging) are consistently effective in reducing or elinunating Salmonella. This indi-
cates that the presence of Salmonella on pet foods is the result of a cross-contamination event
caused by direct inoculation of the kibble by a contaminated material (Behravesh et al,
2010). To minimize the potental for post-extrusion product cross-contamination, the manu-
facturer must implement a comprehensive food safety system encompassing good manu-
facturing practices (GMPs) and HACCP principles. The Grocery Manufacturers Association
(GMA) describes in detail seven GMPs and HACCP elements that must be emphasized for
the control of Salmonella in low moisture foods when additional processing occurs after a
heat inactivation control process, as is the case in pet food factories. The seven elements
include ingredient quality measures, hygiene practices, hygienic design and process valida-
tion and verification procedures (GMA, 2009).

Other Potential Significant Biological Hazards

There have been near incidents and some speculation about the possible contamination
risk of commercial pet foods with pathogens other than Salmonella. In September of 2007,
the FDA issued a recall notice for a frozen chicken blend raw food product contaminated
with Listeria. In 2001 and 2006 ProMED-mail posts (http:/ /www promedmail.org: accessed
25 April 2012) discussed the possible transmission of Escherichia coli 0157 from a dog to a
child in the UK and the carriage of this organism by healthy dogs. No clear link was made
to commercial pel food. The recent trend towards innovation in the industry for less pro-
cessed and “fresher” product concepts has led to the introduction of raw, chilled and frozen
pet foods. Given the high incidence of microbial pathogens in raw meats, it seems unlikely
that products with minimal or no heat treatments can succeed without significant attention
to pathogen control strategies in their manufacture. Invariably the search for shelf-stable
“fresh” product forms will lead the industry toward emerging processing technologies such
as ultra-high hydrostatic pressure (UHP or HHP) pasteurization, among others.

During the mostly European epidemic of bovine spongiform encephalitis (BSE), some
100 cases of feline spongiform encephalitis (FSE) were reported from 1986 to 2001 among
domestic cats and exotic zoo felines, mainly in Europe. Commercial cat food was clearly
implicated in some instances and the sporadic cases in zoos were probably caused by
infected bovine offal. The disease is characterized by progressive neurological signs,
behavioral changes and death, The properties of FSE are identical to BSE and the variant
Creutzfeldt-Jakob agent. Fortunately the measures taken across Europe to prevent the
inclusion of BSE-suspect material in animal feeds, feed materials and pet foods were very
successful in preventing new cases. No additional cases of FSE have been reported in cats
since 2001 (htip:/ /archive defra.gov.uk/foodfarm/farmanmmal / diseases/atoz/bse / othertses,
accessed on 25.02.2013). Even though the outbreak is now controlled and no new cases of
TSE have appeared in domestic cats, it is important that control measures such as the strict
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i seding ecified nsk
observance of the legally required controls on the disposal and feeding of specifie
materials be observed to prevent its re-emergence.

MYCOTOXICOSIS

>: hard, 2007

Mycotoxins are toxic secondary metabolites produced by various mpld:‘. ([\l\‘h"?{ f(ha’zl.
Mycotoxins are considered an important group of unavoidable chemical food sa t:’)t o=
ards prevalent in many pet food ingredients. Mycul\»\ins. commonly re}?orlc: in f;umm‘;'
products include aflatoxins, ochratoxin A and the Fusarium mycotoxins sucﬁ fisnd DON
sins, deoxynivalenol (DON), T-2/HT-2 and zearalenone Of lhese( r?nly aﬂatoxll\blﬂ one are
have a significant history of pet food-related incidents. Fumonisins and 7.ear!:y:‘i" e
frequently reported to contaminate pet foods in various concentrations bu'_(hﬁ“tr"‘”‘m =
directly implicated in commercial pet food safety incidents (Leung ¢t al., 2006; 1’::4]'“2‘
and Leung, 2007). The toxicity of ochratoxin A (Szczech et al., 197 Kite ]Iu-u et ‘\I', 77 i
zearelanone (Gajecka ct al., 2004) have been described for dogs. There is very little toxic
logical information with respect to cats. iy a1 pet food

Most mycotoxins are not reduced to an acceptable level or eliminated by typical petio” .
manufacturing processes. Thus, control of this hazard can only be realized through proci™
ment of commodities with consistently low contamination rates. The sometimes poor lrdl\“
record of the pet food industry in managing this hazard is partly explained by the difficy '
of routine and effective upstream supplier quality assurance strategies for agricultural mﬂ'\h
modities like cereal grains. For example, maize is generally harvested by a ’"-""“1‘1 of _~.n‘ml
to large producers and storage occurs in regional silos where the grain is comingled ““,‘
that from an entire region. This situation combined with the seasonal variation and geo
graphic incidence of various mycotoxins demands careful monitoring of cach harvest and
frequent verification of these levels in bulk deliveries to the factory. The factory mnmlunl"‘,ﬂ
programs must be based on statistically valid sampling plans and procedures (FAQ, 20 )
Care must be taken with local bulk storage of grains at the factory as unfavorable storag®
conditions may lead to molding and mycotoxin development in storage (Codex, =0 ’)
Fortunately, rapid factory-friendly analytical methods, mainly ELISA-based assays, are
available commercially to test most ingredients for many mycotoxins (CGIP5A, 2019).

The sensitivity of cats and dogs to some prevalent mycotoxins, though not completely
understood in all cases, is clearly a significant food safety hazard. In the following section
the specific cases of aflatoxins and DON contamination nf,u'l food are discussed

Aflatoxins

Aflatoxins are mycotoxins produced by the molds Aspergillus flnvus and A. parasiticns i
they grow on foodstuffs either under field conditions or (i\lrin;: storage. The major type
of aflatoxins are designated B1, B2, G1 and G2 with their main metabolites d(,‘&i):lhll(‘\i M
and M2 ((.'\TTL 2003). Aflatoxins are considered unavoidable natural contaminants of vari
ous pet food ingredients, especially maize (Table 15.3). The potential for significant aflatoxi

qmlnmmnhun of susceptible ingredients varies due to seasonal and regional climatic condi
tions and local agricultural practices,
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TABLE 15.3  Examples of Ingredients Known to be Potentially Contaminated with Aflatoxins

Cereals Oilsceds/Nuts Spices/Tubers

Maize (corn) Peanut Chili peppers

Corn gluten meal Soybean Black pepper

Corn gluten feed Sunflower Conander

Dried distiller’s grains (DDGS) Cotton seed Turmeric

Sorghum Almond Ginger

Millet Pistachio Tapioea (yuca, manioc)
Rice Walnut

Wheat . Brazil nuts

Aflatoxins are rapidly and extensively absorbed from the gut and metabolized in the
liver to toxic epoxides which bind to and damage essential cell components such as DNA,
RNA and protein enzymes. In all animal species studied, the primary clinical effect of afla-
toxin ingestion is related to liver damage. Different animal species will have different sen-
sitivities to aflatoxin and young animals are more susceptible than adults (Bohm 2005).
Dogs given a single dose of 100 pg/kgbw of aflatoxin B1 have been shown to excrete both
the aflatoxin metabolites M1 and Q1 in their urine with 90% of a single dose excreted in
12 hours (Bingham et al,, 2004),

Tragic incidents involving aflatoxin-contaminated commercial pet food have been
reported in several areas of the world. Table 154 lists results of either market surveil-
lance or reports following outbreaks of aflatoxicosis. The US dog food recall that occurred
in 2005-2006 had reports of aflatoxin concentrations of 223-598 ppb (Newman et al., 2007;
Stenshe 2006). Affected animals showed the following progression of clinical signs: feed
refusal, lethargy, vomiting, jaundice, diarrhea, peripheral edema with final onset of bleed-
ing disorders and scizures leading to death (Dereszynski 2008). Experimental work has
shown that aflatoxins given to dogs at 500 pg/kgbw can kill the dogs in as little as two doses
and dogs fed for 10 weeks at 20pg/kgbw/day (approx. 360ppb in the diet) developed clas-
sic liver lesions (Armbrecht et al, 1971). Dogs fed 5pg/kgbw/day for 10 weeks (approx.
90ppb in the diet) did not have clinical changes but calculated projections indicated this
level could result in serious problems, including sudden death if fed chronically. Dogs fed at
Tpg/kgbw/day and below for 10 weeks (approx. 20ppb in the diet and below) showed no
adverse effects and were expected to have no chronic adverse effects.

Aflatoxins are stable under conventional pet food manufacturing conditions including
extrusion cooking, baking and retorting and are therefore not reduced during manufac-
turing of pet foods (IARC, 2002). Because there are no critical control points (CCP) for this
hazard in the manufacturing process, it is imperative that ingredients used to manufacture
pet foods have low levels of contamination within regulatory constraints. Regulatory lim-
its for pet food are set at or below 20ppb in most countries (Lenung et al, 2006). The bur-
den of sourcing low aflatoxin-containing ingredients is especially significant for maize and

1. RISKS AND CONTROLS IN THE FOOD SUPPLY CHAIN



|

386 15 PET FOOD

TABLE 15.4 Examples of Reports of Aflatoxin-contaminated Commercial Dry Dog Food Products and Home
Rations

Location Year AFLA (ppb) Reference

United States 1986 250450

South Africa 1987 100-300

United Kingdom 1997 21and

United States 2001 150-300

Mexico 2001 mean 5 and § arma and Marquez
Turkey 2002 175-20 Gunsen and Yz

Portugal 2003 not detected Moartins et al, (20

PBrazil 2004 mean 19 and 16 Maia and I a Bastos de

Siqueira (2002)

United States 2006 579 Stenske et al. (2006)
United States 2007 223-579 Newman et al. (2007)
United States 2008 40-500 ski et al. (2008)

Argentina 2009 2-167 Jurd et al. (2009)

its by-products (e.g. corn gluten feed and meal) given its high usage rate in the pet food
industry.

Deoxynivalenol

Deoxynivalenol (DON), also known as vomitoxin, is a common and unavoidable myco
toxin contaminant of cereals in temperate climates, especially maize and wheat. DON con-
tamination has been reported in commercial pet food (Table 157). In 1995 a product recall
occurred in the USA after a commercial dog food containing wheat had been associated
with feed refusal and vomiting, with other more severe clinical signs reported but not con
firmed (Hughes et al., 1999),

DON is most commonly produced by molds in the genus Fusarium. 1DC )N~|~nnlunny
Fusarium strains are ubiquitous in temperate regions. Plant infections w 4
and DON producticn occurs mainly in the field during the flowering period which are
favored by humid and cool weather. DON contamination affects predominantly maize.
wheat and barley, and less often oats, rice, rye, sorghum and triticale. DON can be lum:{
in combination with other fusarial mycotoxins such as zearalenone, as well as the “‘

chothecene mycotoxins nivalenol, T-2 and HT-2 toxins. Closely related metabolites of DO
include 15-acetyl DON and 3-acetyl DON. Carry-over of DON to food products from 4 :
mal origin does not appear to be of concern due to the rapid elimination of the com u‘ m;
from the body (meat) and the very low transfer rates to milk and eggs (EFSA, 2007) L

ith Fusarium molds
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TABLE 15.5 Case Reports of DON Levels in Commercial Pet Foods

Country DON Cq i R

us 7-23ppm Hughes etal (1949 -
Germany 22-1837 ppb Songsermsakul et al (2007)
Pertugal 100-130pph Martins ot al. {2003)

Austria 0-1386 ppb Bohm and Razzar-Fazeli {2005)

TABLE 15.6 Observed Effects of Dietary DON in Cats and Dogs (Data from Huelies et al., 1999)

Feed Refusal Vomiting

NOAEL® ppm diet LOAEL® ppm diet NOAEL ppm diet
Dog 45 8 6
Cat 7.7 10 8

Cats and dogs are sensitive to the toxic effects of DON, but the variability between indi-
viduals is high with low levels associated with feed refusal, vomiting and gastrointestinal
upset. DON is rapidly and extensively absorbed from the gut. It is rapidly metabolized and
excreted and does not accumulate in the body. It has been shown to inhibit the synthesis of
DNA, RNA and protein. Acute DON toxicity appears as vomiting (hence the name vomi-
toxin) and diarrhea within 1 hour of ingestion. At levels below those leading to acute effects,
anorexia (feed refusal) and the associated subsequent altered nutritional efficiency and
reduced weight gain have been observed (Table 15.0). These effects are rapidly reversible
with removal of DON from the diet. DON is also reported to be immunotoxic in vitro. Dogs
previously exposed to DON-contaminated food preferentially select non-contaminated food
if given the choice (Hughes et al, 199%).

Levels of DON contamination of cereals can exhibit wide annual variation due to
regional or local growing conditions. DON is not reduced by milling, and is concentrated by
dry milling in the grain by-products, such as wheat midds, fiber or hulls and dry distiller’s
grains (DDGs). DON is stable under conventional pet food processing conditions and il
not be reduced by extrusion cooking, baking or retorting (EFSA, 200 17). As with aflatoxin
and all other mycotoxins, control of this hazard requires the procurement of consistently
low contaminated grain. Routine factory verification of DON levels in the “at-risk” materi-
als remains the core preventive strategy.
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TABLE 15.7 Veterinary Drug Residues in Pet Food Ingredients

Ingredients Origin Veterinary Drug Reference
e RC latory Guidancr
Molasses yeast from Ethanol fermentations Penicillin i =
e Tooe i Virginamycin Ethanol Distiller sGr:ms )
Dry distiller's grains. Erythromyain Livestack Feed. Canadian Foc
(r)ri‘xd:h S Tvlosin Inspection Agency, 2013
) <
lonophores
Others?
Bovine, swine and Tllegal use in farm Clenbuterol
poultry animals Ractopamine
Meat
Lung
Liver
Kidney
Viscera
Fish Shrimp Aquaculture Chloramphenicol Fllis and Turner (2007)

Malachite green
Furazolidone

TOXICITIES CAUSED BY MEDICATED FEED C‘ARRY-OVF,R
INTO PET FOOD RAW MATERIALS

Veterinary drugs added to feeds can be toxic to dogs and cats. Pets may be vxpnwd‘ “f

a variety of pharmacologically active compounds through ingredient residues resulting
from farm or industrial practices, with some of these being illegal (Table 15.7) Nevertheless
the most devastating incidents of toxicities have been associated with Cross-contaminatio”
of feed ingredients with medicated feeds during feed or premix processing, handling o
deli\'eryA The GMP requirements for medicated feed producers (European Union, EC No
183/2005 and USA, 21 CFR 225 10) cannot completely eliminate the possibility of cross
contamination of medicated residues in subsequent batches. Significant carry-oyer ca
occur even after multiple sweeper batches of unmedicated product have passed through the
system. The factors that can influence the degree of carry-over include strength of feed/
drug/carrier adhesion to line surfaces, particle size and density and elec trostatic proper
ties of the materials (EFSA, 2005). Polyether 1onophore antibiotic cross contamination of pc
foods is an example of the potential magnitude of this veterinary drug hazarq, In 1996 7
very tragic incident involving paralysis and de, S OCCUrreq in the
Netherlands (Van der Linde-Sipman et al., 1990)

Tonophore antibiotics include salinomycin,
among others. These commercially available fee
control of coccidiosis and to beef cattle and sy
production. lonophores form lipid-soluble

ath of several hundred cate

lasalocid, monensin sodium
d additives are administered
vine for improved feed efficie
complexes with monovalent caty

and narpsin
10 pouliry fo
Ny and mea

Ons (Nat, K*
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and facilitate specific ionic transport across biological membranes. These result in changes
in transmembranous 1on gradients and electrical potentials. Salinomycin also increases
the release of catecholamines (adrenalin, noradrenalin). The primary target organs of
ionophore toxicity are cardiac and skeletal muscles and peripheral nerves. Dietary no
observed effect levels (NOELSs) of 1-2.5mg/kgbw/d of salinomycin, lasalocid, narasin and
monensin have been reported for dogs. However, toxicity has been observed in dogs after
ingestion of canned pet food containing 10-15mg/kg (ppm) of lasalocid. Assuming a 10-kg
dog and a food energy content of 1 2kcal/g, this would correspond to 0.6-0.9mg/kgbw/d of
lasalocid (i.e. slightly below the reported NOEL) (Oehme and Pickrell, 1999; Van der Linde-
Sipman et al.,, 1999). In cats toxicity has been observed after ingestion of dry pet food contain-
ing 16-21ppm of salinomycin. Assuming a food consumption of 16g/kgbw/d, this would
correspond to an intake of 0.26-0.34mg/kgbw/d of salinomycin. In cats and dogs clinical
signs appear as skeletal muscle paresis (incomplete paralysis). Usually the hind limbs are
affected first, with more severe cases progressing to complete paralysis, dysphonia (altered
voice production), respiratory distress and even death (Fspine et al,, 2003; Van der Linde
Sipman ct al., 1999)

Because a drug may not be destroyed during the pet food manufacturing process, as is
the case for ionophores, the most effective preventive strategy for this hazard is eliminating
it all together. Pet food ingredient suppliers must be completely drug free. When this is not
possible, exacting manufacturing quality control procedures and customer-managed verifi-
cation programs must be in place

ADULTERATION FOR PROFIT, THE MELAMINE CASE

The FDA defines an adulterated food as that containing “any poisonous or deleterious
substances, such as chemical contaminants, which may or ordinarily render it harmful to
health” and includes in this definition unavoidable contaminants that are either naturally
present in agricultural commodities (e.. mycotoxins and heavy metals) or are the result
dustrial processing (e.g. dioxins and acrylamide) (FDA, 2010b). Another category of
adulteration encompasses the criminal and willful substitution of a higher value ingre-
dient with an ingredient of lesser cost. This type of fraud is defined by the GMA as “the
mtentional fraudulent modification of an ingredient for economic gain through the fol-
lowing methods: unapproved enhancements; dilution with a lesser value ingredient; con-
cealment of damage or contamination; mislabeling of product or ingredient; substitution
of a lesser value ingredient; or failing to disclose required product information” (GMA,
2012b). Food adulteration for profit has existed from ancient times and with today’s
globalized trade in foodstuff, it can impact any country. The range of recent food adul-
terations reported by the press actually shocks and disappoints, some recently reported
incidents include: fake baby milk formulas, sc uce made from human hair, fish soaked
in ink for color, and ecels fed contraceptive pills for enhanced growth (Barbosa and
Barrionuevo, 2007).

Ruminants can obtain protein from non-protein nitrogen (NPN) through fermenta-
tion by their rumen bacteria and NPN is often added to their diet to supplement protein
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Melamine and cyanuric acid have been used as an NPN in cattle, along with urea, amm=—
niumn nitrate and biuret. Nevertheless, melamine is not considered a good NPN because ==
hydrolysis in cattle is slow and less complete than other NPNs (Newton and Utley, 1%
Melamine is used in a wide range of industrial applications including the production (—:—'
plestic by combining it with formaldehyde. It is a major component of countertops, f—
rics, glues, flame retardants, colorants for plastics, fertilizers and derivatives of some dNE‘_
Cyanuric acid is a structural analogue of melamine and is often found as an impurity =
melamine.

Pets and other non-ruminant mammals cannot utilize inorganic nitrogen in the foo
Adulteration of protein-rich feed ingredients and feeds has always been a problem
the industry and buyers have routinely creened for NPNs. The use of melamine to adu—
terate pet food ingredients was unexpected (Dobson et al,, 2008). In 2007, fake wheat g
ten (a l_hl(kuning agent and protein supplement), made by blending wheat flour and scréF
mclnnjung' Funlamina(qd with cyanuric acid, caused the deaths of several hundred animil=
air\d significant kidney disease in thousands more. The mixture was formulated to matd!
"(: lﬂl”p&ﬂsnl protein content of wheat gluten as measured by the commonly used K)l'ld"t‘
;“‘:“‘lz(l"“] ("z)’r:(‘;:i::vlri"rlf)?':" uml‘un! (| er, ). Smullt'f amounts of corn ;;Iu?(-n and e
e L:hILn';\ :u also u;lphmlbd in other cases. l'!u» adulterated materials were l
it oo ”;‘al iaa nl;m ver of mxddl'cm.m transactions that obscured mn\plcl\‘l} ‘.“
it rine m-f.’,— 51(;’1']1(1'an ail;rmfs A series of canned pet food P")dllf‘l recalls followed
(Nestle 2008) /\m,um;,,'n nl-‘, a u;v.t{x]g over I?iﬂ) Pmduds and lfmml.s in North Amenc
tified melamine in tist.uua[::;yq(”v“ (,luulk.mm“m - Qs PAER SRS i pul)ln'v.llmm K nl\'ﬂ:
with a pet food n'cnil in Qnu;}:“.fﬂ: “ ~u :m' b 2’“‘ 7200 of e fhfmw Il“ﬂ(lﬂ";
et ‘.1. ; ,",;‘; J\*'hil,.( v(-n-f(m- the industry had been victim of this frauf
longer available to the ((1;1;1\u;fn‘-1l?(7' :l'l v, once the pet food feed ingredient stream was ne
TR AT 2008, sloanitus svas hm,n |r.~, (I; turned their attention to the human milk industry
(e e s mw“i;w o nnwu; . ”nn.l a5 a contaminant in milk, milk ;.vrmhuh., infan!
lhn\l;s‘:nds S ing i v deaths of several children and causing kidney stoncs I

Melamine @ 7 .
centrations, h;:l‘.:r:\)i::.‘zh:n:‘.l":fh‘"}l:”“(‘.' |P|:"\'l"(l' to ly::‘,«-nmri'.:ldy non-toxic, even in large o
on general health and produced no I:.q ‘»l‘ H';l,» ;1! Li, of diet for 1 year had no adverse effe
and Stokey, 1945). Cats fed melamine ‘]pn lf:vu;nal.h,m;;‘--. (Hodge et al., 1965; Lipsch
kgbw /d) showed no ad\'t"rw h<-‘|lh H.‘" -I\‘nn(- at up to 1% of wet diet for 11 days (181mg
and cyanuric acid proved ;M 7 |l |,(‘\' On the other hand, the combination of melamin
B s S 0.2% of ‘l,(.-‘ (';1—’.\ with a single oral exposure to a mixture of melamin
feed refusal approximately 12 hmlx;.,m’[:l/_"u"“""‘ cach) developed depression, vomiting an
excreted in the kidney where th =y after ingéstion. The melamine and cyanuric acid wes
tubules and resulted in kidney ui:(?.ff’mh"?“" to form crystals which blocked the kidnc
e e anized at 1;, '4]. ‘or lA|||ll|rx-. Kidney function was impaired by 36 how
changes, including crystal form ours because of acute renal failure. Histop v
Pl al formation in the kidney, were s i . RAHCIDEIC

IR e o o St acivrials inwesty ] v, were similar if not identical to tho
' The HACCP implications nf.thif.’(t};’v‘ig l\.]illnh-ld pet food (Puschner et al, 2007). 10
ify approach” throughout the s\lp}’l)'hcl1:;in\ll(‘] ‘]“”::‘r\')ic]lﬂr and include: “a trust but ve

), including frequent audits

I RISKS AND CONTROLS IN THE FOOD SUPPLY CHAIN
Y CHAIN



CONCLUSION 391

suppliers. The implementation of routine product identty verification in addition to the
standard quality control tests which can be fooled by an able counterfeiter. Reliance on early
warning information is useful in allocating risk levels, for example a major fluctuation in
ingredient prices can signal an attractive target for fraud. Most countries have now set regu-
latory limits on melamine and cyanuric acid. Although testing requirements and limits vary,

the most common regulatory limit is 1.0 ppm melamine in infant formulas and 2.5 ppm mel-
amine in other foods.

TOXICITIES CAUSED BY NUTRIENT MISFORMULATION

Essential nutrients such as vitamins, minerals and amino acids are many times added
to commercial pet foods to assure that they are nutritionally complete and balanced as per
trade or regulatory requirements (e.g. AAFCO 2012 Official Publication, http:/ /www .aafco
org). Over- or under-supplementation of nutrients into the product can lead to regulatory
non-compliance, risk of toxicity or risk of nutritional deficiencies. The risk of severe nutri-
tional deficiencies exists because a given commercial diet may be the only food a pet animal
consumes. A review of the product recall reports in the USA over the last decade shows an
interesting pattern of multiple reports of excessive vitamin Dy incidents involving dog foods
and insufficient thiamine incidents involving cat products (Table 15.8). One report exists for
excessive methionine in a dog product. Invariably, nutrient misformulation into diets can
be traced to industrial accidents either at the pet food manufacturer or at the vitamin pre-
mix supplier, often due to formulation errors or improper mixing of the premix ingredients
(Bischoff and Rumbeiha, 2012).

Control of this hazard is linked to GMPs at both the vendor of the ingredients and at
the pet food manufacturer. Critical GMPs include mixing validation and process capability
studies, careful reconciliation of ingredient use to assure proper formulation and ingredient
monitoring. Interestingly, the case of vitamin D toxicosis reported in 2010 which involved
the carry-over of a vitamin D supplement (25-hydroxy vitamin 1) used in other feed prod-
ucts into a correctly formulated pet food premix points to the risks of additive carry-over
nto products manufactured on the same manufacturing lines as other feed products. This
type of sequence error on shared manufacturing lines has also resulted in the carry-over of
antibiotics with disastrous consequences (see “Toxicities Caused by Medicated Feed Carry-
over into Pet Food Raw Materials,” above).

CONCLUSION

Complete and balanced pet food products are formulated to be the single source of nutri-
tion for a pet. Most pets are sustained mainly through feeding of a reduced range of com-
mercial products and a limited number of production batches for a prolonged amount of
time. The impact of the diet and therefore food safety hazards on the health of the pet is
more like that of a human infant than an older person eating a varied diet. A careful review
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TABLE 15.8 Nutritional Toxicities and Deficiencics
Number ;
rence
Year Nutrient Exposure Root Cause Affected Refe
P ~ Rumbeiha and Moo
1999 Excessive 14.65mg/kg Feed-mixing Toxicity or death b "”'AL\ d
vitaminD;  BW error reported inatleast 25 (2011)
] dogs
2000 Excessive 1.60-2.75% Anorexia or vomiting
methionine was reported in 21
dogs
oxi mbeiha and Mums
2006 Excessive Up to 2664 Misformulated Toxicity or death Rumbeiha ar
vitaminD;  TU/1000keal vitarmin premix  reported in six dogs
(ME) containing up and five cats
to 284,700 IU
vitamin Dy/kg
"ood Recall 2009~
2009 Insufficient  Canned cat Misformulated 13 to 20 cats with ) Pet Food Rual! A5
thiamin food. 1.5ppm vitamin premix reversible neurological  presentation by K
in the product symptoms including Bischoff Assistant A
limb ataxia, rigid Professor Animal Hea :
paralysis, flaccid neck,  Diagnostic Center Colles
blindness, circling of Veterinary Medicine
behavior, seizures, Cornell University 1thas
nvstagmus and New York 14853
vomiting
2009 Excessive Feline research  Misformulation  Hypervitaminosis in Bischoff and Rumbeib
vitamin A diet caty (2012
2000 Insufficient  Canned cat MAUTE
thiamin food A
lerts / Pape et-food
ifety-recalls-alerts aspr
40108 Brcmive:  Drydogfood  Schedulingerror 16 dogs In eight states Hypervitaminosis D in
Vitamin D, by Vitamin hypercalcemia,
supplier allowed  increased thirst and et
for carry-over urination, weight low, PHD Dingnostic Center
of vitamin D anorexia or azotemin  for Population & Animal
supplement Health | 4125 Beaumont
&> dydriny Koad, Lansing, M1 46910
vitamin D) into K104 | 1M 517.353, 1683
petingredient 1X: §17 f:
imalhealth.su e
WEBCD.GEN REF.026.01
2011 Insuffi Issue Date: 10/8/2010
2 nsufficient  Canned cat e
thisinin food "less than One consumer

adequate levels
of thiamine”

L. RISKS AND CONTROLS IN THE FOOD suy

complaint received
by the FDA

PLY CHAIN

hiyy v
News/1 D alls




REFERENCES 393

of the industry record with regards to pet food safety reveals issues with the control of a
small number of food hazards that account for the vast majority of incidents, these are:

Aflatoxin.

Salmonella.

Sporadic adulteration of ingredients with veterinary drugs, inorganic nitrogen sources,
specific risk materials (BSE) and heavy meals.

Nutritional misformulation.

Most of these hazards originate in the raw material supply and have no effective control
points in the process. Thus their control relies on food safety management practices by the
raw material suppliers and a “trust but verify” vendor management program. All raw mate-
rials must be risk assessed via a comprehensive HACCP program and all potential hazards
defined and controlled. Factories making low moisture pet foods need specific programs
aimed at Salmonella control in the environment.
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INTRODUCTION

And lagt, but not least, food contact materials, This sentence is usually heard in seminars and
symposiums on food safety because, in principle, food contact materials (FCM) were previ-
ously not considered a source of food safety issues. But this perception is changing. Twenty
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398

»ing materials the
s »s regarding packaging _ -
ors t their worries regarding . is certainly a concen
years ago, if we asked consumers ‘T'b(‘u their main concern. Waste is cer! [szM follow
would i:mbably have said that waste was ing concern about the inertness Dmﬂ to “sourt
: ere i i asi ¢ % e of was
s today but there is an incre. e rea e
!ha“;‘(’e"‘:l:“ ;f gecem years. The move of perception [r&mc(mgumcr associations 0;@1:;
ing SBUCS 2 - 5 i sions Wi 8 t were the
& s ination” is reflected in discussio 5 rms tha
of chemical contamination” is reflecte mon to hear consumers using lcr{'nnal e
ply with friends, where it is qumhi}r:n;;t s, set-off, benzophenone, funil’: ckaging waste'
“reserve” of experts: mi ration, phthalates, . : e words “packe i
ff‘>;r‘ . )\ Zf(g}gl\c.;l:% sm?ple exercise with the internet using -tht-}‘\am!,t' of perception ;1;-
iy e e tion” could give an indication of l_hls Lbl' -hed in November 201
and packaging migral it ption in the EU” publis e oiinds
“Eurobarc T survey report on rish v 3 o5 10 CONS i
s;\rl;\\is i}:at chemical cr'mtarminatiun is the first thing that mmt;e first time, FCM appeanr’l‘
ihe\' ;:re uestioned about possible risks related to !(yod4.F°r be worried about substant
the’ rcpur‘l where 59% of the European population admit to be .
J < H OV eI
contained in materials coming into contact with food. ; why there is an impro -
If we look back over the last 10 years we find the reasons hitting food and pac Ly
in consumers’ vocabulary. Several crises regarding FC:"U “"-"'.‘ Jicarbazide (SEM) and l.ri’l"
industries and dam.x);ing'uunsum('rs’ confidence. In 2003 the i dustry. Two years late i
idized soyabean ojl (ESBO) issues impacted the metal ,d““m' m,l_““ in prinh'd bricks. 2
isopropyl thioxanthone (ITX) case put on the table the issue of ::-f e P”'y”rb“,',;
migration of certain phthalates from recycled cardboard ur||hh_-;k In all the cases m.-rl‘r;w
- W R re thi d 3 wrulation
Was again showing that FCM are not al Vs as inert as ““L  new directives o ¢ p,n‘ i
the indus(ry was identifying gaps and authorities were se lll;l},"d are under the c].y,ul i
As the time of writing mineral oils from printed paperl o room for lm]’“"'"r,m‘nl now
of authorities, consumers and industry, showing that there 1\-' A prnft‘»‘-f’“'"“ s
way FCM are handled. The food chain and especially the foo "'.:” )
have the chnllongu of returning the confidence on FC Ms to consur

DEFINITIONS
Food contact material (FCM): From a food safety perspective, all hmhl' ( lx’:n:tl‘uh-ri"ll
transfer their constituents to food under the intended conditions of use :w essing lines,
expected mishan, g and misuse). Includes ravw material packaging, V:, sarts of vending
food packaging (hav ing direct or indirect contact), auxiliary items, some f
machines and foo( dispensers (e.g. coffee
others,
Direct contacy: Intim,
contact with the
Indirect contact:
functional barrie,

uld

among
Lpensers), among
dispensers, ice cream disper

ate contact with the
headspace)

act layer and
Corresponds 1o all layers placed between the food contact lay

reis a
r. There is no intimate contact but during the contact PU"”'A there is
Potential transfer of constituents into the food, is excluded (it
No contact: The potential of lrdnsh-rrin},' material constituents to food is exclud

could be proved),

sically orin
foodswff~food contact layer (physically

Migration; Migration is the trans

fer of constituents
into the

from the given material or article
food. Itis a time-based process bug highly

- o Itis
dependent on temperature. It
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important to keep in mind the time of contact (e.g. primary packaging from filling to
consumers’ last serving) and the temperature in the process (e.g. hot filling, retorting,
microwaving...).

Overall inigration (OM): This is a measure of the inertness of the material and prevents
an unacceptable change in the composition of the foodstuffs. It is the sum of all molecules
migrating.

Specific migration (SM): Applies to individual molecules. Limits are different depending
on the toxicological information of the molecule.

Set-off: This normally refers to transfer of ink/lacquer constituents from the no-contact
side to the contact side of the material during storage/transport of the finished article (e.g.
stack, reel).

Functional barrier (FB): May be considered to be a barrier consisting of one or more
layers which either reduces the migration of authorized constituents below the specific
mugration limit or reduces the migration of non-authorized substances into foods or food
simulants to a “not detectable” level.

Declaration of compliance (DoC): A document delivered by the supplier stating the
conformity of the finished article with the applicable laws. This document is a legal
requirement in some countries (e.g. European Union member states).

Certificate of analysis (CoA): A document accompanying the DoC proving with data
what is stated on the DoC.

Not i ionally added sul es (NIAS): Impurities originating from the
manufacturing or extraction process of substances used in the manufacture of plastic
materials or articl
Aclive materials: Materials that are intended to extend the shelf-life of or to maintain or
improve the condition of packaged food; they are designed to deliberately incorporate
components that would release or absorb substances into or from the packaged food or
the environment surrounding the food.

Intelligent materials: Materials and articles which monitor the condition of packaged
food or the environment surrounding the food.

Auxiliary items: Items that are intended for food contact and/or mouth contact and are
used for food consumption, e.g. teats, measuring spoons, on-pack straws, ice cream
sticks, ete

Promotional items: Objects not necessary for food consumption placed in or on the
package, e toy );.ul;:vls-, cards, elc.

Recycled material: Material reprocessed in a production process of the waste materials
for the original purpose or for other purposes, excluding energy recovery (direct
incineration).

Reworked material: A special case of recycled material (high quality) where the cuts and
scrap of the virgin material 1s added to the same production process without leaving the
production arc
Reused material: A material that has been conceived and designed to accomplish within
its life cycle a minimum number of trips or rotations, and is refilled or used for the same
purpose for which it was conceived, with or without the support of auxiliary products
present on the market enabling the packaging to be refilled; such reused packaging will
become packaging waste when no longer subject to reuse.

1. RISKS AND CONTROLS IN THE FOOD SUPPLY CHAIN
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CLASSIFICATION OF MATERIALS
tion of materials used in the fost

combination of fact
(time of contt

There are different ways to approach the classifica A
industry. It is important to consider different angles bccaus; ol e
that could determine the risk of use, e.g. yuality of material for a ;; T oxial and funcion
type of contact). A classification based on type of contact, type of ma
shown below.

Type of Contact

= 2 ct with foxd

Not all materials in a processing line or in a packaging malurml afrc ”:,f{l,)_:lnang e

It is thus important to distinguish which ones have the potential o l’r»J ives to define t
stituents to food from those that have no contact. There are many “dll'.c‘ ‘1“;_
type of contact but not always with the same understanding. The key ones arc:

The surface in contact
Direct contact: Intimate physical contact with the foodstuff. The surfac

.
constitutes the food contact layer. -ontact layer anda

e Indirect contact: Corresponds to all layers placed between the food contd | thereisa
functional barrier. There is no intimate contact but during the ((‘»nl.ld' PL".‘“‘"q ace is also
potential transfer of constituents into the food. Transfer of volatiles via headsp
considered indirect contact. is excluded

¢ No contact: The potential of transferring material constituents to food is € 4

o used &

There are other adjectives that are less used. The definitions here could be

guidance:

3 : 4
i 1 " ect contac
e Incidental contact: The material design could not exclude the pote ntial dir

with the food for a short period (e.g. splashes, consumer foresecable mlsu-,:-;(
* Notintended contact: The potential of tran ferring material constituents to
avoided by design but could not be excluded

yod 15

Type of Material

ore are ms e wee proup them
There are many materials that could be used in the food industry. Here we grouf
by families adding some specific comments on food safety,

© Metals and alloys: These are normally used in processing equipment and |,(.|.~.-!|l|l.l "
utensils. Metals are rarely used individually but the m.un‘p,lr( of the equipment ittt
from alloys. There are many different metals that could be used in contact with fc »od
aluminum, chmmium.coppcr. 1ron, manganesc, nickel, silver, tin, titanium and zinc
They are normally present as components of alloys like stainless steel (iron-chromium )
bronze (cl{PPur-(in), brass (copper-zine) or German silver ("“Pr't'r—nickv|~7i”lJ

The main restrictions applying to metals are related to heavy metal content. It :
specified in terms of content in the material or on mlgmtion/ll-&ching Special attention
[ epuidto welding (e.g. sieve Teparation) in order to avoid the introduction of
lead. Alternative welding materials with amix of tin and silver are available.

ould be
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Because of the extended use of stainless steel in processing and the number of
references used, it could be useful to list them for clarification. A table is available as an
annex to this chapter.

Glass: The composition of glass is based on sand, soda, lime and glass from recycling,
so called “cullet.” Modifying the minor ingredients gives an array of different colors
(e.g. flint, half white, sky, sapphire, royal blue, Georgian green, light green, emerald,
champagne green, dark green, antique green, feuille morte, light amber, amber or red
amber). In order to facilitate production, filling and handling an external coating of
polyethylene wax is applied to render the container slippery and more resistant to
scratches.

Glass is perceived by the consumer as a high-quality packaging material but from
the food safety perspective glass is one of the major concerns because of the potential
formation of foreign bodies.

Wood: Wood is widely used for vegetable and fruit boxes but also in toothpicks,
chopsticks and ice cream sticks. Pine, bamboo, birch or beech is normally used for these
purposes.

Pestinfestations or the growth of molds and fungus could present a food safety
issue (e.g. presence of mycotoxins). In order to avoid this kind of issue, wood is
normally treated with pesticides or fungicides. A well-known issue arises from the use
of 24 b-trichlorophenol and 2,4,6-tribromophenol during surface treatment of wooden
or wood-based materials. Wine lovers, and thus the wine industry, can suffer from the
musty or moldy off-odor associated with these molecules, which is perceptible from
as low as dng/liter (WHO), 2005). Checks for the presence of residual levels of these
chemicals should then be performed.

Cork: A key application in the food industry is stoppers of bottled wines and spirits.
Following a Council of Europe definition, cork stoppers should contain at least 51% of
cork and could be made of different picces bound together by means of glues, adhesives
or ﬂl\)’ other means.

As in wood materials, checks for residues of fungicides and pesticides should be
made.

Paper and paperboard: These are made almost exclusively from cellulose fiber derived
from wood. The main difference is their grammage and following international standards
it could be considered that material weighing less than 250 g/m? is paper and the rest
paperboard (150, 1995). Common types of paper and typical applications are mentioned
here, Newsprint is normally used in cheap pocket-books. Commercial is used for higher
quality articles. Grease-proof paper is used when contacting fatty food or food with fats on
their surface. A typical application is pet food bags. Natural Kraft paper is the strongest
type and is extensively used in carrier bags. Bleached Kraft is used when appearance is
important while keeping the strength, e.g. sugar and flour bags. Tissie paper is applied to
any light paper and can be used as a laminated component of packaging or stand-alone as
kitchen paper towels. Solid bleached sulfate paper (SBS) is normally used in water-resistant
applications like freezer boxes or wet food contact. When a superior printing surface is
needed, the clay-coated SBS is the correct option. Cerrugated liner and medium are, together
with adhesives, the components of so-called corrugated boxes. The inner side of the liners
is rougher to allow the adhesive gluing the medium or flute to both sides. The structure

I RISKS AND CONTROLS IN THE FOOD SUPPLY CHAIN
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A-flute, coarse (105 to 125/4.5 to 4.7 mm) """"

B-flute, fine (1500 18524 10 2.9 mm) [ NI NI N7 /]

C-flte, medium (120to 1457350 3.7 mm) [\ _/ N\ / \ / N

E-flute (290 to 320/1.1 to 1.2 mm) AV AVAVAVAVAVAY
Micro-flute (400 o 440/0.7 t0 0.8 mm) LTI TIIIIIIIIIN

o3 4 e heights;
FIGURE 16,1 Comparative of corrugated board grades (= pproximate number of flutes per meter/lute heip

Linerboard
Medium (flute)

Linerboard
T XTNTXFZ
FIGURE 162 Structure of e« rrugated board

s logical alphabetic al order, going

could be doubled or tripled. Their sizes do not follow
o lggerito sohalier A, C, B, E and micro flute. Figures 16.1 and 16.2 show the s(rmhm.
of the corrugated board and a description of the different types. ( hipboard is 100% rrcnl';
pPaperboard and is the cheapest, with an appearance from Jight gray to brown. Newshor
is made mostly from recycled newspaper. Both are used for rigid boxes where appearand
is not critical. Chipboard could be lined with virgin or high-quality recyc led liner that
improves the appearance, Clay coating is another option when appearance is important
In the case of printed and/or recycled material the risk of migrating chemicals o
be carefully evaluated. In many cases an intermediate barrier (e.g, plastic liner, bag in
box) will be necessary. Greaseproof paper could also transfer its components {0 foodstulf
(e.g. perfluoro mmp(mnds).
R d cellul

imission describe
o
1 cellulose derived

mg‘:.m.mwd : : c ly called cellophane, the European Con
fro cellulose film as a thin sheet material obtained from a refinec )
b"- m unrecycled wood or colton, To meet technical requirements, suitable substances may
[: dddl:(? either in the mass or on the surface (Directive 93/10/EEC). Regenerated cellulose
|‘ m may be coated on one or both sides, It is widely used in food packaging to protect
baked g(mc:ls and candics, and also has applications with oily products.
Ceramic: Ceramic articles are manufactured from a mixture of inorganic materials with
a gc:nl‘-rall,\' high argillaceous or silicate content to which small quantities of organic
mn(g-rlnlsAmn)' have been added. These articles are first shaped and the shape thus
obtained is permanently fixed by firing. They may be glazed, enameled and/or decorated
(Directive 84/500/EEC). i . :
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Potential migration of lead and cadmium is the main concern of food contact ceramics,
especially when contacting acidic foods. In Europe, it is mandatory that a declaration of
compliance (Directive 2005/31/EC) accompanies the ceramic article,

Plastic: There are several polymers used for food contact. The main ones are (name/
abbreviation/recycling number): polyethylene terephthalate/PET/1, high density
polyethylene/HDPE/2, polyvinyl chloride/PVC/3, low density polyethylene/LDPE/A,
polypropylene/PP/5 and polystyrene/PS/6. The recycling number 7 corresponds to all
other resins (e.g. polyamide, polycarbonate). They could be processed by injection
molding, blow molding, thermoforming or lamination. Thermoplastic rubbers are
integrated into the rubber classification. These polymers incorporate additives to control
or improve certain properties. As constituents of the material, antistatics, antioxidants,
slip agents or UV stabilizers could migrate into food.

The restrictions on plastic materials are usually related to their chemical composition
(starting substances) and to the amount of those migrating into food (individually (SML)
and globally (OML)).

Silicones: Silicones constitute a group of polymeric substances and preparations, all
containing polysiloxanes (characterized by Si-O-Si and Si-C bonds). Copolymers and
polymer blends of polysiloxanes with organic polymers are also covered by the term
“silicones,” provided siloxane monomer units predominate by weight over each of the
other monomer units present (CoE ResAP, 2004). We could differentiate three types of
silicones based on their physical properties: oils and pastes (e.g. lubricants or release
agents), resins (e g, heat-resistant coatings) and elastomers (e.g. sealants).

The restrictions follow the same approach as applied to plastic materials, restricting
the starting substances and the amount of those migrating into food.

Rubbers and elastomers: This category designates a family of materials having
properties of high elasticity. In an unaged state, rubber can be substantially deformed
under st but recovers almost Lo its original stage when the stress is removed.
Rubber is usually made from a mixture of materials (solid and/or liquid) and can be
subjected to a curing process, which changes its nature. There is also another group

of rubbers, the thermoplastic rubber. This is a polymer or blend of polymers that does
not require vulcanization or cross-linking during processing, yet has properties, at its
service temperature, similar to those of vulcanized rubber. These properties disappear
at processing temperature, so that further processing is possible, but return when the
material is returned to its service temperature.

The special properties of rubbers make this type of material ubiquitous. It can be
found in food transportation (conveyer belts, he nd tubing), food handling (gloves),
food netting, pipework components (seals, gaskets, flexible connectors and diaphragm/
butterfly valves), pumping systems (progressive cavity pumps stators, diaphragm
pumps), plate heat exchangers (gaskets), general seals and gaskets (used in machinery
and storage vessels), can sealants, bottle seals and closures or feeding teats and breast
caps (nipple shiclds).

Nitrosamines should be prevented, especially in sensitive applications like feeding
teats and breast caps. Migration of plasticizers is another point to control since its
migration could reach high levels, so much so that the use of certain plasticizers, e.g;.
phthalates, is a worldwide concern.
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¢ Resins for ion exchange and absorption: These are synthetic organic macromolecular
compounds which can be used in the processing of foodstuffs to bring about cxchan;c:
ions or adsorption of foodstuff constituents. They do not include, however, cellulosici
exchangers (CoE ResAP(2004)3). . ;
Coatings: Coatings are finished materials prepared mainly from organic materials
applied to form a layer/film on a substrate in such a way as to create a protective 1?;;;
and/or to impart certain technical performance. Lacquers and varnishes are parlUO\, o
coating family. Depending on their composition, there are plastic, water-based,
and conventional epoxy phenolic coatings. .
Migration of chel:rﬂcilfduc to insufficiently cured lacquers could become a fo;zj.-:(f:‘
issue. The composition of the coating should fit food contact requirements, l'-':"’[.)‘z;f‘and
of bisphenol F diglycidyl-ether and novolac glycidyl ethers, also known as BFDGE
NOGE, in epoxy phenolic coating. $ orjals
Adhesives: These are complex systems. They are composed of basic raw materia’s
(binders) which determine their adhesiveness (adhesion) and internal .sln'ni{lh ;
(cohesion), and of additives which determine particular end use and pr«yf‘uﬁw'\;, i
characteristics. Binders are mainly high polymers. An adhesive lurnzul.mun I'\;‘m.r y
consists of a binder (polymer) and one or more of the following additives: walt fl"
organic solvent carrier, plasticizers, biocides and fungicides - for n.x.luml prmhu] .
adhesives, paper and board adhesives, catalysts, emulsifiers, antioxidants, etc i
and Lawson, 1999), 1d cross th
Chemicals migrating from adhesives (ingredients or reaction products) coule ”m“.
different layers of a plastic laminate and reach the food. An appropriate selection o
adhesive and the layers in between the food and the adhesive is needed
e Inks: This category comprises complex mixes of binders, colorants, pigments, :
plasticizers, .SOI\'l'l:lls and other additives. In their final state inks are thin i ‘Lmn
dried or hardened on the material surface. Food packaging inks ¢ ookt rv“"l"] ‘h
for direct food contact printing, where food additives are used (e.g. food « “Inr'mb{,‘. h
must only be applied to the external part of the packaging material and must not bein
contact with food at any stage. v
The risk of using inks in FCM use comes from an insufficient curing (e.. high levelo
residual solvents, contamination of internal face by set-off) or from migration through |
the base material (e migration of oils from pnnl‘m;; paper inks through |v.»pmhmnd .1|||v
plastic liner). The right quality of inks should be selected for a given application. Speci
attention should be given to heavy metal content of pigments (e.. lead), photoinitialor
migration of UV-cured inks (e.g. migration test of benzophenone) and to saturated
and aromatic hydrocarbons from mineral oil used in paperboard printing inks (e.4 1:
solvent composition).
Luhicanl!: Lubricants are oily substances used for reducing friction, especially in the
working parts of production lincs, Food grade lubricants must correspond to the former
USDA HI classification, which means that the lubricated part may have incidental food
contact not exceeding 10mg/kg .
Two factors to reduce the risk of contamination from lubricants are the right mapping
of the processing line identifying the parts with incidental food contact and the right
dosing of lubricants,
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Further information on the basics of packaging materials can be found in the references
(e.g. Soroka, 1996).

Function of Material

The tendency is to assign FCM to primary packaging of the final product, but this is quite
a narrow vision of FCM. Packaging materials are already present in the transport of raw
food products and ingredients (e.g. wood boxes for fruits from the producer to the fruit
transformer) or in intermediate storage (e.g. transport of dried fruit pieces from the fruit
supplier to the yogurt producer). The classification below intends to extend this vision into

Packaging materials: These are present from the farm to the fork and could be single

use (plastic wrapper for a chocolate bar) or repeated use (microrvavable plastic tray for
lasagna where the consumer washes and reuses it).

Processing materials: Typically these are materials used by the food industry to
transform the food ingredients into the finished product (ovens, vacuum dryers, mixers,
extruders, etc.).

Auxiliary items: Materials that are normally sold with the finished product and intended
for food contact and/or mouth contact, e.g. teats, measuring spoons, on-pack straws, ice
cream sticks, ele.

Vending machines and dispensers of prepared foods: Typically these are beverage or ice
cream machines, where the containers of ingredients and fluid parts have the potential

to transfer their constituents to the food product. Special attention should be given to the
hot parts (e.g. tubing after the heating block).

Promotional items: Items that are sold together with the finished product and are placed
in or on the package (e.g. toys, gadgets, cards included in a breakfast cereal box that are
not separated by a functional barrier).

HAZARD IDENTIFICATION

Physical Hazards

Food contact materials are a potential source of physical hazards. From a food safety per-
tive, physical hazards are the main concern when using FCM. We could distinguish two
different types, foreiga bodies (such as small pieces of plastic from a badly cut container)
and the finish of the food contact material itself (e.g. sharp edges on a spoon)

The safety risk of foreign bodies could due to size, leading to choking hazard, or shape,
hard or sharp foreign bodies, It is not always evident to identify the potential source of for-
eign bodies if you are not familiar with them. If you were requested to label one type of
material from the classification shown in this chapter (metal, glass, wood, paper, etc.) as a
high potential of generating foreign bodies, would you select metal? Contrary to our first
thought, it is the hardest materials that create the highest number of consumer complaints.
The main part of the surfaces contacting food or primary packaging during production is
made of metal. Food contact materials have to be carefully designed to avoid metal-to-metal
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friction and potential generation of particles. An appropriate lubrication is also a key facto
to reduce this risk. ;

In evaluating the risk of physical hazards, the first hazard which may come to Hg“\‘:rb
glass. In fact, when auditing a production site against good manufacturing P“’C““’S.t pord
the risk of creating glass foreign bodies is always covered (e.g. from broken lamps on Ly‘
ceiling). Glass materials are of special risk since glass pieces are normally sharp and o
produce injuries when touched or eaten. . i

But foreign bodies could be already present in the raw materials used in Pfod“‘f"i'?f
be introduced when equipment is opened (e.g. during cleaning). Correct control ‘e'l?'.'“'
ing incoming food powder ingredient) and design of the equipment should l,u_“'”. g
occurrence to correct levels. Once a foreign body is found it is not easy to trace i (}“xh:
Heathcock and Gibson (1940) proposed a rapid non-destructive procedure to identify the
nature of glass and, in many cases, the origin of the contamination. 2

The finish of the FCM is another potential source of injuries. A typical casc is e fmf:ﬂ
of rigid plastic made by molding. When the picces of the molds are not tight Lnuu;tl(lml
melted plastic flows into cavities generating fine strips that could cause wounds, punctir
or cuts, i

Less obvious cases could arise from the sclection of inappropriate materials, ¢ "‘“f‘
tempered glass for a tea mug, or labeling with inadequate explanations, ¢.8. how to ‘l"(
casily and correctly. The first case could result in a burn while the second in a smal (!L
or a broken nail. How many times have we agonized when trying to open a h""hlr},.
too high a torque force? In most of these kinds of cases the potential physical hazar ‘:L
cause inconvenience and should be controlled. A clearer example is the use 2 Shcn'n“ut
secondary/tertiary packaging. The number of accidents caused when placing arficles.of '
shelves due to the use of cutters could be as much as 50% of total accidents at the reé
stage. Even if not directly linked with food safety this illustrates the impact that an appre
priate packaging design could have on the safety of workers. g

Foreign bodies can be detected by hurman inspection, metal detection, magnetic trap
machine vision, ferrous-in-foil detection and X ray detection. In the case of empty ’;III‘:
bottles electronic bottle inspection (EBI) could be a good option. In order to select the be!
detection system the magnitude of the problem must be studied and balanced with equip
ment ability,

Biological Hazards

Food contact materials are normally not considered to be a source of biological hazard:
However, it is important to prevent contamination from pests (e.. rodents during ware
house storage), dust, manure, contaminated water or raw materials as these may be a sourct
of contamination with several pathogens (Listeria, Salmonella, leptospira, lassa virus, etc)
Published data demonstrate that the presence of pathogens in the vicinity of unprotecte
product in processing lines represents a significant risk of recontamination (Keij et o, 2004
Moreover, under certain circumstances some microorganisms can grow in FCM, increasint
their numbers and forming biofilm; both harmless microorganisms and human pathogenit
bacteria can form biofilms. Biofilms can develop on wet FCM such as those made of stair
less steel and they are difficult to remove. Microorganisms in biofilms are usually protected
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against sanitizers due to the limited ability of the latter to penetrate the protective layer
of microbial polymers in the biofilm. The poor hygienic design of equipment is often the
cause of these problems. The correct hygienic design and proper maintenance of equipment
as GMP are crucial to avoid recontamination through, for examle, dripping condensation
water or accumulating residues, cracks, micro-holes, etc.

In the last decade, FCM containing antimicrobials have been introduced to the market as
a new concept to improve hygiene, by contributing to reduce the risk of cross-contamination
(Moretro and Langsrud, 2011).

Raw material may also contaminate FCM, e.g. Salmonella in pet food factories. Therefore,
process flow must ensure that raw materials move through the facility from input, where
there can be high levels of contamination, to output, where levels of contamination are con-
trolled (levels below given limits)

Microorganisms can also be carried on water droplets throughout the packing and stor-
age areas. For instance, Listeria can survive in aerosols for up to 3 hours, and therefore
spread throughout FCM. For this reason, water used for washing and cleaning equipment
and processing lines that comes into direct contact with food must be of a high microbio-
logical quality.

Workers can carry pathogens on their hands and in their digestive systems despite being
free of symptoms of illness. In addition, workers with open sores, boils or open wounds are
also a potential source of microorganisms. Unless workers understand and follow hygienic
measures, they may unintentionally contaminate FCM and thereby create the opportunity
fo transmit pathogens.

Chemical Hazards

In general terms, chemical hazards migrating from FCM are not considered to create
health issues but, as presented in the introduction, consumers’ perception is changing. It is
known that migration of compounds from FCM to food occurs during handling, produc-
tion, storage and distribution. The majority of the potential migrants are known, coupled
with their potential safety risk associated with the toxicological information available, An
illustration of this is found in Table 161, In 2003, Laurence Castle pointed to the molecules
in the table as “risk priorities.” Five years later, two sound issues shook the food packaging
and food industry: BPA in 2008 and benzophenone in 2009.

There positive lists of starting substances, negative lists of non-authorized substances
and lists mentioning restrictions (e.g. specific migration limit or maximum concentration in
the material). These lists are sometimes in the form of law (e.g. European Regulation EC
1072011 or USA List of Indirect Additives Used in Food Contact Substances) and sometimes
in the form of recommendations or industry guidelines. Both types are normally open docu-
ments available by request or directly downloadable from the internet, The site hitp:/Avww
foodcontactmaterials.com/is a good source of these texts

Control of migration by analysis is not an easy task (Vinalli et al, 2011) and it could be
expensive and time consuming. Migration is a process that ensures that the same material
could be safe and not just depend on the conditions of contact (time, temperature, etc.)
The way the material is used should be considered to validate a certain application, but
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TABLE 16.1 Food Contact Materials, Risk Priorities Based on Report FD L")'/_‘ Dec2003 from Laurence
Castle {Principal Scientist, The Food and Environment Research Agency, UK)

Material Chemical

Epoxy resins/coatings and PC Hisphenol A

PVC film DEHA

rs Styrene
Printed cardboard Benzophenone
Grease-resistant paper and board, kitchenware PTFE

Ve Crotonic acid

of kitchen paper towe
»d cor

foreseeable misuse should also be included. An example is the use
to absorb oil after frying foods. Even if these towels are not directly intended for ";‘ ort
tact the fact is that c’uns‘inmurs use them quite often. Because of this, the contents 0F (¢
plasticizers in the paper (e.g. phthalates) were readjusted. 11 of thes
Food contact materials may contain thousands of different molecules apd not all 0 v
have a validated method to measure their migration. Some substances like hei ! ‘,\ tnhlﬂ 7
are well known and restrictions apply to all FCM. There are materials more all*ﬂf'; FCM
containing heavy metals like inks or metals, but the main part of the components 0 ded
are not that toxic. Substances that are CMR (carcinogens, mutagens and s |(l"* :
reproduction) must not be used in the composition of FCM. The toxicity of the "-ul“ "" ;Y:
migrating is normally based on a lifetime exposure (eg TDI) and it is regulated via spe
as well as overall migration limits (overall migration and specific migri
3 Animportant food safety risk of packaging materials is normally lin sou?
gicides and antimicrobials in wood, cork and paper. Active materials could also be a &
of antimicrobials in a different way and should not be confused with wood treatment /A
The applicable controls may come from the dosing of fungicides, as """""’h.".h‘ “‘{
Agence frangaise de séeurité sanitaire des aliments, and/or the residues of mycotoxing it
P?ﬂicides, as recommended by the Council of Europe (ResAP(2004)2) ¢
Iwo technologies are used to give antimicrobial properties to FCMs: the use of r\-lumn;l
molecules and the immobilization of active molecules in the FCM surface. In both cases?
correct surveillance is necessary to warranty food safety (e.g. migration test) 4
Uhimatcly, FCM manufacturers and suppliers need to show evidence that articles placed
on the market are safe and compliant. In order to satisfy the due diligence checks, manufac
:urers send their products for analysis but, before wnd}ng the samples they need to nnm‘t'.?
the question”: What should I check for? In the best case a Certificate of Compliance listing
.the molecules having restrictions (safety/quality) is available, simplifying the response. Af
1ssuc arises when the information available is scarce. It is the aim of this book to be a practr
cal guide so I tried to answer “the question” myself, in a context of no information available
Lam not a visionary and Table 16.2 is by no means exhaustive, but following my experience
it gives some useful tips on what to focus on.

ition).
Jed to the use of fur

L RISKS AND CONTROLS IN THE FOOD SUPPLY CHAIN



HAZARD IDENTIFICATION

409

TABLE 16.2 Guidance on “What to Look for” when Information is Scarce

Material

What to Focus on (Not Exhaustive)

Comment

Activ» packaging

Coatings for
metal packaging

Grease-resistant
paper and board

Ceramic arlicles

Cork, wood and
paperboard

Metal dlosure
paskots

Mineral

hydrocarbons/waxes

Packaging inks

Polyacrylonitrile

TPolystyrene

Polyvinylchloride

Polyvinylidene chloride

Releasing technologies

(active components migrating
into foodstuff or headspace)

~ Bisphenol A

~ Migrants below 1000 daltons

Fluoro-based compounds

Heavy metals (cadmium,
chromium VI, lead, mercury)

Phenols and
derivative products

Gasket: plasticizers (overall
migration could be high) and
blowing agent (Furope)

Mineral waxes

= Piyments
~ UV printing
Inkjet printing

Acrvlonitrile and
pulyacrylonitrile residues
Styrene, styrene oligomers,
and poly

styrene residucs

~ Vinyl chloride residues

= Plasticized PYC

Vinvlidene chloride residues

ibials and nanotec

should be carefully evaluated

~ Consumer perception to be considered

— Identification and check with available
lists (e g. Council of Europe Resolution
or USA-FDA)

Special care when used in oven
(e.g. popcorn bags, pizza boxes)

Espeailly if vitrified decoration is applied

The famous “cork taste” in wines could be
also found in food coming from wood

(e pallets treated)

Sensory test is highly recommended

since human threshold s at low part

per trillion level

Phthalates were traditionally used; it is
highly recommended to obtain

information on identity of plasticizers.
Azodicarbonamide is not allowed in Europe

1tis important to know its compasition
and purity. Allowed only for contact
application with dry foods

~ Swiss positive list could be a reference
~ Photoinitiators and acrylates

~ Methanol and ethanol residual content
Exclusion lists (e.g. CEPE, Japan)

~ Max 500mg/kg in polystyrene
~ Max 03mgkg in food
= The residual oligomer content in
PS must be documented
~ Must not be used in oven application

Special focus on plasticizers (phthalates are
still used in a high variety and quantity)
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Allergen Hazards

The risk of allergenic reactions is due to wrong labeling (e.g. undeclared mgm?:
mixed labels) or potential cross-contaminations rather than from food contact mais
themselves, . Jatural?

FCM are not a source of allergenic hazards but there are a few cxceghons. T\aluryz:
ber latex (NRL) could be considered as one of these and neud? a special ff\cus Ofu.;
there are 13 latex allergens listed by the World Health Organization. Dcpundl‘ng UX;"}W;
manufacturing processes some of these proteins lose their allergeﬂl§ P""F""’"e‘s‘jl E“i(
lence of latex allergy in the general population is less than 1%, but in the genci g
population, latex sensitization is not rare when young infants have a fa_mlly hxstub
allergy. NRL is commonly used in gloves, cold seal adhesives but also in nipples, ﬂ[
tles or pacifiers. To minimize the risk, the quality of latex must be c(!plrcllc‘c_i, As]qlt”'
a cut-off level of 0.15 ug/g of material was proposed by Palosuo et ",I' In 2007885, '.:‘[i] :
which NLR can be considered as low allergenic. Cold seal il(.”l('_sl\/l-fy ln.n-dl:!fl: ‘];‘.
common solution when sealing fl vrapped articles (Topping, 2006). In these o
exposed cold seal surface must be t to a minimum : e

I;j\llcrnali\'u materials such as t.'mrfl or nitrile could replace NRL in gl'mw, 4 '%“];.
way, Lhurmopl.)shﬁ (TPE) or silicone could replace NKL in many 'u!lwrv‘l;-\ph'(-‘.(1:'"‘1“‘
case of newborns or prematures this replacement is not yet possible since vl:““lm.x(,;»
are not flexible enough. This lack of flexibility entails a risk of low nutrition becaus J
higher effort needed to suck (infants could fall asleep before finishing the recomme:
serving).

MANAGEMENT OF SAFETY OF FOOD CONTACT MATERIALS

The Codex Alimentarius includes food contact materials in their General l’rm('lf’lr..
Food Hygiene (Recommended International Code of Practice, 2003). Section 4, dealing X
design and facilitics, states that surfaces and materials, in particular those in (nnlml\“
food, must be non-toxic in intended use and, where necessary, suitably durable, and &
to maintain and clean. The reference to “toxic” could be linked to the correct selection!
materials to avoid chemical or allergenic hazards. The reference to “casy to clean "'-1"'”:
could be linked to microbiological hazards. Physical hazards seem not to be a focus nk
we look into the definition of contaminant: “any biological or chemical agent, forcign il
or other substances not ink-nﬁun.ﬂly added to food which may compromise food safety ¢
5uilability.”

As presented in Chapter 31 in this book, prior to application of HACCP to any sector
the food chain, that sector should have in place prerequisite programs

!’or the food manufacturing and processing industry, managing the suppliers of FCM®
an l'"jporlanl prerequisite program. This should include providing clear specifications -

auditing supplicrs for their practices. In principle, if the supplier of the FCM has an effectis
f_°°d safety management system and takes adequate measures to ensure safety of materi-
(i.e. respecting the regulations and applying good manufacturing practices), the packagi:
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TABLE 16.3 Comparative of Standards Applicable for Food Contact Materials

150 22000:2005 Food
EN 15593 Packaging ~ Safety Management
BRC-IoP 3 Global Management of Hygiene System - Requirements
Standard for Packaging in the Production of Packaging for any Organization
Materials for Foodstuffs - Requirements in the Food Chain
Focus Packaging Packaging Food industry but
manufacturer (GMP) manufacturer (GHP) includes FCM producers
(hazard analysis)
Packaging Fully dedicated Fully dedicated Considered as part
matenals of FCM
Processing Considered under Considered under Considered as part of
line materials chemical nisk (cleaning chemucal nisk (cleaning FCM (requiring DoC
and lubrication) and lubrication) as a PRP)

material should not present a problem and the amount of chemical migrating into the food,
if any, will not be such so as to present a health for consumers. In such conditions, in
applying the HACCP system to food manufacturing, chemicals are often not considered as a
significant hazard and the hazard analysis will be as follows:

¢ Is the presence of the potential he
is normally YES
 Is an unacceptable level of this hazard in the product probable? The answer would be NO

zard in the food contact material probable? The answer

However, this does not preclude the processing or manufacturing industry to have a
monitoring program and to verify that the prerequisite program is indeed effective. To this
end the products need to be periodically tested for the chemicals which may potentially
migrate to the product to confirm compliance.

For FCM, the suppliers’ food safety management system could be audited against differ-
ent standards. Among the different standards available, three are taken here as reference
the 150 22000:2005, the BRC-ToP 3 and the EN 15593, Table 16,3 highlights the main charac-
teristics of these standards.

These standards are designed to look into how the product is manufactured, e.g. GMP, but
there is less of a focus on how the material is designed, e.g, chemical composition of materi-
als or migration. Today, this is a gap ir. the food chain and there is a need for improvement
The last food packaging issues were pointing to this gap, showing the need of increasing the
knowledge on the matenial composition, the lack of surveillance and the lack of partnership
along the food chain. A better flow of information is needed and there are excellent tools
available to develop this area (audits, specifications, declarations of compliance (DoC) and
certificates of analysis (CoA)).

Some case studies about PRP and HACCP are presented in the final section of this chapter.
Two of them are directly related to what was discussed above: “Extrusion of retortable and
microwavable plastic bottles” and “Printing of multi-material paperboard bricks.”
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Regulatory Aspects

There is a link between FCM regulations and food safety. The main part of the reg
tions and. recommendations made by authorities has positive and/or negative lists of ing
dients and starting substances. These lists are based on experience (e.g. substances 1
used to manufacture FCM are not listed or removed from existing lists) but also on o
cological data. As an example, the specific migration limits to some molecules set by ¢
EU Commission are based on their admissible daily intake (ADI). Making the assumf®
that an average consumer weighs 60kg and eats 1kg of packed food per day, the SMLIs!
result of multiplying the ADI by 60.

The FCM must be cumpllan.t with the applicable reg
are used/sold. The problem is that regulatory status of FCM around the worl :
ogeneous. There are countries without any specific regulation on FCM and countri
national and supranational regulations a;'vply. In the first case the industry takes the fo
regulation as reference, where almost all countries have a general statement Jike “the fo
Plnced on the market must be safe for consumption.” Here, proving compliance could re%
in ambiguity. In the second case, compliance could become a complex task requiring 2 de
knowledge of the different regulations applicable
_ The many differences found in the Jevel of regulatory de o
llar to the ones found if we look into the different classification of FCM. From the "h,
of materials” perspective, plastic materials are one extreme, being highly regulated
many countries. On the contrary, metal and alloys or inks used in the FCM have ulnuu'i
del{atgd regulations around the world. This contrast is the same when we Jook into
funchotw of these materials, There are countries that regulate the materials used in foo
packaging but they make no reference to the materials used during processing. :
R ‘T\\'u .mg“]"““m are generally taken as reference in the food chain, the [un'rt:

D(g\llnllorj on Food Contact Materials and the US Code of Federal Regulations for Food
m::fisr(_uslo?l”""mt‘m of Health and Human Services). There are countries and 'vl’r'[“;‘_;
rl'gulatilg“ ﬂt_;f;]n:« that are directly inspired by these two regulations (¢4 M'-p osur -j"; 1,,\
fhiaives (‘r')r:)'b‘l "“‘PP’f‘-jl'h from the EU Commission and US FIDA is different. The El :"h(}‘
l’l‘spun:’ibilz-, l;yr(\‘f FCM compliance all along the food chain while the USA u'nlul- p
K Cerv:;ll exl)n(:j : CM safety on 'h_" producers of the article (e.g. plastic bottle manufac l"”
approach. In ‘;‘;IEG"""“"'C“""U The ways to control compliance are also adapted (('v .
the rl'spm%sibihr o l;lls the responsibility of the supplier to deliver a compliant pmrlulr -l»
by the USA ‘\'hc)rL-"~ : hc customer to verify it. This cascade of rcspun&lbthruf- is not fol :Im ‘
tomeztins almogt m‘]";]ﬁ"”“’ packaging application is directly validated by FDA and the t‘\d

ot .»rmnllun on the composition of the material (e.g starting substanc A\
Breailt of fhis r;hl-"'c‘ of FCM is a way to ensure the safety of the food in contact /‘
Compliance .“'1". FtJ '2.‘3_"5"-‘_’ .?nd ;“lh;’rilics are developing mﬂdv_‘lsl of I::‘;)lfrnll:jn”(‘;

Y n developed one for plastic materials in 2007 an
If:zg:‘s;:‘:?;::im;::f ;;‘:"‘;‘4'"“"5"“‘5 (ANIA), together l’\,\'ilh the French Industry of ~Fm'~|
(EHEDG), de\'ulgPud a com ) -"m; e L R e (’me
in the processing equipme fll'l(;r]\1 ocument to declare compliance of all thL.‘ mulcna.].k. used
B by aattons] .P enl. The trend is to have these models for all different FC

y al regulations of some European countries (e.g. Italy, Denmark)

ulations in the country where th
d is quite het
es whe

velopment by countries are s
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RECYCLING AND REUSE

Needless to say, the quality of a product is directly linked to the quality of the ingredi-
ents. This principle is also applicable to FCM. Using virgin, recycled or a mix of both could
impact the risk of introducing chemical hazards.

The risk related to the use of recycled materials for food contact could be minimized through
a good selection of recycled materials (e.g. selecting waste material from the first recycling step —
virgin fiber) and through an adequate recycling process (e.g. capable of removing contaminants
from waste material). Plastic and paper materials have a long history of recycling and provide
examples of both cases. In the first example, the recycling process used for paper was not able
to remove the adhesive used for gluing the paper boxes and their components were entering
the paper fibers, In this way molecules that were not expected in paper material were migrating
into the food (e.g. dibuthylphthalate — DBP). The solution for this issue came from the adhe-
sive industry by replacing the DBP with other additive. In the second example, the origin of
the waste resulted also in food contamination. Waste paper from offices was used as part of the
waste material used for recycling. In 1994 the first cases of food packaging samples contami-
nated with diisopropylnaphthalene (DIPN) were detected. The origin of this contamination was
the carbonless copy paper coming from this portion of the total waste (Zhang, 2008).

THE POTENTIAL ENVIRONMENTAL IMPACT

Besides the obvious risk linked to human health with using additives irresponsibly, there
is also another risk that should be addressed when it comes to additives in food packaging
material. Certain additives that may not induce a risk to direct human health can have a
negative environmental impact (hence, a potential “boomerang” chain effect for humans).
Laws and regulations regarding the environmental impact during fabrication, usage and
disposal exist in many countries (¢.g. European Union, the USA Japan) (Zweifel, 2009)
Also, specific toxicological analyses on the physicochemical properties are required (e.g.
acute toxicity test, skin sensitization, repeated-dose toxicity, mutagenicity testing) as part of
these regulations. These tests look mostly at direct impacts on the health and environment
during usage and to some extent on disposal as well.

Another aspect regarding the environmental impact from additives is the upstream, e.g
inks, Standard petroleum-based inks have a higher impact than soy-based inks. The manu-
facturing process of traditional inks produces a lot more pollutant in the form of VOCs (vol-
atile organic compounds) compared to soy ink. In addition to this the recycling proce
paper/cardboard of soy-based inks is casier as the de-inking process is less energy intensive
and more cost efficient (US EPA, 1994), When evaluating materials and additives the full
life cycle should be taken into account and a life cycle assessment (LCA) performed. This
can be done by collecting as much information as possible about the scenarios (from cradle
to grave) of interest and then looking at desired impact indicators such as carbon footprint
Jable 164 lists a few impact categories together with examples of classification data and
possible characterization factors. It should be pointed out that LCA is a very complex task
to perform and evaluate. Today there is, however, some guidance available, e.g. 1SO 14040

5 of
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TABLE 164 A Few Possible Impact Categorics that can be Used to Assess the Environmental lmpact wher

Performing a Life Cycle Assessment (Info from EPA’ Website)
Impact Category Scale Classification (i.e. LCA data) Characterization Factor
Global warming Global Carben dicxide (COy) Global warming poten

Methane (CH
Chloroflucrocarbons (CFCs)

Eutrophication Regional Phosphate (POy) Eutrophication potentia!
Nitrogen oxide (NO)
’ e polentil
Waler usage Regional Water used or consumed Water shortage potents
Local
Aadification Regional Sulfur oxides (SOx) Acidification potentia]
Local Hydrochloric acid (HCl)

LESSONS FROM CASE STUDIES

Printing of Multi-material Paperboard Bricks

e : : » that was
The issue: During an analysis of potential contaminants in infant milk a substance that

never detected before was detected and finally identified as isopropyl thioxanthone ‘.” \,ﬂr
additive of printing ink used on the design of milk cartons, The issue was "“'""f"mm“l( ;
authorities (Italian Ministry of Health and European Food Safety Agency). Sparse '"!”ﬂ?mm 4
on the toxicity of this molecule was available at that time and following the pr--r.‘:u}l!“"-’”
principle Italian authorities recalled the concerned products (Furopean Food Safety A ;
2007). The recall and withdraws were progressively extended to other European “"'""”1-:
companies and products. The economic impact was huge and the damage to consumer conll
nee difficult 1o caleulate (see also € ‘hapter 41) |

‘ause: The printing technology used to print the external side of the brick cartons, 1 ;lv'v

t printing, has many advantages, e.g. the absence of solvents, On the other hand, !

Tes a strict control of GMPs. In this case the ink was not correctly applied/cured, result
1set-off. Regardless of the type of food that was put in contact subscquently, part of the
reacted photoinitiator was already transferred to the food contact layer during stora

«d transportation. Once the brick carton was filled the [TX was migrating into the Ium'.

Ihe quality controls at packaging supplier level were not sufficient. Customers were nt
sufficiently aware of the ink composition and the surveillance plans were not developed
accordingly.

Learnings: GMPs must be respected and quality controls must consider worst-case s
narios (e.. set-off). The lack of knowledge and surveillance along the food chain created @
chain of gaps that allowed the contaminated products to reach the market. This issue was
strongly impacting all sectors related to food safety in the food chain, Ink manufacturer
developed new photoinitiators with lower migration profiles, packaging manufacturer:
reviewed their GMPs and quality controls, and the food industry reinforced the survei
lance plans and reviewed the specifications of certain applications. The actions reached
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the authorities and new regulations were developed (e.g. EU 2023/2006/EC on Good
Manufacturing Practices).

Bag in Box without Sufficient Barrier or Excess of Waxes in the Liner

The issue: In 2010 several consumers in North America complained to the producing
company about the smell or taste of their breakfast cereals. Some of them reported nausea
and vomiting. The company investigated the issue and decided to issue a voluntary nation-
wide recall of four types of their breakfast cereal.

Cause: Following the company statements, @ higher-than-normal amount of certain chemicals
in its package liners caused the unusual smell and flavor. An investigation revealed that elevated
levels of hydrocarbons — including methylnaphthalene — in the packaging liners had leached
into and tainted the product. The chemicals were migrating from the liner, through the inner
bag into the cereals. The bag in the box was not offering sufficient protection (functional
barrier) and the chemicals contaminated the food before the end of the shelf-life. Several
causes were at the source. First, GMPs were not properly applied and amounts of waxes
were present at a higher level than foreseen Second, the quality controls in place were not
able to detect this excess of chemicals. Third, the design of the packaging was not consid-
ered to have potential excess of waxes as a worst-case scenario and the selected material for
the inner bag was not able to offer the necessary barrier properties. This resulted in a vol-
untary recall of 28 mullion boxes of cereal in June 2010. The results in North America were
strongly impacted by the voluntary recall. “The estimated impact of the recall, including
lost sales, reduced carnings per share by approximately $0.10 in the quarter.” This corre-
sponds approximately to a loss of 40 million dollars. The damage to company’s image is dif-
ficult to consider.

Learnings: GMPs should be correctly applied (e.g. control of wax levels). Quuality controls
should cover worst-case scenanios. A correct selection of different packaging materials (pri-
mary, secondary) could reduce the risks of migration to a negligible level.

Extrasion of Retortable and Microwavable Plastic Bottles

The issue: At the customer’s site the operator receiving the lot detected an unfamiliar
odor smell when inspecting the truck. He sent some samples to the quality department for
a sensory test (sniff test) where the lot obtained a score on the limit (just-out). Because of
the intended use, retorting and microwaving, migration tests were requested (overall migra-
tion and volatile screening). The results showed an overall migration exceeding the specifi-
cations and levels of one molecule subjected to restrictions exceeding the specific migration
limit (SML). The lot was returned to the supplier.

Cause: During a shift change on the day of production the incoming operator was
informed of the delay in production due to several stops on the line (the extruder was block-
ing). In order to avoid the blocking issue the operator increased the temperature during the
extrusion so the viscosity could be reduced, the blocking 1e could be resolved and the
line could run faster. The temperature was exceeding the levels specified for this application
(retortable and microwavable bottle). The quality controls did not detect any physical defect
and the lot was released.

1. RISKS AND CONTROLS IN THE FOOD SUPPLY CHAIN
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Learnings: Increasing temperature and pressure over the specifications rvs%t(u:d I:nf
polymer with shorter chains, increased level of volatile organic compounds (V s) h?-
a higher migration (volatiles and non-volatiles). The positive release of the lot _al s‘\;]]:t;)lj“
level should include sensory tests and the GMP awareness of the peo_ple opv:m(mgt tm:
sheuld be improved. The sniff test at the customer level did not consider the retorting an:
microwaving steps that increase the release of VOCs.

Equipment Reparation

The issue: After reports of issues with the particle size of a cereal pmfiucl, lhu:ll‘tl'd’l;';:u‘
asieve in equipment was detected. The sieve was repaired and production ru:.(a. ‘;Lr(.ccludL:
routine control of contaminants (releasing parameter) high levels f’! lcm:( WL l, ned
the product. The production was stopped, the lot destroyed and an In\'(nsll?;‘;|ll)n :)]Iir‘u‘d i

Cause: The sieve was repaired with an inadequate solder. The material cont:
and the high surface of the sieve produced migration to unacceptable levels., 1 for food pro

Learnings: Change management and reparations on the equipment uscc ('rl“”m,. \
cessing need special atlention when food contact surfaces are |g1\'nl\'vd. The I'I"""‘l"“"’ 2
in place were able to detect the issue and the product was not |lb('f.]l('l‘,‘ Ihe ;,fll‘}]l. 3 _‘“,,(.:
reviewed and adapted to existing standards. Following the Council of [:umpl'..| e G l( A
in food contact materials should be abandoned or avoided. Parts made wholly or partly k% 1 i
lead solder for repair should not be used in materials and articles intended to wn.l:' :lHl“ conlaci
Joodstuffs including the use of lead in soldered cans (CoF, Technical Document 2002).

Biological Contamination

The issue: An outbreak of salmonellosis affecting 79 people between 2000 and f‘m“li:y‘?f
associated with contaminated dry pet food. Exposure of hurmans occurred ”"_”"’:h M;" Jied
of contaminated pet food. More than 23,000 tons of pet food were recalled. The nn:v u'-v :
company recalled 105 brands of dry pet food and permanently closed the plant (Behra
ctal, 2010). y

Cause: The outbreak strain was isolated from the flavoring room of the nmlnlljw Iur‘m{
plant, where dry food was sprayed with flavor enhancers before being packaged %[;m‘n:s
was made after the killing step in the process (validated time and temperature condition
and the contaminated pet food was able to reach customers.

Learnings: Process flow must ensure that raw materials move safely through the !_‘“”m_
from input to output. The regular monitoring of the processing environment for significan
pathogens is needed to ensure proper cleaning and disinfection of FCM

ANNEX

Common references used for food contact stainless steel (based on Gazzetta Ufficial
della Repubblica Italiana, DECRETO 21 dicembre 2010, n. 258).
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UNI EN 10088-1
Di D
Al i AISI/ASTM UNS Note

14373 X12CrMnNiN 18-9-5 AlSI 202 S20200
14310 X10CrNi 15-8 AlSI 30 530100
14325 X9CrNi 18-9 AlS] 302 §30200
14305 XSCrNiS 18-9 AlSI 303 S30300
= - Alsl 3035¢ $30323
14301 X5CrN1 18-10 AlsI 304 S30400
14306 X2CrNi19-11 AlS] 3041 530403
14307 X2CTNi 189

14303 X4CrNi 18-12 Alst 305 530500
- AlSI 308 S30800
14401 X5CHNiMo 17-12-2 AlSI 36 531600
144% A3CrNIMo 17-13-3

14404 X2CTNiMo 17-12-2 AlSI 3161 531603
14452 X2CrNiMo 17-12-3

g AISI 316N §31651
14571 X6CrNiMoTy 17-12-2 ASTMT Type 316Ti S$31635
14541 A6CENIT 1810 Alsl 321 532100
14460 NICENIMON 27 AlSI 329 S32000
14550 X6CeNIND 1810 Alsl 7 534700
14006 X12Cr 13 AlS1 410 S41000
AlSE 414 541400

14005 X12065 13 AlSl 416 541600
14021 X20Cr 13

14029 X30Cr 13 AlSI 120 542000
14031 X39Cr 13

14016 X6oCr17 AlSI 420 543000
14105 X6CTMoS 17 AlSI A30F $43020
14057 X17CrNi 16-2 AlSI 431 S42100
14125 X105CrMo 17 AlSI 440C S44004 ")
14542 X5CrNiCuNb 16-4 ASTM Type 630 S17400
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(Continued)
UNI EN 10085-1
Rl . D Not
N i A i AISVASTM UNS
1
14462 X2CrNiMoN 22-5-3 B - S31803 s
1
14550 X2CrNbZr 17 - -~ - - =
14362 X2CrNiN 234 L = $32304 3
i o 532101 "
14510 X3CrTi 17 - - ¥
“(TiN = 543940
1.4509 X2CrTiNb 16 ireasd
5 )
14521 X2CrMoTi 18-2 AlS 444 S0
544500

ASTM

peteril incndedfrshort ot ot e emature e foodsthst are rlted 1o vimonts A and ) during migrtl 0
Honly for materials exclusicely intended for repested use during short time i room or ot temperatures and for (ha 7

temperature with foods that are related to simulant [) during migr
for articles intended for repested wse ot temperstures not Yigher thes 7
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INTRODUCTION

The food industry applies several processing techniques for the inhibition and/or inac-
tivation of microorganisms in order to manufacture safe products with a long shelf-life.
Thermal treatments (cooking, pasteurization, sterilization, cooling, freezing) and non-
thermal treatments (among others drying, irradiation, high pressure and other methods)
alone or in combination can be applied to this end. Heat treatment at high temperatures
15 used widely in food processing, and it is the most important method of preservation, in
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artict 1 3 . i

particular in the canning industry. Thermal processing is among the most important

od; : : 3
q]:, i;(()]r :m"n“.mg’ cl}mmanng or reducing pathogens to acceptable levels and sometiz
. r degrading toxins and antinutritional factors, e.g. lectins in red beans.

HEAT PROCESSING

m;l}\‘/[’:; ‘;’:mb’i::;:ﬂ'lbll?lt operations that apply'hca( in food processing. The purpo<
of Hoishiad rududd ;"b}T the raw state of m.z'tcnul to prepare the appearance and struc
i sﬂ_ alsob‘ owever, for raw materials that are likul_\_/ to cunl'din pu!hu;:t' :
brolling and builing?ﬁ?ml for ujnh-;y_ A{;\nng these are C“_"k".,g' baking, ’r'\‘lllﬂ;,’ r;u':i,
ing and Bldiing! ). A milder degree of heating is used for melting, temp
am;‘;;‘;{f::?::'?;“‘fh as cooking, boiling, frying and the like,
350 acliiove r(;,:wyrdhrrfng texture, flavor and color, and improve i ;
iibar s “f’c"- = va mn,‘ although they destroy a part of microorganisms, decrease
ing operations 'mm“‘l“" ate enzymes and toxins. Cooking, frying and roasting ar¢ proce
ing and b(li]ir; VP“ .""” Y l{"‘d m.lhh m.mu!mlurv of meat products, \'\tlu-nmu Iv.lkm;;,ut
are usually folI;:nlv :]m“v\;l} used in processing fruits and vegetables. These heat treatmes
B|anthfn5 e al: with pasteurization or sterilization in the case of canned pnfdurlk
usually a \'(‘gt;lahi: A ‘["”k‘"}; term that describes a preparatory process wherein the fo
Elfsiag inio joed “('r' ,rlnl, is heated in steam or hot water for a short time, and coole: ‘
ing is to soften fqndﬂb“,'m water spray to stop the cooking process The purpose of l’ihﬂ‘.
of bacon, cabbage ur'«rz utuk'"K partly or fully, or to remove a strong taste (for erxamp
ing heat sterilization ’. '(x"’lfl. But more often, blanching 15 ;mrlurmwl immediately prm:
product. The reasons {'("‘Ml-m be applied before or after filling the containers (cans) ‘\:
rial; the shrinkage n" I}:L anching are the removal of gas from the tissucs of the raw mi
stopped, will adversely S I‘;“’ll'rldl: and the inhibition of enzymatic reac tions, which, if7
severity, blanching V-\'ill' ’|Ia ";' the color and nutritive value of the food. D pending on’
Another operation that L e D crooTuAt g
closing cans or jars, The “'PPI'.('S heat is exhaustion. This is done after filling and befo
headsPAcv and to ;-nabk. E“!’Posc of exhaustion is to remove air from the contents and ff
it will remove oxygen, an(; ‘"“""f to be formed when the contamer is cooled. lr? additie
destruction. Ubuai]y l‘;‘h-m (pm'f'“ mlf"‘ and flavor from oxidation and vitamin C froe
box until the lcmpc'r:ﬂuru‘a|s|;“,n," carried out by passing the containers through a st
most vegetables, they are not :l.wnk" is at Jeast 71°C (160°F). Because fruits are different!
and juice loss. ' 1sually heat blanched because heating would cause softenin
In contrast to he ;
operation is ht'ﬂ(!, :r::lcr(\r::lu:tgl s d?-"{f‘b'{d above, lh.g most characteristic finishin
OPL'mlions will inactivate cny.vm)cfa:lw'nlmtmn ﬂm" i AL
microorganisms, the primary' ur'n_"‘"b" ate proteins nn‘d to some dc'gru(' also destre
tion of microorganisms to d\su’r’c ﬂ se of heat -prescr\'allnn is to achieve the destr
Sterilization means the use uf hi; 'h‘t‘"gth)' shelf-life of canned products without spoilagt
microorganisms (but see hulmv,’m ,':::lpcm‘}"cb (over 100°C) for complete destruction®
garding commercial sterility), whereas pasteurizati

s, the

make food more palaté
digestibility. Thes:
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means lower heat treatment (generally lower than 100°C) to destroy most vegetative path-
ogenic bacteria and to extend product shelf-life. Pasteurization is often combined with
another means of preservation (concentration, acidification, refrigeration, etc.).

Before discussing the various methods of thermal treatment, first the fundamentals of
heat destruction of microorganisms will be outlined, on which the processes of thermal
treatment are based.

FUNDAMENTALS OF THERMAL DEATH OF MICROORGANISMS

The method of heat treatment rests upon the principles of thermal death of microorgan-
isms according to which the death of a cell population follows the kinetic of a first order
reaction:

dN/dt = ~kN

that is, the change in number of survivors (dN) in a given time (d{) is proportional to the
actual number of living cells (N), where the k factor is called the death rate coefficient (with
a negative sign as the cell number is decreasing). Integrating this equation between the lim-
its of initial cell count (N,) and surviving cell count (N,) after / time, we arrive at the funda-
mental equation describing the death of microbial populations:

N, =Ny it
often rewritten in logarithmic (log, ) form which is called the equation of survival curve:
log N\/N, = —kit

When the logarithm of the surviving cell number is plotted against time, a straight (lin-
car) line 15 obtained, the slope of which is related Lo the death rate coefficient (Figure 17.1).

fog N

t (min) ;

FIGURE 17.1 The survivor curve and the D value
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log time

(min)

FIGURE 17.2 The thermal death curve and the z-value

. . . or Of survivee
The decimal reduction time D is the time through which the number

decreases to one-tenth,
r) ’ 1/”“}.’, I.v” l“); ‘.Yl)

ation but depends ¢

The value of i inutes) is indepe: 2 size of popul
f D (in minutes) is independent from the si7 POy hoat resistance of

U}l‘ degree of temperature. Thus, the D value is also a measure of the srature |
given kind (species or strain) of microorganism. The dependence of D on h.m{" ,‘.,.4,";;
L"‘P_msscd by the value of 2 (in °C or “F) defined as the degrees of temperature ¢
decimal change of D (Figure 17.2).

i D and = are the two basic parameters defining completely the heat resist
tics of microorganisms.

ance character!

HEAT RESISTANCE OF MICROORGANISMS

The heat resistance of microorganisms is primarily a genetically determined :.p«:‘:{.
Chﬂra.dcrisﬁc that can be modificd by the environmental conditions. In general, heat r‘;vy.
ance is in proportion to the growth ivmpvmture (Table 17.1). l’:,y(lﬂnphlli(' vegetative ¢
teria become inactivated at about 40°C. whereas mesophiles have a decimal reduction 'f'
ol al?om Imin at 55 to 60°C. Certain thermoduric bacteria (e.g. Enterococcits, Microgele/2
species) may survive 30 min heating at 60°C, with a fairly large z-value of 15 to 20°C. Ho
resistance of most vegetative pathogenic bacteria occurring in foods is similar to that’
mesophiles, and they can be inactivated with the conventional pasteurizing treatments
temperatures below 100°C. The unusually high heat resistance not typical of pathogens
shown by the serotype Salinonella St-nllm'nﬁcrg, approaching that of thermoduric specics.
Although the vegetative cells of spore-forming bacteria are equally sensitive to heat

other bacteria are, their endospores possess high heat resistance (Iable 17.2). This is attribut

11 TECHNOLOGIES AND FOOD SAFETY



HEAT RESISTANCE OF MICROORGANISMS 427

TABLE 17.1 Average Heat Resistance of Vegetative Microorgzanisms

D value (min) at

Phyiological Group a0Cc 50°C 60°C
Psychrophilic bacteria 03 - -
Psychrotrophic bactena = 1-5 -
Mesophilic bacteria = 50 0.2-1
Thermoduric bacteria e = 1-30
Thermophilic bacteria = = 100
Yeasts and molds - 1-5 0.02-0.4
Source: Tomn

TABLE 17.2  Thermal Resistance of Microorganisis

Microbe D value (min) =-value (°C)

Pasteurization at 65°C

Salmonello spp. 0.02-0.25 44-55
Salmenella Scftenbery 0.80-1.00 44-6.7
Staphvlococens anrens 0.20-2.00 44-67
Yeasts, molds 0.50-3 00 44-67
Pasteurization at 100°C
Alicyclobacillus actdoterrestris 30-8.0 6.0-8.0
Bacillus cereus 5-10 7.0-100
Clostridivm botulinum E 15-50 5.0-89
Clostridion sporogene 60-190 9.0-13.0
Sterilization at 121.1°C
Clostridium botuliviom A, B 0.10-0.20 7.8-10.0
Desulfotomaculum sigrificans 2.0-3.0 912
Geolacillus stearothermophilus 4.00-5.00 7.8-122
Clostridum thermosaccharolyticunt 3.0-40 12-18
Data from Stumbo (1973 and Deul. o1 ul, (1940

to the specific structure and composition of endospores, and is due essentially to the manifold
layers of spore coat and the dehydrated state of spore cytoplasm. There is not much differ-
ence in the heat resistance of aerobic or facultative Bacillus species and anaerobic Clostridia
in this respect; however, the thermophilic spore-forming species are remarkably more heat
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(r‘(?:;é‘—;’_‘z] ‘lh;T mt“sh({fhxlcs, Heat resistance of mesophilic spores is characterized with 0
temperature. ';:r: ! i{h‘" of thermophiles may reach 2-5min decimal reduction time !
genic bpore-iurm:-n 'I L}]P"lm of ,for',d safety, C buru_lmum is the most heat-resistant p?
Aand B thn:nrt'h‘-m ng 01-02min Dz, in particular the strains belonging to serof
Dy, Al o = P;.‘ chrotropl.ic E serotype strains are le'» resistant, characterized
Heal resistant oo ML Among the spore-formers causing spoilage in canned foods are?
C ”‘frlm‘nacghA f‘f’““ compared to toxigenic C. botulinum. Spores of G. stearothermiop!:
caleulated !m"'; !,”:;“‘“ have Dy values of 3-5min, and these can survive heat treatm
below). Heat re: he destruction of C. botulinum (sce the discussion on commercial s
e resistance of spores is ﬂ!m characterized with z-values two or three ime hig
Th e}’tmhw cells, in the order of 8 to 12°C, and some spores may reach 20-30°C.
bdde;:]a{“;:g 4:’ »yeru‘ts and molds possess heat resistance similar to mesophilic vege
tive cell; How, fj'f‘dm? of sexual spores or asexual conidia does not surpass that fvf\l'h’
and Thlerors C":‘;" BSOS of certain molds, such as species of By v-w/rlun./v;v,‘.\r‘w"'f
can sun.“,c'lz(;r;]i:‘hc_””“‘f high heat resistance w ith 7-22min D value at B e nnd‘ »
canned fruits. cat treatment at 90°C causing spoilage of pasteurized fruit juice?
m;?;:ﬂ?:;::‘:l|‘rv:islnxlw and thermal death of mic TOOrganisms are influenced b
differ between :c S M““’""“v’: although heat resistance is a specific (hnr.:lfl(-ruhr, xl’ﬁ
cells. Cells in Ih‘ 'r.:un:, of a species, and may change acc ording to the ph\'-,lnlu;;lc.:l *ldr‘
being in li’\c slal(‘ “"P""""“ﬂl F_hn%c of growth are usually more sensitive to heat |hnnl‘
influencing huml::"’)' phase. For the practice of heat processing, the ,m,k(‘,mpm‘m. 11,,
and pH. sistance is the composition of the product, in particular its water act
n E)e;!z:a:\'uil?\fl::?}l\" activity significantly increases thermal resistance,
ronment and lo\l: ';’;'R’-lr concentration or containing many proteins or fats :
for heat Pmcessin? l(lccm)sl' heat resistance. Product pli s of |‘;|1Iv tanding m\[u-m‘
PH lower (ha,; 4;’" P h".ﬁ (in the USA pH 4.6) significs a dividing line; products \‘~
4.5 must be ste 7::n = P'1"1'ljr17(>nl At 100°C or below, while foods of higher pH 1
heat-resistant patho, ""'Vl'r 100°C. 4Th(- .lumlunwnr;vl safety reason for this is that then
toxin at pH <4 angtt,l“f endosporic microorganism, ( botulinum, cannot grow or prof
(Table 17.3, and ;(_“ ”F‘\“l 5?‘"’('5 lha! may survive heat treatment could not germinate ¢
Factors ﬂ’fl‘ﬂing h(“c'“’-"-Dl‘!L'nmmnp?' Heat Treatment,” below)

Cells surviving heat m‘? I“'N.‘lﬂnfr are in force before, during and afte
conditions, though not ;’nml'nl become damaged and can be n-pnln'q only unc
tives and nitrite, products which may contain certain chemicals, such as presen®
may contain i % NOr in products stored at low temperature. These products, aithough th*

ain living bacteria, are, ool P P y

, are, howev

remain in a st 5 g er, not able to start growing, and such pmdh-
ate of “commercial sterility” without spoilage.

Y SOV

I'his often the @
Acidic e

or heat process
fer optin®

D J
ETERMINATION OF HEAT PROCESS REQUIREMENT

Determinati

on of he, ; ; .

ing control Mv:asurp:?“‘ process requirement and its validation is important when de
% In an HACCP study and determining monitoring parameter @
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TABLE 17.3  Heat Processing Requirements — Dependence on Product Acidity

Acidity Class pH Value Food Commodity Heat Processing Mode
Low acid 53-6.0 Vegetables, uncured meat, High temperature sterihization
poulty, fish, soups (115-121°C, 240-250°

50 Tomato products (105-115°C, 221-240°F)

Medium aaid 45-53 Fruits, frint juices “asteurization
(100°C, 212°F)

Acid 3745 Fruits (60°C, 176°F)
High acid 3037 Pickles, sauerkraut (80°C, 176°F)
Source: Desraster andt Devrosier (197

critical limits. These need to be validated on a case-by-case basts, considering various fac-
tors which may affect the outcome such as initial bacterial load, acidity, water activity, etc.
Therefore the subject is explained in detail.

The extent of microbial destruction during the process of heat treatment depends on
the combined action of temperature and time. In this regard it is essential to be aware that
increasing the flow rate in a pipe or the speed of a conveyor belt reduces the residence time
of the product. There have been cases where an increase in the flow rate of the conveyer belt
has led to an outbreak of foodborne illness (Motarjemi and Kaferstein, 1999).

In the practice of heat treatment, various degrees of temperature are applied. The values
of D (or its multiple the thermal death time, TDT) at any given temperature can be obtained
using a reference value, I, at a reference temperature (Figure 17.3). For the latter, 121.1°C
was chosen, a temperature important in the sterilization practice (this value corresponds
to a round figure, 250°F). Also, a z-value of 10°C was selected as the slope of this particu-
lar thermal death curve. With these determined points, the equation of the thermal death
curve s

log(t — F) (T —121.1)/z

This equation 15 used for the caleulation of the thermal processing requirement and the
lethality of the sterilization process, For these calculations, the lethal effect of any other
temperature should be compared to the reference temperature, 121.1°C. From the above
equation, the relative rate of heat destruction at various temperatures compared to that of
121.1°C can be obtained as:

F/t = antilog(T —121.1)/z

In the practice of heat treatment (sterilization, pasteurization) the temperature is not con-
stant but changes, increasing during warming up and decreasing during cooling. In cal-
culating the heat process requirement, the task is to sum up the lethal effects of changing
temperatures for changing time. This can be done if the thermal death time (or rate) at vari-
ous temperatures is expressed in a similar manner to be integrated. As shown above, the
death time of any temperature related to the reference temperature 121.1°C is expressed as
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log ime
(min) [
+
|

1
Iql-IgF=—7fT-121 1)

FIGURE 175 The reference thermal death curve

B/E and ihe A time-equivalent, F,, of different temperatures in relative fractiont
121.1°C can be obtained as:
[, F/tdt

s
i s sum of Jel
5 48 Fy=3min, it means that the sum b

atment will be e

K
&8 if the time-equivalent of a thermal process
ity ufallcorrohpunding temperature-time combinations during heat tre o
o the effect of 3min instantaneous treatment at 121.1°C. In this interpretation, the i
does not relate to a given kind of microorganism but to a given heat process, hence it ant
used to compare the efficacy of different thermal processes -

The heal resistance of microorganisms, however, differs and changes also with tt "’ ',|~.—
ture (as expressed by the D and z-values). For safety reasons, the minimal degree o ‘)“
mal process chosen should be adequate to kill the most resistant pathogenic microbes ““"
oy oceur in the practice of cannming According to common expenence, it is the (m”',:
Clostridium botulium which constitutes the greatest health hazard and whose vmlo-i“]:
!\ave high heat resistance. The D value of the most resistant spores of C. botulinun at IZI_
is 0.21min, and its thermal dependence, the z-value, is 10°C. This has been chosen umu‘
sally for the Galculation of thermal process requirements, and the summarized Irlh.v[“
vah.m of temperatues related to 121.1°C is distinctively marked as the F, value, and clle

equivalent sterilization treatment. In contrast to the F, thermal time-equivalent which 1
refer fo any TDT curve no matter which z-value, the F, value relates to a thermal pro®
characlc;lzud With a thermal death curve of z=10°C value.

is l:/l values can be graphically integrated by taking the relative death rates ﬂ'.
l?ﬁpondmg to the different temperatures of the heat penetration curve, and plotting wi
time to obtain the so-called sterilization curve. The area below the sterilization curve ¥
be equivalent with the sterilization treatment in minutes of F,, (Figure 17.4). For pract¢
reasons the summing up of I/t values usually starts when the internal temperature reach

11 TECHNOLOGIES AND FOOD SAFETY



DETERMINATION OF HEAT PROCESS REQUIRFMENT 431
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FIGURE 17.4 The stenlization curve and the sterilization equivalent value F,.

100°C and includes also the cooling part until 100°C. The F/f values associated with tem-
peratures below 100°C are very small and hence do not contribute significantly to the over-
all amount of heat treatment. On the other hand, omitting the effect of high temperatures
during cooling would result in oversterilizing of the product, possibly unnecessarily result-
ing in additional quality losses. In recent times, with the development of computing tech-
nology, programs are available to determine thermal process requirements, and also online
monitoring and controlling of the thermal process (Fellows, 2009),

Based on the sterilization equivalent I, values, not only the efficacy of various thermal
processes can be compared but also the minimal degree of heat treatment required for safety
can be determined. Tt is a universally accepted practice to apply a heat treatment which
should destroy the number of C. botulinum spores to 1071 proportion. This is the 12D con-
cept, which is equivalent with 12 x0.21=2.52min heat treatment at 121.1°C, which is the F,
for C. botulinum (also called “botulinum cook™). This provides high safety for heat steriliza-
tion. In modern terminology, it is referred to as “performance criterion” (see chapter 31 in
this book on Hazard Analysis and Critical Control Point). Since it was introduced for com-
mercial canning at the end of the 1920, there is high degree of safety with industrialized
canned food, Most cases of botulinum intoxications are associated with home preserved
food. In the USA about 10 to 30 outbreaks of foodborne botulism are reported each year,
almost all from home canning (Shapiro et al, 1998). An outbreak involving eight people, the
first in 33 years, was caused by a commercially made canned food (hot chili sauce produced
by a factory in Augusta, GA) (Schnt, 2008). FDA officials stepped up inspections at other
canneries, and discovered botulinum spores in cans of green beans produced by a plant in
Michigan. Although no illaesses were reported, the producer recalled 1.2 million cans of
vegetables because of the risk

The 12D principle of sterilization should be applied for low acid products with pH >4.5
in which C. botulinum can grow. In these products, however, spore-forming bacteria may
occur whose heat resistance is higher than that of C. botulinum (Table 17.4). Although these
do not present health hazards, they can survive the minimal requirement of safe heat treat-
ment (i.e. F,=2.52min), and can cause spoilage. For economic reasons, the spoilage ratio
should be kept lower than 0.1%. When thermophilic spore-formers are to be accounted for
as contaminants having D)5y values of 3-5min, the equivalent sterilization treatment should
be much higher, sometimes reaching F,,=15-20 values (lable 17.4).
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TABLE 17.4  Sterilizing Time-cquivalent (F,) for Certain Canned Products

Product Type F, (min)
Pickles 0.0002-0.004
High-acid fruits 0.002-0.007
Tomatoes 0.01-0.07
Medium-acid fruits 0104
Medium-acid vegetables 4045 0.1-2.0
Cooked meats 50-65 25-50
Low-acid vegetables 50-65 10-140
Ready-to-cat foods 4565 5.0-30.0

Sclected data from

On the other hand, for the heat preservation of products whose pllis lower than 45 (6
so-called acid and high acid foods), not even the minimal requirement for botulinum o
(F,=252min) need be applied. Partly, C. botulinum could not grow at or below pH 45,8
the acidic environment will decrease the heat resistance of microbes, These products @1
pasteurized by heat treatment lower than 100°C

Analogous to the calculation of the sterilization requirement
the case of pasteurization the ) and - parameters are to be related to fixed referenc
and the cumulative thermal destruction equivalent of changing temperatures and times!
expressed in pasteurizing units (PU) or pasteurizing equivalent (). The reference tempe
ture should be marked, e.g. at 80°C the value is Py,

and efficacy in F, value?
¢ valus

7!
B = [107" T 4
T

w

where I", 15 the pasteurization equivalent at T temperature of heating, integrated betv®
the cooling temperature T, and the warming temperature T,,, related to the reference <
perature, T, and t is the time of heating,

CONVENTIONAL HEAT PRESERVATION

There are two main processes of preservation by heating: sterilization and pasteurizatic

Sterilization

Sterilization means the complete destruction of microorganisms usually by temperatu®

o : b : o :
over lOU'C using pressurized equipment (autoclaves or retorts). Because of the resistan’
of bacterial spores to heat is different, sterilization frequently means a treatment of at le¥
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121°C (250°F) of wet heat for 15min or its equivalent to inactivate to a large extent spores
of the pathogenic C. botulinum and most of the spore-forming spoilage microorganisms.
Sterilization also means that every particle of the food must receive adequate heat treat-
ment. Hence, the slowness of heat transfer through the food should also be considered in
determining the overall heat destruction effect of the sterilizing treatment.

In practice, however, a product subjected to sterilization may not be sterile. Because the
principle of exponential death rate following absolute sterility cannot be achieved (not all
microorganisms will be eliminated), the probability of survival must be minimized to an
acceptable degree. This has been set for a 107 part survival of C. botulinum spores, called
12D concept (equivalent to F,=2.5min heat treatment). Even in this case, some heat-r
spore-formers, e.g. C. !Inmuwulumlvluum or Geobacillus stearothermophilus, may survive this
and further intensive heat treatment (F,=5 or higher values). Being of lhermuphnllx nature,
these surviving microorganisms cannot grow under the normal conditions of storage prevail-
ng in temperate zones (at ambient temperature without refrigeration), and this condition is
termed commercial sterility. In practice, most of canned or bottled products receiving the min-
imal 12 botulinum cook or higher exist as commercially sterile, in which some survivors of
high heat-resistant spore still remain, although these will not grow under normal storage tem-
perature at a temperate climate. However, in tropical arcas an ambient temperature of 45°C
may prevail long enough to cause cans to explode due to the activity of thermophiles.

Canning

Food preservation by heat treatment of products packed in containers - called canning -
is a common practice of food industry. Although, from the microbial point of view, it would
be ideal to employ a heat treatment that would eliminate the risk of any surviving microor-
ganisms, most canned food products cannot be subjected to such a degree of heating because
itwould degrade the sensory quality and result in loss of nutritional value. Hence, in prac-
tice, a compromise is needed in order to provide a heat treatment intensive enough for the
microbiological safety of the products and at the same time moderate enough for preserving
product quality, Commercial sterility is a generally accepted practice of canning,

As discussed above, Clostridion botulinum is used as a reference organism for manufac-
turing safe and stable products by heat treatment with a minimum F,, value of 2.52min.
Based on microbiological considerations and including a sufficient safety margin, most
sterilized canned products should be produced with F,, values of 4.0-5.5. The retort tem-
peratures to be used may vary between 117 and 130°C (depending on the heat sensitivity of
the individual products). It is known, however, that certain thermophilic organisms such as
G. stearothermophilus or C. thermosaccharolyticum are extremely heat resistant and may survive
I, values of 4-5.5. In the case of survival they will not grow under normal storage conditions
of up to 25°C and do not pose a risk in countries with moderate temperatures. However, they
may grow under tropical conditions, in particular with storage temperatures of 25°C and
above. Hence, F,, values of 12-15 have to be employed in cases having this risk (Table 17.5).

Contrary to the excellent safety record of commercially canned foods, microbial spoil-
age of canned products does occur, and is usually related to the following factors (Fvancho
et al, 2009): (1) insufficient processing, which permits survival of mesophilic microorgan-
isms, (2) inadequate cooling after processing or high temperature storage and distribution
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TABLE 17.5  Sporeforming Bacreria Causing the Spoilage of Canned Products

Heat Resistance (5

Type of Spoilage pH Products Spoilage Bacteria
Flat sour >45  vegetables, thermophiles

meat dishes B. stearothermophilus 45
Gaseous souring C. thern 34
Suliide stinker D, nigrificans 23
Flat sour >45 vegetables, mesophiles

canned meat B. cereus, B, subtilis, B, brevis  0.001-0004
Gaseous putrefaction C. sporogenies, C. botulinum 0.1-02

C. putref 0.001-0.01

Flat sour <45  vegetab thermophiles 0.01-0.07

tomato pre cts B. coagulan
Gaseous souring 45 pickles, mesophile

tomato products B, polymyxa, B. macerans 00100
Gaseous putrefaction canned tomato, C. pastewriamem
Butyric fermentation anned Ll C. butyricim 0.004-0.01

From Deak et al (1250

conditions promoting growth of thermophilic bacteria, and (3) post-proces e ml;ﬂv‘:
contamination due to leakage, Table 17.5 lists the possible causes and signs of spollag
canned foods, \
y Insufficient processing of low-acid foods is a serious situation from the public "f:,;
{ewpoint because of the potential development of toxigenic spore-formers and 'h""I:.
4 H'Kh‘(ﬂmpummrv (thermophilic) spoilage may occur in low-acid canned food
‘owth of extremely heat-resistant spore-forming bacteria surviving the heat proc
B occurs. Certain ingredients (e g. sugar and starch) may introduce excessive mﬂ“h;\
of these organisms in the product. If thermophilic .&p«vilngv occurs, it may be caused B
Geobacillus stearothermopliilus and B. coagulans, so-called flat sour bacilli because they prv
duce acid without gas and the cans do no. swell. When thermophilic anaerobes suh
c ﬂlerluusardmm[uhrum cause spoilage, producing large amounts of gases (Hy and €Oy, &
cans become swollen and may even burst. The third type of thermophilic spoilage, su"'d:
stinker, is caused by Desulfotomaculim migrificans, which produces hydrogen sulfide bour
b): the food or the can walls can become black. In the case of container leakage, usuall?
m‘?“’d spoilage population develops, consisting of lactobacilli, enterococc and other b
teria. Recontamination through faulty sealing is often due to cooling with contaminat®
water. Post-contamination way responsible for the largest outbreak of salmonellosis in he
history of the USA affecting some 160,000 to 200,000 people in Chicago (yan ct al, 197
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TABLE 17.6  Comparison of Parameters of Various Methods of Pasteurization

Method Temperature °C Time (min, )
Batch (vat) 65 30min
HTST 72 15s

Ultra pasteurization 89-100 1s

UHT 138 2s

From § 12002),

Investigation of spoilage is important in order to determine the causes and apply control
measures,

Pasteu ion

Compared to sterilization, pasteurizing is a comparativ

ly low order of heat treatment,
generally at a temperature below the boiling point of water. The general objective of pas-
teurization is to extend product shelf-life by inactivating all non-spore-forming pathogenic
bacteria and the majority of ve poilage microorganisms, as well as inhibiting or
stopping microbial and enzyme activity. To be effective, pasteurization is frequently com-
bined with another means of preservation such as concentration, acidification, chemical
inhibition, ete.

In pasteurizing, two types of processes can be used: slow and rapid. Slow pasteurization
uses pasteurization temperatures for several minutes; e.g. typical temperature-time combi-
nations are 63 to 65°C over 30 minutes or 75°C over 8 to 10 minutes. Rapid, high or flash
pasteurization uses pasteurization temperatures of about 85 to 90°C or more for a time only
in the order of seconds, Typical temperature-time combinations can be 88°C (190°F) for
1 minute; 100°C for 12 seconds; 121°C for 2 seconds (Lable 17.6).

Methods of high temperatures for short time (HTST) and ultra-high temperatures (UHT)
for very short holding times have been developed, replacing traditional pasteurization or
sterilization processes, Such short holding times and high temperatures require special
equipment to ensure uniform heat treatment, and generally are applicable for liquid prod-
ucts, Taking into account the short time and rapid performance of operations, this can only
be achieved in a continuous process, using heat exchangers. In this process the product is
heated separately, then cooled down rapidly to the temperature for filling, which will be
pcrlurnwd in asephic conditions in sterile TL'('L‘P(:\(.‘]L’h.

In aseplic technology, heating is applied prior to packaging. This will cause inherently
less damage to food quality. It can be applied where the food (such as liquids) can be read-
ily distributed for rapid heat exchange. However, these methods then require packaging
under aseptic conditions to prevent recontamination. On the other hand, heating within the
package frequently is less costly and produces quite acceptable quality with many foods,
and most canned food products are heated in the package. In-line sterilization followed by

aseptic packaging is gaining in popularity for heat treatment even in the traditional canning
factories.
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Pasteurization is commonly associated with milk for which it is used all over the
For the pasteurization of milk temperatures below boiling temperature are t)'piﬂ”)"
since at very high temperatures casein micelles will irreversibly aggregate (or “ax
There are two main types of milk pasteurization used today: the conventional batch m
by which the bottled milk goes through a heat treatment on a conveyor belt for the reg
time (e.g. at 63°C for 30min), and the high temperature short time (HTST) method by ¥
the milk is pasteurized at 72°C for 155 using a continuous heat exchanger. In W'”
ultra-high temperature (UHT) is also used for milk treatment. It is in fact a sterilization
cess at 135°C for 2-5s only before packaging of milk which is then filled into conts
aseptically. Nowadays, batch pasteurization of milk is rarely used in large mm'pamﬂ.
may be still used in smaller businesses and for foods other than milk (e.g. fruit !uml £
pasteurized milk typically has a refrigerated shelf-life of 2-3 weeks, whereas UHT
last much longer even unrefrigerated, sometimes 69 months. The lﬂ‘.;fvpablﬂwf
should achieve a 5-log reduction in the number of viable microorganisms in milk, b
almost all yeasts, mold, and common spoilage and pathogenic h]l(lcﬂﬂ‘, UHT treatme
expected to destroy bacterial spores as well. Ultra pasteurization (or) is a process s
to HTST pasteurization, but using slightly different equipment and higher lcm[“('""
UP pasteurization results in a product with longer shelf-life but still requiring refriger?
Pasteurization regimes for certain dairy products differ depending on the fat content ¢
product. Ice cream, dairy dessert mix, cream or processed cheese require more robust
ment, e.g. 70°C for 25-30 min or B0°C for 255 )

Products, including dairy products, are also heated very rapidly by steam in)c{(l?f'*
cooled down by evaporation of the same amount of water as was added by the inje
This 1s an ultra-fast process,

Pasteurization is also widely applied to various liquid and certain viscous and part
lated foods such as juices, soft drinks, beer, cider, wine, cream and processed cheese, I
€EES, syrups, sauces, soups and some ready meals. With many prc sducts, like fruit juice
soft drinks, it is the intrinsically low pH of the product which sccures a long, shelf-hfed
the mild heat treatment. To be effective, pasteurization is frequently combined with and
means of preservation such as concentration, acidification, chemical inhibition, etc.

Meat products, cured or uncured, are often subjected to pasteurization carried ov
temperatures around 80°C for several minutes resulting in a Limited shelf-life and ﬂlt‘f‘
for refrigeration. Although cooking would destroy vegetative pathogens and most g
bacteria, heat-resistant lactobacilli and scrrplmnc&i may survive, and psychrotrophic spe
may cause spoilage.

Most vegetables are low-acid products with pH >4.6 and have to be sterilized, ¥
the exception of pickles and fermented vegetables which represent high-acid prods
Acidified pickled products in salt brine with 0.6-1.0% vinegar and also conlaining sugar’
pasteurized at 80-85°C. Tomatoes are fairly acidic with a pH value around 4.6 or less, he

'”'",V can be preserved by mild heat treatment generally with pasteurization. Tomato p*
15 a common product which can be preserved by hot-filling at a temperature of 90-4
without further pasteurization. Fruit products, jui'cus and preserves have generally lowf
of 3.2-38, and are usually pasteurized at 70-75°C. This assures a 5-log cycle reduction
vegetative form of pathogenic bacteria; however, heat resistance of yeasts can be high
Hence, yeasts are the primary spoilage agents in fruit-based beverages and soft drin
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Heat-resistant molds and alicyclobacilli may also survive pasteurization; however, being
aerobic organisms, their spoilage potential in carbonated beverages is limited (Parish, 2006).
Pasteurized fruit preserves (jams, jellies, marmalades) can be spoiled by certain fungal spe-
cies with heat-resistant ascospores such as Bysscciilamys fulva, B. nivea, Neosartorya fischeri,
Talaromyces flavus, T. bacillisporus and Eupenicillium banrnense and some other Eupenicillium
species (Beuchat and Pitt, 2000). Among other foods and beverages, pasteurization is widely
used for beer filled and sealed in cans or bottles. g

FACTORS DETERMINING HEAT TREATMENT

Since heating applied to destroy microorganisms may also exert adverse effects on the
quality of foods, in practice a minimum possible heat treatment is to be used which can
guarantee destruction of pathogens and toxins and give the desired storage life, but also
retain the characteristic organoleptic properties of food products. This compromising
requirement will determine the choice of heat treatment.

The heating (sterilization or pasteurization) process can be subdivided into three phases.
By means of a heating medium (water or steam) the product temperature is increased from
ambient to the required sterilization temperature (phase 1: heating phase). This temperature
is maintained for a defined time (phase 2: holding phase). In phase 3 (cooling phase) the
temperature in the product is decreased by introduction of cold water on the surface of the
container.

In order to effectively and safely preserve foods using heat treatment, it is not enough to
apply the required time-temperature combination to inactivate the most heat-resistant path-
ogens and spoilage organisms in a particular food. In addition to this, another factor should
be also considered: the heat penetration characteristics in a particular food. In order for the
heat sterilization to be efficient, the preservation processes must provide a heat treatment
which will ensure that every particle of food within a container will reach a sufficient tem-
perature, for a sufficient time, to inactivate the most resistant pathogens and the majority of
spoilage organisms as well 1t is usually the centermost particle, called the cold point, where
the heat would penetrate least (Figure 17.5)

The course of temperature during thermal processing in a retort depends on several
factors related to: (1) heating conditions (retort type, loading, time-temperature formula),
(2) heating mode (still or agitated), (3) heating medium (water, steam, with/without
overpressure), (4) product type (solid, liquid), and (5) container type, shape and size. The
thermophysical properties of the product, in particular its consistency, will influence the
mode of heat transfer, and are of utmost importance for the speed of heat penetration.
Basically, heat will spread in solids by conduction and in liquids by convection; however, in
real foodstuffs it is usually between the two extremes, and may change during the heating
process. In the context of HACCP, determining the coldest point and monitoring tempera-
ture at this point is particularly important and from the above it can be understood that the
coldest point is not always the center

Heat penetration is extremely important, because it is the determining factor for the
success of the whole operation. The most suitable and practical method to speed up ther-
mopenetration is the movement of containers during the thermal process. Rotation of
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containers around their axis is an efficient means to accelerate heat transfer, because this v
educing he

rapidly mix the contents, enabling a more uniform heating of products, and r ;
ing time and organoleptic degradation. Heat penetration is slow, especially in the case ot
pasteurization of products packed in glass containers, 3

In addition to the composition and moisture of the food, the acidity and pH value ’“'
tremendous impact on the efficacy of heat preservation. It is customary to divide foods r
Broups concerning heat treatment according to their acidity Acid fc sods have pH belows
and low-acid foods are those with pH above 4.5. Acid foods include most {ruits, and pe
teurization would suffice for preservation; low-acid foods are those like meat and most 0
etables, which should require sterilization treatment. Table 175 lists various types of foct
and their pH value, together with the heat processing requirements,

NON-TRADITIONAL HEAT TREATMENT

The conventional method of heat sterilization often leads to overcooking of the fe
material causing unwanted loss of nutrients and organoleptic changes. Electric he?
ing methods offer novel possibilities for sterilization providing better retention of qual®
attributes. Two types of electrical heating methods are known and have been pradl(ﬂ"
explored: direct and indirect. In the case of the direct method electrical current is pass®
directly into the food (called ohmic heating, OH, or electrical resistance heating). With in*
rect electroheating the electric energy is first converted to electromagnetic radiation wh
subsequently generates heat within a product. These methods are microwave (MW) &
radiofrequency (RF) heating (Figure 17.6) (Marra et al., 2009; Ramaswamy and Tang, 20%
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i 3

300-30000 MHz 1-3000 MHz §0-80 Hz
Microwave heating Radiofrequency Ohmic heating
heating

FIGURE 17.6  Schematic of electrical heating methods.

In OH the product is placed in direct contact with a pair of electrodes through which a low-
frequency (50 to 60Hz) electric current is transferred. Heat is generated due to the resistance
of molecules to electrical conduction. Indirect methods apply much higher oscillating fre-
quencies of electromagnetic waves = MW (300 MHz and 300GHz) and RF (3 kHz-300MHz)
= which result in heating of dielectric materials by induced molecular vibration as a result of
dipole rotation or ionic polarization. Changing polarity of electrical field forces oscillation
of 1ons whose friction generates heat in the product. Movement of dipolar water molecules
contributes mainly in heating due to the higher frequencies of MW. With OH an additional
non-thermal effect is electroporation of cell membranes which might occur even under low
frequencies (60 Hz) building up charges in the cell envelope (Iebovka et al,, 2005)

OH and RF are used only for industrial purposes while MW is applied very commonly
domestically and finds commercial application as well. Two frequency bands of MW
are allocated in the USA. The 915MHz band 1s used for industrial heating only, and the
2450MHz band is used both in the industry and in domestic microwave ovens. Ohmic heat-
ing can be used for heating liquid foods containing large particulates, such as soups, stews,
fruit slices in syrups and sauces, and heat-sensitive liquids. The technology is useful for the
treatment of proteinaceous foods (e.g. hiquid egg) which tend to denature and coagulate
when thermally processed. Juices can be treated to inactivate enzymes with less destruc-
tion of the flavor. Other potential applications of ohmic heating include blanching, thawing,
dehydration and extraction.

Due to their lower frequency levels, RF waves have a larger penetration depth than MW
and hence could find better application in larger size foods. Cooking time of meat and meat
products was found much shorter than conventional cooking in a water bath, and caused
lower juice losses, RE radiation is also considered for post-harvest treatment and disinfesta-
tion of fruits, RE heating 15 also applicable for continuous flow processing of liquid foods
such as fruit juices and milk

Plastic packaging materials are transparent to microwaves. Microwaves can, therefore, be
used to process prepackaged food products, Examples of in-package microwave sterilized
products include different pasta dishes, pasta sauces, rice and other ready-to-eat dishes.

Electroheating has found many applications in the food processing industry, including
tempering of frozen foods for further processing, precooking of meat, and finishing the dry-
ing of pasta products. In those applications, electric heating methods demonstrate significant
advantages over conventional methods in reducing process time, improving food quality
and reducing environmental impacts. Electric sterilization can have a major advantage over
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conventional retorting because of the relatively short heating time and potential to pr
high-quality self-stable food products. Increasing numbers of commercial equipment 3
on the market enabling more development in technology. Approaches are currently in¢
opment for continuous flow processing with aseptic pa&mging.

COMBINED TREATMENTS

Consumers raise increasing demand for ready-to-cat, fresh, minimally processed f
presetved by relatively mild techniques in order to minimize the loss of quality &
control microbial growth, and thus ensure product safety. To meet this demand, a b
approach appears to be the best method (Leistr 10; Alzamora et al., 2000). Hurdle!
nology is the term often applied when foods are preserved by a combination of process
(he.dcﬂg" of hurdle technology several preservation systems can be applied by the @
nation of factors such as Icmpi:r.num, water activity, pH, redox pnlcnlial, preservatine
packaging. Two or more preservation methods ca 1 be applied together in smaller deg
that separately would not produce safe products. The combination can ensure not
:mluly but also results in better, more natura! quality, and is economic by saving energy 1
is because different hurdles in a food often have an additive or synergistic effect. If sev
hurdles are used simultaneously, a gentle preservation could be npplil-d, which neverthe
:(’(-‘llr(-,s M?Hc and safe foods of high sensory and nutritional properties Using comb
echnologies, moreover, the diversity of products can be inc reased and new types of f
c‘:”: be developed. Conventional and novel thermal technologies are often combined ¥
other treatments in order to moderate the severity of doses required if applied alone ()
and Geveke, 2010; Liu et al , 2011)

muf::::.p:es ‘(l)f hurdle technology for fruit and vegetable processing
product (I;R‘;FP"“'U(' (IM, containing two hurdles as pl and a.),
without refri v'_P'(.'M‘r\‘(*d by mild heat treatment, low pH and a,., .md/nlv preserval 1t

ER et },(;’jlmnl, as well as a minimally processed refrigerated fruit prndut'lv(

Several “m: heat, then packaged and refrigerated) (Barbosa-Canovas el al . 2003).
bination u!)d;i”‘;.‘:' meat products, mainly various sausages, are processed w‘uh the o
curing, ’t'nnemt:‘ml preservative factors (mild cooking, low pH and a,,, nitrite or smd
given l'imc bulnn 1on, refrigeration) and usually can be stored at ambient temperatures [«
and their slabili(r; ;:’l:‘ﬂl:\‘"'ll‘p:n‘ deterioration starts. They are called shelf-stable food (.‘;3’
2002, FSIS-USDA, Z?(’('%)f o the synergistic interactions of preservative effects (Kanaft el
lm::::;:‘:yi;:’f :‘iﬂ'.P"’durls and ready-to-eat dishes can Le preserved by combin
time then I’L‘fri};er:t:d a’s":'d u".dl'r vacuum, heat pasteurized at mild temperatures for I
of cooking food R us-vide (Fn:r:nch for “under vacuum”) is the name of the meth®
are usually ﬂPP“o;J) “m airtight plastic bags in a water bath for a long time (24 to 72 ho
used for caoking ly‘ic:ll]‘ '“C‘“"“C‘IY determined temperature much lower than normi"
tic bags keeps in ‘illiczs 'm;‘j around 45-60°C (111-140°F). Sealing the food in sturdy pl
temperatures much lll\\"ur "dmma that \\'mfld otherwise be lost in the process. The use?
han for conventional cooking is an equally essential feature®

s are the intermed
a high-moisture fr
ived
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sous-vide. In English these dishes are also called Repfed (refrigerated processed food of
extended durability) emphasizing the third hurdle factor, i.e. low temperature storage.

These products can be stored for several weeks and are directly consumable. The mild
but long heat treatment kills most vegetative bacteria. The stability and safety of sous vide
products depend on the delicate balance of preservative treatments under strict hygienic
conditions. Neither the cooking time nor the storage temperature provide, however accu-
rately controlled, absolute safety for these kind of foods. In particular, spores of some strains
of C. botultmum can survive mild cooking and grow and produce toxin at 3-5°C (Hyytia-
Trees et al, 2000). Hence, FDA suggests an additional hurdle (e.g. preservative) to be com-
bined to ensure the safety of these foods.

A novel manufacturing technique has been suggested for the production of extended
shelf-life (ESL) milk with fresh taste and prolonged stability of up to 4 weeks when distrib-
uted maintaining a cold chain. This method combines processing by microfiltration, pas-
teurization and subsequent refrigeration. Raw milk 1s separated into skimmed milk and
milk fat, the former is microfiltered through caramic membranes (with pore size of 1.4 pm)
and pasteurized thereafter (77°C for 30s). The milk fat is heated at ultra-high temperature
(125°C for 4) and then reverted to the skimmed milk. Packages should be stored at temper-
atures below 10°C, Various spoilage and pathogenic microorganisms (among them B. cereus)
may survive or contaminate products post-process, hence jeopardizing the safety and stabil-

ity of ESL milk (Elwele and Barbano, 2006).
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444 16. NON-THERMAL PROCESSING TECHNOLOGIFS

INTRODUCTION: IDENTIFICATION OF RISKS IN
NON-THERMAL PROCESSES

Every food manufacturing and processing operation has inherent risks affecting
safety of food products. Non-thermally processed foods are not exempt from those sk
which include, among others, incorrect process conditions, variability in microbial, CW
and physical characteristics of raw materials, post-processing contamination and misha
dling or abuse during packaging, storage, shipping and distribution.

The biological, chemical and physical risks must be assessed for each manul'adunfx
process, considering the type of product and the involved technologies. Therefore, &
information provided in this chapter should be considered as a starting point for a m
detailed analysis once a particular technology is identified to process a food product. T
uncertainties regarding specific biological hazards can be clearly stated based on the tec
nology and the product and, conseauently, the selection of proper processing condition
and definition of critical process parameters can be made as well as the best way of mon
foring them.

Overall Product Life Cycle

The first step in assessing the risks is to understand the overall pmdun life cyck
Figure 18,1 shows a general life cycle of a product manufactured using in-line non-therm
processes,

Each step along, the manufacturing process must be designed to prevent contaminati®
or to reduce the extension of the assessed risks, In terms of product life cyc Je, such obje
tives require proper packaging of the raw materials, appropriate shipping and storage (*
ditions, protection of raw materials from insects or rodents, aseptic handling of the &
materials during dispensing, appropriate cleaning and canitization/sterilization of procs
ing equipment, setup and operation of the equipment, controlled formulation and holdis
of the product prior and after non-thermal processing, packing of the product info sterik
cqnlainers, integral container closures, proper storage of processed product, and proper d¢
tribution, retailing and handling of the product once in the market

A ption of the established good manufacturing practices (GMPs), hygienic plans ar
related safety tools by the different stakcholders of the food production chain are critical It
the successful development and implementation of quality assurance plans. Their applic
tion is recommended or even compulsory in most countries,

Raw Materials

The chemical and physical properties of the raw materials will define the microbiologic
characteristics of the formulated product, and in turn the shelf-life of the unprocessed pmd'
ucts, the minimum process conditions required to ensure microbial safety after processing
as well as suitable post-processing storage and handling conditions. Table 181 summarize
the chemical and physical properties typically associated with microbiological charactens
tics of food products < v
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TABLE 18.1  Chemical and Physical Properties of Foods

Physical Properties Chemical Properties
Solid pH

Towder Acidity and type of acid
Liguid REDOX potential
Viscosity Waler activity
Aqueous Protein content

Oil Carbohydrate content

Internal structure (e size

distribution in emulsions) Lipid contegt

€Oy, O, concentrations
Preservatives

The source and type of raw material will also have a determining influence on the kind of
microorganisms that can grow in it Table 182 summarizes the nature of microbial contami-
nation related to different food products,

Non-thermal Food Processing

Food processing using non-thermal processes such as irradiation, pulsed electric fields,
high-intensity pulsed light, high hydrostatic pressure, membrane filtration or a combina-
tion of any of these through a hurdle approach represents a change from the traditional
heat processes that are well characterized. The technological advances associated with these
processing methods and extensive scientific information demonstrating the ability of these
methods for microbial inactivation provide assurance of their effectiveness in extending the
shelf-life of food products. A key advantage of non-thermal processes is better retention of
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TABLE 18.2  Typical Microcrganisms in Food Produces (ICMSF, 1995)

Food Products

Typical Microorganisms

Raw milk

Liquid eggs

Cattle and sheep carcasses

Raw marine fish

able products

Raw fruits

omonas, Flavobacterium, Micrococcus, Bacllis,
viruses, Salmonelia, Yersinia enterocoiitis, :
< aurcus, Listeria monocytogencs, Escherics o

Lactic acid bacteria, Pscud.

Diverse mixtures of Gram-positive and Gram-negative bacteria

i, E. coli, Bacillus cercus, L. monocvlogencs, S. auress,
, Pecudomionas, Acinctobacter, Peychrobacter, lactic and e

er,

, Actnctoby Coryneform bacteria, Flavokacterium,
terobacteriaceae and veast, Anisakis simplex

Pscudomonads, Erwinia carotovora, coryneforms, spore formers, coliforms ind
s of fungi, B. cereus, L. monocytogen®s, Clostridum

micrococi, several s
botulinum, Cl. perfringens

Fungj, yeasts

TABLE 18.3  Risks Associated with Non-thermal Processes

Non-Thermal Process

Risks

Irradiation

High hydrostatic pressure
Pulsed electric fields

High intensity pulsed light

Membrane filtration hurdle
technology

Suboptimal irradistion dose, non-homogeneous treatment, darmaged
treatment containers

Incorrect pressure setup or duration, too low and inhomogeneous i
temperatures, damaged troatment containers, contaminated treatment

. e
Incorrect pulse intensity strength or treatment tine, 100 low temperature
homogeneous treatment, insdequate pre-decontamination of process line

Incorrect pulse intensity or treatment time, non-homogencous treatment
fing on the combinatio

Incorrect pore size, compromised b Dey

of technologies used

nutrients and sensory attributes close 1o those observed in fresh or minimally processed
products. As previously mentioned, these methods have inherent risks involving the poter
tial of microbiological contamination. Table 15,3 summarizes the risks associated with ead
method.

From a safety point of view, all the processing treatments mentioned above have beet
specifically designed to eliminate or reduce the likely occurrence of biologic hazards to
acceptable level. Therefore they must be considered critical control points (CCP) in any har
ard analysis and critical control point (IHACCP) program.
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Packaging

Packaging of food products processed using non-thermal technologies such as pulsed
electric fields, high-intensity pulse light and membrane filtration, or a combination of them,
will require aseptic conditions. Aseptic packaging is not usually required for irradiated and
high-pressure processed foods, which allow prepackaging of the product prior to the decon-
taminating step.

The use of aseptic techniques to package a product requires proper sanitization of the
processing equipment. Failure to clean the equipment will result in cross-contamination
or adulteration of the food product. Also, residues of the cleaning agents may represent a
potential risk to food safety. Meanwhile, cleaning of the equipment may not suffice to pro-
tect the product quality. Sterilization of the processing equipment is often required to reduce
or eliminate post-processing microbiological contamination. Proper sanitization or steriliza-
tion parameters must be developad and demonstrated to ensure the effectiveness in reduc-
ing or eliminating microbial contamination from the product contact surfaces.

Packaging containers must be compatible with the product and properly designed for the
intended application or processing method. Containers used for products processed using
pulsed electric fields, high-intensity pulsed light or membrane filtration must be sanitized
or sterilized and protected from contamination prior to the filling operation. Meanwhile,
containers used for products processed using irradiation or high pressure must keep their
integrity throughout the processing steps and during the shelf-life of the product.

Distribution

Distribution of minimally processed food products requires proper controls to prevent
spoilage or damage of the product. The main concern during distribution is the potential
thermal abuse (exposure of a food product to extremely high- or low-temperature condi-
tions). Product contamers and shipping conditions are critical to protect the quality of a
food. Product containers must withstand the shipping and handling process while main-
taining their integrity.

NON-THERMAL TREATMENTS FOR FOOD PRESERVATION

In this section we will discuss the requirements for monitoring the manufacturing pro-
cess, the critical control points and critical process parameters for each of the technologies
being discussed.

Irradiation
Principles
Irradiation requires transferring energy from high energetic sources such as unstable iso-

topes or machine-powered irradiators to food products to inactivate/kill microorganisms so
that biologic hazards are eliminated or reduced up to acceptable levels

11 TECHNOLOGIES AND FOOD SAFETY
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The isotopes used for food processing are */Co and 'YCs: both irradiate 17
Meanwhile, electron beams or X-rays are produced by electrical devices. All ?f them hs
the capability to randomly excite and ionize molecules, hence the name ionizing radiat
(WHO, 1997):

hv/e
——  Molecule® —— Product 1

I

Radical 1 + Radical 2

+ Product2

Moleculer  +

ater is a good example toshe

Bei 2 any foodstuffs, w A
eing the most common component of many foor di».pla'\'ni i

the chemistry of radiation. The products formed from water radiolysis are
following equation:
(18]

H,0—-¢ _ H,0% + HO? + H™ + ¢” + H; +H,0;

i\

In summary, irradiation triggers the formation of highly unstable ‘r"mP"“"d" "dmj
which are involved in several chemical transformations before yielding stable ‘.""'Wmf
(Steward, 2001). These transformations are associated with the inac II\',‘\UU," of mlcnmfrl"‘
isms. The extension of chemical changes on specific molecules is prupprlu:nal to both ¥
received irradiation dose and the ¢ ompound’s molecular weight (Miller, 200 )

The mean-life of the radiolysis species does not exceed a few milliseconds even thou
the low stability of such comimumls could affect biological pathways of food microonz®
1sms d)sturbing the cellular homeostasis. However, the most direct effect on unwan'
microorganisms occurs when ionizing radiation damages their DNA. Despite ’""'mb:
repairing systems, some injuries lead to cellular death or inhibition of cellular reproduds
(Dickson, 2001). Biological sensitivity to radiation can be measured as D-values, as o
with thermal treatments, ' ]

Irradiation is not an intended step to reduce or eliminate physirnl and r)'wmlf'»
hazards even though it should be kept in mind that some risks could come from inter
tions between irradiation and exogenous agents. Releasing of chemicals (e.g. leachates) froe
the food package or the carrier system arc examples of such interactions (Arvanitoyans
2010). :

Critical Factors and Critical Limits

The described biological effects of the irradiation treatments are related with the spati
and temporal distribution of the energy transmitted by the ionizing radiation as well
with the degree of absorption of such radiation by the food product. Consequently, the et
cal parameters of the irradiation treatments are the dose (D, Gy), and exposure time (1§
atevery position in the product. Exposure time should be long enough to ensure the deli
ery of the minimum required dose to achieve the expected effects, without reaching a dos
whose adverse effects compromise the product quality or even the throughput efficiens
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TABLE 18.4 Estimated Djp-values for Common Organisms Subjected to lonizing Radiation Treatments
(Midler, 2005; Garcta-Gonzalez et al., 2007

Type Organism Medium Temperature (°C)  Dygevalue (KGy)
Virus Hepatitis A Clams, oysters Ambient 48
Non-spore-forming — Campylobacter jejuni Ground beef Ambient 015
bacteria
Listeria monocytogenes Poultry meat 12 049
Escherichia coli Mechanically deboned 10 023

chicken meat

Salmonella Enteritidis Low-fat ground beef Ambient 07

.cll'l'"“lll‘l'lh'l'll} anrens Low-fat ground becf 5 075
Spore-forming Clostridium botulinum Beef stew Ambient 15
bacteria

Clostridium perfeingens — Water Ambient 21
Yeasts and molds Aspergillus flavus Growth culture Ambient 10

Trichosporon cutanewn Fresh sausage Ambient 10
Parasites Entamoeba hystolviica Water, fresh frut and Ambient <01

vegetables

Cycsticercus bovis Beef Ambient 04
Trichina spiralis Pork Ambient 01
Insecty Fruit fly Fresh fruit Ambient 015

of the facility. Both factors, dose and treatment time, depend on target, product and device
parameters to provide safe products:

o Biological agent-dependent variables
« Natural resistance: development stage, DNA reparation systems.
o Product-dependent variables
« Product nature: composition, density, state, frozen or packaged goods, presence/
absence of oxygen
« Geometry: shape and depth.
o Processing device variables
Source system: radioactive/electric generator device, emission energy or intensity
« Scanning system: single/multiple.
« Conveyor system: continuous/batch processing equipment.

Assuming that the product receives a homogeneous dose of radiation, parasites and
insect elimination require typically less than 1kGy. Doses between 1 and 10kGy are needed
to destroy vegelative microorganisms. If sterilization is required, more than 10kGy should
be delivered. Minimum values and applications are legally defined in each country where
ionizing radiation treatments are allowed for food applications (lable 15.4).

1l TECHNOLOGIES AND FOOD SAFETY
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As far as maximum levels of irradiation are concerned, exhaustive studies for several da
ades concluded that no upper dose limit needs to be imposed, and that irradiated foods &
deemed wholesome throughout the technologically useful dose range from below 10kGyt
envisioned doses above 10kGy (WHO, 1997). Such studies also revealed that the CWW
produced after excessive irradiation cause severe changes in the sensory characteristics F" L
product. Furthermore, the compounds found in such overprocessed products were very s
to those observed on products after a severe thermal treatment. This fact suggests !{1;! the max
mum dose levels should comply with GMPs in countries without government maximum lims

Monitoring

The measurement of the dose received by the product, both spatially and temporally
the best way to monitor the irradiation process since it could (h.u‘\uc duc. to some factor
which are more prone to change than others. Namely, the processing device variables i
typically part of the design of the facility, thus well known and u‘sually difficult to (hnn.'(.
One paradigmatic example is the depletion of irradiation intensity with time when wsing
isotope devices, Others, like those variables depending on the product characteristics, a
commonly less homogeneous even though more casily modifiable.

Even so, there are several options tc monitor the dose. Radiation d()‘-lnl(‘h'f\‘ are the mon
direct solution and commonly used by indus try. As there are several kinds of duflnwlur\, aws
to control product dose could be by inserting a reference dosimeter on each piece of produt
However, they are often very expensive and difficult to maintain, and ﬂ‘wy ‘.Lh(mld usun”)‘i:
operated by trained people. Therefore the approach used in some facilities is to use n-lmn-l
dose measurements during the setup stage when a profile of the dose asa Innvnimn of f-xu-m'
dosimeters is mapped. Of course, reference dosimeters should be pt-rnxh.r.;lly m»l-m-q 1n|f:lht
product or into a good product simulator in order to achieve proper data. Suc h information is the
reference to link the external dosimeter measurements with the real dose received by produt
under real processing conditions. External dosimeters tend to be cheaper and more v.ml’\: fmair
tained than reference dosimeters, Moreover, they allow online data acquisition "‘_"“"" 2005)

If the facility operates under design conditions, the described monitoring procedurs
should be enough. However, any product or device changes will require an exhausti
study to confirm that the minimum dose is homogeneously received prior to the comme
cial distribution of the product.

Supercritical Fluid Technology

Principles

This technology is grounded on the known inhibitory effect of carbon dioxide on mic
bial growth (Garcia-Gonzalez et al., 2007) (Table 15.5). The effect is enhanced by maintaininz
such gas under specific environmental conditions, known as supercritical fluid (SCF) condr
tions, using pressure values between 5 and 30MPa (Demazeau and Rivalain, 2011),

The mechanism of the bacteriostatic effect of CO, is still under discussion, even though
the current working hypothesis states several steps:

e Solubilization of pressurized gas in the external liquid phase.
e Cell membrane modification,

1L TECHNOLOGIFS AND FOOD SAFETY



NON-THERMAL TREATMENTS FOR FOOD PRESFRVATION 451

TABLE 18.5 Examples umeuannht\ of Different. l‘ acterial Species to Supercritical Carbon Dioxide
Treatments on Several Media (¢arcui-Gonzales et al | 2007)

Target Microorganism Solution Process Conditions Reduction
Saccharomuces cerevisiae Hydrophilic filter paper disks 5MPa, room temp., 420min 3D
Listeria imiocua Grow th medium 205MPa, 34°C, 36min, 3 cycles D
20.5MPa, 34°C, 36min, 6 cycles 9D
Staphylococeus murcus Growth medium 20.5MPa, 34°C, 36 min, 3 cycles 3D
20.5MPa, 34°C, 36 min, 6 cycles 7D
Salmonella Salf Growth medium 20.5MPa, 34°C, 36 min, 3 cycles 3D
20.5MPa, 34°C, 36min, 6 cycles 3D
Preudomonas acruginoss  Growth medium 205MPa, 34°C, 36min, 3 cycles 6D
Escherichia coli Growth medium 20.5MPa, 34°C, 30min, 3 cycles 8D
Protens vulgaris Growth medium 20.5MPa, 34°C, 36min, 3 cycles D
Legionella dunnifii Growth medium 20.5MPa, 40°C, 90min, 6 cycles 4D
P'sendomonas acruginosn Physiological saline TAMPa, 38°C, 25min 7D
Bacillus subtilis Physiological saline TAMPa, 38°C, 2 5min D
Escherichia coli Sterile water 20MPa, 34°C, 10min 25D
Staphylococeus awrcus Sterile water 20MPa, 34°C, 10min 35D
Saccharomyees cervoisioc Phosphate buffer solution 7AMPa, 38-40°C, 10min 58D
Serratia marcescens Phosphate buffer solution TAMPa, 38-40°C, Omin 73D
Baciltus subtilis Phosphate buffer solution 7 AMPa, 38-40°C, 2 5min 7.6D
Sacharomyces cevevisiae Grape juice 48.3MPa, 25°C, 5min, 855 /kg CO, 51D
Candida stellate Grape juice 48.3MP, 25°C, Smin, 85g/kg CO, 5.6D
Kloeckera apiculata Grape juice 48.3MPa, 25°C, Smun, 855/ kg C 37D

Key enzyme inactivation and cellular metabolism inhibition due to pH reduction and
direct effect of carbon dioxide or hydrogen carbonate anion such as promotion of
disorders of the cellular homeostasis.

Other inert gases (N, N,O, CF,-CF., Ar, and mixtures between them) have been stud-
ied as a way to avoid chemical reactions promoted by carbon dioxide that could modify
product characteristics. However, such gases yielded poorer results and few sensory and
nutritional comparison studies have shown significant differences with unprocessed foods
(Garcia-Gonzalez et al., 2007).
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Critical Factors and Critical Limits

0;;??:: (‘;’b"\m 'hIL' "}'Pt’ of gas, the most critical variables of the supercritical fluid ted
i lurr'. craxub ,\} pressure, temperature (u:gally 20—40°C) and treatment time. Pres
o mtnPculk YIE affect gas properties such as its solubility, density and therefore its ¢
P o Sl ime allows controlling in part the extension of the treatment effects. Cn
variability l{ f;‘]d!mem'- should be considered on a case-by-case basis because the mh}
Mok )ChU. other external _facturs such as the nature of the food (physical state of thef
fetribd: emical and Ph)"l(a_l properties), the pressurizing system if an auxiliar tran

ium is used, and the microbial susceptibility (Spilimbergo et al., 2011).

High Hydrostatic Pressure
Principles
bel:'fx‘g;:;mm affects biological constituents and systems (Cheftel, 1995). On foods, !
a range of as a physical agent on high hydrostatic pressure (HHP) treatments, which
“”'-‘ldiatiunl.:“:?“m\ between 100 and 1200 MPa. The technology has the same advantagt
Hiiieke (.d" the sense that it allows the treatment of solids, liquids and A:l!l!l'! pa(l;{:’i
tnnlam;,{;a“ng”(“’“- If packed prior to the treatment, it reduces the possibilities of micr®
ently hom, r‘ after processing. Conversely to irradiation though, the treatment & i
are l.nslamdf,' neous and independent of the shape of the product because pressure charg
O'hurWiwﬁ:;:sl}'dnd,xxusl-lma]h transmitted ([Joona and Feeherry, /H‘!'/). :
product js P|'1 _2 '_”" technology does not allow continuous processing since after ¢
should be ku‘lul into a vessel containing the pressure transmission medium, the ves
the tmalmmr.,:.";ud up to the end of the required treatment. The main characteristio
Perature of prc: the come-up, holding and down times, the pressure Jevel and the ke
€ach pressure Ci;:r'e 5’["“"55?1;; There exists a temperature variation (around 3—9"0:‘
(Pam',m etal, 2(’“7?c 00MPa) due to the fact that work is applied in adiabatic condit
mem| rar':e':&:“::"l‘;‘-‘ microbial communities by changing ccll morphology, d.rmngr‘n;ﬂ?
Pathways, Mcmhr: 3 as well as by disturbing some key enzyme structures and metab
g by compmsn:- permeabilization is considered a direct consequence of membr®
Teported (Considine <'lqn. Vacuolar compression and ribosome dissociation have also be
4Ny covalent bong M;:};]l + 2008). The technology does not deliver enogh enetgy o bt
Vities are rolaged i ere are very few chemical reactions. Therefore changes of enzym=
1999; Balny and M‘:Vl!h muc!‘f“'““""-‘) of the second or upper structural Layout (Palo et ®
'!"d' an effect shoul‘d:‘nl' 1995). Similar processes occur in food cells. On a liquid prodi®
ed at achieving lexh?n.t‘:;:se any concern but on solid products such treatments are ofte”
WTJ: iscussed critical varia;;ﬁ“ rather than qnsuring food safety (Table 18 (w) e
- Temperature should also s (treatment time and pressure) can be easily monitor
wm' Other non-thermal also be supervised because it plays a quantifiable role, as occu®
tropic behavior technologies. Furthermore, t erature does not possess the &
A of pressure (Grauu e , temperature does not possess
any of the differen, method: auwel et al, 2010). Therefore it can be monitored seleci
s developed for thermal processing such as tracking the ol
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TABLE 18.6 Bactenial Barotolerance Differences and Medium Influences (Rajkoyvic etal., 2010)
Pathogen Food Product Treatment Conditions Logo Reduction
Escherichia coli D157.H7 Apricot juice (pH 3.8) 250MPa, 5:min, 30°C 485
Orange juice (pH 3.76) 250MPa, Smin, 30°C 51
Sour cherry juice (pH 3.3) 250MPa, Smin, 30°C 5.26
Apple juice (pH 3.5) 500MPa, Smin, 20-C 5
Tomato juice (pH4 1) S00MPa, Smin, 20°C b
Orange juice (pH 3 8) 500MPa, Smin, 20°C 122
Raw minced meat 700MPa, 1min, 15°C 5
Hungarian salami 600MPa, 6min, 25°C >4
Lasteria monocytogenes Human milk 400MPa, 1.5min, 21°C =6
Turkish white cheese 600MPa, Smin, 25°C 4344
Raw milk S00MPa, 10min, 20°C >4
Fish shurry 400MPa, Smin, 20°C ~3
Campylobacter jefuni UHT whole milk. 325MPa, 10min, 25°C ~25
UHT skim milk 325MPa, 10mun, 25°C ~25
Soya milk 325MPa, 10min, 25°C =3
Chicken puree 325MPa, 10min, 25°C 35
Ihosphate buffer 325MI%, 10 min, 25°C 8
Milk 300MPa, 10min, 20°C 04-1
Broth 300MPa, 10min, 20°C 367
Chicken meat slurry 200MPa, 10min, 20°C 02-22

spot in every treatment or performing a previous analysis to guarantee a constant effect.
Package or food envelop integrity should be controlled previously rather than after the
treatment if the value of the product is worth it.

Critical limits should be defined taking into account the great deal of interactions
between food product and microbial susceptibility. Typical reported treatments to deal with
hazardous microorganisms in vegetative form use from 300 to 600MPa at ambient temper-
ature for several minutes, Spores, as usual, have enhanced resistance needing more pres-
sure and temperature. A smooth treatment followed by a harder one could first activate
sporulated forms to subsequently destroy them in a vegetative state. Nevertheless the effec-
tiveness of multiple pressurization stages is still under study. A large dependency on the
processed product is being reported. A similar disparity is observed for foodborne viruses
(Donsi et al,, 2010).
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High hydrostatic technology is currently applied in several areas of the food indut
{fruit juices, ham, salsa dips) in countries that have regulated the use of this (cchn‘olag.\'.cg
USA and the EU. This fact should help to promote this technology as well as confirm thats
is safe enough to be used on other food fields.

Monitoring

The measurement of the applied pressure and the treatment time are basically the maz
parameters monitored during HHP. Meanwhile, temperature is a secondary parameters
enhanced inactivation will be obtained with changes in temperature.

Pulse Electric Fields
Principles

The idea of using electric power to improve food safety is olde 1 of the 1%
established non-thermal technologies such as irradiation. It was at the vmnu -m" 'n;
century when the first patents of devices designed to deliver electric current to flowing
products were issued.

Technical advances have shown that using ¢
vields better results. The technology is based on the fact th
field strengths of 20-80kV/cm of predefined duration in
potential between the internal and external surfaces of the ce k
fications of the external electric field such as obtained by waveform or i Lhﬂ"l’;l.;g;
duce stress on the membrane as cells try to compensate the changes on the externa _(t‘:m
field. A long enough treatment can exhaust cellular resistance, inducing pore I""";“
the membrane, which destroys cellular homeostasis and eventually leads to cell death 3

Electric fields also induce movements of the ionic components of the ""Ill.d:"h t“‘;':
processed that produce friction and, consequently, heat. Thermal effects '“u‘l;'-ii ?l:;“ﬂ‘
they are properly controlled, even though temperature increase 15 usually avoi ul ’])” “I,,
ening the electric field treatment in repeated pulses in the range of microseconds ( I» |,lmh
well as by using refrigerating systems. In addition, the PEF processing treatment '“r‘n; :
a few milliseconds and thermal consequences for the remaining components o
often negligible (Soliva-Fortuny ot al , 2009). : ooods |

From a food safety standpéinl, the technology has been studied in . "".m‘ly i 1
providing promising results and a feasible alternative to thermal pasteurization, especial]
because it is one of the few non-thermal preservation technologies that allow continuous
cessing of fluid foods. However, the standardization of PEF treatment conditions stll unde.
investigation. At this time, inactivation of microorganisms using I'EF continues to hans :
microorganism specific, which hinders the use of PEF at the industrial scale (Table 157) i

r than other we

Jectric fields instead of electric curres
1at external electric fields vt
duce an opposing membrat
Ilular membrane. Quick mod:

Critical Factors and Critical Control Points

The processing step within a PEF device should be considered as a biological critical cor
trol point if there is not any further biological control point. The critical parameters to keg
under control can be classified as in the previous cases (device dependent, food dependet
and microbial dependent factors)

1. TECHNOLOGIFS AND FOOD SAFETY
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The most important factors to achieve the expected effects during PEF treatments “n:'
clectric field strength, the initial temperature and the total treatment time measu: 2
the sum of the duration of all the delivered pulses. Typically, the longer the treatment {7
the higher the microbial destruction that is achieved. Regarding the electric ﬁel\(’i Strmé
(E) mathematical equations have been developed to predict the threshold values deper
on the form factor of the specific microbial targets (Heinz et al.,, 2002).

Spherical shaped cells:

Apy '~§-E f(8)-R-cosa (1

Ellipsoidal shaped cells:
Agy =—f(A)-R-E I
. tH 3 e cenl
where Ay is the critical membrane potential (typically =1V), R is the fllsltilf“ ,,urnn:ih;"":‘;
of the cell, « is the angle between the cell and the applied electric field vec l;vv, a
fi) are functions of the electrical conductivities and the semi-axes “mmh.“”. and width#
Other electrical factors stuch as the pulse repetition rate and the pulse shape a ,‘“u,gmr.'
quite important as they influence how the energy is delivered to the target rl:m modify ¢
However, such pnmm'c(crs modulate the efficiency of the process rather " “‘I" m(,.ﬂ;‘«
enhance the treatment effects. Some processing factors exert influence on - K; “l’ b:hmi
of the treatment. The most important studied are the flow regime, the specific d 'ls nh(-ru’-
the electric field vector with regard to the fluid flow, the number of ln-.mm-n'lv """:'Yiﬂlv»m
the circulation cycles of the product through the PEF device (Pataro ct al., 20
homogeneous treatment of solid goods is the main difficulty when using
products containing solid articles of heterogeneous size. il
The natural PEFK -ki_slar,:(c of the occurring microbial species and ¢ Iv.|r.n'l~'n'vluT ‘ﬂ’::!
to the foodstuff, such as electric conductivity and homogeneity (presence of l"‘rl.;“".dmd
ids or bubbles) are the remaining critical parameters that should be spec ified before

ing the critical limits for all the described critical factors

PEF technology @

Monitoring
Electric field strength and total treatment time can be measured and controlled ‘ml,":
since they come from an electrical device. Flow rate governs the homogeneity of 'hf' (}:‘l:r
ment and is managed by means of pumps that can also be controlled without v!(url W i ,
currently available technology. Therefore, the whole PEF equipment can lju ('.-nl.snl.\- linked ¢
current computational machines, Keeping these parameters under the critical limits 50]1‘(10:
and established in the HACCP system should be enough to maintain safety of the proces
product under control. The main consideration on PEF is that each system is specificini®
design (e.g. number of chambers, incidence of the electric field on the food flow) and m)
not be modified, which requires a good understanding of the raw materials and product
processed under PEF. Therefore, microbial and food characteristics must be well understoeé

to ensure successful Pprocessing of the food product.

An important aspect that should not be forgotten is that electrodes can undergo cor
sion, releasing chemicals to the product flow. All performed studies have shown that thit
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fact should not raise any toxicological concern because of the alternating nature of the
pulses (Marren et al., 2003). Nevertheless, routine inspection of the electrode status should
be considered. The monitoring could include a visual inspection of the electrode thickness,
a scanning of the electrode surface or the measurement of the electrical conductivity of the
treated food before and after the treatment chamber.

Intense Pulsed Light
Principles

Pulsed light is considered an updated version of a treatment with continuous ultraviolet
germicidal light (UV-C). In pulsed light treatments, light pulses produced by xenon lamps
are released in the form of ultra-short-duration flashes of an intense broadband emission
spectram from approximately 200 to 1100nm (Lopez-Gomez et al, 2007),

Intense light pulses has recently received much attention as a strategy for decontaminat-
ing, food, packaging, water and air (Oms Ol et al, 2010). Furthermore, pulsed light tech-
nology is a strong candidate for contact surface decontamination in the healthcare setting
(Farrcll et al,, 2010).

The photochemical damage to microbial DNA, either on vegelative cells or spores, was
claimed as the cause of UV-C treatment effectiveness (Guerrero-Beltran et al, 2004). A simi-
lar nactivation mechanism is defined for pulsed light as it is rich in this kind of wavelength
(200-250nm). However, the fact that applied light also contains visible and near-infrared pho-
tons suggests the possibility of a thermal effect that is also debated. Both mechanisms could
coexst because the lethal effect of the photochemical process between both modes of applica-
tion should not be so different, but there will be a more reduced product processing time.

Critical Factors and Critical Control Points

The most important factors related to the treatment devices affecting the efficacy of pulsed
light decontamination are the number of light pulses applied, or exposure time, and the dose
received by the product, also known as fluence (J/m?). Actually, these are the same process
variables affecting irradiation because both technologies share the use of electromagnetic
fields as agents to deliver energy to the product. The dose received in intense pulsed light
treatments is more dependent on factors such as the lamp discharge intensity, the distance
from the lamp to the treated surfaces, shading effects and product thickness than irradiation,
because ultraviolet photons are less energetic than photons of either X-rays or y-rays.

Consequently, the eritical factors to be controlled are the same as those discussed in irra-
diation although, with current technology, dosimeters are different and pulsed light devices
can be much handier.
arding microbial resistance, much of the aspects to be considered are the same as dis-
cussed in other non-thermal technologies. Every microorganism has a particular behavior
in front of pulsed light treatments. Moreover, the photo-reactivation phenomenon, consist-
ing on the activation of the photolyase enzyme, which is able to repair damaged DNA by
light, needs to be considered. As far as food composition is concerned, a consistent decrease
of effectiveness on media containing proteins and fats has been reported (Garcia-Gonzalez
et al, 2007) (Table 18.8).
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TABLE 18.8  Examples of Differences between Microbial Susceptibilities as well as Product Interactions s
Intense Pulsed Light Technology (Martin-Belicso and S Fortuny, 2010; Ragkovic et al., 2010)
Pathogen Food Product Treatment Conditions Logy, Reducis
Escherichia coli O157H7  Agar 3]/ e, 200 pulses, 100ns 62
Agar 71/cm®, 50 pulses, 30ps 47
Agar 3)/cre, 512 pulses, 1ps 65
Salmon fillets 56)/cm?, 180 pulses 19
Alfalfa seeds 5.6]/cm?, 270 pulses a8
Apple cider 1.05]/cm, 12 pulses, 360 s n
Apple juice 1.05)/cm?, 12 pulses, 360 ps 252
a

Strawberries Total energy dose 61.8]/cm®, 180 pulses 33

Raspberrics Total energy dose 72)/cm’, 150 pulses 39
Blueberries Total energy dose 324]/cm?, 180 pulses 49
Listeria monocytogenes Agar 3)/cnné, 200 pulses, 100ns i
Agar 7/ cm’, 50 pulses, 305 28
Agar 3/ e, S12 pulses, 1ps 625
Agar 1.5]/cm?, 1 pulse, 300ps 16
Salmon fillets 5.6)/cem’, 180 pulses 1.02
TSBYEa 7)/cm?, 20 prulses, 3 yus wl S
Serratia marescons Milk 126)/cmé, 20ms »20
Stapitvlococcus aureus Milk 1.27)/exn, 16 pulses 7.2
Clostridium Sporogencs Honey 56]/cm? 080546
Foodborne viruses Phosphate buffer 13/cm’ 4872
Cladosporium herbariom Paper-polyethylene 0977)/cnv’, 30 pulses 27
packaging material
Listeria innocua Stainless steel surfaces  1.27]/cm?, 3 pulses 193277
Mﬂll“oﬂnx

The measurement of the applied light intensity, number of pulses, frequency of pulsef
light and overall treatment time are basically the main parameters monitored during pulsed
light treatments.
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Membrane Filtration
Principles

Membrane filtration allows fluid components to be separated according to their size, and
in some cases this effect can be modified by interactions between the fluid components and
the filtering surface. Membrane filtration technology is usually classified following the aver-
age cut-off pore diameters of the membranes. To achieve what is known as cold pasteur-
ization, microfiltration (MF) technology, with diameter pore sizes between 0.1 and 10m,
is used. This application is used as an alternative to thermal treatments in milk, either
skimmed or not, beer, wine and fruit juice processing (Moraru and Schrader 2009) Tt is pos-
sible to achieve fluid sterilization with ultra-filtration (UF) membranes that can separate
even viruses, although it is only applicable to clear fluids, typically water.

The main constraint of using membrane technology is the presence of food particles and
components that are retained during the filtration process. Nevertheless, there has been
mterest recently in combining such technology with other non-thermal preserv,
nologies, particularly in the dairy products area (Walkling-Rit tal, 2
et al., 2006; Fritsch and Moraru, 2008).

Critical Factors and Critical Control Points

From the point of view of safety assurance, the critical variables of this technology
pore size, filtration time, flow rate and trans-membrane pressure. Of course, the critical limit
in this case is the size of the smallest microbial agent targeted. However, this factor is really
difficult to control. Therefore, some variables related with mean pore size must be moni-
tored in order to verify the effectiveness of the treatment:

Permeate flow (J), measured as the permeate, which is the portion of the feed that passes
through the filter, velocity (Q;) and the effective surface area (A,) of the membrane:

e
a7

Trans-membrane pressure (ITMP), which is a variable of the utmost importance, as the
separation is pressure driven.
Transmission and separation efficiency of a particular component or membrane

selectivity, which can be easily monitored (Dewettinek and Le, 2011)

An indirect way to monitor the size and uniformity of pores in the membrane is through
integrity testing procedures (e.g. bubble point, diffusive flow, forward flow, water intru-
sion). These tests are related to the ability of the membrane to retain microorganisms.
Monitoring

Filtration time, flow rate and trans-membrane pressure must be monitored throughout
the filtration process. Integrity of the membrane shall be confirmed before and after the fil-
tration step to ensure its effectiveness in removing microorganisms from the process stream.
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Hurdle Technology

Principles

Briefly, the hurdle concept relies on the combination of techniques that act u
and process intrinsic and extrinsic factors with the aim of controlling all forms of ¢
deterioration (Leisner and Gould, 2002). As the worst form of quality dulcriuraﬁun‘[mmi
human standpoint is the presence or growth of infectious or toxigenic micArm)rgVanL‘mtvl.r
main priority is the minimization of such risks and, consequently, this >.cd|on will unl,%t-
cuss aspuu!; related to microbial safety. However, it should be borne in mm.d that hurdk
technology could go further — it could even be used to better preserve quality
the product such as microbial stability or sensory and nutritional food properties (Tap:

ypon fo

ual

.‘l,\pﬂ: (L
ia &

Daza et al., 19 46).

Thehirdle approach is not new, only the term is recent The technology has bvt:m:
for a long time, as fermented foods and other kinds of food commodities like cure r’n:
fruit preserves or jams demonstrate. Actually, it is necessary for the \|~I vrl.v]uunf,\“nl .:
Products to use it fo meet consumers’ expectations. Other names such as mulu-lar;.rirl
ervation,” “combined methods” or even “minimal processing” have been ol

used to describe this technology. 3

The main difference between traditional and novel food products it ok hl"”;'
the knnwlmgp used to produce foods in a safe way was achieved following lr;‘al-
error experimental methodology. The current knowledge on microorganisms and ;:
08y of food products allows not only understanding the mechanisms And FACIOfVECE .,:
the shelf-stability of food pru(lll(l'-,‘l)n! also optimizing the different hurdles for quas
improvement, et

There are families of food products that traditionally use a specific set of hurdles. un'.
meats typically have to use a combination of preservatives and reduced water n(h\.ﬂ“"'
be safe for long periods of time, Processed meat products such as sausages """"'m" ;n1
thermal treatments and/or need to be stored under refrigeration. Recently developec 1o¥
Products such as ready-to-eat fruits and vegetables require a combination of chemial r:r
servatives, low temperature and modified atmospheres to maintain product safety over
Wwhole product shelf-life (Martin-Belloso and Soliva-Fortuny, 2010) o

Consumers are currently demanding these types of convenient products, so mild e
Utlermn] technologies such as described lere are studied o that they can be n;‘plwd in com
bination with traditional preservation methods (Soliva-Fortuny et al,, 2011). Some "“"“:
reports are available regarding the state-of-the-art application of hurdle technology on olh
important goods such as fresh meats (Zhou et al, 2010) or dairy products (Sobrino-Lope
and Maitin Belloso, 2008), for example (Table 16.9).

Critical Factors and Critical Control Points

'Crih'cal factors of food products processed by hurdle technology depend on the comb
nation of chosen technologies. The election of the technologies to preserve a food produd
is influenced basically by its nature as there are multiple hurdles that kill microorganisnt
and avoid microbial proliferation. The most commonly used are pH, water activity, use¢
preservatives, electric potential, competitive flora, physical barriers, modification of atme
pheric conditions and physical treatments, either thermal or not. To add more complexitt
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TABLE 189 Example of Combined Effect of Gamma Irmadiation and Modified Atmosphere (M,m\ on
Enterobacteniaceae Populations in Chopped Chicken Meat Stored at 4°C (Chouliara et o A)

Storage Air Packaging Air packaging

Time (day) (contro1) +2kGy MAr1 MAPD 2- MAP2 + 2kGy
0 228013 Aa 225+0.13 Ab 228=0.13 Aa 2254013 Aa 228£013 Aa
3 3994024 Bb <1.00 3.28+0.21 Bb 2764024 Ab <1.00

o 6154 045Cc <1.00 4.85 £0.36 Bc 3274017 Ac <1.00

L 7482051Cd <1.00 595 =039 Bd 4084027 Ad <1.00

12 ND <1.00 642046 Bde 5294051 Ae <100

15 ND 1294.0.06 Aa 7.02+052 Be 6714049 Bf <1.00

20 ND 2884014 Be ND ND <1.00

25 ND ND ND ND 191015 Aa
MAP 1 30% CO, 4 70% Ny MAP 2: 70% CO; 4 30% Ny ND: ne

Different capital and le

1 the same row and

asures expressed as mown
valuer and standand deviation in log oy

cach hurdle can be modified with different agents usually in close relation with other hur-
dles. Thus, organic acids reduce pH as well as acting as chemical preservatives. A reduction
of water activity of a product can be achieved by drying, freeze-drying, heating or by add-
ing fat, salts or sugars to the raw product.

As already stated, hurdle technology requires an accurate case-by-case study n order to
select the appropriate critical factors to be controlled. As a general rule of thumb, at least all
the critical process factors of every technology used should be considered.

Regarding the decision to select critical limits for the critical parameters, there are tools
that can help in such hard task due to the multiple possible combinations, Predictive micro-
biology attempts to provide mathematical models of microbial growth under a variety of
environmental conditions (e.g;. temperature, pH, a,, and the effect of preservatives). The cur-
rent discussion focuses on whether the effects of a combination of hurdles are independent
or interact with cach other (Biesta-Peters et al, 2010). However, as prudence suggests a spe-
cific analysis for the particular combination of technologies on a certain product, the data
gathered in such analysis will resolve any discussion (Figure 16.2).

If the monitored variables are the same as used for cach techaology the monitoring, pro-
cedures should obviously be the same. Even so, during the analysis of a particular combina-
tion of technologies it w ould be possible to find some r«pummm of the measurements. For
example, in the preparation of a ready-to-use vegetable soup, it seems reasonable, a prior, to
consider acidity a critical variable because it will prevent a posterior microbial growth due to
cross-contamination, even though it is thermally processed before packaging Consequently,
a measure of the pH of the media is decided. The designed preparation could also require
that a natural preservative and potassium sorbate are selected. The preservative concentra-
tion can be related to a pH measurement. So, both variables could be controlled by monitor-
ing only the pH of the media at the end of the process before aseptic bottling. It is part of the
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FIGURE 18.2 Example of a product stability ma
$ins, 2007).

sakazakii developed sing predictive microbiology (1
; 2 ar issos

tasks of the safety management group to decide the best solution to such particul

s well as whether other factors should be controlled and at what stage.

VERIFICATION AND VALIDATION METHODS FOR
NON-THERMAL TECHNOLOGIES

Current quality management systems are flexible enough to allow the same tools qu:
used to achieve both goals product safety and product quality without mmpm‘mlslns r
('fflcacy of the system Actually, product safety can be considered, from a cerlain pmrfl g
ek the most basic aspect of product quality. Furthermore, a quality system can .'l(‘il::]‘fL
:(&)l((l,b,_e.d, s irrespective of the area where it is :npplicd, the pmcvs&f*d pmdur(. anr: lht;:md‘
Ther?’;s used in the manufacturing process when it is properly dcsn;{nvd :md lm[;lcr‘r:s
poia e F‘:;llculnr issues with specific technologies. For example, lrmdlahnﬂ 'a’ o df,’;
are nu,(;u‘;a'i i products and differences between unprocessed and processed pr'o b
ures that -y {“PPﬂ't‘lﬂtvd. This point evidences the importance of the camplemmjn.nr‘\ m "
n-m}-.,- G 5:",“ Qh(lrldcn. should implement such as GMT, hygiene plans, preventiv c.mam
that shu),,_,,dl o f‘"“'d al avoiding equipment failures or, in this case, an inventory sysi=

i }'J‘n'f\vm r(-l(ia\(' (?l non-irradiated goods. ) ;
the es verification implics a comparison of the current process variable values wifs
established critical limits of cach critical variable of the non-thermal preservati™
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technology. Process verification method is now highly automatic thanks to the recent
advances in computers. It is quite possible to follow the manufacturing process via online
physical measurements over chemical and microbiological ones. The latter methods are
more suitable to confirm the relationship between the live or logged measures and the real
values. This step corresponds to process validation.

In summary, the election of particular verification and validation solutions should be
taken after a careful analysis of the specific requirements of the regulatory requirements as
well as product quality specifications. Conversely, economic aspects should be evaluated
while considering each technology to ensure a proper balance between financial goals and
the production of safe products.

FINAL REMARKS

Non-thermal food preserving technologies should not add any complexity to a well-
implemented quality and safety management system. Such systems are based on scientific
knowledge and the critical factors of each technology have been, in most cases, already
clearly determined. The main safety concern arises from the natural variability of biulugim‘l
systems that hinders the election of the eritical limits for these variables.

The best way to solve such problems is to obtain specific data of each combination of
product and process so the appropriate decision is made while defining the criticality of
process variables (e, process limits). Meanwhile, food processors must consider the limita-
tions associated with non-thermal processes.

Consumers are aware of the pros and cons of thermal processes and ask manufacturers
for better products. This usually means more convenient foodstuffs with the added value of
reduced nutritional and sensory losses because safety must be inherent in a food product.
However, the novelty of non-thermal technologies and the fact that they are, by far, more
specific than thermal technologies, gives consumers a feeling of insecurity. Therefore, stake-
holders should provide their customers with proper information about the safety and added
benefits of the products manufactured using non-thermal technologies if they want to pro-
mote their social standing (Olsen et al, 2010),

Last but not least, there is currently a concern within the scientific community, and also
among food processors and legislators, that the application of sublethal stress factors could
induce cross-resistance mechanisms in the surviving populations and change their virulence
characteristics (Capozzi el al, 2009), This concern should motivate food industry stakehold-
ers not only to design proper safety (quality) management systems but to implement them
adequately. Such management systems provide the tools (validation) to monitor any pos-
sible deviation from what can be considered a normal microbial behavior irrespective of the
preservation technology used
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INTRODUCTION: ACIDITY AND PH

Acidity is one of the fundamental taste characteristics of food. The term itself derives
from the Latin acere, meaning to taste sour, and consumers can readily detect acidity in
foods as well as quantify it in terms of the degree of sourness.

In chemical terms, an acid, as defined by Arrhenius in 1884, is a substance that yields
hydrogen ions (protons)” in solution while a base yields hydroxyl ions. This definition was
later broadened independently by Bronsted and Lowry in 1923 to encompass non-ionic
reactions by defining an acid as a proton donor.

When dealing with food materials we are primarily concerned with aqueous systems.

In pure water a very small proportion of the water molecules dissociate into protons and
hydroxyl ions

H,0 « H" + OH

The concentration of the two ionic species is equal (10 “mol/L) and their product (the dis-
sociation constant or ion product of water) is constant at 107", If an acid is dissolved in

“Strictly speaking it is not a free hydrogen ion or proton but a solvated hydrenium ion (H,0")
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468 19. ACIDS AND FERMENTATION

water then the equilibrium changes and the concentration of hydrogen ions inea
acidity of the solution increasing with the level of hydrogen ions, while that of hyc
ions decreases correspondingly to maintain the ion product at 107,

While it might be preferable in some respects to describe acidity in terms of hydrg:
concentration, the hage range over which it can vary means that in practice a logart
scale is more useful. This is the pH scale, proposed in 1909 by Sorensen who was i
appropriately enough, in a food-related laboratory at th(f Carlsberg Br}:wcry in Den
He defined pH as the negative logarithm of the hydrogen ion concentration, cy,:

pH = —log .

From the above, it follows that the pH of pure water is 7 (at 25°C). ApH lrvrlmn'/l"
cates acidic conditions where the concentration of H* exceeds that of OH", and 4,
above 7 indicates alkaline conditions where the concentration of OH™ s more than the
H*. Thus a very acidic solution with a H* concentration of 1 mol/l. would have 'l'ﬁ:d
For most practical purposes the pH scale normally ranges hvl}«'yml ;l un;! ”'n‘;l mf:
can extend beyond that, and most foods have a pH on the acidic side of neu
between 2.0 and 7.0 (Figure 19.1)

In practice pH "‘( K:nvmlly measured in the form of an L',t‘.(“(!m('ﬂl':';' lnm'i:m
in an ion selective glass electrode and is a response to (h(- activity of hy mgc]n o
than their concentration. Activity is related to concentration by a proportionality rnnm
the activity coefficient 7. The ac fiv ity coefficient is affected by Indo.r? pud\d.u ll:z:(;‘;
and ionic strength. In very dilute solutions y approaches 1 and activity and cc
become equal.

FIGURE 19.1 Most loods have a pH on the ackdic w?

. 1
pH H'cone. (mol. L) newtral ranying between 2.0 and 7.0
-0 1
-1 01
Lemon juice —f -2 0.01
P—
Vinegar -3 0.001
Orange juice ——| &3 0.0001
Beer — ]
Coffer e -5 0.00001
-6 0.000001
Milk  —]
Water ——o =7 0.0000001
-8 0.00000001
Egg white ——_]-9 0.000000001
=10 0.0000000001
=11 0.00000000001
-12 0.000000000001
-13 0.0000000000001
~14 0.00000000000001
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Strong acids such as hydrochloric and sulfuric dissociate completely in water to produce
protons and the negatively charged counter ion but many of the acids encountered in food
are described as weak acids which only partially dissociate:

HA — H' + A

The extent to which acids dissociate, and hence their strength, is defined by the position
of this equilibrium:

K - [HAT]
it [HA]

the Jarger the equilibrium constant K, the greater the degree of dissociation and the
stronger the acid.

As with hydrogen ion concentrations and pH, the range of values taken by K, is very
large <o that a logarithmic scale of pK, is used for convenience where:

pK, = ~logK,
Some representative values of pK, for acids frequently encountered in foods are pre-

sented as Table 19.1.
The dissociation behavior of weak acids is described by the Henderson-Hasselbalch equation:

A7)
H = pK, + log
! GRS e

TABLE 19,1 pK, Values of Some Common Food Acids and Preservatives

Acid PK,
Aceticethanoic) 475

Propionic 187

Lactic 3.86

Sorbic acid 475

Citric 3.14,4.77, 6.29 (tribasic)
Benzoie 419

Parabens 85

Phosphoric 2.12,7.21,12.67 (tribasic)
Carbunic 637, 10.25 (dibasic)
Nitrous 3

Sulfurous 1.81, 691 (dibasic)
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FIGURE 19.2 Dissociation of I
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This equation relates the strength of an acid and the pH of the solution with the »
tive concentration of dissociated and undissociated forms of the acid. It can ht’w
graphically for individual acids as shown in Figure 19.2 for ethanoic acid and laci
This shows that as the pH of a solution decreases then the concentration ‘f‘ the undis”
ated acid will increase for all acids, and that for weaker ac ids, the umlihwﬂalu}ypm}\ﬁ
atany given pH will be higher than for stronger acids, i.c those with a lower Pl‘:""‘”‘:
rule to remember is that when the pH is equal to an acid’s pK,, then the mm'nlrawrﬁ
dissociated and undissociated forms will be equal; as the pH decreases below this then

level of undissociated acid increases

ACIDITY AND FOODS

Citric, malic and tartaric acid, i

Acids are common components of food systems.
mhl-.m' oceur naturally in fruits and vegetables. Lactic acid produced by (-ndr.xg(.wm-m!!
;nam- activity is responsible for the postmortem acidification of meat. Adipic, ﬂlric, othanet

umaric, gluconic, lactic, malic, succinic and tartaric acids are available commercially and
:;.:"'""d for use as food acidulants, and acid preservatives such as benzoic acid and st
acid can be added to a range of food products such as jams, brc.1d and cakes. Phosphe
+a relatively strong acid, 1s an important ingredient in soft drinks such as colas.
mm:'::;;:nd lime juice, which contain citric acid, are used in pro'dyrts such as mm't;
eepin, dressings and pickles, but traditional procedures to ‘acldll_\' foods a.nd

of vinpg‘ﬂ,u-nmy and safety usually employ acids of microbial origin. The preserving powd
ion P,—ﬁc“‘b due to its high content of ethanoic acid. It is produced by a double ferment*
Siage in vy which sugar is first converted into ethanol by yeast and a second aercté
Wwhich acetic acid bacteria oxidize the ethanol to ethanoic acid.' Vinegar ank

'Edibh. Frade ac
elic acid produced from petrochemical sources can also be used as an alternative to ving

N 80me prog,
- i : .
Produced by, €16 In contrast, citric acid used as a substitute for lemon juice in some circumstances is
A microbial fermentation
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produced with ethanoic acid concentrations in excess of 10% (most table vinegars would
contain 4-5% w/v) and was the strongest acid known in antiquity. Addition of vinegar to a
food material can thus considerably reduce its pH, inactivate some of its indigenous micro-
flora and restrict the growth of those that survive

The efficacy of acid solutions, such as vinegar, added to foods will be reduced by the
diluting effect of the food’s water content and by its intrinsic buffering capacity.

In many traditional products the effect of the former is mitigated by osmotic dehydration
(salting) or drying of raw materials prior to pickling. While it is relatively straightforward to
caleulate the effect on pH of dissolving known concentrations of an acid in water and, know-
ing the pH, to calculate degree of dissociation of a weak acid using the Henderson-Hasselbalch
equation, it is not possible to make such simple calculations of the pH resulting from addition
of a weak acid such as ethanoic to the complex and ill-defined buffering system in a food. In
addition to the presence of a range of buffering components such as proteins and amino acids,
the issue may be further complicated by the presence of oil or fat into which the acid might
partition preferentially. This would have the effect of decreasing the acidity in the aqueous
phase in which microbial growth occurs and thereby the anticipated antimicrobial effect. The
problem can be resolved on a purely empirical basis using test formulations but a more a pri-
ort approach has been described to both the problem of pH prediction and phase partitioning
based on an acid titration of the food material and knowledge of the dissociation constant and
the phase partition constant of the acid being used (Wilson et al,, 2000).

ACIDITY AND MICROORGANISMS

The acidity of a medium will affect chemical and physicochemical reactions, the stability
and activity of enzymes and other cellular components and as a consequence will affect the
achivity, ,'nmlh and survival of microorganisms. 1\ particular microorganism will be capa-
ble of growth over a range of pH usually spanning 2-5pH units but will grow best over
a much narrower range, typically 1-2 pl units. l)lll( srent microorganisms will grow best
at different pH values, but in general bacteria grow fastest in the pH range 6.0-8.0, yeasts
45-6.0 and filamentous fungi 3.5-4.0, although there are some notable exceptions to this.

In practical terms, the reduction of pH and an increase in acidity can have a profound
effect on the microflora associated with a particular food, its shelf-life and safety. It is a com-
nmnpl.m‘ observation that acidic foods such as yoghurt or fruit juices spoil as a result of the
activity of more acid tolerant organisms such as yeast and molds. This effect is also seen in
the greater prevalence of bacterial spoilage in ve, )_,l.ldhll‘ products when compared to more
acidic fruits where yeast and mold spoilage predominate.

Microbial susceptibility to acidity is not simply a function of the external pH but a result
of the acidification of the microbial cytoplasm. Although microorganisms may tolerate exter-
nal pH values that are lower than their optimum, most will strive to maintain a higher pITin
their cytoplasm to ensure that the complex network of processes that comprise metabolism
and growth conlinue to operate efficiently. The microbial cell membrane is relatively imper-
meable to protons and this is an important factor in maintaining the cell’s intracellular pH,
but microorganisms also have a battery of homeostatic mechanisms to neutralize or expel
protons that enter the cell and thus help maintain a favorable internal pH
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2 Aad.@ differ in their ability to acidify the cytoplasm so microbial inhibition will

e [.;anlcular atnq present as well as the pH. It is well established that weak organk
muc] mnre'eﬂechve at inhibiting microorganisms than strong acids. This is a cons
of (hg P'l)"S{CUChEnIiCB' properties of weak organic acids. They only partially dis
"”‘_‘“"" giving a mixture of undissociated acid, protons and the acid anion. In thes
sociated state they are often relatively lipophilic and can diffuse through cell mes
fimlvn a concentration gradient from high levels outside the cell to lower levels insid
inside the cell, where the pH is higher, the acids dissociate releasing protons and i
the cytoplasm. This imposes a burden on the cell’s homeostatic mechanisms, and
has to be expended to maintain the intracellular pH. At low levels of acidity, this dn
of resources results in slower growth, but the burden may become excessive in whid
growth is no longer possible and the cell will ev entually die.

Viruses only multiply after they have infected a susceptible cell therefore thse o
cern to human health will not ;;rm's in foods. They can be inactivated (killed) by lor
a food material but are more resistant than bacteria since they are structurally much s
and do not show the enhanced sensitivity to weak acids displayed by bacteria and ofhe

lular microorganisms

CONTROL OF PATHOGENS BY PH AND ACIDITY
2 Table 19.2 presents the minimum recorded pH values for a number of important b
”3|' pathogens. Because PH values below 4.5 will stop or weverely curtail the growthofal
ujor bacterial pathogens and will, depending on the conditions, Jead ultimately to their dof
inactivation, food safety concerns ,;’"dl"' i usch reduced when considering acidic foods T
o r_"'m(,ul"")' true since the production of such foods often also includes a step equivilatt
Pablu,u’nf;-lmn such as hot bottling which is used primarily to control spoilage OGNS L
m’j:'(l\d“l here there is ng pasteurization step that safety problems can arise (sce later)
Pn“_”:_‘:r (:'r"";'l pH _Play an_important role in the safe production of ‘i"f'"“"m" bt
here is that bpu::w'""'{' ' sterile) products such as canned foode. The major safety cnas
product during q': Of C. botulinum will survive the heat process, grrmimllh' and prow infe
]t has long been :’“KU at ambient temperature producing the neurotoxic botulinum tos
values below 4.6 an';"“r,"’j"d that C. botulinum spores will not germinate and grow Ll
of classifying canneq l(h‘s is enshrined in various codes of practice. Acidity i¢ used asa bk
process to assure ,\.,,(_“f’(‘:d* -zfﬂm those with a pH below 4.6 will require a legs severe bk
Levels of acidity vy & CAC, 1979).
improve food ,:::.:; ‘;‘;:"ch do not ij) pathogens or stop their growth enl?rel,\' an
growth and thereby p ‘~‘bnsk from infectious pathogens such as Salmonella will bclml
organisms such ag 5,"”’:", 15 of the organism are restricted and, at suboptimal pH, tougen:
ically effective conce, Yococeus aureus may not grow to levels sufficient to produce abiokg
food nfey criteria fo ::'-',m' of toxin in the food. This is exemplified in EU regulations Whese
ulase positive Staphyloe, '( Powder and some cheeses specify that only when levels of coag:
A" acidic pH Jeyg), v)v‘}:: exceed 10°cfug " is there a requirement to test for enterotodn
(http:/fw W“’-Cl‘mbaw,cmn a :"*' growth is still possible predictive models such as Combase
exphpfeny) or the Pathogen Modelling Programn

W TECHNOLOGIFS AND FOOD SAFETY

ot RSN



CONTROL OF PATHOGENS BY PH AND ACIDITY 473

TABLE 19.2  Minimum Recorded pH Values for a Number of Important Bacterial Pathogens

Pathogen Minimum Growth pH! Optimum Growth pH
Bacillus cereus 5.0 4 6.0-7.0
Campylobacter jejunt 49 65-75

Clostridium botulonm

Group 1 46 -
Group 2 50 -
Clostridiom perfringens 55-58 72
Escherichia coli 44 60-7.0
Listeria moviocutogenes a4 7.0
Salmonella 38 70-75
Shigella 49-50 9293
Staphylococes aureus 40 60-7.0
Vibrio cholerae 50 76
Vibrio parahaemolyticus LR 78-8.6
Vibrio oulnificw 50 78
Yerstnia enterocolitica 42

Dte from ICMSF (1990),

(httpZpmp.arsertc pov/) can give predictions of the rate of growth under different pH con-
ditions (as well as the effect of interaction with other factors such as temperature and water
activity). These models are designed 1o be fail-safe so that they tend to overpredict the growth
that will occur under any given set of conditions, While valuable, labor-s ving tools to the food
microbiologist in setting critical limits, these should be used with caution where food safety
tsues are concerned. Confirmation of predicted safety, particularly at the growth/no growth
boundaries, may often be required using the gold standard technique of a challenge trial.

The Committee of the Mayonnaise and Condiments Sauce Industries of the EU
(CIMSCEE) published formulae that predict the level of acid, salt and sugars necessary to
nhibit microorganisms in cold-filled acid-preserved pickles and sauce products. One of these
predicts stability, i.e. the levels of acid, salt, ete. required 1o inhibit the growth of spoilage
organisms and confer shelf stability, while the other predicts safety. It is impossible to pre-
dict safety in any absolute sense; where this is attempted it is done on the basis of a food
safety objective (FSO) that gives what is regarded as an acceptable level of protection. Ideally
these should be based on some form of quantitative microbiological risk assessment which
determines the level of risk and the effect of various interventions on that risk. Although not
supported by such a rigorous analysis, in the CIMSCEE formulation a safe product was des-
ignated as one in which viable numbers of E. coli will decline by more than 3log cycles (a fac-
tor of 10°) in less than 72 hours at 20°C.
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The formula is:
15.75(1 — a)(% total acetic acid) + 3.08(% salt) + (% hexose)
+ 0.5(% disaccharide) + 40(4.0 — pH) = £,
where (1—a) is the proportion of undissociated acetic acid and « is the proportion ¢
sociated acid given by the Henderson-Hasselbalch equation:
o

(1—a)

pH = pK, + log

IfZ,> 63 then the product would be regarded as intrinsically safe, i.e. it would delie
least the designated reduction in E. coli.

Though generally a very reliable guide
cal limits, experimental studies and evidence from outbreaks
greater at low temperatures (chill stored products) and that higher levels of salt and %

can also sometimes be protective (Mullan, 2009)

to product formulation and the setting of 0
have shown that surit

FERMENTED FOODS

A huge range of foods rely on the endogenous production of organic acids by lactics
bacteria (LAB), principally lactic acid but often with lower concentrations of (4hanowﬂ
A“hm“;h LAB produce a number of other antimic robials such as bacteriocins which may
iiH"i'icam in some circumstances, the number of different species active in lactic l('nmﬂ;
tions indicates that the principal antimicrobial effect is something common to all lactics®
bacteria. This common factor is that the main mode of energy generating mmhn!nmf
these organisms is the fermentative conversion of sugars into acids, principally lactic 2
Acid production and a simultaneous reduction in pH are inevitable consequences of
growth and acidity levels in some fermentations can exceed 100mM, reducing the pH¥
below 4.0 in weakly buffered systems (Adams, 2001). y

Bacteriocing are polypeptide antimicrobials produced by bacteria which are hndmnd{lr
Other, normally closely related, organisms. Lactic acid bacteria produce a niumber of bacteri
s and considerable efforts have been devoted to their discovery and investigation in !
Y(I:“Dmp ite this attention, the most effective and useful bacteriocin in food use remains i<t
# lantibiotic bacteriocin produced by some strains of Lactococcus lactis and first discoverad ¥
mag :St:ha:r 1928, Its pre-eminence derives from its relatively broad spectrum of ncﬁvify: Unliz
'ﬂiﬂ.a:d 9 bat!en()cms from lactic acid bacteria, it is active against most Gmm-posm\'rh‘
of its po Ibﬁ"'m[a_”y f'ffmi\'e at inhibiting the outgrowth of bacterial endospores. In tem
such as CZ:;:;”“'ﬂbuhun to food safety, it can inhibit the outgrowth of spores of palhnge‘é
centrations) hy un ""f’"“{(f{IS, Clostridium botulinun: and Bacillus cerens bul»aIS(_J (at higher cor
and Staph,,h,m:amm" ‘"%“"“‘"y effect on vegetative pathogens such as Llslrfm monocylog
a fermented rm: ‘;”m"" However, where a nisin-producing strain is used in production ¢
effect of Gram- s coniribution to overall safety may be relatively minor. It will haven

negative pathogens, Vegetative Gram positives such as Listeria monocytogns
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are known to acquire resistance to nisin quite readily and S. mureus is among the most mher-
ently resistant Gram-positive species. It is more likely to be useful where there is a risk of
C. botulmum, although usually this organism can be well controlled by efficient acid produc-
tion. Nisin production may also have a detrimental effect on fermentation by inhibiting other
nisin-sensitive lactic acid bacteria present and adversely affecting acid production.

For i situ production of lactic acid by fermentation to have a significant antimicro-
bial effect there must be high levels of active lactic acid bacteria present and a substantial
numerical superiority over competing organisms. To ensure this, large numbers of active
starter must be introduced either in the form of commercial deep frozen or freeze dried con-
centrates, a pre-grown starter culture or by using techniques such as back-slopping where
material from a previous successful batch containing high levels of organism is retained and
introduced to initiate a new fermentation. A starting level of at least 10°cfug™" is required to
guarantee a successful fermentation. Anything that interferes with this, such as the presence
of antibiotics, santizer residues or bacteriophage active against the starter will inhibit the
fermentation and possibly give rise to a food safety threat

The rate of pH drop and its final value in lactic acid fermentations depend on a num-
ber of factors such as the buffering capacity and water activity of the medium, the tempera-
ture and duration of fermentation and the activity of the lactic culture. Ideally the target pH
would be around 4.5, although this in not achieved in many common fermented foods such
as cheese. Even in very weakly buffered media the pH would tend to bottom out around 3.8
as lactic acid production produces a lactate buffer. Maximum effect will also be achieved if
the pH drop occurs rapidly, within hours, to prevent any pathogen growth occurring, but
this 16 less important if the raw material has been pastearized or if other inhibitory factors
are present Lo restrict the development of pathogens,

FOOD SAFETY PROBLEMS WITH ACIDIC FOODS

Acidic products are not immune from salely concerns; failure to achieve critical limits for
pH/acidity can permit the growth/survival of pathogens and there have been some notable
outbreaks of foodbome illness involving acid foods.

The most common scenario when problems arise can be viewed, in some respects, as an
apparent violation of the hurdle or multiple barrier concept where two antimicrobial factors
antagonize rather than supplement one another. A barrier used to slow or arrest growth —
nearly always low-temperature storage — reduces the lethal effect of acidity. In mildly acidic
foods chill storage will act in concert with the reduced pH to inhibit growth but some form
of pasteurization may be necessary to prevent survival and assure safety. In more acidic
foods where there is no pasteurization step and the acidity is potentially bactericidal, the
survival time of a pathogen can be extended by low temperatures. There have been several
examples of where this situation has applied over the years,

Fermented meats contain a high-risk raw material and have been associated with several
outbreaks of illness. In the 1990s outbreaks associated with verotoxin-producing E. colf in
the United States and Australia led the US Food Safety Inspection service to require any fer-
mented sausage process to assure a 5log reduction in the final product. Numerous studies
showed that processes as applied in the USA achieve a 1-3log reduction although this could
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be increased by ambient storage or by a heat processing step. This reinforced obsr
made after an outbreak that occurred in England in 1987/1988 when 101 people werez
by Salmonelia Typhimurium DT 124 in a salami stick product. The subsequent invest
found that the fermentation process itself did not reduce the numbers of surviving S
cells even though the pH dropped below 5.0. Numbers of survivors dropped dum
sequent storage, the rate increasing appreciably the higher the temperature of storsg
product had a 6-month shelf-life at ambient and this is how it was generally stored else
in Europe where no cases were reported. In England, however, the product was gz
stored along with other cold meats at chill temperature and it was hypothesized thatpz
the lower storage temperature had allowed the salmonella to survive,

A similar scenario is apparent in outbreaks of illness associated with frut juices =
nellosis in unpasteurized orange juice and E. coli O157 in unpasteurized apple juice (1
cider). The initial contamination originated with the fruits used to express the juices, the
PH <4.0 would generally be sufficient to inactivate the organism but low-temperaturt)
age was essential to gi\'(: the unpasteurized product a reasonable hllrl[ﬂl!r Tt also perm
the survival of the enteric pathogens sufficiently long enough to cause illness L

A number of outbreaks of salmonellosis caused by home-made mayonnaie ¥
reported during the epidemic associated with Salmonella Enteritidis and .pmlllr'\' towank!
end of the 20th century. The product was made using citric acid or vinegar, mlwt‘f
contaminated with Salmonella Enteritidis. Mindful that it is generally advised to keep
to-eat foods chilled, the product was refrigerated soon after production thus prolonging®
survival of the Salmonella cells and increasing the risk of transmitting illness. .

Unlike products such as fermented meats, the textural propertics of cheese are
unduly affected by pasteurization of the raw material (milk), though many would diin
!hu flavour of raw milk cheeses is superior. Pasteurization to eliminate vegetative pathoe
in the milk is therefore an important critical control point in assuring production of s
cheese. It has, however, been associated with numerous outbreaks of foodborne illnes o7
the years (sce Table 19.3 for some examples) and in many cases inadequate pasteurizatio®
use of/contamination with raw milk has been a factor.

; A pH protective against the growth or survival of pathogens will be ineffectual in st
tions where a pH-stable toxin is produced elsewhere and added to the acidic product T
Was the case in an outbreak of botulism caused by hazelnut yoghurt where C. botulm®
Tagl g‘;“w" and produced toxin in the hazelnut purée used to flavor the yoghurt base (#
S © 19.3). It is easy to envisage how similar situations could arise elsewhere and sens?

i angent reminder of the need for vigilance with the safety of ingredients.
v:h(ﬁ::v fu-h marinaded in lime juice (ceviche) was associated with the sprl:'ad of pu\dﬂ:
e !o.; < S"“"‘ America in the early 1990s. Laboratory studies on the ability of Vibrio
Tl D‘“"‘.l\‘e in ceviche were contradictory and would clearly vary w:lh‘faclurs suchast
tion. nv:]u,d."y' the temperature and the elapsed time between preparation .:md consur
fih vement of ceviche in the pandemic could well reflect, in part, a similar vaniabil

¢ method of production used.
Show",‘,):,f:;mm. (helminths and protozoa) have complex life cycles involving stages i
resistance to adverse environmental conditions. They can occasionally

foodborne
f e when they are acquired mainly through consumption of raw or undercooks

vods, p, :
rocesses such ay fermentation or pickling are usually insufficient to prevent thet
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TABLE 19.3  Examples of Foodbome Disease Outbreaks Associated with Fermented Foods

Implicated Food Causative Agent Cases Reference

Plant products

Paste of sovbeans and wax gourds  Clostridium buturicsm 6 Meng et al. (1997)
Truno C. botulinum 52 outbreaks)  Vugia {2009)
Fermented milks

Yoghurt C. perfringens 167 MOH (1993)
Hazelnut yoghurt (hazelaut purée  C. botulinum 7 O'Mahoney and Mitchell (1990)
was contaminated)

Sizme (condensed yoghurt, C. botulinum 10 Akdeniz et al. {2007)
Turkey)

Termented meats

Semi-dry sausages L colt O1T1:NM 23 CDC (1995a)

Nahm (Thai fermented pork) Trichinella 27 Khamboonruang and

Nateewatana (1975)

Fermented goat (Korea) C. botulitum 5 Tseny, (2009)
Salami stick Salmonells Tvphimurium 85 Cowden et al. (1959)

Salami E. wwli 0157

23 CDC (1995b)
Fermented fish
Seal flipper C botulinum 1 Shaffer et al. (1990)
Salmon fish heads Cbotulinum # Shalfer et al. (1990)
Salmon eggs C botulinum 15 (7 outbreaks  Hauschild and Gauvreau (1985)
1971-1984)
Salmon egys . botulinum 4 CCDR (2002)
Cheeses
Soft cheese Salmonella Berta 82 Ellis et al. (1998)
Cheese 5. Enteritidis ~700 CCDR (1999)
Goats' milk cheese S Paratyphi 73 Desenclos et al. (1996)
Soft cheese S. Dublin 42 Maguire et al. {1992)
Cheddar cheese S Heidelberg 339 Fontaine et al. (1950}
Mozzarella cheese S. Typhimurium 321 Altekruse et al. {1998)
Cheese E. cli 0157 2 The Pennington Group (1997)
Cheese (Brie, Camembert) E coli 027 H20 170 Altekruse et al. (1998)
Cheese (Brie, Camembert) C. botulinum 27 Pourshafie et al. (1998)
(Continyed)
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TABLE 19.3 {Centinued)

Implicated Food Causative Agent Cases Reference
Mexican-style soft cheese Brucella melitensis 31 Altenkruse etal (14
Hand-pressed direct set cheese Stapinylacoccus aurcus 16 Altenkruseetal (149
Cheese Shigetla sonnei 50 Sharp (1957)

Hard cheese 5. Typhimurium »200 Van Duynoven et & 8
it Staphylococcus aurcus 23 Ostyn et ol (10

{Adapted from Motaricms, 2017
transmission but data on the incidence of parasitic infections qsmaltd NIK’MH'-
or pickled products are sparse. There is, however, some association MM'MZN or ":
salami and trichinosis and the Thai fermented fish product wm-[al: a’nd Clm:m;l;: .
parasites are susce, tibl and, in the absence of cooking, rozen

Hergnaly o I Trichinella in pork destined tohe s

ognized control measure o eliminate, for example,
fermented meats and Anasatss n fish 1o be lightly pickled or fermented
CONCLUSIONS
Jevel, it can inh

Acidity can be 5 ¢ ’ fe food. Depending on the ;
both the growth nng‘,,’:::;: \":;t:lf "";':‘:;::‘n:i there are several useful pndffﬂ"ﬂ':‘ : |
can help us assign Critical lim'rpp;:vr afld:l)’. Care must be exercised, howeves, Win e
is reliance on the inactivapic ’I ntaminating pathogens by low pH and this ude'V
with hurdles that slov o gereer reserobial metabolism such as chilling, sating or v
such situations Unacceptable survival of 4 pathogen may occur.
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482 0. CHILLING AND FREFZING

INTRODUCTION

There is no strict definition of what constitutes a chilled food. In general, it cover; #
food in which the temperature of the food is reduced to, and maintained at, a temperan
below that of the ambient temperature; but above the temperature where any of its wat
content will change from a liquid to a solid (i.e. begin to freeze). In many foods the i
tial freezing point will be around —1°C; however, in food with a high salt content (such
bacon) or sugar content (such as desserts) the initial freezing point may be as low s -10°
or even lower. At chilled temperatures (generally between —1°C and +14°C) the growth
microorganisms occurs only slowly and food spoilage and deterioration reactions are inh?
ited to such an extent that food quality is preserved for extended periods. This can rang
from a few days to many weeks. However, chilled foods are perishable and they deterior:
progressively throughout their life. For many foods the maximum chilled shelf-life wil b
achieved at a temperature close to their initial freezing points. However, for some foods
such as bananas and other tropical fruit, low temperatures cause damage, and the optinir
temperature can be as high as +14°“C.

Below the initial freezing point of a food detrimental reactions that promote food
SF"”“ﬂKL' and limit quality shelf-life are significantly retarded, and in the case of micr
bial growth will be inhibited at temperatures below —12°C (for the large majority o
foods). Providing the food is of a safe quality prior to freczing, as long as the temperk
turu. remains below —12°C during storage, there will be no growth of pathogenic microo
ganisms so the food will remain safe. Frozen storage life will be limited by physical and
biochemical reactions, which although slow will continue to take place at frozen temper
nlurgs, and which ultimately affect the quality of the frozen product. The rates of thes
reactions are a function of lt:mpumhuu, so the frozen storage life will generally be longer
g( lower temperatures. Many of these changes will be accentuated if recommended cond
tiansof handling, production and storage are not maintained. A frozen food has a “safe’
storage and distribution life that can be measured in years when compared to the days
g;:‘“mhs }YI a chilled product. Once thawed, however, any microbes present can agan
bnm'e";rchvc, and under tbc right conditions will multiply to levels that can l'(-nd to food:
manuhc:‘m-s' The Pf"dllcqon of safe frozen foods requires the same nlll'n‘hnn to good

i .l purmg practices (GMP) and hazard analysis and critical control point (HACCT

P "T};‘P es as lh'e chilled or fresh counterpart
i prifr:;,h?.::;m (Figure ’.’0.1? consists of two distinct types of operation. In processes such
ture of ”3 food S;-‘vﬂndary chilling or freezing the aim is to change the average tempers:
the prime aim is '" ""‘.L"‘Sl 'Mlch as chilled or frozen storage, transport, and retail disphy
production and :‘uo T.mmam ”“', temperature of the food. The basic requirements for the
other foods, The ﬁrzfi)- (;‘! safe Chl!ll’ti and frozen foods are no dlﬂl'r('nl to (hnrju needed for
or GHP (good hygien, Sl operations must be operated according to the principles of GM
safety. The third if"‘eeapr“l‘f"(‘if)- The second is the application of HACCP to assure produd
effective, Finally, these pp! lellUn of all verification measures to ensure that the first twoare
Y these measures should be applied in the framework of the quality manage
ment systems, such as the IS0 9000 serics. fo 1y > quality manag
business excellence (see Chapserl), series, to ensure that overall management complies with
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FIGURE 20.1 A typical cold chain,

EFE

{CT OF CHILLING ON FOOD SAFETY

The microbiological safety and rate of spoilage of chilled foods depends on what biologi-
cal hazards (pathogens, ete,) are present, what other microflora are present, at what num-
bers they are present, whether they are on, or in, the food in question, the rate of growth
of those mic roorganisms, the conditions of storage (lm|||wml\lrv and paseous almosphvn‘).
and the characteristics (pH, a) of the food lemperature is by far the most important of
these factors, 4

The principle of chilling as a preservation process is that all biological systems are con-
trolled by enzymatic reactions including those that control microorganisms and cause qual-
ity degradation. The rate of these reactions is directly related to temperature. Reducing
temperatures below the optimum growth range of a ;ni(mnr;;.mism increases its genera-
tion time. The main group of microorganisms of concern in chilled foods are psychrophiles.
These organisms (such as Peendomonas and Entrococeus) grow well at chill temperatures
and cause spoilage on food at temperatures of 5 to 7°C. The oplimum temperature growth
range of mesophiles is 25 t0 30°C and with many the minimum growth temperature is abmlll
10°C Since most chilled food is kept below this temperature mesophiles are not usually of
concern in chilled distribution. However, some organisms (such as Enterococcus faccalis) can
grow over a temperature range from 0 to >40°C

Although microorganisms can grow at low temperatures, they grow more slowly as the
temperature is reduced. Thus the generation time for a pseudomonad (a common form of
spoilage organism) might be 1 hour at 20°C, 2.5 hours at 10°C, 5 hours at 5°C, 8 hours at
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TABLE 20.1 Minimum and Optimum Growth Temperatures for Pathogens Associated with Foods

Minimum Temperature (*C) Optimum Temperatue (0
Infective
Campylobacter spp 30 4243
Pathogenic Escierichia colt strains 7 3540
Escherichia coli O157-H7 67 12
Salmonella spp. 5 3543
Acromonas hydrophila -01-1.2 15-20
Listeria monocytogenes -1-0 30-37
Yerstnia enterocolitica -2 25-29
Toxigenic
Clostridium perfringens 12 4347
Clostridium botuliniom proteolytic 10 35
Staphylococcus aurens 7 3540
Bacillus cerens P 28-35
Clostridium botulinum nun-proteolytic 3 30
Jow 10°C

2°C or 11 hours at 0°C (Harrigan and Park, 1941). As temperatures are reduced bel
fewer strains can grow and cause spoilage. In gene al, food will spoil about four times &
fast at 10°C and twice as fast at 5C, as at 0°C. Chill temperatures also have a m'"km? e
on the type of spoilage microflora present on food by altering the microbial community. For
example, raw milk stored at temperatures close to 0°C tends to putrefy because of o
ity of pseudomonads, rather than to sour due to the ac tivity of lactic ac id bacteria.

Pathogenic bacteria such as Listeria, Salmonella, Bacillus cereus and Yersinia are of particulit
concern in chilled foods because they are capable of growth at low temperatures (Table 201}
Many of the organisms that compete with pathogens at ambient temperatures will not grov
at low temperatures, thus low temperatures may preferentially favor the growth of thee
P‘uwslenlc organisms. However, most will not grow, or produce toxins, below 4°C, with the
exception of Listeria and Yersinia (Yersinia grows below 0°C).

l.nveshgaﬁm (Garcla de Pernando et al,, 1995) into the effect of different storage atmos
pheres on pathogenic growth at low temperatures appear to show that carbon dioxide
(COz)-enriched atmospheres produce the greatest inhibitory cffect on psychrotro phi
pathogens (Y. enterocolitica, Acromonas Iydrophila and 1. monocytogenes).

EFFECT OF CHILLING RATE ON FOOD SAFETY

Whether “rapid” chillin, 9 - wi
g offers any clear advantages to product safety will depend on
what biolegical hazards (pathogens, elc.) are present, and at what numbers they are presen!,
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whether they are on, or in, the food in question, and how “rapid” the rate is in comparison
to other rates. There is no definition of “rapid” and “slow” rates. The size of product will
also have a big effect on relative rates of chilling, since conduction through the product will
become the rate-limiting factor as product size increases.

Rapid chilling has been shown to be an important control measure in reducing histamine
formation in at-risk fish species (pelagic species, such as mackerel, sardines, pilchards and
certain tuna species) by preventing/reducing the growth of histamine-forming bacteria.
High histamine levels are associated with scombroid poisoning. It is generally recom-
mended that such fish is chilled to between 4 and 0°C in less than 12h post-harvesting.

There are instances where excessively rapid chilling rates, or too low a chilling tempera-
ture, can cause quality problems in foods. For example, a serious defect known as “woolly
texture” can be produced in rapidly cooled peaches. Substantial textural problems due to a
phenomenon known as “cold shortening” can occur in rapidly chilled meats (particularly
beef and Jamb), although electrical stimulation before rapid chilling will mitigate this prob-
lem (Chrystall and Devine, 1983).

There is Tittle international legislation that specifies chilling rates. Legislation tends to
suggest rather than define, for example the EC Regulation 852/2004 contains a requirement
for the cooling of foodstuffs. Annex 11, Chapter 1X, 6 states: “Where foodstuffs are to be held
orserved at chilled temperatures they are to be cooled as quickly as possible following the
heat-processing stage, or final preparation stage if no heat process is applied, to a tempera-
ture, which does not result in a risk to health.”

However, there are many guidelines and recommendations, particularly for chilling
cooked/pasteurized food products (Table 20.2). The aim of a pasteurization pro
ensure destruction of vegetative stages of any pathogenic microorgani The
recommended cooking temperature requirements are related to the most thermally resistant
pathogen that may present a risk in such products. For many products, such as ready meals,
this is Listeria monocytogenes and a minimum temperature of 70°C for not less than 2 minutes
in the center of the food, or the equivalent, is recommended (Caze et al, 1989). For other
products, including some soups, non-proteolytic Clostridium botulinum or perfringens are of
most concern. Th is always the possibility that some microorganisms that produce spores
will not be Killed by the cooking process. Therefore the temperature of the product should
be rapidly reduced between 60 and 7°C to prevent multiplication of any surviving organ-
s Further reduction to 3°C s required to reduce growth of spoilage bacteria and pre-
vent the growth/germination of any surviving pathogenic organisms/spores Although the
puidelines were produced specifically for cook-chill catering operations they are often used
by the producers of chilled ready meals for retail sale.

Some examples of food poisoning outbreaks directly attributable to poor temperature
control are

1. An analysis of 1000 general outbreaks in England and Wales between 1970 and 1979 by
loberts (1982) identified that inadequate cooling was a contributory factor in 32% of
outbreaks and inadequate thawing in 6

2. An analysis of 530 general outbreaks in F n),,l.lnd and Wales between 1992 and 1996 by
Panisello et al (2000) identified that improper storage (including foods either left at room
temperature, or warm outdoor temperatures, for several hours or refrigerated in devices
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TABLE 20.2  Intemational Chiiling Time Guidelines/Recommendations for the Cooling of Cooked Fooh

Storage
Chilling Chilling Rate Temperature
Country Range (*C) Time (h) (“C/minute) (! Reference
Australia 60-21 <2 033 5 de Jong elal (7%
21-5 < 0.07
Canada 60-20 < 0.33 4 CFISIG 204
204 <4 007
Cedex 60-10 042 -
Alimentarius
Denmark 65-10 o oB1 <5 e
France 70-10 < 0.50 0-3 Ex '
Germany 80-15 < 0.54 2 Evan
(15-2) <24
Ireland 70-3 <5 045 3 FSALL
The Netherlands 60-7 <5 0.18 - de Jong ¢l
7-4 <24
Sweden BO-8 < 030 3 £ L
UK 70-3 <15 074 3 UK Department
Health (
UsA 60-5 Y 023-015 de Jong etal (

with deficient temperature control for long periods of time) was a contributory factorin
32% of outbreaks and inadequate thawing in 27%.

- HPA analysis of general foodborne outbreaks in England and Wales in 2011 (Health
Protection Agency, 2012) showed that of the 83 general outbreaks inadequate chilling
was a contributory factor in 14% (12/83), while storage of food for too long was i
contributory factor in 19% (16/83).

@

EFFECT OF FREEZING ON FOOD SAFETY

Microorganisms vary in their ability to tolerate freezing and frozen storage Survival i
affected by the type and age of microorganism. In general, Gram-negative bacteria (which
include pathogens such as Escherichia and Salmonella spp.) are more susceptible to freez
ing and frozen storage than Gram positives, with bacilli being more susceptible than cocd
Yeasts and fnulds are more resistant than bacteria, in part due their tolerance to reduced
water activity (a,). Psychrophilic and psychotropic microorganisms are generally more
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tolerant to freezing and frozen storage due to their ability to synthesize larger amounts
of enzymes to compensate for reduced enzymic activity at low temperatures, and their
reduced susceptibility to cold shock in comparison to thermopiles and mesophiles.

Spoilage microorganisms do 1ot grow below ca. =10 to —12°C and pathogens below
~1°C, thus the growth of pathogenic microorganisms is only normally relevant to handling
before freezing or during thawing. In these contexts, frozen foods behave like their unfrozen
counterparts, if surface temperatures are reduced rapidly during freezing this allows less
time for any microorganisms to grow, although growth rates may be faster after thawing
due to increased drip. Also thawing may take a long time and on large objects subjected to
long uncontrolled thawing cycles, surface spoilage can occur before the center regions have
fully thawed.

Repeated freeze—thaw cycles have been shown to disrupt and destroy bacteria; however,
the effects of cyclic freezing on most microbial pathogens are not well documented.

Although  Salmonella, Staphylococei and other potential pathogens can survive freez-
mg and frozen storage, spoilage bactena tend to inhibit their growth. During freezing and
thawing of food, the temperature favors the growth of psychrophilic organisms, most of
which are spoilage organisms. Hence, in nearly all cases, if a frozen product is mishandled
spoilage 1s apparent before the food becomes a health hazard.

Freezing and crust-freezing has been suggested as a means to reduce numbers of
Campylobacter organisms on poultry carcasses. It is one of a number of measures taken to
reduce the incidence of campylobacteriosis in Iceland, although the exact impact of this
measure 15 unclear. This work in Iceland (Stern et al., 2003) has been very influential and
many risk assessment models have incorporated freezing as an import factor due to this
work. Freezing to ~=20°C has been reported by a number of studies to result in an initial fall
in numbers of Campylobacter organisms, followed by a slower decline during storage. The
European Food Safety Authority (E ) has recommended freezing as a control measure
for reducing Campylobacter. The mechanism of damage during freezing has been attributed

to mechanical damage caused by ice crystals, desiccation due to the reduced water activity,
and oxidative damage

Freezing generally has little effect on viruses. For example, the H5N1 virus (avian influ-
enza H5N1), if present in poultry meat, is not destroyed by freezing. Food contaminated
with hepatitis A is a common vehicle transmitting the virus and each year approximately
30-50,000 cases of hepatitis A-related illnesses occur in the United States (CDC, 2007). In
2002 imported frozen strawberries contaminated with hepatitis A were believed to be the
source of an outbreak of food poisoning in 11,000 children in Germany (Herriman, 2012).

Freezing has been showr to be a control measure in reducing histamine formation in
atnisk fish species (pelagic species such as mackerel, sardines, pilchards and certain tuna
species), both by preventing the growth of histamine-forming bacteria and by reducing the
activity of preformed histidine decarboxylase. However, while freezing may limit histamine
formation, it has no effect on histamine that has already been formed prior to freezing.

Higher organisms, such as nematode parasites, are very susceptible to freezing and freezing
is a control measure for inactivating trichinae in pork, tape worms (Taenia saginata) in beef and
nematode parasites in seafood (particularly for lightly processed seafoods that will receive no
cooking before consumption) (Archer, 2004). The USDA recommended holding times for pork
to inactivate Trichinella spiralis range from 106 hours at =18°C to 0.5 hours at =37°C. Freezing
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is used as a control measure for inactivating tape worms (Tacnia saginata) in beef carcasses v
localized infections in the EU by holding at —10°C or less for 14 days or more.

Most frozen fruits and vegetables are subjected to a mild heat treatment known
blanching before freezing. Blanching is carried out to inactivate various enzymes thit ¢
lead to quality deterioration over time. Typically, blanching is done by treating the pr
uct with steam or hot water for 1-10 minutes at 75-95°C, the time-temperature cumbwb’:
depending on the specific product. Such treatment times and temperatures are also ey
of mducing, to varying extents, the numbers of viable microorganisms on the food.

EFFECT OF FREEZING RATE ON FOOD SAFETY

Whether “rapid” freezing offers any clear advantages to product safety \\'1'" dependtj
what biological hazards (pathogens, etc.) are present, at whaf yJumbcrs they are pf:?!;
whether they are on, or in, the food in question, and how “rapid the rate is in “‘mr,’f:'
to other rates. There is no definition of “rapid” and “slow” rates, Size of product n,. )7».
have a big effect on relative rates of freezing, since conduction through the product vl
the rate limiting factor.

CHILLING AND FREEZING PRINCIPLES

b Chilling and freezing is a process of removing heat and "':f only be achieved by four
asic mechanisms: conduction, radiation, evaporation or convection. ) .
Conduction requires a good physical rnm.);(l between the food to be rhvllm{/{mlt‘glﬂ:;
the cooling medium, and this is generally achieved only with foods that can be shaped ir
regular shapes, such as blocks of meat or fish, etc shp s
Radiation does not require any physical contact but a large """V"m“"f' difference "
required between the surface of the food being cooled and that of .-urnnm7‘lmg aurfnu's’:
achieve significant heat flow, In primary chilling/freezing, radiation is only importantin®
initial stages of the process in a system where the food is not surrounded by other pmduf?\j
Again, in the initial stages of the chilling/freezing of cooked food producty (eg. pies i
other pastry products, meat joints, baked cakes, etc.) radiant heat loss can be substantial
the products are surrounded by cold surfaces. 1
Evaporation from a food surface reduces yield and is not desirable in most food refrigen
.ﬁ(’“ operations but can be useful again in the initial cooling of cooked food products and
is used in the immediate post-harvest cooling of many fruits and vegetables. However,
s0on as the surface of the food is close to that of the cooling medium then any heat loss doe
to evaporation is minimal.
_ Convection is by far the most important heat transfer mechanism employed in the major
ity of food chilling/freezing systems. In most cases, refrigerated air is the transfer medium
however, in some cases a qudid or a cryogenic gas may be used. The rate of heat removal
from the surface of a food depends on-

;-. The surface area of the food available for heat flow.
The temperature difference between the surface of the food and the cooling medium
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3. The surface heat transfer coefficient (). The value of i will depend on the shape of the
food and its surface roughness, the type of cooling medium, the velocity of the cooling
medium, and the flow regime. The higher the surface heat transfer coefficient the faster
the rate of surface cooling. Air is a poorer heat transfer medium than afluid (such as

water or brine). Increasing the air flow or agitation around a food will increase the rate of
surface cooling.

Heat must also be conducted from within the food to its surface before it can be removed.
Since most foodstuffs are poor conductors of heat this imposes a severe limitation on attain-

able cooling times for either large individual items (such as meat carcasses) or small items
cooled in bulk (such as a pallet of boxed product).

CHILLING/FREEZING METHODS/EQUIPMENT

There are many different types of chilling/freeing equipment, but generally all use a

e or a liquid as the cooling medium. Equipment 1s classified according to the method of
chilling / freezing into:

Direct methods, where the energy is extracted directly from the food into the heat
transfer medium (in such cases the heat transfer medium needs to be food safe, such as
air or liquid nitrogen), for example air blast chillers/ freezers.

Indirect methods, where the cooling is generated externally and then applied to the food
through heat exchangers, for example plate freezers

Chilling /freezing, may be carried out as a batch (Figgure 20.2) or continuous system
(Mgure 205 Generally, batch systems are used to refrigerate small quantities of food,
whereas continuous systems become economic with large throughputs,

From a food safety-based approach, prepacking the food prior to chilling/[reezing
will lower the risk of contamination/cross-contamination during the chilling/freezing
process; however, it will significantly reduce the rate of cooling, and this may allow the
growth of any microorganisms present. Although there has been (and remains) a great
debate regarding the virtues of “dry” air vs spray or immersion methods for chilling
products such as poultry, there is no clear scientific evidence that air chilling is hygieni-
ally better than spray or immersion (James of al, 2006). Provided the cooling medium
(air, water, etc)) wnd refrigeration equipment used is kept clean, no one cooling method
can be said to be intrinsically more hygienic than any other. The potential for the fans
used in air chilling to disseminate molds and bacteria has been identified in a number of
reviews but very little work has been carried out to evaluate whether this is in fact the
case. A study carried out in the UK found high levels of bacterial contamination of evapo-
rator coils in industrial chilling systems but very few pathogens (Evans et al, 1997, fames
etal, 1995). Further laboratory studies showed that bacteria did not grow on clean coils. It
is therefore important that food refrigeration systems should be properly constructed and
maintained. The design of chillers/freczers, especially drip trays, should facilitate effec-
tive cleansing and disinfection

11 TECHNOLOGIES AND FOOD SAFETY



490 0. CHILLING AND FREEZING

FIGURE 20.2  Simple batch air-cooling system for cooling trays of product

FIGURE 20.3

Continuous air-chilling system for whole poultry

Air Chillers/Freezers

Air is by far the most widely used method of chilling and freezing food as it i§ econom!
cal, hygienic and relatively non-corrosive to equipment. The big advantages of air systems
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are their cost and versatility, especially when there is a requirement to cool a variety of irreg-
ularly shaped products.

Three different types of air-blast (forced air) systems are used: batch (cabinets or rooms),
tunnel and spiral freezers. Batch blast chillers/freezers usually consist of a room or large
cabinet into which the product is loaded directly onto shelves or via trolleys that are
wheeled into the chamber (Figure 20.2). These chillers/ freezers are sometimes called batch-
continuous systems if the trolleys are periodically removed trolley by trolley on a “first
in-first out” basis. The tunnel chiller/freezer, in its simplest form, is a straight, continuous
link-belt carrying product through a chamber (Figure 20.3) or tunnel. Spirals are essentially
tunnel chillers /freezers in which the belt travels in a spiral (helical) motion through a near-
cube-shaped room. The airflow direction in a spiral may be horizontal, vertical or some
combination of these, as it flows over the product riding along on the belt. Spirals perform
the same function as tunnels but require less floor space; however, they are usually more
expensive. Both tunnels and spirals are best suited to small products with relatively short
chilling/freezing times of less than an hour.

Operating temperatures and air speeds depend on the requirements of the product. If the
risk of surface freezing is to be avoided (in the case of chilling) air temperatures will need to
beabove =2°C (depending on the freezing point of the product).

In general, relatively low rates of heat transfer are attained from product surfaces in
air-cooled systems. In standard systems air speeds are seldom faster than 6ms™, but far
higher air speeds (up to 30ms ') are achievable, with higher surface heat transfer rates,
in impingement tems. Impingement chillers/freezers are best suited for products
with high surface area to weight ratios (for example, products with one small dimen-
sion such as hamburger patties, pizzas, etc.). ‘Testing has shown that products with a
thickness less than 20mm chill/ freeze most effectively in an impingement heat transfer
environment

High heat transfer rates do not offer advantages for thick products where heat transfer
within the product is the rate-limiting factor. For example, while increasing the air velocity
during chilling of beef sides substantially reduces chilling times at low air velocity, the effect
1 smaller at higher velocities. Also the power required by the fans to move the air within a
room increases with the cube of the velocity. Thus while a fourfold increase in air velocity
from 0.5 to 2ms " will result in a 4.4h (18%) reduction in chilling time for a 140kg side, it
requires a 64-fold increase in fan power. In most practical situations, where large items are
being cooled it is doubtful whether an air velocity greater than 1 ms™' can be justified.

Even when a system has been designed to distribute the air through the product, poor
management and/or poor understanding of the requirement of the plant commonly leads
1o uneven cooling. Products stacked or racked irregularly will leave channels around the
stacks that are larger in cross-sectional area than those within the stacks and channels of dif-
fering area through the stacks, Air leaving and returning to the refrigeration coil will take
the path of least resistance through the largest gaps, instead of passing evenly through or
over the product.

One of the principal disadvantages of air-cooling systems is their tendency to dehydrate
unwrapped products. One solution to this problem is to saturate the air with water. Wet-air
cooling systems recirculate air over ice-cold water so that the air leaving the cooler is cold
(0to 1°C) and virtually saturated with water vapour (100% RH).

1. TECHNOLOGIES AND FOOD SAFETY
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1 evapo
readily release internal water are the most amenable to vacuum cooksy
such as lettuce, can be vacuum cooled in less than 1 howr Since v
w removal of water from the product, prewetting is commonly apps
oval of water from the tissue of the product. Traditionally, this meted!
relatively common for removing “field heat” of Jeafy vegetables o
harvest, but it s also suitable for many other foods, such as baked prodes
sarticulate foods and meat joints (James and James, 2002; Zhenyg and
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Simple belt freczens consist of an endless steel belt (around 1mm thick), e andessie o
~ which is cooled directly with brine, glycol or eryagenic sprays, or by slidling v & st
- any cold surface. Since only mndrolhpmdununm-‘u*m

mudluymﬂsnnduum
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| lhmae\elmwbdtmmngm ﬂupmamuv—mhmhw
~ beltendh riace thus § the product a 10T Gndviulie gues o
uMMMmmm&mmmmmqmm

Scraped Surface Freezers

Scraped surface, or cylindnical, & are designed tor W hgus et olter
‘on the inner or the outer surface of a cooled cylinder Nwdmwuﬂ
the surface of the cylinder is continuously -aapdhmhn..h“M
high heat transfer and a rapid freezing rate. Scraped suace froozon are el o meniie

Stirred Jacketed Vessels

Stired jacketed vessels are ementiallh & woraped saftaoe ot oxhampe ise el
swopt surface heat exchanger). The Mados Caunm wn a7 e gEedt o
ing, and also leads to film removal ar they contimuonmdy s the wald gt sl
theat i boing transdorred. This hipe of hoat eachangot & parouin® st i g veonsty
products, sance the hoat tramder B morwased B The pradacd Bt
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product flows through the smaller tubes, with the cooling medium flowing ove e
within the larger tube

Plate heat exchangens consist of a series of thin plates clamped together o 4 b
and separated by spacing gaskets. The spaces form channels in which the twe flud b
exchanging heat through alternate plates. Suitable gaskets and channds conl fie
and allow parallel or counter-current flow in any desired number of passes. The plie
ally have a corrugated pattern in order to increase the available surface ares for heat

for. provide greater system support and enhance the turbulence p i the proas

Chilled Smrqc
Publications such as the International Institute of Refrigeration (IR) Recommendsion ¢
the Chilled Storage of Persshable Produce (2000) provide data on the storage life of man) i
at different temperatures
Three factors during chilled ge ~ the P the degree of fluctuater »
the starage temperature and the type of wrapping/packaging in which the food i s
are commonly believed to have the main influence on chilled storage life. The s
Hife of most chilled foods is limited by the growth of spoilage mucroorgarusms. Howese
with unwrapped food, dehydration of the surface layers may lead to unacoeptable quih
“’“'::( In general, for many foods the longest chilled storage life will be v
ng the fnod at 2 temperature just above its freezing point
Most unwrapped meat, po!nltrv, fish, fruit and vegetables and all types of wrapped fuk
@ stored in large rooms with circulating air. To minimize energy nption ané =
ted with desiccation, air mow

unwrapped foods weight loss/appearance changes associa
d to intain a ¢ P Howeve:

ment should be the q
many storage rooms are designed and constructed with little regard to air distribute
and localized vel over products. Horizontal throw refrigeration coils an ohe
mmdmﬂrhum.bqveum"cksmrﬁholpmdudlndmmiﬁy
distribute the air around the products. Using a false ceiling or other form of ducting o
tribute the air throughout the room can substantially reduce variations i veios
and temperature 2
'“‘ﬂ'lﬂ'mmou-mmmum‘gn articular food at temperatures that severd)
Limat 3f not completely stop ch | T,Pdmmadu'mhdwdﬁﬂpm
quality. Examples of this are in the maturing of meat, ripening of fruits and flavor deveiey
ment in cheese. In all these cases, the time-temperature history of the food must e ar
“"thlpm.mmw.anmmmww
-?.‘Mhmmmmmwmmmw.mbmmmu
and especially unsafe changes do not oceur
_ Controlied atmosphere storage has been developed for specialized fruit stores. I ailh
tion to the normal temperature control plant these stores also include spocial gavtight sk
- - phere that is Iy Jower in oxygen and higher in nitagon o
memqnmwwm“m;mmdlu«mmﬂlhrumdnnkm
L. penerate nitrogen and consume oxygen. There is growing use of contrafid e
::"‘Wmmnpmmrmmmualmmumu
um;&u-ws‘mmwhw:nkmpumh
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THAWING (DEFROSTING) AND TEMPERING SYSTEMS

Frozen raw ial as supphied to the industta ranges m s amd stuyw, it wuch
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P Hmhm«mmmumu-wmmm*
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uncontrolied thawing cvoles, surface spoilage can occur before the center negions hav i

thawed

Most sywterma sapply heat 1o the surface and then rely on conduction to transter et
into the center of the foodstufl. A few use electromagnetic radiation to genenste et wile
the food In sclocting a thawing syatem for industrial use a balance must be strudk et
thawing time, appearance and bacteriological condition of the product, processing probies
wuch an efflucnt disposal and the capital and operating costs of the respective systens

TRANSPORTATION

Chilled /frozen foods are transported around the world and locally via a range of tas
portation systems. All these transportation systems are exy . W‘hm
ture of the food within close limits to ensure its optimum safety and y
It i particularly smportant that the food is at the co B o
the ringeration systems used in most transport containers are not designed bm’.
from the load but to maintain the temperature of the load. In the large —'“
long distance transportation food temperatures can be kept within +0.5°C of the sel point

Control of the oxygen and carbon dioxide levels in shipbc i
fruits and vegetables, such as apples, pears, avocados, melons, mangoes, nectarines, bis
berries and asparagus, to be shipped (typically 40 days in the con e .
New Zealand 1o markets in the USA, Europe, Middle East and Japan. Even Jonger she
ln’t;”(mw-) 20 weeks) can now be achieved for meats, parti dzb‘l’fw::ﬂ b

“reighting i increasingly being used for high-value peris i " m' :
betries, asparagus and live lobsters. i]lhough aiﬁs:ds""'“s ok Fooe .,;..mwapm:
sesving distant markets, there are many problems because the product is usuall |
by mefrigeration for much of its journey. Up to 80% of the total journey time 15 made wp ¢
waiting on the tarmac and transport to and from the airport. Durin gd\eﬁiﬂl‘ﬁ.idlm .
mally between 15 and 20°C. Perishable cargo is usually carried in standard ageeg=r T
ﬁmsmﬂunmdntmglmmguu/mdryiabutism‘”'f’"" et

Overland transportation systems range from 12m refrigerated containers hﬂ h‘" o
tance road or rail movement of bulk chilled or frozen products to small uni 'P'-'
supphving food to local retail cutlets or even directly to the consumer. The rise in

:y m delivery services, where there are requirements for mixed loads of pmﬂl!i: ;
: ; ing a new complexity to
overland a':: M storage temperatures, is introducing ¥

CHILLED RETAIL DISPLAY

‘m temperature of individual consumer packs, small individual ftems and exposilh
h“Manyqum-mmﬂ amounts of added heat. All those pat
uats ane commanly found in retail display cabinets and marketing constraints requin fiat
.zhw isibality. Mai g the temperature of products below st limis
they are on open display in s heated store will alway's be 2 difficult task
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ranging from =67 to =00 and =8
AT, rewpectively, in one survey (Lvons and e 1985 The tompostss gessiomuie
o an individual display cabinet does not only depend on e design W gestior vt o
1 “hmyﬂuymdmmpﬂmduﬂﬁ%mmluﬂhmmu
Mm-@u&mmm-m
and pl ol thsstantalle i

mnhwdmdhdﬁmﬂm Mlmwwummm

displavs found product tempenttuars i th T
) wblmmm-mdssxwlmmn (Rame TN OMbr svtamsewss e
‘shown that temperatures of packs from the top of stacks were approcabii higie: e B
huw&nmmupﬂwhmm“cﬂumwbﬁm
g d packs can actues

fri mdnecn ad ‘heat trapy mvﬂrml’nm
dmhmmwkmmhnrmlmmm“

FROZEN RETAIL DISPLAY

No frozen food, with the possible exoeption af woc oroarn, shauild e umvmyed wher
Jin a retail display cabinet. Traditionally frozen food wa duglaved m e ol cltwes
‘with only the top faces of food packs being exposed n mmm case the cahings weow Sited
ﬂ-mmuuwm:-mmm.m-z::
f‘hdqﬂwnﬁun-ﬁgmdbnmhﬂum—d&&lm

A the of product helow ot St wihile fhen e o opes deglios
ah—lmnﬂdwnshuunau-\hmmwmhmnw
packs can result in the food thawang wm ovtrome canee. Diaring deipiten, nompeswtne e
mmumwnmm.mnmﬂ

The 58T o seg s T wagped Tson Sand.
Mﬂd&nﬂmhwhmm“uaﬂ“m&ﬁ'ﬁh
W0 anther cabwnet of % M ~5C P N o e = 35C bt
*b-‘udllw-ﬂ;!‘knhv\i\ms‘sﬂtm
S and 4 feowt) 3 swach & woide 3w
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The extont of temperature fluc will be dependent upon the wir tempemie ¢
the product, the product packaging and the level of radiant heat. Retail display pakeh
a relatively wmall thermal mass and respond relatively quickly to external tempes
changes. These can be from store and display lighting, defrost cycles and het il
fram the sore environment. In products where air gaps exist betweon the padagy
the food, sublimation of ice within the product leads to condensation an the il ¢!
packaging, resalting in a build-up of frost. This dehydration causes wenal] fussures in thes
face of the food, allowing the ingress of any packaging gases into the food This g
acceloration of oxidative rancidity within the product. Minor product [
tions are generally considered to be unimportant, especially if the product i stond b

=18°C and Auctuations do not exceed 2°C

DOMESTIC HANDLING

When removed from display cabinets the temperature of chilled and frozen fook &
rise rapidly if exposed to ambient conditions. Surveys have shown that the maprit ¢
comsumens do not use insulated bags or boxes to transport chilled and frozen food *
their hames. Once the food has warmed during transportation it can take many houn &
domestic refrigerator and freezer for the food temperature to fall below a safe temperiat
It is also common for consumers to purchase chilled products and freeze Ml?
Studies have shown that it can take over 6 hours for the temperature of a chicken partion ¥

ool from 0 to -5°C in a domestic freczer.
Generally the range of recommended refrigerator temperatures are below 8°C throu
oul the world, with many countries (including the UK) recommending below 5C T
Aumerow surveys on the domestic storage of refrigerated foods show remarkable s=
larities n consumer attitudes and handling of chilled foods and the performance ol e
#ridges. Perhaps even more remarkable is that despite nu recommend, -
“hv;mdmngrmpmmm,mmnerusemdlhepav'- of .'v remar
memarkably unchanged throughout the world over the last 30 years. Numerous surve
dmmmmmmrngvbﬂwemSand?CuﬂhwmmddM*
.,:‘ Operating at temperatures above 5°C (James et al, 2008). It i clear that many rirg-
throughout the world are running at higher than recommended temperatures Sim
these recommendeed temperatures are higher than the 0 to 1°C that is usually the n
mm“ temperature range for storing fish and seafood, meat lndm_myduluﬁ
e current situation is even more detr I to maintaining the high-guality e &
Tk o foods. At present domestic storage of chilled foods would appear to be the ke

0 the entire chill chain

After a frozen Product has seached g - . e # -
:’, L'“’“-" that its temperature will rise shove —12°C during domestic storage, urle
— -u muq cut In a New Zealand survey (Melntyre t ol S00T) enean tomper
~166°C domestic freezers ranged from ~11.5 1o ~23.3°C with an overall swean vl o
i -u@‘y 28% of breezers operated at ~18°C or lower, with 65% operating hawemn =1l
20 years mm" in freezers does not appear to have improved ovar fiv st
& <10 years old and froezers 221 years old had similar mesn temponiin
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amwan an temperature recorded an the fop ot .
m-mu.mumm-.m Wl ay
could be slightly slower in the uppes arees of the bmoss compmemnemy

SPECIFYING REFRIGERATION Sy STEwMS

pecification. In older systems 1t is often due 1o 8 change in use Tt wes sur omsiieed
original specification. There are three stages in obtaining & selsgaaton st Ha

process specification, i« Mﬂmﬂg hmdh

The process Msdud:namdmnh“mmw
! h-sddu.ﬁqemd“ ughput. The NP T the Sete o
nd the refs sh “-lnl-: cified o o deguaton and
C‘“WN e o
hmmun:-w»mma.wmmnnn
how much extra money can be spent to xave & grvon amean ol wogte K1 e e
wollected so far, and the decimons takon, will he on eustmg Profliien Sowie

that needs to be asked tx: Will thore e am: changos in the e ol She mitngesites.

C mmud abways be antimately snahod with B of The sl B zadtn i fons. Des
i ofion @ conflct of antorest &0 the anage oF A chdlien o oo Be pretes » Ol e
e wfton be ased 2 Maling yard how W SPREOT,  Be & R R SN prend
ot e sald M o antondod that oot of Thewe G aom 6 T Wk e T e cller
e the denagn @and b saade san b e Boalie oo i e T oo weaind
e avanhaling atva of 3 setiggeratad sdome R e Gl i B DG OF sEhe QIR SPNTe
M, Dldang arom B e feguend a1 Wee ROSEVGHE 30 and o T Feoe B s e
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out flows of material from adjacent processes, The time available for the procss wil
part dictated by the space that i available; a slow process will take more apace thes
proces, for a given throughput

Other refrigeration loads, in addi to that caused by the input of hoat fom thegs
uct, alwo need to be apecified. Many of these, such ax infiltration through o
ol hights, machinery and people working in the refrigerated space, are #ll under thee
trol of the user and must be specified 50 that the heat load given off by them can b
porated in the final design. Ideally, all the loads should then be summaed togethe &
time basis 1o produce a load profile. If the refrigeration process is 1o be incorportel ¥
all other processes within a plant, in order to achieve an economic solition, then thel
profile is important. The ambient design cond must be specified. These ar genes
the temperatures in areas adjacent to the refrigerated equiy and the temperatire
the outmde ambient to which heat will ultimately be rejected. In stand-alone
processes this will often be the wet and dry bulb temperatures of the outside ax I
process 1 to be integrated with heat reclamation then the temp of the heat s
mut be apecified. Finally, the defrost regime should also be specified. There are time
any process where it is critical that coil defrosting and its accompanying temperatur
does not take place, and that the coil is cleared of frost before commencing the specie

S02 30 CMILLING AND SREIZING

part of the process. {

Although it is practice throughout the food industry to leave much of this
fication to refrigeration contractors or engineering specialists, the end user should g
ali the above requi The refrigeration contractors or i specialists ar ¢

a position to give good advice on this, However, since all the above are outside ther a=
trol. the end user, using their knowledge of how well they can control their overall pres.

should always take the final decision.

The aim of drawing up an engineering specification is to turn the user requirement &
@ wpecif that any refr i o can then use to design a system. The fintar
an this process is iterative. First, a full range of time, temperature and air velocity ot
must be bled for cach "“-peciﬁnﬁm«wuingu\em"dd
product. Each must then be evaluated against the user requirements. If they are not ase
‘*hmmhwmﬂumempamd.ﬂﬂmnmmw
availabic there are only two alternatives; cither dards must be ] d (hence codiy
specifications will not be met) or the factory operation must be altered.

A full engineering specification will typically include: the environmental condifie
within the sefrigerated enclosure, air temperature, air velocity and humidity, the way i
air will move within the refrigerated enclosare, the size of the equipment. the sl
load profile; the amib design Mt and i dif g The finsl ghes &

engineening specification should be 1o draw up a schedule for testing the enginoeny
mwhhﬂd‘qmaﬁwl This test will be in enginoening and w

e :
specification produced should be the document that forms the basis for guiitios
:whvmmwmmm.mm,wmuhm-mﬁ
are objectively measurable once the chiller/freezer is compled. Argumon i
-?Mmm:-\dﬂudmtmmummt,amh‘umam.
m.muawummwmmwmmuu«u
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'ﬂnwmdcﬁum“dhw W o £ e aae o0

ﬁnpmm pnwld' .wwmmwmmm
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mmdnumc;unmy“-dnydmm T dhifioweny tondls, difisom
nism Mhnﬁdqﬂd&\%“hmm‘vmdnh

I storage life is to subject the food 10 longterm storage w Siftewm tongens

mm-uu*mmumamuw
on high-quality shelf-life.

TEMPERATURE MEASUREMENT AND MONITORING

and ing are | parts ol ame toad sl e e
qh.nwdlumhmyn-dhmm o gt mgureet,

ﬁcﬂddwn q uhnl N,
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' Verifisble and verified

lbhpn-l»duﬂ) now the differonce Sotwoon mmanitemg snd i | e
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Tempoeratare meavurement can be achieved using a variety of instrameniiben &
a bimotal stvle thormometers. thermiastors, the upl d thermomeen &
Tupically, m the food industry, temperature s achieved using -
mocouples and data loggen, while many temperat ! wystems use NI pikes

reantance sersors. Due to the vanety of available equip

are bost postioned to give advice to the food business on hmduvu‘l‘mm.:
urement aquipment for specific purposes and food products. B can

in publications such as the ATP Handbook (2012), IIR Recommendations o thi Proveng &
Handlimg of Frozen Foads (2006) and Fvans and Woolle (2008) The following question: &
useful asde-meémoire when choosing equipment:

* What o the required temperature range and likely operating temperature zange for e

imtrament? 2
I there a need to measure product temperatures? Ambient temperatures: Vackage
tomperatures” :

* Ixthere a need to ¢ ly record the perature (temp hstory), or am
checks acoeptable” ) »
If 2 temperature history is required, what sampling frequency is required’ ¥
Does the system need to provide a permanent record of temperatures, or just act
outtiade Limits?

What 1 the required accuracy?

What iy the required response time?

If electronic, does the battery life compromise the application? .
What shape of probe is required? For example, a flat probe to reach W@Pldﬂﬂ
"*‘-'r long robust probe to reach the decp (core) temperature of a beef side, elc

b water proofing of the probe/electronics required?

Can the temperature data be imported inluﬁummurill data analysis spreadshects ot
software packages?

* Does the system allow ease of calibration?

One possible aid in the future may be the widespread use of ti T mdie
g (TT1) througt the cold chain (Taoukis and Labuza, 2005 Evans &
Woolle, 2008, Hobday vt al, 2010). Time—emperature indicators, or integraton (s
are simple and potentially inexpensive devices that are capable of reporting visual an
straightiorward summary of either the temperature (ind +) or time-temy e
mhmn(mmiau.-pmam. Indicator or threshold indicators show that a pr
uct has excoeded, positively or negatively, a given temperature, while integrators omiter
both time and temperature during a given period and show the cumulative effect of

; fluctuations during the history of the product

Recommended Temperatures

, Cumently, the Agreement on the International Casrisge of Perishabile Foodstafh (417
= for transportation of chulled and frozen foods, as shown

”

o

¥
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. dmwwmmumnmh-
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orsure that proper cold<chain 18 ! pood -
good manafacturing practices (GMP) and the of the HACCE, nlz.
Codex toxt Geneval Principies of Food Hygiene (CAC/RCP 1-1969). H&h“‘
approphste gudance that can be used in developing management
the Genevarl Standerd for the Labelling of Prepackaged Foods (CODEX STAN 11985, ol ¢
hvgionic practioe (e Code of Hygiente Practice for the Transport of Food tn Bulk and Sew g
Food (CAC/RCP 47-2001), Code of Hygremic Practice for Meat (CAC/RCP S5-2008), oo s
practice (e.g. Code of Practice for Fish and Fishery Products (CAC/RCP 52-2008)) s well s
Guudelines for the Validation of Food Safety Control Measures (CAC/GL 69-2008). Guidane @
also be found n the ATP Handbook (2012) and International Institute of Kefrgenstion (50
Recommendatsons for the Chilled Storage of Perishable Produce (2006) and Recommendatin &
the Processing and Hendling of Frozen Foods (2006)

The following general factors are important in relation to achieving the necesar le
perature control for chilled and frozen foods:

In raw matenals selection:

* Remember that high-quality chilled and frozen foods require high-quality raw materisk
and

ngredients
* Stocks should be rotated to ensure that the products leave the cold store ona “firstinde!
out” basis or shortest durability date.

In chilled /frozen food production:

5006 B0 CHILLING AN PREIZING

itor at the critical control points

d time as p to

* Usep i
(CCP) in the HACCP plan.

- Inbhﬂ-andiﬂknandhmnpoarpmdudloadingmdplmmwhh
of cool air around the product adversely affecting the rate of cooling. 4

* leed-up cooling colls in chillers/freezers will have an adverse effect on air flow and
indicate the need for proper defrosting regimes and correct setting of thermostats
hm/mmm_

* The temperature of the cold store may be an essential quality provision and/ora CCP
monitoring parameter to avoid a critical temp abuse situation that may jeapardis

food safety
» :wamﬁkn-c@mmgpumuuhum

* Introducing warm products into chilled /frozen food storage reoms can cause a
ncrease: #t should be noted that storage rooms are intended only for halding

d&u‘mhmﬁxﬂu

* Stocks should be d to ensure that the products leave the cold store on a “firt indint
n"b—'samdw&iluym,

* Product and environment temperatures should be closely monitored and sooordsd
during storage. Systems available include dataloggers (both 1n sty and portabic)

) H"“*mﬁhmmmwwﬁrmmmw
comect setting of thermostats,
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hmom:

frozen {oods should be carriad out in such & wan thar am v
mwmwnmm-lm&hqnhammm-m
E by competent authorities and should not an am case be s thay =070
Iy hhmmwmwydummm'hm
~ temperature should be reduced to ~18°C as soon as powsitile

In chilled/frozen food retail display:

- * Introducing warm mmaﬂu/mumn.mw.w

* increase: it should be noted that retail & e e
~ holding and are not designed for cooling foods
-m-mumhmmme-um Tovor cabine sty st

2 and inadeq servicing can cause sigmifon greitilons vl

mmﬁhmwumnmm—qm
E -umdm
o with cabinet dessn can durapt the flos of canl an Brimugh Be cibies ot
~ cauwe anisein
~» Cabinets should be located so that the apon Sugien smos 1 st W dmaghe o
~ sbnormal radiant heat (e g direct sandight stvong seriow gt o o domet tie vt et

X souroes).

~ » Stocks should be rotated 10 oty That the prodac aw xaid om 3 o el o’ e
or ghortest durability date 1 50 Dase Mcudd Pradacts e simd e M speofied
ahwitt-dde

Problom Arcas
Tewmsder pousts, €8 chilller /froezer o cold s, Baowey 1 Seaunce vewls sl
et A0 (R telTigeraian, At el Ao peeliom s A et coope &
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that of the “rolay syatom,” where the baton (the food product) is transfered sadely fomn o
wpomsible porson to another, and where a signing svatem includes intormatin
product temperature and history. Such a system necessitates thorough educstion and i
g of staff Tikely 1o come into contact with the food product.

In mam ambased refrigerated systems the evaporator coils operate af tempestos
brdow the freezng point of water in order to achieve the required air and produst te
P During of water vapor that is present in the air that ciroulates ove i

ap coil cond ov Iy # on the coil surface. Over time frost s
we will accumulate on the coil surface leading to a decrease both in the air flow i s

an the overall heat tranafer coefficient, causing air temperatures to rise. In onder to mae
tain satidactony performance, evaporator coils are defrosted periodically. This is achine!
by warming the coil to melt the ice. This warming can cause a brief rise in both ai ol

d 1 1 / guid. usually allows for such briel changes, b

example ATP guidance permits “a brief fise of the temperature of the surface of free
foodstuth of not more than 3°C in a part of the load, e.g. near the evaporator, above fe
apprapriate temperature.” Defrosting is usually controlled by a preset time cycle. how
ever, such control may cause a ber of y defrost cycles which reduos
energy efficiency of the refrigeration system as well as ing y B »
n air temp Impl ting def only when they are needed, or on “demand.
would reduce the number of defrost cycles, lead to savings in energy and improve pré
et quality and safety
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RIS 2.

s12 BODETROTION OF PHYSICAL HATAKDS
The product 12 mmoeptible to ¢ from raw | to final consumplion Tl
" P » often ble for d foreygn bodies (o metal s

clos o human hain) but the raw r;:nlmnl itnelf gt also contain foreagn bodien tor e
ple fivh bones or grit i mushrooms

The application of good manufactusing practice (GMP) and hazard analyss (A
through the whole food supply chain, “from plant to plate,” is the most offective wa o
vont and reduce ¢ and thereby protect the consumer. this includes, for s
ple, hvgienic desagn of buildings and machinery, training of factory employee, smadise
of pests or cortification of raw material suppliers. In addition, sep and sorten (of &
ton, smeves, magnets, lasers) might be placed on production lines to improve forigh b
reduction

Unfortunately, due to technical and oper 11 the abov oned o

can only mutigate the risk. This s why detection equipment, typically s med

detector or Xerayy, are part of the foreign body manag t system, working in combio:
tion with upstream control measures to the likelihood of prod

They act like an alarm to warn about weaknesses in control measures, However, thes toh
are not absolute barriers and cannot ensure “zero risk” for the consumer, and overod:
denee in detection technology may ereate a false sense of security

Foreign bodices might be differentiated from the product by any of their physical cham
terition: magnetic or electrical conductivity, density, color, shape or dimension. Despite
emergence of new detection technologies (ultrasonic, near infrared or magnetic vsu'lll
metal detectors and X-ravs are still today the most commonly employed technology in fo

P due to ble cost and good detection on physical hazar
Both of these technologies are also supported by a mature industry providing efficient tur-
ey solutions, maintenance and spare parts services.

Detection equip i a wpetitive market with dozens of suppliers. Significant gap
exist between manufacturers in terms of detection capabilities, product handling, e
units, human interfaces or service Jevel. Complex integration ins the preserve of a e
specalists Gaven the hugh cost of false rejection over several years or repeated effiams
lowses, it would be unreasonable to try saving money during the machine selection proces

This chapter presents the basic working principles of metal detectors and Xerays and
some key rules to select the most deq quip according to needs. A second part
Muammrymmf P 1 2 of the detection equip

SORTERS AND DETECTION EQUIPMENT (FIGURE 21.1)
Forcign body 1 (hereafter called sorter) and detection eguipmet

nduﬁmpau;d into 8 u'm:.-duumumx, however, there is a sqgrificant difloon it

their purpose:

* Sorters (eg, sieves, filters, magnets, manual sorting) remove foreign bodies tram s
Product identified as a known contaminate (e g. agricultural material nuts, cacas o
green coffec beans).

1L TECHNOLOGIES AND FOOD SAFETY



» Detection equipment (e.g. metal detector, X-ray, near irraved) o asanlic anitlied w e
last stage of the process to control f body hazards prior W
Hmmwuu §
n.hn‘ b the o, e
acty nmmwm
orilla
dmﬁdmudﬂuendmmmwmn
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Dictevtion devices should be mstalled

* Attheend of the process, at or after packing, when no contanirnation is expectsl
* Atimportant intermediate process steps, for example at the filling or dischagging o
diate bulk ¢ T

There are countless sorting technologies, some very specific to cortain types o indesy
Almost all physical, chemical or biological characteristics can lead to the developmes o
rorting techmgues. Here s a brief overview of the most common
* Sieves and filters are officiont, cost effective and used on froe-flowing powden,

granulates or igind P wof i based on the geometric dimensions of the

contaminants. Setup might vary from a simple grid to a rotary or vibratory configusie
umng different mesh sizes. Sieves are often combined with magnets to capture largeand
small ferrous contaminants. Good build quality is vital to ensure the sieve itself doond |
become a source of foreign bodies. Perforated sieves are preferred 1o wire sieves for ther |
hygienic design, but the clearance rate will be lower and might hinder the product flov

{especially for powder). Edges must be free of sharp wires, and welds should be avodel

v mmiach as posadble. For the same reason, scraping elements, such as brushes, are not |
* Magnets attract ferromag and some p agneti Is. They arebuilt with

pec magnets or elec gnets. In food applications permanent rare carth

magnet are the strongest available. Magnets can be configured as magnetic plates,
pipeline traps, magnetic convevors, grid or rod magnets. They are a good counterpart

‘“mmmwpmthAmmmnmmeﬁmnmfﬁuumbeM:;:

detectors. They are often used uj m of equipment such as mills or cutters

mecharucal w.l\sadnwbmape;q:nsm only remove magnetizable matenats

Magnets are ideal to attract thin and flat particles; however, spherical or larger fragment

may prove harder to catch

A point of safety: strong magnetic fields could also be a danger for people with heart

¥ kers; therefore all magnets must be labeled with warning signs.

- Wlﬂlmm(hgun'ZIJ)nmmmkxsymadwmmm
sng various types of lights and cameras to segregate contaminants according to ther
shape, size and color Of the two sorts laser sorters are more complex and 3

g for structure recogs Therefore two el with identical color can be
differentiated thanks o their different outer structure. Even chlorophyill content, water
content and characteristics may be distinguished. The product is inspected
during free fall by a number of broad spectrum lasers simultaneously (infrared,

"h:‘:d“-"“-mbh&.ﬂz) While passing through the scan zone, the signals from

e d lasers are evaluated. A few milliseconds later the defects are hit by tined,

high-speed air jets into a reject chute.

Both, aptical and laser sorters are surface scan only. They are usod on items suth s

yogetables, fruits, seafood or dry foods fe.g, nuts, hazelmuts),

o sorting avalid solution where automatic methods are still oot efficen
“nough or only available at prohibitive costs, This is an ideal choice for small and van

. TECHNOLOGIES AND FOOD SAFETY

[P



- constantly this magr A magnocalh pommesiie @ s
,ummm:puwu- il o e
metals i om the Tagnoetic o Sl s, vk
ﬁ-c-ybdua Nm-ﬁ:ms-eh\nmmm weman diffeail u dees
ihmmoﬂ) from the induced magnetu holdl (dar e e sl g
steel is the most difficult 1o detect as it o sy mormagnetu ad « s i
h-‘y-eﬂdmwﬂm-mm«ml'h -u—u.-o-n-
-Mkuhauﬂ sl donsit » o
1 hpﬁnﬂ*“hmmw\nmw-ﬂm
~ acondition called the “product offec ” The anyibeadc of S sgmal doponds o fie it
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Meoetal detecton s geometry and position of coils can be arranged in vanouw wan
walk-through gantry at an airport, a hand-held soil search as used by the militan o
face bar for webbing In the food industry detectors typically have a oylindrosl o mos
gular aperture Principal configurations are the horizontal flat belt (s convevor b pues
through the aperture .o handle the bulk or finished product), the vortial grevit tall (v
of bulk powder or product in free fall) and the pipe tnspection (lor pimps

four

higmds or pastry products)
Performance between equipment and manufacturers might vary signilicantly &

when benchmarking performances, it is useful to remember that detoction capabilih ¢

proportional to the mass of the contaminant when using spheres; therclore o detect
difficult to obtain than a diames

et

lmut of a diameter of 0.8 mm s about two times more

of 1.0mm

How 1o Ensure an Efficient Detection

A hugh raw signal quality will always give
some design characteristics have

better results than using post-processing
a significant impact on the st

tering on a poor sugnal;
Quality
* Aperture dimensions. Aperture dimensions should be kept to a minimum since
the larger the aperture the lower the sensitivity. In practice, it1s e
place detection equipment where the package/product is the smallest and the most
homogeneous (e . individual pouches before grouping). makal Mol S a4
shipping carton). Sensitivity is minimum at the center and maximum at the edges af te
aperturn
Coil spacing. Tighter coil spacings are available when geometrical pre
be overcome. By bringing the coils closer together, detection quality is slightly y
reduced; often the shielding will also be smaller, creating more sensitivity to ’
;:e;‘(n\fnmw{u disturbance. Such a configuration might be sele bt
ound
* Operating frequencies are referred to in kHz. The lower the detectors frequency, the
lower the product effect and sensitivity. Fixed frequency detectors are built for simple
applications (low product effect); a multi- frequency system offers e
several frequencies to optimize the inspection (often done automatically during aute
setup). Some high-end solutions generate several frequencies e
filters independently for each
In addition to the above design features, some installation rules must be ——
achueve best in class performances, in particular

* The metal
e -free zone., This is the required area free from conductive material (especially
can \’mlﬁ %) The dimensions for the metal-frop zones are given by the supphon and
am 1 to 1.5 times the largest dimension or diameter of the scarch head fiobe

confitmed by the supplier)

. TECHNOLOGIES AND FOOD SAFETY



N |

[/

sure

~ meommended. Often the reject unit itself is  source of vibration

~ During operation some other aspects must be rexpected 10 mamimize Gl ot ani
~ ensure the best possible performance.

,-mm“ b ducts s usanlh etvend) o il an

hmmmmdhmdimnundﬁmlmu»m

respected the wrong pack might be detected and rejocted.

4 nmummmummw'mm

1 such as

s MMMW&MMI&HG“W

~ notdned comrectly before restart.

Technical Limitations

As d before, the product effect i the main ) W o e
- bilities; but in addition

* The of wire Prrough e anottun mght
-ln&m-unmm ndn-‘nh‘m“ B
equy tables b q-hur* and o LN T T b ce
onentation.

* Metal d cannot Packaging 6 T T, Y DN T e e

pmmmm Howenas mm"ﬂ.hﬂ”
of metadined), some manatactison propeose s o tall e B de B

troguences
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and staisdons sived
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- -

c

FIGURE 21.4  Xermy aguipment working princple

i i i and test
* Gravity fall and pipe inspection are efficient solutions but difficult to set up
Reject units are difficult to adjust and might generate a significant amount of reected

product 1o ensure the contaminant has been excluded. Jtis
with manufacturers on this topic

X-RAY DETECTION

Waorking Principle

Referring 10 Figure 21 4, in the X-ray tube (B), electrons arc & =

and anode under strong electrical potential produced by a h@-\“ﬁﬂ&"?"d 4“‘_-

the electrons hit the surface of the anode, x-r-;sw-;vpmd

enetEy of the eloctrons is transformed into heat, hence the importance s

:‘WW the product, X-ravs are partially :bsorl:d T;mm "
detector (C) where X-ray: -erted into light by a comensl

C) w Xerays are conv T into light fer(D)msfmdS-‘Wh"

for TS can penctrate al kagi als, which makes this method s

Sning Mbunk: tin ar X—nvdmu‘bmqmlif,\'ism

"'. m—’:’i“qmwmwhmmmmw
the material is given by the following law:

»

1=y

;"' transmitted intensity, I, is the incident X-ray irterpdty;, g ois the attens

. and x is the thickness of the material The attenuation codficiont y Wil
densany

image puocessing algonthms identfy ta; this task b o

“”w&pkmlv(mmnw are shown in Fogure 215 W

: ‘“""-‘--w. through the complex filteving of the brai, ool &
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'-ndydlﬁnm, even impossile, 10 detect by automatic routme (et & win @it
- still require humans skills to analyze the X-ray scans of luggape) Basi domatns vk
- on a simple grayscale threashold Fixed muasks /frames s then appled shoe g

WMM‘SWWW\ customizod configurntiume might
iy appli by placing one o more viows with diftomr g
ﬁ*mwuhwnmmmpmwdhummmmwa
from the bottom crossing the conveyor belt to inspect packed, unpeoked and bk st
A similar configuration is used for the pipe inspection, sosmming pamyned prrate Howgh
- pipe transparent to X-ravs. Stand-up products Tt canma i o Thor sdie we i

inspected by lateral view with the tube and the domson st an ssch st o e
conveyor.

lﬁ’d ' bile wmmmﬂ
wmu d ll- 4 e st e e

wmhw\“mmMmmﬁmm
multiview X-ray (between two and fout combiming latov| and wy -

mificantly the s olume coverage

Glaws container Iogrection i a Tpial avos s malioes S o o el D
1o the donsaty and thacknes. of glam, the hotrom and s o T paokapmg wil g
Hlurmd, limiting the Sugaction an & segie Vo Unang & seomd! v, 1y S D
g 6t 90 degroe. the aroa GFREWI 1o Bege T ane wiew ww en oslie @ e aihe
wapilatned an b oe 21
lmmwwwhmmmpwmnmuwm
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i : :
1 {4 ]
Do~
inspection area
i 1 1
L y I
7 [View 1] (vewz]
¥ FIGURE 216 Doubde view on rigid
How 10 Ensure an Efficient Detection
As with metal detectors, the first priori is to ensure a superior raw signal quality (P
- and resol ‘ofapzmmﬂecﬁ\'epos!mmgmlpﬂm'

hecainsk Theretore the following need particular attention:
i y tube power and voltage. The vol indicates the penetration force of the photon:
-!-dﬁmn-u.pmym.gl:“ Some filters migl':le:lm be applied accarding t¢

the application to fine-tune the energy profile of the X-ray spectrum.

= Focal spot size (area where the X-rays are generated) influcnces the image sharpness
together with the distance between tube, object and detector (as illustrated in Figure
21.7), An ideal situation is 1o have a small focal spot, a long distance between tube and

and

abject and & small distance b 3 . Note that the smaller the foai
th amp the cooling, as all the energy is concentrated in one poirt
= Scan resolution. As § from digital the higher the number of pixels,

 the better the sesolution. Usually for food inspection the pixel dimensian should be
in the range 0.4 t0 1.2mm. The resolution of the picture is the result of scan froguency

 #n conjunction with conveyor speed. To obtain, for example, a 0.4 mm rosolution st s

conveyor speed of 25m/min, a rate of 1042 scans /man 1s required
* Sufficient contrast between the product and the contaminant i dependent upan i
‘thickness as fllustrated in Figure 2] 8. As a 3  itis Sod 1o inspect iy
smallest and thinnest possible unit. For example, detection performance will b betio i
@ single sachet than on a shipping case.

A TECHNOLOGIES AND FOOD SAFETY
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$22 POOETROTION OF PHYSICAL HAZARDYS

There are many rudos for efficsent X-ray installation and operation

* Precive product handling reduces image variability and provides  greater precision of
the mpection aroa. Protection agatnst radiation (curtains, baffle system) can often bes
source of disraption to product flow

* Trame . Protection against radiation requires the use of o shueld which
sometmes resvtnich the ac bility of the transport and insp arva bnsure the unit
moany to apen and access for deaning and maintenance is straightiorward

* Software. This » probably the most important aspect. The software might become
extromely complex and unmanageable for a factory with limited engineering resource.
Manufacturers provide remote control solutions, but this is of limited support i many
wituations. The software must be easy to use with a limited ber of § ®
enure manageable setup and traceability.

Technical Limitations

* Awareness of contaminant shape and orientation (Figure 2193 A contaminant might
appeat more or less dark on the picture depending upon its orientation. This is especiall
himiting for flanened shapes and low density material.
1t s necesmary' 1o be vigilant when comparing the detection performance between meil
detectors and X-ray. Indeed the use of a sphere or a cube is always preferable for Xeran
because it concentrates the mass at a point. Multiview X-ray improves the situation by

from diff angles.

Pr g the ¢

« Blind area on rigid container (Figure 21 10). Masks exclude part of the picture and
therefore part of the product, where shadows generated by the packaging disturb too
much of the image. This has to be considered when benchmarking X-rays on rigid
containens against metal detectors before filling, where with metal detectors 100% of the
product is always mspected.

* Limitation with al Aluminum density (d = ~2.7) is lower than other comman

metals, three times lower than stainless steel (4 = ~7.9) and therefore more difficult to
detect by X-ray. Density is not the only limiting factor; chemical elements up to atomic
number 12 (magnesium) have light interaction with X-ray photons. This interaction
dually only from ber 13 (alumi: )

L

Safety

Industrial X-ray for food inspection uses an electric X-ray tube, containing no radactive
sources. When turned off no residual radiation is produced. During operation the apeaty
ol d'by the lead shielding of the machine. The leakage can be meavured by a gamna
survey meter. There are no common international norms; cach factory shoudd refer 1o i
Jocal radiation protection entity to ensure compliance with local regulations

Note that b are y exposed to X-ray radistion, mainly from nature o
mic radiation, radon in earth) and to a smaller degree from human activity (medical
or mir travel) For le, the dose ived by 2 French atisen i shout 40

4 ag E
mucrosievest per year, where a return flight from Paris 10 New York will gencrste a dose

1. TECHNOLOGHS AND FOOD SAFETY
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FIGURE 21,10 Lamitation on rigid containes

.mu.a—xmmm-n"m an.-.

Arinl Xerays maght not ge anvy
‘Some rocommondatiany,

. WWM&WMW T AT ST e

m o paanaally reenoue prodiact S sn \da dedir wilhed swiiciang o e

E mm“m-mum«-uma‘mn»
o 1 e g AT 1 AR 2 B e, st Tl sk Re

B TRECRNOL OCHES AND FOOD RaFgm




TR e 81 1~ & 5

1 TPETEOTION OF PHYSICAL HAZARIS

EQUIPMENT SELECTION

There i no araque configuration and several aspects will determine the choe of dete
ton such & rink (material, shape), packaging and product dhar
nﬁm‘x line layout, environmental conditions or process speed. No detection technelogy
» able 10 detect all types of physical hazards and, according 1o the risks, one might il
complementary technologies. Direct dialog with suppliers every so ofton is the best solittion
tor professsanal advice The following selection process is recommendod:

S24

1. Determine the source and nature of physical hazards all along the production line
baned on the HACCT study and factory records. Maintenance reports or consamer
complaints are an efficient way to determine the main hazards

2. Apply all possible prevention measures to ensure the best reduction of foreign bodies
GMP. hygenic Jesign, best practices and sorters according to the principle “first provent,
then detect ~ Working on the hygienic design of equipment with the supplier o eliminste
the source of contamination in a process will deliver better results than using a metal
detector and retaining mc source of contamination.

1 ion according to the type of produc

3. Select the most approp and |
and the w*hm 'ﬂu» step might rvquh\- modifications to the line layout For example.

the mstallation of a metal detector before filling instead of an X-ray dev ice on packed
design of the filler infeed

product due to higher detection capabilities might req a s
or heyght of the building. Keep in mind that metal detectors and X-ray technology are

more effective on small products (e.g. bulk before filling or individual packaging), rather
than on gr d praducts or shipping ca
4. Select a shortlist of potential suppliers, bnnd on selection criteria, for example:
a. Best detection performance for the specific application.
b. Capability of the supplier to provide turnkey sol infeed, product handl
niu:\.exr)
ilable from the supplier in the llation countrv. This is essential

mﬂwmﬂhmmmuwm X-ray that uug,hlnquucfreqnuﬂ
me-ntu\pm;pmﬁrmmmmc
. lled in the factory to optimize

=

c S

4. Coherence with other equip ds already
and J cost.
il“ﬁwww”wlﬂ see below
6. Send URS together with prod d test Jes to the prese)

wummwmw- 1t in recommended fobuﬂd\mm’n

“dmummmnhupﬁhmnmmﬁmmh«um
ppliers (with spheres and real frag, ). Indicate the testing procedures to fallow

Hdvhdlnldmddh-ptmddunngdwmd-

7. Build a selection matrix to make the choice, assessing the key elements of the RS

Equipment with slightly inferior performance might be chosen for its cane of deaning

and

hygienic
luawmmwi&wendm”pﬂmu axnens anll
the d pat for each relevant foreign body type, according to fie

d i q
=P
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tegral 10 the of & equapment This s the s e e
supphier and factory by defining all key aspects of the amstallsiom T 808 & o
document that should be developed and agreod with the sl By He g
A contwin at least the following elements.

wmm

+ Country, address, contact person
me.wdw(mmxw

~+ Confidentiality level
B (factory accep tost, g, AP

+ Project timeli
Mw
wuqmmy.mmma\
~“ ility) lathy dmy P greasity

* Inspection product conditions (temperature)
characteristics

. memnmmmmmunmmy
dwslorud\(um(mw“ wenght)

* Line speed (kg/h, m/min, pack/min)
» Line layout and constraints (available space, accessibility, o)
« Accessible power: electrical (V/Hz) and pneumatic prossare

muﬂm
+ Room Sp WP humidity) and hvgiene tevel
* Typeofd "-(m‘ ing, dry cleaning) and IP woq
« ATEX 1
* Expected
+ Foreign body h d 1al on the hime (maneea, Aonsin
* Maximum acoeptable false reject rate
+ Expected detection limits (see Further Reading)
» Reyect unit requirements
* Additional requirements
* G (Mrhetnet, e\
. lqh.bkm&dn‘rtﬁr Tt A <uenk ol e semed T Wi, TR,
tesd saampies sphones and g ST T
» Traindng modulos and & Aangang i oV )
* Mamonance comtract
. “ﬂ-.‘ S & 2
rmwm -
- “ ed s e

M\ﬂmmndm‘n\ e pE il B sgples
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26 11 DETROTION OF PHVEICOAL MAZAKDS

TABLE 211 Sunwaan of Detovteon Capabilittes for Xaay and Metel Dvteotn

) Material Metal Dotocton Adlay
Mo P— i Facutlomt e
N doerous Faewliont Lol
Nasnkess stond Gaond Sl
Atuminum Tncwltent Fan
Now-Metal High donaity (08 Glass, stanes) Nt puoesitshe: ™
Light denwity (e Irsects, wood) Nt possibile N ponsi
Metal Detector or X-ray?

Testing the product on trial equipment remains the best method 10 evaluate the kighe!
destection performances between a metal detector and an X-ray device. Nevertheloss some

basic rules will guide the choice in the carly stage:
* Non-metal hazards only: On dense materials (e.g. glass or stone), usage of X-ray is

abvious
= Metal hazards only: Promote the use of a metal detector if there is no contraindication

due to the packaging or product itself. While benchmarking between both technalogies
ber spheres a favorable shape for X-ray. Therefore it is recommended, in
o ph to benchmark both equip with real
« Aluminum hazards risk: A metal detector is the most appropriate technology (as
explained previously)
Table 21 1 gives 2 rough summary of material detection capacities.
In addition to the above technical derations, inv t cost, layout, maintenanee

Ad 2

wplexity and difficult eny might drive the choice too, for example:
* Investment cost is usually cheaper for metal detectors. In particular, multrview X-ray cost
can be prohibitive The costs are also higher for X-ray equipment due to

expensive spare parts (X-ray tube, detector, high voltage generator) with limited lifetime

* While a metal detector has only a few parameters to adjust (amplitude, frequency and
phase), X-ray machines need tens of algorithms with many parameters and are difficul
tomaster and trace in case of modification. Factories might evaluate the complexity they
are able to manage, in particular if no local support is av ailable from the supplior

= U the contamination risk on a tin can line is only metal particles from the proces and the
filller is evaluated not hazardous, a metal detector before filling to regularty chock the filler
imtegrity is 2 more efficient solution than 2 multiview X-ray alone on the tin can aftor filling

Choice of Reject Unit

Reject systems are an integral part of detection equipment and mist alweys be p o
d Faultless efficency and svnchronisation with fy

% F F
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~ detector must be ensured o avoid issues like misspection, uncontralied apstion 1 &
(Pigure 21 11).
Some key rules should be followed:

® The rejection motion should be quick enough so as not to distast tie e it wnd
‘create consecutive rejections.

* Irejection is actuated by air jet, install a pressure contral gauge to mden msaficen
air pressure, m&eqﬁmmwmmWEWm o atfe
tank might be needed) and f ion unit with sl A e
dimensions.

» Install a sensor to confirm the rejection. This control should stap fhe T £ mston & e
effective. For flat belts this is often done by a laser barmier at the o it spion
table; for gravity fall or pipe inspection #t may be done by placing » sseond e doesor
with a smaller aperture (for higher sensitivity) on the seject proe Il o s Ge
&mhﬁ

.

should be equipped with an ercoder o mmsar aitonwie
*Mdmnmdn‘mhm“ww T e o o g e &
photodiode should be used 1o et The oxat gt o the et
« For combined systems such as a checdkweigher and motal dotecta, e st foves
should separate faulty weights from contammated pacs e ot Lngres st e s

p

any P 1d be rorected m the Soreotian s hin, with st e
incatyect weight

. !\thdﬂnﬂdﬁpm«mﬁ“g\mnm‘mmcwm
over five) of duting

. hmmnmmﬂ—m lu e T8 e g
s finger ropect wnits These Formtun sk slion o amand st o el
Products, like glaw jan 1o avond breabage T cosid load e gt Srogm dody
contamination om the b 31 sl allone 5o wwe tom o Salion Soinave o8 Seoeihe

® Reyect samute for gravery Ball o pupe Bvgwectanm we camgitos smdl el 1 e deagied,
anstalind and mogulated By sganoiation. D mlaruimtig T B pige s e
Bt Beeputiee T A0 The T 1A% LaRR Tela i T SRR G o T
seproion valve saast be comadonnd A Rooslin mnidie sols o n B 8
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8 1 DETROTION OF PHYMCAL HAZARDS

DETECTION EQUIPMENT MANAGEMENT

Detoction equipment is often the last defense against physical hazard contaminton
betore the product neach on. and warns in the case of fatlure of upstrvam mesie
Detection equtp must be d as an alarm it has to be inactive most of the time ol
warn only when necesaan leading to further investigation of the source of contaninano:
The trust placed in this oquipment by the operator, engineer or quality manager will oo
tribute o the officency of this alarm: in particular, a too large amount of fulwe mject (Ix
sensitive settings) and insufficient level of detection are both responsible for a Joss of b
dence in the equipment

This is why a detection limit cannot be decided in advance, it can only be measared o
the parameters have been set for an acceptable falve reject rate Indeed, increasing the dele
fion senstivity results almost inevitably in an increase in the number of false rejects

and logy necessary to ensure adequate detection paramde

L3
adjustment are presented below.

Product Classification
d product, but often fhe

During production. the rejected product should be a contami p

detection equipment rejects products for no apparent reason; this is the notion of false reject

and comrect reject as described in Figure 2112,

False rejocts are defined as products that have been cjected by the detection unit for no
acceptable reason. They are mainly due to:

= Inadequate sensitivity setup, Often due to too sensitive parameters leading to the ejection

d.,_m packaging and /or good product within acceptable specification.

o dsturt (e.g. magnetic or clectrical field, vibration, unstable power
supply).

= Operational issues (e.5. vibration on metal detectors, wrong setup after format
changeover, dust, poor cleaning, packaging with incorrect orientation/handling/
Spuciag),

% Hhh.w/‘- all {e.g. inappropriate product/packaging handling evsiem,

P et i yor or def d packaging, not respecting the metal-free zone aren)
d malfun \g due to internal technical failure (electronic issues or
iy :‘;ﬁ*nﬂlm Asc in X-ray tube, tube aging, software bugs ar

ol A-zay equip

.Fm" ‘h meject, some non-contaminated items might be rejected due to prodush

-_.'-_:::w by the detection wnit as a defect, This occurs bocause it bt

ez, differentiate foreign bodies from some products or packaging devistion

“.wl ar might reject a product with an sbnormal moisture content level ar an L

feject an overweight pack. Some typical examples are

n hwh”‘ﬂ!hmwmmn in the side wall of & gl jor

Appearance to metal contamination in the product These jars arc thowday
Often ssjected, but in this case the detection equipment should not be Hamed

B TECHNOLOGIES AND FOOD SAFFTY
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FIGURE 21,12 Reject categories

* Atin can might have deformed during transport, and » srterpremed by X aw w oy
acceptable. Again this should not be conmidered a falwe voreot amiloss & Tkeriie o ke

factory 1o produce such defects; in this case the detection semmitieits mjghe b esllosd o
accept a wider packaging defect range.

The False Reject Rate (FRR)

This is the ratio of “false reject /inspected product ” The FRR shoutd e ool o
extended period of time or quantity, after the rojected Frodact i heon somnl and Swessited
into categories. A detailed examination of cach rorst i meorssars W define £ 1R & Gl o
correct reject

in order to ensure a realistic workload and o mamiam comtilions o e W e
detection equipment, FRR should remam at an aconpiatite sete sdteali Sl 't 5% 8 goed
salue secognized in industry s @ mansmam of &AM e @ e o e s D
define the acceptable level of ot that can he managotie Moo, me ke s ol
() might also indicate the eguipment xottings s n

M s mcomeendoed 10 st the dotactam oguagimen w Mg woralnd and e el 6
s by st onoe the FIRR s acooptatvie: The somsn i o fhe dcteio i sy o em el

sl orevgih

Reprenentative Samples
Ar discwsnd, e prodiact hadactatu e W

Anlne meec, B enampie the GomaTy Puamatm ks gwrs
o packaging Wt atues,

¢ SRR R Gonentie &
ST o e PR

R TECHINOLOURES AN PO




530 11 DETRCTION OF PHYSICAL HAZARES
Homogeneous Heterogenvous
Product repanition product repartition

g g B e S

X-RAY preture

A ———  C—

FIGURE 21.13 14 it i

Rey samples late the but acceptable, industrial varistions o fhe
product and /or packaging. These samples can be hand-made or collected. They are used ©
et the sensitivity of the detection equipment when a large amount of product is not aval
able. Indeed. to ensure an acceptable false rejection rate, it is moreleﬁnaﬂ to ensure thet ¢
dozen representative samples are not rejected rather than inspecting a thousand idention!
products

Some examples are given below:
= For pouch inspection by X-ray, some e cases should be prepared, for example

heterogeneous fﬂnduﬂ'lqnariiﬁon in the pack (see Figure 21 .13), or over- and

ight parts.
= For conductive products - a metal detector (e.g. wet, frozen, cocoa based), the

standard variation range should be tested and not rejected.
* Tin cans might be artificially slightly damaged to reproduce some of the usual damage
found after transport.

Probability of Detection (POD)
Poisson’s law. Detection

L "w‘:ﬂy ocourrence is a “rare event” following . apﬂn'
times ¥ g o d test sample through the detection equipment severd
v d probability of d , (POD) is the likelihood of a contaminant ofa

piven size, nature and position with a defined confidence level
e, theory. a POD of 1(K% cannot be demonstrated by testing, Statistically, by inorasing
*r of passed test samples, the ponding POD will increase. At the same fime
o ing the numbers of fully detected test samples, the limit of detostion wil
r’mhﬂ An increase in the POD is usually associated with a siae incroase of

e test sample contaminant diameter
s ,..,“““P‘“ﬁmuﬁbrpm'nmwd 10 have an acceptable F'OD. In practe
v nated sample d d 30 times over 30 passes (0D = /5
ensures & statistical POD

Law (Fagure 21 14), of 90.5% at 95% confidence bevel as per the binomial duritition

H TRCHNOLOGIES AND FOOD SAFET)
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~ FIGURE 21.14  lmpact of number of passes on detection himit

- It imp di d that i g the POD ovel will s anadis e son:
mduwwwmyxum‘*“, il it vl
m

Detection o i d by the smaliest wost e dsmted Gy«
] u-ummuu(e;m/m For practical oy aphoms we el
- 1o ) Imn(mnﬂuvnhuwm-
defined d son limit bya i A'mmmmm
‘mance in good working conditions for the sph J A gl
The testing procedure 1o establish the detection lamit s
1. Start with the equipment set up for the hughest sonsitem,
zanmmmmum.mmmwmn
~ quantity of product 1 not avaslabl R
simulate the production v m%ummnw
3. When the settings ersune an accoptable FRR then sl e Sl ssvnd and we
modifind wntil the ond of the procedus
A Pass each contamimated tost samgsle fo aac sgieme S e, T humiher o e
moguird #t the selected POD. " with e wemalicet S e e EEE Y
Aetined by the sanaliost Sumonean st sng T mgasnd UL « ¢ W deeieme
N0 prassen), Abways Pt the st Paooes Ragehe with Bhe pradio
Nte: Lgrgmont il 3¢ Armpwed st ool 0. Y T OReare VT SRR Ies I S

Do putrowdie Swpges shold TR I S e esare Sesy ket B e e
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$32 1 TETECTION OF SHYNICAL MAZARIS

5. Pam some tost samples with real contaminants (fragments, wires, shavings, ot )10
document the detection capabilitios on real These samples cannol b we
to determine a detextion limit because they are not reproducible, but they am ossentisl
doc (gualitative huformation).

The above mearared detection imit has, however, severe hmitations

* Asphere is not a trae ion of usual ¢ such as wire shavings o

-

fragments

* Awphere is a favorable shape for the detection equip (mans

* Matenal composition used for the spherical contaminant might difter from the sl
hazard matenial composition.

- Rnkdmummmddcmhonpedormmcebyﬂwundammﬂnn&.m
passod several times, cannot ensure the contaminant has been tested at the wont posiion
in the product or packaging (a typical case for gravity fall or pipe thapection metal
detector i where the trajectory of the contaminant cannot be controlled to pass always

the center of the aperture).
Conseguently, the detection limit measured statistically at a given POD on a unigue et
sample {e.g 90.5% chance of detection) is optimistic. The statistical approach always amac:
ates a risk of non-detection too. If this limit is used for frequent muhneequwl!l
there is will some chance that this will not be achieved all the time. Failure in the rotee
check might generate operational complications (such as batch blocking, rework or wask!
and lows of confidence in the equipment.
Asolution 10 increase the POD level is to pass more samples; an alternative salution vifi
@ samilar effect i to artificially counterbalance the relatively low:’O‘Db_\‘ mmz
tent sample sizes (e using spheres with a diameter of 0.1 or 0.2mm larger v
J mwhhmmwequﬁpmcmchedabyopenm.Admd&dd\edmmlﬂ
should. howeves, be performed on a regular basis. ¥
Whatever the solution selected, the effective detwﬁmpafun,mwﬂhwﬂmﬁz
Checking the equipment with a slightly larger test piece di than the dete
measured during the POD test does not influence the quality of detection. Detection equp:
ment parameters are defined during the FRR assessment and are not modified.

Detection Limitations and HACCP

Metal detectons and equipment cannot ensure removal of all foreign bodies The
detection efficiency of thewe two technalogies i heavily influenced by factars such as mat
nial, shape, size, location and orientation of the foreign bodses. They are also limited to
sharp and hard physical hazards and will not be adequate 1o detect tological e
famunants (for exampile, insects or hair)

Detection Limuts arc d for each material by statistical methods, using sphesicl

“-‘.Wwdm"ﬂ-ry-nmx bsolute and only el will
’MJMMMWM cannot always gusramer 10%
- memoval of all contaminants bigger than or equal 1o these detection limits

- As 2 consequence, detects i can be identified either as a control mes o

& verification measure depending on local HACCT assessment, but they should mat be fie

U TECHNOLOGIES AND FOOD SAFETY
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538 PRINCIM IS AN SYETIMN FOR QUALTTY AND BOUD SARETY MAN AGEMENT
PRINCIPLES, SYSTEMS AND SCHEMES
Background and Working Definitions

In thin chapter we will finst look at the scope and meaning of “guality and fosd sish
managemont” and thon discus principlos and their relationship with systems and sdens

Quality and satety i food are best considored together in this contest. While for s
purposes (for example, HACCP) we will want to make clear distinctions betwewn the
they abwo share a bor of ¢ ol especially from a pemspective of thet
management

For our carrent purposes, therefore, we will consider the management of foad in tems &
the goals we amm 1o achieve: safety, legality, ¢ y and eptabiliy |

Food businesses all around the world must build and maintain management systens
around those aspocts.

There are mamy definitions of “principles,” but for our purposes we might view them o
headings under which we bring together all methods, techniques and backgroand know)
edge necessary to manage a particular (sub) aspect of food quality and safety. The principles
therefore all relate back to one or mare of the goals listed above, and together they cover o
needs. Whother the list 1s oxh ive will rer debatable, but it should suffice to cove
our needs and relate to the “systems” (see below)

“Systess” can be understood as management tools, aimed at operationalizing the priny
ples. O all the methods, techniques and background knowledge associated with a principi.
system typically sclects those that “must” be used to fulfill iate requiremerts in & par
ticular context, to make them as concrete and measurable as possible and provide a defined

dpoimt where possible. As an pl we might take “consistency,” which was mentione!
above as a goal (in practice we would then need to specify targets and limits for parameten),
hﬁlblholﬁdhebu'nlmlc(bul then we need to mention related methods and tedh
Tigues, and the backg ds of istics and -u,;‘ss.'sxm,farexnphiaw
ment system that operationalizes the principle of consistency: it provides steps, presens
specific methods and hackground knowledge and defines an endpoint (in its most literal sense
that endpaint is the achievement of 6 Sigma performance for the parameter(s) in questiar).
h:’“*‘"u-hm*-dm"mdm.mnmucﬁm where one or more systens

been enveloped in an auditing /certification format. This applies to a large degree 1o
mﬁq’b-m qm;inﬂn-mdfwdqlnﬁf)‘wﬁ'@fm
‘cambine the application of various principles under one roof. The GFSl-recognized cerif
Red Aoy omes {currently including BRC, IFS, PSSC 22000, CanadaGap, GlobalGA, Gl
s Standard, Global Aquaculture Alliance Seafood Pro g Standard, PrimusGFS,
vy Quality Food) are all representatives of this approach. They typically cover gen-
m‘.‘*m systems requiremnents, Joosely based on 150 9001, ancluding an
fhased on the Codex format), and they provide a series of “proroquisit
q‘—-,uhduddmuwprmphdhypm
ot 8 -MP'“’:‘::‘M\'W' they present a concrete and compsihonstoe for
‘basis of SRaAgmcnt q-:-lny and safety, their centifications can be used as the
m‘d‘l 'y within the y and (inc iy ) towards ) , and the
updated as necessary with the input of all stakeholders

s Bl
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m-hmuhmldvjf abi 9 o

i o fit any g and the scheme ownern s $tsiks o il

“h(mmdbmq-dm oh and the sl ey

Hprovides 150 Y001, for exampile, i designed (o be anvnarssills syt wsi

nothing that would specificatly appsy 1o tondl docontes; ane mght

A wtandard speciti w-uﬁ tor cach taod Lo tew muttesd) presties Soe
stitude of mandardy and atil ne iy

”‘bw‘hcmuﬁmﬂw-nmmhwﬂmmiom
umwmmunwmumnw “lhwoﬂl'\u*k
 allop and i The | peciticity of glabl

of the aud th-h-y‘ ‘_wwwmm

.nnoﬂhe)oim FAO/wu(Jmumuanm&rln\rdWWn
Amsessing HACCP, Geneva, 2-6 June 1995 already states St it 5 impoman thet fhe s
of a checklist does not evolve Into a stmple “tick-bon” approact v them & st

3 evaluation.
2 Level of sophistication - in order to address legal and marke expucution i te mos
3 developed markets, standard requirements must be set at leveks Tl e e
mmdwdopin;mm Any claim of global reievancs ther wiste ondimg e n
ﬂuus icall mﬂammg\sﬁw A vl the G st
mwl ston ch, the “global masien” sdhome Wil the. Sty
-u-—.mlmmn-ugmmm»mmmmm
global standards.

Allin all, theref ch are comy g thov e
d d el\the fy 1] Lt dm%mmnm

H‘hqhﬂﬂrwﬂdfwdqmlmmm g e omatit

Arom these schemes, and their develop and global acony » ket W b

the foreseeable future.

We will see further in this chapter the ase of syatomy. to manage ol s and gudin
“MMdhr&rmmmm o ke
Ang retailers with

\ﬁl:lrc-hdpmudm mc\lum wrarmq-ﬂ-h-ﬂ
AT systems in this chapter. We do, however matse Mg b
systems, and where they ane drivng the adoptuon ol ool nmvwhﬂm
and quakity.

Condusion

Toom the sbove @ i cloar et o, M R e WG T aEET W e
By i ey speciiic cave wll alwans R ke Bciee The sRicEmaR o gemopie. Wit
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Homat also imvolve a formal systom, of a h will depend on the nwed to
additional stracture and/or external recognition. To make cortification as mwannghil #
posaible, the chowe of the appropriate scheme i important, but even more important i

and de of the

¥

Food Safety Initiatives
orsi
The Gilobal Food Satety 1 wan established to ly smprove food sl

management svsterms and emwre confidence in the provision of safe food to consumen

warddwide. The inftiative s business driven, bringing together leading food salety oxperts

trom global orga to collaty through the GPSI platform. Defining food salety

roquirements Shroughout the food supply chain, benchmarking different food safety stand
; ““Wﬁmbuﬂdhgmpadtydmullmmdﬁmm»d
. o on sudit v are the main activities (See hiye /wwwgtsLcom /)

1 s &
&umu«m«xmmmmuawﬁcmmmmu
wmhhmlnmemnﬁmeuhnbmmrﬂ\funh'm_mymwu
mummmm.m,pmofwodm-whuw,m
and many other Guidelines for the application of the HACCP system have been
adopted by the FAO/WHO Codex Al ius Commission. HACCP certification throngh
“h‘bbmmmmymmﬁ—mnﬂy(hmughhmmum
22000 scheme or the GPSi-recognized FSSC 22000 scheme, which combines ISO 22000 with
3 mm-wnm/mm-l.(s«dmluwmm\m
2 ‘and maintonance in this book: www fao org/ docrep / WROSSE/ wX088e htm.)
150 9003
150 9001 (the 1 | Organization for S Sization’s dard for quality
‘management systems, currently in the 2008 version) is i ionally recognized as the
“!..H.‘h&ﬂd,bulnﬂﬂ!mquimmmﬁmgmeﬁcmﬂmiﬁnﬂd:
'hr_. 1o all organizations, regardless of type, size and product provided. Because
‘m-mmmkmUymﬂmﬁulﬁmw
: y. Still, as out-

6 Sigma is » methodology simed st uct and process variability = if pos
ble 1o a nominal level of 0.0003%, {ailure rate ﬂ:’::thod mnz:‘mm'fulrdwld
¢ ﬁh steps: Define, Measure, Analyze, Improve, Control Having
the industry, 6 Sigma has found applicability in many other hrande
Sigma is supported by many consultants and training courses, it 1 not a " schom”

M. FOOD SAFETY ASSURANCE SYSTEMS
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mumumwunmm
Hgma standand  (Soe Wiy 7 /s o mdes s 0

PRINCIPLES AND ASSOCIATED $YSTEMS
The management of quality and safety in food will mgue e aggileaton o ta il
g prineiples

Hygiene
Hygione has boen defined as “the § wll and wour g
Mwuymmhmhuhwdm T o cureen i
poses the pt of hygiene will be Gude closnl s Be oy
necessarily relate 1o illness, like toreigr “,... andl basn W b
ch Is including p d lﬂ"“ oa-nmmm-.“
covered by what is dy reforred to as * = TS - it

-—ldﬂm(mwwmm Tuilow), mlmwu”
-ﬁdomdvmh;mdurmwmlnaﬁwu“

Hygiene will also which an welated toiliness, althmgh s
uaumm.m.muwmwmo.
prerequisite to appropriate labeling. In many countries, there e st lave s the
Mddhp-mpm

When d L g hygie g e sl e G conedie
the level of hyg d for the specifi Pose at hand 1 soome dhoous th & mi
tike “all food handlers need to wear a haimet” would nat logicaliv sppie T peeagris e
ing; lettuces by hand.

In all cases, however, we do need to consider roquiroments elated T preogi U
MJMMMGM-MQM»MMﬂ
the general n the dinoraihiling ol e prestie el e
intended later dleaning and processing.

The hairnet for lettuce harvesters would not he roguind e inttices will mewe &
mibsequent cdleaning step which may include removmg o teovm and b et sl
Mmmmdwmmmmm;hﬂ
mm agan Inu.u'ir. THEC rormnihomurmiags Scioncone

ugh g e o i s oty =

uullh—' b lster Nadmg tand iy M Y Sl
ithe EHBC bacteria.

managoment syitoms. can thororore e and 3 e g ALY sysuoms

by the list of “roalntic hazard” i » solednoh wimgile wnd minesh wos Whet cw

conily be proventod or clmmanatod i talon v ol B P e Seaad T of dngese
managoment. the remasming hazants gl inbaatanl surmed s s Bt Ml

o bygrone standards. As saxh, 0 wmdorpen prasonih 6 el guadm Wt aeo-eminond
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managomeont svatoma, bot it 1 not generally seon as a system itsell, and there ane s widel
— d cortify 2 based on Codex (sporadically, Codes contiicution has beet
)

For manufacturing equipment there ts, for example, FHEDG and the PU legilanon

In the coment of hvgiene g . the %8 methodology must be mentioed
Origmally it o a Japanose warkplace org method, cong w on the ol
of “wante” in it forre . y tools, parts and instractions, all dirtand .
and all forms of disarray and untidiness. The workplace needs 1o be standardised, dos
cloar and loan at all times. Depending on the exact format adopted locally, safety, warke
satisfaction and quality can be part of the 58 program. Though it has originated outide the
tood industry, 1t s casy 0 soe how SS can be used in support of hygiene managemen! and
reliability, and the program is being used as a firm basis for continuous ¥ o
gram (6 Sigma, Process Vanation Reduction = PVR), as well as varsous HACCT based toxd

b d wchy (GPSI certif )

For systems approaches covering hygiene, there are the globally available and oy

nznd GPS| cortification schemes as mentioned above, and in the case of PSSC 22000 ther b

& wpecific premg program standard (ISO/TS 22002-1) that was developed to sugmet
; 150 22000 1o provide an all-round food safety solution. Additionally, the ATB (
2 Imtitute of Baking) scheme must be ioned, which heavily concentrates on hygiene top-

o fundentandable from the perspective of AIB's bakery background, where the baking pro-
ly provides an adequate kill step for any microbiological concerns), and a veritaie
‘multitude of local standards, which often specialize on locally relevant product categories.

Food Safety Imitiatives
EMEDG
The aim of the Buropean Hygicnic Engineering & Design Group is to promote the pro
ﬁh‘*hdb,vmﬁnshhypmitdeﬁgn nndengimgdhodu:-uﬂ?
turing equipment. EHEDG is a consortium of equip fact food
h institutes and public authoritics, providing training and guidelines. Started in
EHEDC has now active in ies on all inents and guidelines are
in many languages. (See hitp./ /www.chedg org/.)

programs. add: P 1 ditions that must be in place if 2 HAOCY
s 10 be effective. They may relate to conditions in facilities and grounds, produc
cleaning and 1] 1 1 of ct il Iviny

= ¥ hygiene, g
-m-lmp-mmm,ummmmryummrmmmm

from Codes Alimentarsus. 150/15 22002-1:2009 specifics requirements for estab.
and maintaining prerequisite programs (PRPs) 1o assast in controlling
pically used in ion with 150 22000 for certification purpiwes

15 2 methad for isolating and sdentifying sources of proces
: v (often called common csuse variation),

. FOOD SAFETY ASSURANCE SYSTEMS
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‘ﬁﬁndﬂvmm-! M’lmuﬂc\nnaum-aunuw g e sy
A b orvate o i dsse Al ‘,mn'-

MMMMW& and quality simul e e
et wafficient data, organized specifically (6 quantifn i s < acatin. e
ﬂm(lummmmpmu wl y MW sl
souroes of assignalide cause \whmuu’-um“n-m ra— gt @\
‘mental and other difh The g fied an M pee
Aormance’ and “capability ~ Perd 1 iy

tho vonwamen, while capability measures the bost the process. can de e Yo
mwny can usually be set in financisl e widing the sotiing prisities
projects

»
55 1 the name of a workpl of Jay arigin Ty ethed = dhop
(1) eliminating everything that i not d in the warkplace, () gmg g Hist
@ clear and y pha(\i‘ g the workpl w etiising ol cnm
“mon el of the workpl and (%) trung and MM
ﬁmmdﬁmuymlodm‘mmmm«‘hw
wynergies in the \ pecifios of PR with the sigotow % anposst, 5 e
supported by many md T

this chapter. Ou\paﬁsun-pply the method, bt not be certified accortmg te defivet ®
standard. (See hitp./ /www.opa gon Mean / emironment methads o i)

Prevention and Risk Reduction

P ion and risk red 1 the one § e thaet o g e i e
m&-ﬁndnnﬁ\g& stem HACCP (hazavd amd mm-ﬂm;h
nmmw-mmmhamammmmmmm
authority by Codex in 1993, As the Codex Al sl Wk ©
the basis of national laws and international trade. FACOT hum oot i wan doit s
countries” legal systems.,

150 22000 is the primary international standard for the comifemon of HICT? T
‘mentioned above, it lacks a specification of necessars hygone condions - the TS - axd
this is what, for example, the GPSI serier of schomes aéifiveses,

M.bpdmhbpdd:h m«mwmnmn&mﬂ
ardy and any wpeoffic hasnd 1o he “provortsd o weitved G W
whd'(nmmhkm“ﬁmm'hm
It-l-:mndq-\dmhwﬁomumw&m“d
vallidste a specific HACCT syatem to make the spmrape i, wnd an e @i of e

Some lage food at e e itk & sasom, W

for each produact / i Mﬁ.mw

“wn'%w&p\mhwmwm

-rnho.mq-»wunwmw--'ﬁ-—n
add any howil sgeita addo e
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approach & robust o reasonably possible, but 1t does require the availability of high
?\ﬁm“nw\'mﬂwm-mwvwmdma
vobved

Genersl dlaime relating to food salety “because we have HACCT must theelon b
viewed with & certaim degree of skopticism

To dilustrate the point - we have seen cases where ucen of canned food product dd
have multiple glohally recognized cortifi dod by tionally acoredited cortil
cation bodies, but were unable to show records and reports of the validation of ther i
ing process. (In the USA, the FDA will require highly detailed inf hotore apprvieg
& mtorting aperation - see, for example, hitp /2 wwa fda gos /downloads, Aboutfia
ReporaManustborms, Forms / UCMO7T1581 pdt.)

In practice, the HACCT system is often abused through

* Lack of specificity: hazards zre not identified individually, but collectively tfor example
pathogens”), which leads to lack of specificity of the controls
= ldantified hazards not being real hazards (product dissatisfiers, or PR, rather than
hazards, being managed in the HACCP plan)

The status of HACCP as a legal requirement throughout the supply chain in many cou
ries has 10 @ certain extent &uﬁ its misuse, where, for example, operations handling
-m-uw foods felt compelled to establish their own CCPs

latge numbens of widely varying products are involved, the use of risk matrices
oy help 10 manage complexity and assure consistency. Typically, risk matrices consider &
of anherent product risk (for example, whether or not the product in its current
'-‘"“-mham of pathogens, as indicated through ay or pH, or the rels
v with which a product type is associated with a certain type of chemical con-
in the EL RASFF reports) and supplier-/origin-related risk. The latter is usually
oy and may involve certification status, geographic origin (addressing question:
he type: “in this 2 BSE country?”), internal layout and product portfolio (allergen risks)

, p Ayl processing conditions (time-temperature), packaging (vacuum, mod-

r-ﬂu(m g dity), storage and retailer
expected tre by the As d

of this mnd!'lu; many advantages, with the assessment of
based on a body of interrelated and systematized dats and
ity and the efforts necessary to build these modeis, however will
ral application for the near future

on the due diligence defense merits discusaon The UK soes some
0 their “due diligence” systoms. While the dedense 3 an intgnl

M. FOOD SAFFTY ASSURANCE SYSTEMS



the e Thie wordld e Bt av v b pooiin
Mmmhhwﬂmwmbﬂnw
1 w-\l‘ sll b -
= dhmm-mmnwummmw e
organization and theretore with more acoese 10 the g
Mmmmhmummwhwwmm-“
-p--ywmuymh.m-h e e
and that we d apertise of those dowigning such & systom o manigs e i,
h&nﬂwuc-tu-nt‘nwayumummcﬂ”h
p hdpndmhm In doing so it prevents an often seon atiituls vives s con:
B causes an offence i simply able to pay a fine - the imsurano cote o Wi sl
i mﬁmmhmdmﬂum and continue st s

vulnerability of the food chain and the necessity for presvertive astion &ttt ooy

uwuwahmAmw«,mmmwmm
remain to be finalized, the A it's s hoay ~ o g
the occurrence of foodborne illnesses. 1 Mwmmmmmv
implement preventive controls, the basis of such contrals being sormtifioilly bt 1 sses
‘ment, which is specifically mentioned under “Hazard Anadvan antd Rkt Tevemive
Controls™ (See http / /www fda gov / Foad /CundanceRepulation TS, om 5850 S

‘We may see the introduction of such leg; having a p eftect on the:
‘ification across the supply chain - both brdammqu'h
Food Safety Initiatives

FEMA

The US Food Safety Modernization Act was signed oo law o § lanues 200 et wime
1o ensure the safe supply of food by preventing cortamimation suthe than eaganding

it 1t is said to be the most significant reform in decadies (Soe 10t wowow e g Sk
FondSaiety /PSMA / default bitm )
RASFF
mlﬂmsﬂmmummxw.nm*ﬂb
ber states o quickh T cowagnnend el and

foed where 2 fisk 10 human hoalth has boon detntod The Tl allows B snmimes Sk
whether the affected product 1 on their smaat and 1o Tk o™ e e oampie v

Hlock conmgnements, withdraw, recall of sowe The & » ae Al ™

and basinoses, (Soe MWty 7 ox carapa oo toad Kaad segmiet i iem)

Reliahiliey
mmum‘mmwm‘-n_.

oty PRF sndorpamnang food sabon amd ¥ e *C W Do My
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oo acares and mcdents have been caused by reliability tssues, and many could have b
avonded through smple - but rigorous - preventive maintenance. Carbon filtos bong wed
beyond their capacity (iltering omganic chemicals or microbes out of water), mline sew
broaking and fragmenting after a cortain throughpat. pumps or air condifioning devie
internally accumulating dirt, are all examples of the preventable breskdown of o pros saps
Bie processes. and equipment. The fact that preventive maintenance is still not dbiguitos s

iy ue 10 d of short-term versus longer-term costs (why G it now, whe

it il working ™).
Another typical cause of unreliability in the food industry is o priont lack of capabllin In
e, we have ‘upm-pl-tn»ln\mpmmwmmndmh&

3 M“Mma\‘dﬂkﬁrolmlluuvlpnmxlu!hwnqmdﬂpu.m
i hey were supposed 1o be caught by magnets Normally the press mat would break grady
ally and regulsr inspection would enable it timely replacement, while the magnet would
koop the cocoa powder from being contaminated with steel particles. When the mat sl
demly broke catastrophically (though roughly around the normal period of usc), the mag
nets wore overwhelmed  Assuming capability of the magnets to deal with any eventualite,
they wore simply deaned from the metal debris and heavily contaminated cocoa
wan shippod (the situation was detected by the ¢ hrough their finished prodict
netal ¥ This episode ill three points: (1) replacing only parts the
‘have already visibly started to break down is not a reliable preventive maintenance straiegy,
(2 a downstream process aimed to “eliminate the hazard” (HACCT terminology) must be
*-*wddulhgwlmu\cwonl-awmﬁnwd@mdam
.—ndmummmindudcapolm&mtanbeumdnnnﬁsmbd-
mbﬂmlmmpmmdl'mlmgm"wmdawumqmdn
at all times. Finding any metal particle on the final magnet would be seen as an
that metal particies would have found their way into the product)
mhuhmdmﬂb&lﬁt\dum\rw,ﬂ
‘zero unpl d equip fail zero product defects, and zero ac-
first two aspects were illustrated above: the accidents aspect fits logically with
L hnhﬁmm(m'”}‘gimg”abm).mmm
T in the mai program and the explii
ﬂmqugbnndmmk\gmwm
5 ram typically starts with a complete stripdown and cleaning of the
inittal inspection for early signs of partial deterioration
time and exp r ive program, and many companies do not feel
but its results in terms of productivity, hygiene and consistency ar

ge is @ panticipative method, where production empiloves
combined preventive and corrective maintenance of the oquip

e working. The goals are expressed as various elemonts of low
- production, planning uncertainty and the associsted sad
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mmmnﬂon‘ﬁ”w“‘lﬁm e Y
hym and L T L R
mqﬂyhm uuhmmu-m

d ) an this A w*«mw
i Dy with thent specil

¥ . th | ﬁm. ing, waTiing) ok
“anguably as in food prod oy 11 iy in any other anduets, 4 g grokstith e b
. 'Whmﬂunﬂvmmmum

Troper specifications are:

» Relevant to safety, legality, sprability ar Iy ity
QMubﬂemmﬁndﬂw ter(s) and L3
ohtehdﬂﬁn;hmquwdwmﬂm

* Realistic in terms of the capability of the process that i being specified o tha prdises
the product spec.
mmhuwmynmlymmmwmwm

» No target defined (which may 0 produer an s v gl
‘-hhmﬂymmr-dedmm
* Nolimits defined (in practice this means that all accoptanae momotion e wil s

m-mmmmwmm it e
*Huydﬂ.v«y&ﬂu\n roqurrement thar the Lowee Timl, e e g

® No regard to p qa“ny‘ ches may never he i s

* Specifying an irrelevant
= Not specifying a relevant parameter
In the absence of specfications,. there can he e anpRetT T,

weight or
“pﬂumh.dmx& -mnknmanv-\

In mecont years, multgple oxamples hene Somonmeed e goerte o © S
approaches Ko moreane Comastoncy mmd Fedane L. \uummlw'ﬁl‘-t-d.cht

has slwo domorattatod By st W mg now
fonm it distinguides Baroc Topes o s amanhiles \WMN | noeson © e
urrent dowgn of the wt of of W g T eI, AT e e
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vanability related 1o multiple unit op in paraliel, for example multiple padiel i
mhﬁd»mamﬂ—;m\u\d1 gnable cause v lated 1o “extomal il
onces an the process that can be identified and climinated or md d)

tgnable caume tion can be normally addressed without major intereme Wil
the § g cond or ey . Structural variation and certainly common s
variation can only be improved through and/on sedesign progne
for example TIM g

Food manufacturing i often plagued by inherent losses, and often # cortan evl o
lomses can be caloulated an being “unavoidable.” This may involve ovarfilling of weght &
volume, product reections, or when equip Ui ) W% b of lack of fit af prs:
et into packages, or lids to tubs or any other of a multitude of vaniability rated cuss
Fraquently, the role of raw material y on the finished product is not

) for exampie in poultry production often an inordinate amount of effort i spent i g
i MMWMdd\ickmptm-leu.Mmﬂc.-dueto\vmﬂit\‘l!”
quality. A focus on the farming methods and clear specifications for supphers would helpto
roduce this effort. We could see an application of a 6 Sigma approach to identify and ol
the vanation

In all those cases @ careful and systomatic program to reduce variability around meaning
Hul pecifications will pay significant dividends.

Tracesbility
Under EU law,

il Fgzsm means the ability mmck-nyfood.iee:iﬁ\odmﬂ‘
or substance be used for consumption, through all stages production, proces-
ing and distribution. Traceability must be understood to apply both upstream (where dos
come from?) as well as downstream (where did this product go t07).

uud-uy'-ddhh m;mq».m:u. s u'mm_‘a.m' of ong
e any quality and safety management system.

("product of _region or._country”) are the most obvious examples, but traceability o
mdwmm-.wﬁﬁanmumwmmnymwn
site that carried the certificate, or has it been subcontracted to a less wel-

Mﬁ,ﬂzn&e(pmdmﬁmﬁmcqﬂ'yM)am-

red listed in some catch areas but not in others).

d caves, bility is 1 to determine the scope (mostly

traceability) as well as the root cause (upstream traceability). Finding the

? Again have an influence on the scope. The 2011 EHEC crisis in Germany pre
_‘:hm'lﬂﬂimwwﬂuwnln and import stops varying according

et cauae hecxy: veggetables from Spain and Holland and finally fono-

ding form of traceability is found in “chain of custody™
" reguiremonts iy
- ...deaiuul samples, environmental certification of ol
AL criminal procedures. We might see this in certification of "GO
i ethically produced and labeled cocos

M. FOOD SAFETY ASSURANCE SYSTEMS
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o of § g raw wle andd ooy fiicet prosiet e
an the wize of an oganeien e sl o
mmwmmwunmunm-a-”

-
-
2

An organization that provides a svstem of imograted globl stantads, G5 ame » -
‘mprove the efficiency and visibility of supply and demand chaire wotlviss | soe |
~across sectors and is one of the most widely used supply chan stantarts gussile T |
~ GTIN (Global Trade Jtem Number) is one of the key elomonts of the OF svon s = «
Wemmhcudtouu\wypmdumn\dm“uunku‘-am

~ thesupply chain, for chec Akey advarmage of S8 e the sl o
mmﬂhydmghﬂwwaum (Soe hitp./ [ www gl ol
RFID

v identification s a generic torm used 1o doncrite winties worem
Wummmm‘mu, and track ahject 198 & unigur serll nante
‘I!mﬂmwdmolo;ybbanbd mohmwﬂ\cwmmo-
with el i stored i ion and is ched to an st
cation information 10 a reader. RFID tags can be attachod o am Mum*
livestock may have tags injected, allowing positive sdentification of the anime. BRI =
‘nology does not require contact or line of sight for communation wheh s e e ik
‘ence to barcode technology. (See hittp: ' “wwow vl org 0 )

Customer and/or Consumer Relevance

The g of and/or ! umndhmm-'-dv
qa&mut&ommmm- i

the R&D resp ‘%\Mwmhmmdw
product testing on the basis of Ih supphed semgite 1@ mas

pramab.

(Quality Function Deplovment) as an examgple af & highih sewtmd e hat
thas been used in the food nduwtry for gualing gy mmmm-ﬂm
Tt mot very widely. It aime 1o tramdate B “vour @ e * ety

& prionitized Bt of achiey abios tr‘u\»lmwwm
mmdmmmmmm* in o e
“hows ") Sheough sacoomie sages.

thbmumn‘m Wnaagh Phe Tk of e Mo of b
; e the compd of the N xS pEenind sodeprend Pl
C oution of the sethodology We have sevm sanvseid sgpiessee o QFD g Tewded

e

'ﬁfvii’é-'idn PRI TRRCT N

Y
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manulacturers who typrcaliv have gi at their disposal and see the investmen'
ax an eswential part of their brand growth

With products already on the markel, ¢ ¥ are widely wsed o

track complamts. claims and comments systematically These kinds of roaponses s o vl
abile sourve of imformation for a business, but the level of sophistication of callection, sy
w and rosponse systoms varies widely
Typical challenges include trond analyxix on the basis of responses por unil sold, whith
may be difficolt for manufacturens as they do not know exactly when products arw aold w0
the end comsumer (one approach is to try to calculate an average lag period botween pre
duction and cormumer use, but thin i inherently imprecise) and the difforences in complais
behavior between different countries. The number of complaints in Europe has traditionalh
been highest in the UK and much lower in countries around the Mediterranean Globall
spoaking these authon have seen a two to three order of magnitude difterance in com
plaint rates between, for example, the USA versus Costa Rica or the Philippines for te
same range of food products. It is obvious that complaint rates do not semply reflect wher
ent product failure rates, but they also do not reflect relative indifference 10 product shont
comings. In our experience, consumers in low complaining countries are = equally - low
Hikely 1o buy the product again after a negative experience as customens in high complai
ing environments.
Quality wystem certification - along the lines of the ISO 9001 requirements ~ wpulh
g a pany to op a system for tracking customer satisfaction, which then
should be more than a design acceptance (for example, QFD including consumer tosting
d and )| i i i ison against relevant comple-

e - g 0O ) ol ="

“:““ q 1 then indicated, Includinglppmpnl;rfo!lm'q;
the above-mentioned aspects of and approaches to ¢ ,
.‘mmﬂlmuym‘rdiudtoolsnndmnotlllexplidﬂqunndbydt
lished cortification formats, although the GFST sct do have requi ts around new
P development and feedback. All aspects, from product design through
o cking, are relevant and any producer or retailer impl g a food qualty

and safety management system must put their own mix together.
Food Safety Initiatives
o
.'M". Function Deployment is a method for the systematic translation of
ke dack product and f specificati through a cascading series
of "what” vs. “how” matrices. Started in the field of mechanical and el F

its influence in the food arena has for » Jong time been limited. The multiple and
dmteractions involved in the definition and production of food products has often made
the wse of the “what”/“how” matrices 100 comple for practical product development
processes. There are, however, successful examples of QFD application in foods, and it
main advantage ~ the explicit and transparent connection befween customer equirementh
-‘M—Mmuu QPD is not a “scheme” as defined in this chapter
‘Companies can apply the method, but not be certified according 10 4 defined QPD stund
. (See QPD quality: dritp:/ /www mazur st/ works/ Mazur 22008 200FD L 20

. FOOD SAFETY ASSURANCE SYSTEMS



PEIG IS AR AN K TS Y I

 ARRI0F0d % 20T rosceuning  I0InAusry i CPED tand antety Wy ik aaliga o
. Wiwream 1880/ 48177 1/ Dalakrishnan_ Apphyang Quality BP0 gt il

Trmmaparency /accountability refers 1o the integrity of the g and!
ﬁm-m‘mmmmummu&mml
e that an acoeptable level of § v st he prrovadod ot sl et s
—uwm.uuumhmmmmmwmmm
~ owsen, the schy d with the principles are procmely designet G grvitis aus o

wccoplable level of transg v AG"N mmmwmmm‘-u
“Mmo{mmﬂm-q\nﬂly MMMWW e auiting
‘and certification sch can g Bt werr an ghlaer @t e st

of harvesting, production, mn-pon wm-ﬂnd a practicular batdh of g v
oactly in line with the underlying mqmmmdﬁmmmm‘mm

 and inbuilt self-check requi of the schome should provide 5
~ Where control over individual § i required, W e il et e
~ see more precise information

For batches of products moving down the food value chain, ther ar twe seteme sy
we would like to discuss here (1) complete vertical imtegration and (2 apen s b,

In the case of lete vertical integrati wmt«hnmmunm'm
custody that has in principle fulfilied all cond ton prn
ummm-«mmwmuw.mahwnm
Acceptance testing should not be necessary at amy pomt becnuse the nualisftie msards i
all relevant information in more detail than testing could ever sl (1 ne Aot e
ticides have ever been used on a crop, there is no meed to ot tor 3 latey; Gillovis e
“due diligence” testing should be necessary for the same somon Wien thee w5 e
uncontrollable variables (for example, mercury levels in wild gt wen Hish) teiting s s
‘done only once and early in the chain.

Where products are bought on the open market, tracebiliv & Tupeally Gk and o e
ases it is even uncertain whether a certain batch has actualit hoon rrodised wndte: e s
conditions — as the definition requires Having lost tacpability, acoianss i o te
worily option to determine safety and quality, and demomnstsate € T TR g i e S
Under these conditions we are immediatehy contrarted sith twe man guesiin

1. What 10 test for” In the abrence of 2 known hitar of fh baeh, He e e Sl
Risk matrices (see “Prevention and Rk Reducston * above) cwn Than he wed ot

pose, but this ins an apy ot g ke Al e
uﬁmp\vmhm«m“
2 How to sample? When the product o nat Wl v =

normally cartied out Baough AQL qh\qtnirk\alh Rt ssmgiiing, The vy

mm-ﬂm-kva\lmmmmmmnwm
the hamogoneity of the hatch b oun "apem masta’

Wﬂ-»&l mwmnmmwmmm

ER FOUR SATETY AL ANCE SHSTRND
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Vegetable oils, bought on the world market and trequently unseen aboand o vessel piv
Vide a wsetul example of how difficultion can be resolved when the typical chamatenstio o
the trade allow International rales require ships carrying edible oils to mabrtain o e ¢
previow cargoe (providing relevant information regarding potential impuritie), denng
(reducing impunities) and acceptance testing, where sampling is relatively e (contam
nants can be d 1 be ) " Iv distributed) and the use of chromatogophy
maw spactrometry methods allows for sufficiently rapid and comprehensive scmening In
this cane, the main warding of bility may ariginste from environmenis'

g (ot example. ble palm oil)
In et canes, the various participants in the chain have to generate and communio
plete int lting in the need for some level of acceptance testing Whe
possible, however, the use of aggregate internal control data (f [} -
e 3" above) d of P h "Np«‘«oﬁe.lﬁlﬁhhu
cosutul, & tranaparent view of the supply chain with information on production and proces:
ing conditions must be made available.

Transparency ix essential if traceability is 1o be effective. The nature of today’s comple
food chain means that this is not always achievable and it may be in the nature of conain
aperaton 1o remain guarded about their sources. For this reason we nen_m-nh
national organizations bundling their purchasing requirements in order to go died &
the source of supply As well as improving traceability through a simplified upplvelh
(removing unnecessary middlemen and a level of complexity), this enables an orgar
wﬂuhn-dbpcm-hcuamnu(mmamﬂermfoodwﬁmm-hhn
security over the provenance of their raw materials (not forgetting the value enhancement)
and an turn provide reliable information to their customers. Hence the link between tran
parency and accountability becomes live.

Food Safety Initiatives
AQL

Acceptance Quality Limit 15 a sampling and testing methodology to determine whefher s
‘batch of products meets predefined criteria with a given level of confidence. ISO 2659-1 (See
htip./ fwww iso.ong /swo/ catalogue_detail hncsnumber=1141), on Sampling Procedure
fox oy by Astrib descrit dard methods for sampling plans and acceptance

criteria.

INTEGRATED SCHEMES AND THEIR LIMITATIONS

Having 1o assess the specific relevance and implications of all the principles above for
‘one’s aperation, the prospect of having an all-encompawsing, certification scheme becames
wery attractive for both sides of and their ¢ ». One certificate to cover the
totality of all relevant requirements would be worth the effort and abaclve both contrat
:-(-lﬂm Scheme designers and owners have pursoed this el

many years, and the frequent updates of their schemes testify thedr efforts, but the “one
certificate t0 cover all” will probably always remain elusive

. FOOD SAFETY ASSURANCE SYSTEMS
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There are five mam reasons for this

lﬁmmwmmbwﬂ“hc—lﬁ- oo
C sitions matenials and provesses. The wider s sandand appilie the ime ayeetivily
alevant it can be A ood exampie s 190 9001 which e designesd G e e s or dl
quality systens in all types of industrien, Bt < for Tt snuet awmson - s g m
wlovant detail 10 perfectly possible to design o fully adeguate fosd g and s
wystom and have it cortified under 150 9001, but that would sanmy G te e
or professional partners in the industry. The G st of standse festion
Includes HACCT reg and § prrograme - Bt Al yot
ummmmmummuauw“mhmu-mm
drying, ete operations Time will tell whether there will ever be o contiorisiie b
between practical applicability to 8 whale branch of industry and the swei o i
mbulwcdonmnwnwymm
2A d alove, a {f cannot operate qt the lovel of Gl and teas
Mforhlwduda\'wudm
8. Linked to the above is the g of P Lalatially comy
Mlhnmmdwn-uwlymquwn i by b eny ¢ 1 e owpetts 4w o
food orp only. 1 ingl ! are quatlified tor spetlc W
llty hndmmeneﬁwhvdy ndueu mpph further
© wmnmmmm

lounlomd ge and der of This 4 muent wwcmm
shallow vs. narrow and deep, but a of vertal s muilipse
independent business partners can have connected syatems a the s toutive e o
strictness which allow for often ch g ey

must be ves, buunpmﬂmanﬁ-u examples
3 'nuammﬂ, most relevant systems (the GPS]-recogrized schomes) ar musil priviei
owned. This enables them to react more guickly to emenging Tueeds, bt d mgileies
umwmmﬂahmmmm
d sch therefore are both uscful and lmited. and while they aw conssaty
mmwmmm-wmm romaim

Systems and the Value Chain

The value chain can be seen as the totality of the Wngres
ph chain, primary m\m‘lmm‘mmvvwdw

P

supply chain. For our Py , WE T
Product and technology developmont
Pramary
Procurement
Logistics

and delveny
Myt ) food ey
Maumen somoan e
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Al pranciples mentioned above (hygieno, risk provention and reduction, iehiability won

stoncy, /% relevance and acceptance, transparency) apph
wn theit own M way 1o each slement of the value chain, but systems have typiath
been devalaped to serve the needs of one particular element of the cham and find Tt o

i other elemonts. As mentioned in “Reliability. ” above, a reliability -onented sstom lik
TIM wan developod in the context of manufacturing and finds ity apphoation excusik
there, Also, the landscape of xystema han developed at a different pace in differenl anws
There has been an carly focus on primary production and manufacturing - inspired B
Codox Alimentarn and driven by the needs of international trade Trade groups packaged
and suod most of the schomes that later were combined under GIPSL but penetration of
schemes apphing to retail and food service themselves has been slower
Taking the elements of the value chain one by one

1 = Product and technology devel = most P use some proprictary form
3 afan funnel, desigr od to ad ely the complexitios of 8
multitude of idoas and projects, but is not a specific food qualm and safety tool QFD
s been successfully ased as a specific innovation tool, also for quality and safety. and
it has the capability n principle to incorporate the relevant requirements of all principle:
"Whmnﬂmwm)mmmphm A comprehensive use of
MM&MMMQMAMWDMM\ known to
us The QFD methodol Ily be used as the basis for a comprehensive
““ummmdmmm
We have seen the use of 1SO 9001 to | in food
‘Mm“hﬂmpl\lwnymmdudmmmmmmm
“or pracesses and ensure a approach to p t de across an

‘organization

A wee look st IT systems, retailers in the USA and Europe are increasingly usmg

& ,WMWMMMM}RMN’D”MWM‘

~ while this s managed using specific software, it brings a level of discipline to a process

~ that s often run by multiple players within organizations (retailer and supplier) with
 different ways of product Hu!wenel'ug.uumm
and ev di

specification.
—al‘mnusphylmlein duct devel using
i Mhmﬂm:ddﬂew
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““m The vk and § o » s
e whore the of an suditor who fully und the. ,nnﬂw’ i olati
u*u-hm groat value (o the syston Covaw ssialion s gomig
”dm‘ centify mﬂ- ad | et bt Newdis o

mw&l‘\u\dh‘unwlw Ay e
appearing 1o link the ont with the retailer o whaloaalos We fiavs aeey B
rﬂ ully in China with a madtinationa) setaiies The use of ™ aotivare

handhold devices to manage the svatern of hocks and audine & sk preoliisting
Weare aware of such symtems being, usod succosstully in Lusape to 1 T ik

B with whol and Jors, Intormation on the protive e

pesticides used and quality specification patameten, i mlavel ap te S s
5 10 allow later reporting and

» Procurement - We are not aware of a scheme that speciically appiliess G oo
although the food safety and guality requirements tend 1o be pushed badk Gova e
‘chuin to the suppliers while being monitored by the purchasing avganisium, Samenis
private and public sector achemen are in operation, which susually segure supples o
Amplement food safety management systems baned on FACCT and vist sssessen Tie
‘due diligence defence in the UK can be rogarded as a driver of tood sl i ant tusd
procurement department and we see this visibly an several pubihc secton ogamistons
such as schools and hospitals.
mmwbcwmmmwmmm
Here we see the IFS broker dard, which is applied to trathing « rowen an
‘obliged to ensure their suppliers have appropriate food satoty and gualin seiwns i
this, the customer has a certamn security knowimg that they So e el G e o
the themselves. This, however, 1 not a final solution and on ocason st
wvisits by the customer 1o production sites with the broker men e tscssa G o e 1

apply
‘» Retail and delivery ~ IPS Cash & Carry i gainng some ground an Surmag aovsting e
‘operational aspect of retail and delivery, and again the hase o taad saton » SRCT e
sk assessment. This standard s ween more in the trad manal ha saiko. o) and s
sector rather than in mass retail \; Py g Ty
g ey gl

‘mquire certain standards of supplicn, for exampic GISI e T,
“umdq’-mnmlh Trdnd 1 Ther BTG @ et

TR I8 T s
syvtems kinking the activities, somctimes. asing 11 mn&m R
extended 10 supplien and we have son oxemg el et NP
dqﬁ---mm.&-—;‘w 0l ot o e e
and wappdier Pl of sapypdver Cread atin s o e, ARG,
o) e meoonded and as well W S ue o e e 4 e
A0 CATY cwt tok amcssancet L‘h--w‘m-m vt s Y. TR
Tt oo coraribune b the Tl Scsass
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]
1
s
3
1
t
3

of prodact § may be carmed out, for rumpl. wsiny
Y tositing of hed ducts (see “Th ¥/ A lity, " above) ot

-#:m hulm Litchen analysis where pmduﬂ- are “cooked up” and thew

4 Cortain orga requise their supplien o be prosent at
such semstorn, which is soon ax a valuable way to give direct feedback 1o the supplier b
w n'mw-n W needed

. Pn «we are not aware of global standards for food satety
and quality sn .n area but there are a number of proprietary and local government
sandards. The foou tends more towards kitchen preparation than supplier control
m for the larger 1 and contral of the sapply

Traceability and ace bility are ngun key principles in this cas

We see the langer institutional caterers and food service organizations managing lood
safoty and quality using 150 9001 as a stroctural basis, with HACCP .m.«a to opetations’

Salbe

food safety. Such wy enable ¢ to local d gly the inte
'u‘ndhn-d safety (HAS) systems in such environments can h.— seen as o way of
w PRPs - by Ilh‘ working practices that have equal relevance to food

-h.w safety In torms of supply chain practices, it is not uncommon for such
‘organizations to have a central procurement function that organizes ingredient speciho:
tons and certificates or audit reports from their suppliers who may be wholesalen, delivery
agents or cash and carry. Product develop in such org s tends to be governed
by an internal vy and is usually based d informal in-house kitchen trials. The
multinational branded food service organizations, however, tend to have more formal s
“tems of product development, which may be supported by in-house R&D and external cus
tomer pancls

Management (PLM) is an industry term used to describe the process
the full life cycle of a product from its conception, through design, develop-
to launch, and 1 IT software-supported
Wt M'hltmhdmyuﬂmhnngofﬂmmmmdcm
_l“wdmmdﬁmlpmnsmnmw
project, for example in p label d and central man-
'“ﬂ&udﬂ}l“wlnlellc‘nm'ol\c!;mﬁrscm 1

ples and systems it may be dear that we feel there a a bright
~ their demonstrable results, most notably the cortidicate,
.m‘quﬁnk The proliforstion of al
redundant schy dards is a conoern, but there s no
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s vapid expanson over the las decads o s i B8 10 o el s sl

mbdﬂ‘m we expect a nuniher of develapmsits

= Systems 0 schemes. Where existing systems chearhs have the gumentis & wile iigse
e to an sloment of the value chain €D for innes ation, PV Lo conasien
Cmanulactuning), we may. # cortification scheme b be dovtlaped st T
wround may serve here as an examptie - fovelyped tom
ol bccndnmbm 150 standard (22000) 4 o LM% cmogmosd’
scherwe 22000). Moving torward, relevant stadehold
“customens) may require a certified demonstration of the tact that wll P
considerations have been taken systematically ito account an the dewgn stage o+ tow
. of technology. This may then serve as a “lesnse 1o laundt,
llfmlh Mwmmmnuwmm
~ typiaally donotinclude any of litv i
hmmnmmwmmnnmm
as well as an economic driver. A noed 1o estabslish the seguimi lev o
in the consistent delivery of product made under the sighe conditums. e
~ drive the inclusion of certain elements of TPM into mamstrean, ceetfication sShenes

nmdh-mm‘on\'o_
“hhhnhuﬂ-pplubﬂm \-N\p«wwmwaﬂﬂa-
m-h-uhubylﬂssczzom- "y TR - 0 ooy
hrqy-:ﬁ:tvp.o( -to o
ﬁ? core HACCP part - specific rog gty -~
the entire value chain by sch As ~
‘-puilednnunn-umoabd satety ummmm
 allow consumers to make decisions and in cortaim
*I-'kmﬂhpemnhmuuwmmv&-
‘« increased attention to qualification of scheme auditon o omw & ot Ui
of risk management will be proliferated throughout the valin Sam

Further Reading 2
American Institute of Baking (ATEY botpn  wovo i sy =
Codex Alimentarius: htp  www codes sl e g

Globel Food Safety Initiatihve [GPSI) dor comn ongon o,
» BRC Global Standards batp - woww S Ld b

P M-..d.n KT

.
. Certilication 2200 )-. el T30 cm, e
-
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INTRODUCTION

Ay the assurance that tood will st case Bien de B ot
oaten awording 1o its ntended use (060 0000 e, S
Al stakeholders i the food profusion dei Sl nek s
o reduce iska of contanvimation As sated i T Regulatun #00 m...m..,...

Houd business oporators are o e that ¢
m““mplyw&mm-muwtum- wmnh.wm
production and associated aperations. The contral of et dn e e
ol contamination arsing from ait, soil, water feed fortlives peticiie; i

and s m'ﬂ-‘l\
on estimates that there are hundreds of millions of prople suonng on e

diarrheal d an one of the most commen linesses yorli
“MMHN‘M“M canes per year Taom day, Buousanits of g
di In developing courntries, 1% millorn Shlitess s
of a diarrheal d up to 70% of thesie oo e e ousstity
{Larson, 2010; Motaryen o .n EI\ 3
Countries with podnpm; systems have d -
dence (number of cases) dwmamwmummn—up

- mated that each year f cause ap ety 7o miilhor Mo, S0
ma—muhummma 256006, 000 cavem,, 2508 ngninilion

‘and 718 deaths in England and Wales Data tram the “ethetlant: telieste e o

‘b\ 1" S (R o

hhmmouncmnm al., 2012 Haavelar o ol 0 Beom v gt

. - of cases, it can be d that the burden of foadh oo reAsI e
‘same order of magnitude in most countries of the Orpanizanan o Teonome Crpestivs

{OBCD) (Rocoust et al,, 2003 k
of food T pathagor, i Tk 200 e
el

hmm o W1Mmu. and s st
-,

hhuhdhww Autonte sl ot scied diesses

3 chadeng spocet, el gomemms s e Wi and g, e
“”umwk«\m Tt T, Do,

B ROOUD SAFETY ASSLIRANWNE Ty TEns









e o

402> J01 St 3021 S 0 32

e 00T T

SIOX Y SMAAVIAL OF NP SUo1 it A3 “SHIUONE 1AL JO/PiY AaUNS Fig) SULNP UOISSIASHi] PasU

15 suotpafin acqies i
Hiots b

HONEULLOf U = ) s = F O = = 'SR = 4

POOJ PAJEUIULIU0D-[10§ - - + 0 wepy Dan) SUNPU,
JeAW PINOOAIPUN - - - - SAUOATUIED ‘DUIMG sipards vjpunpLy,
wmyos
eau Payood1apupn - - + - AuLms ‘ape) pue sunuSys pian)
5qRID AMP1/PaYO0MIPUN - - + - SQRID 1) MYSa1] dds smuoSvin,
s
\[S1 e/ payoodsapun) - - + - SY JajeMYSaL] Jzdaane supiosido
SSAIAEA - - + = speo8 ‘appe) onredai vjotsny
YSTJ Me1/payoodtapup) - - + - YS1 JojeMYsal] SISUANIS SHPIONO]D)
POOJ PAILUTULIU0-|105 - - + + uepy SIPIOIUGIN] SLIVISY
SHINIWTIH
PIA[OAU] SPOOY  S[EWIUY Wis poog ur uosIg  pooy 1M 1ae) spaezep]

0 sajduiexg] pue sjudUNU0Y) prjuo) £q  woneoydynpy 0§ uosiag 10 110A38DY

uoissTwsuel), jueproduy

Aq juoissnusuriy,

(panunuon) 1°€Z ATAVL



INTRODUCTION 565
blackberries and strawberries, fresh herbs such as basil and parsley, and green onions as
well as fresh-cut fruits and vegetables. Th ( e
including E. coli O157:H7, E. coli O1°
Slugella s and hepatitis A (FD

The emergence of new foodb:

outbreaks involved a number of pathogens
Ila species, Li

ia monocytogenes, Cyclospora,

ome pathegens as well as the recurrence of well-known
pathogens over the last decades can be explained by various factors such as world changes
:n Zﬁtle“){; and' food production systems. Globalization has undoubtedly increased world
;:c; ‘:!;\\’ t:?x‘n(:\lt;x\e I:Y;nr:rae;::e;o(:fequencgf fuch as faslgr tr_ans(cr. of microorganisms ffnm_

g S pportunities for contaminations, time-temperature abuse of

E:S:i‘s:;‘: :’::C:T:: risk of foodborne illness. An increasing elderly world population is
a foodborne illnesz canE "e:‘}:‘é‘:: E;Ef d"lft(erem S and ypes ofpathopen e bose puth
from the original source of 'lnfnactim—\e_rb 0 a new pathogen in a location thousands of miles
pos:dn\:\:\‘c;\smn:‘g;h;?,i: f“" ;00(1 production at the primary level and further processing also
R Spm’\g'\fm:m Enceooha‘safcty In 1996,4(\ new variant of Creutzfeldt-Jakob disease inked
of contaminated meat pro ‘P : ‘;Pa“")' (BSE\ in cattle was diagnosed in humans. Consumption
mal husbandry Practizs t‘uc 3, cattle is presumed to be the cause. Modern intensive ani-
increased prevalence of Cnlxﬁ ma,;urf\,Ze production seem to have led to the emergence and
e letion et (T S fmuz‘ a ,s?m\'ars and Campylobacter in herds of almost all important

ocourt et al, 2003). Excessive use of veterinary drugs in intensive animal

production led also to increased awarenes : = b
animal muscle. The use of untm:\: areness of the health effects of high drug residue levels in

A o agriclbies i o ssaosiaton e s e a0 coniaiinale el
and vegetables. Infections caused by Vibri nusual pathogen contamination of fresi | >
intoxications due to naturally occurring io spp. (V. cholerne, V. parahaemolyticus, V. vulnifit 1) an

atera, as well as trematodiasis, a SENFIE various forms of shellfish poisoning or cigu-
in raspberries, E. coli O157:117 4 nre c??@on concerns with fish and fishery products. Cuclos< H
some of the many recent c‘awzs n[“‘PP ;gulce and alfalfa sprouts, Salmonella in ca.nlaloupcs are just
(FDA, 2013a). The list of potenti {] ? orne outbreaks linked to practices in primary F“‘d“.‘"f;:
of the problem is unormoﬂs '151‘ ‘:1 QOdbm—-m’ B e s B F‘
cial reports of outbreaks arc he problem is greatest in the developing countries, a!thk_‘ush offi-
these countries is an in di::i scarce and anecdotal. The high incidence of travelers’ dmn_hu»“ﬂ ‘l'n
B e outlend wates ety puchieia (G E RS
e e ses due to r?ucr?bml agents, misuse of agmchmmgﬁ as well as n{h‘
v lioine. XIS stich as mycotoxins, in particular aflatoxins, causes major problems in the

eveloping c.ounmes and are barriers to their export and development.

»An diissie prevention program must start with the prevention of food contamination i
primary production, particularly considering the fact that many food products may be con-
sumed raw and the predilection for such foods is increasing 3

The present chapter addresses three main primary production systems and the chal-
lenges to }‘Cd\l(&! the threats to safety inherent to cach. Good animal farming, fish health and
good agltlcultur;\l practices are described extensively so as to provide a clear picture of the
complexity of the food production chains and the many factors that need to be under con
trol to assess the safety of the products presented to consumers. This chapter is not intende:
to contain an exhaustive treaty on good agricultural, farming or aquaculture practices butt
share experiences and propose different approaches to foster food safety
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PART 1: GOOD ANIMAL HUSBANDRY
INTRODUCTION

The human population is growing year by year. It is expected that by 2020, the number
of people on Earth will increase from 7 billion to approximately 8 billion. In order to ensure
a sufficient amount of food, it is necessary to use the most advanced agricultural technolo-
gies in plant and animal production. Although the agricultural technologies are highly
sophisticated and activities are based on scientific knowledge, there are a number of nega-
tive impacts if they are not properly implemented. Those improper farm activities can cause
environmental pollution and health problems to animals and farm workers, to neighbonng
wildlife, and to the consumers of their products.

Animals are exposed to constant activity factors such as air, water, soil and climate, and
factors of an inanimate nature, but also by the presence of people, other animals, insects,
microorganisms, pests and other factors of a living nature. All those factors can be carriers
of agents that can directly or indirectly cause contamination of food produced on farms

Almost every activity on a farm carries the risks of contamination from aniraal to aimal,
from animal to man, from man to animal; and, most important, from animal and man to
farm products. Further, the composition of many animal products (meat, milk, eggs, etc) is
an ideal medium for the outgrowth of pathogenic microorganisms. Domestic animals may
carry human pathogens which if present in food of animal origin may increase the risk of
causing foodborne illness. Almost all foods have the potential to cause foodborne illness.
There is also the potential of contamination of animal products with residues of vetennary
drugs, hormones, pesticides and other chemical contaminants.

Therefore, implementing the proper procedures in agriculture, especially hygienic proce-
dures, and control of animal products throughout the food chain are essential to ensure the
safety and suitability of these foods.

This part will present potential microbiological risks at primary production level on
animal farms, and give an overview of good practices that can prevent or solve problems
caused by these risks.

POTENTIAL HEALTH RISKS ON ANIMAL FARMS

Microorganisms, viruses and parasites are the source of various animal and human dis-
eases, and can, directly or indirectly, cause contamination of food produced on farms. They
are widespread in the environment, in air, water and soil, inside or outside people, animals
or insects, in barns, parlors, equipment and tools. For this reason, the “battle” against such
agents is hard and must be carried out on a daily basis. In Figure 23.1, a selection of zoon-
oses and foodborne cases in human population in EU countries during 2010 is presented.

FOODBORNE DISEASES

Foodborne diseases are acute illnesses, usually affecting the gastrointestinal tract,
brought on by consuming contaminated food or beverages. Various microbial agents
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FIGURE 23.1  Number of zoonosis and foodborne cases in humans, EU countries 2010 (dat

(Viruses, parasites and bacteria) can cause illness and currently more than 200 known dis-
eases are recognized as foodborne. Contamination of food may occur at any stage in the
process from “farm to fork” and can result from environmental contamination, including
pollution of water, soil or air.

Despite remarkable advances in food science and technology, foodborne illness is a rising
cause of morbidity in all countries and the list of potential foodborne microbial pathogens
keeps increasing.

Up to 30% of the population in industrialized countries may be affected by foodborne illness
each year. The global incidence is difficult to estimate, but in 1998 more than 2.2 million pt_’\?Pl‘"
including 1.8 million children, died from foodborne diseases. In 2008, the US Center for Diseas¢
Prevention and Control (CDC) cstimated that foodborne diseases caused appmximn(d,‘
76 million illnesses, 325,000 hospitalizations and 5,000 deaths each vear. (Oliver etal., 2009). o

There are significant microbiological risks associated with l&rimary production. A e
range of agricultural products can become contaminated with MICrOOrganisms, md\@‘"b_
human pathogens. Some of these pathogenic groups come from soil and water, but for some
of them, animals or humans are reservoirs from which they spre

ad. Pathogens that live on
; e ! i ci amn
farms are directly or indirectly recognized as risk factors in the entire commercial food cha

od N
(Tauxe, 1997). The most common foods that caused food poisoning in 2010 are prc:cnh-d i
Figure 232,

EXAMPLES OF FOODBORNE PATHOGENS

o . - and beef
Pathogens are the leading causes of foodborne morbidity and mortality. ?mr:\”m’h e
cattle can harbor and shed E. coli. Campylobacter jejuni, L. mo ocytogenies and S . Y\“m;nmcn‘-‘
are carried by cattle, poultry and swine and are found in their associated farm ent
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Bovine meat and Cheese, 2 3% .
< Fruit, berries and juices 2
products thereof, 3.3% and other products N=698
thereof, 1.3%

Pig meat and products
thereof, 4.9%

Other or mixed meat Eggs and eqg products

and thereof.

Broiler meat (Gallus
gallus) and products
thereof

Mixed or buffet meals

Fish and fish products

Bakery products
Other foods

Vegetables and juices
and other products
thereof

Crustaceans, shellfish|
mollusks and products
thereof

FIGURE 23.2  Distribution of outbreaks caused by food (FFSA, 2012)

(McEwen and Fedorka-Cray, 2002). Staphylococcus aureus, Clostridium perfringens and Bacillus
cereus are also important pathogens that have origins on farms. The Strepfococcus siis
encountered in swine production is now recognized as a human pathogen. Viruses such as
norovirus and hepatitis E, and parasites as Cryptosporidium purvum and Toxoplasia S"”f_f" are
encountered in the farm environment and considered as human pathogens (lauxe, 2002).

These pathogens are found in animal feces; therefore, contamination of food products by
animal feces is likely to be a principal mode by which foodborne pathogens reach the con-
sumer. Wild birds and various mammals that are common in farm environments can also be
a source of these pathogens. y 3

From the standpoint of pre-harvest food safety in general and human health in particular,
Salmonella spp., E. coli, Campylobacter jejuni and Listeria monc cytogenes are the most important
foodborne pathogens affecting public health (Bean and Griffin, 1990).

Salmonella spp.

Salmonella spp. is the most commonly reported cause of human foodborne diseases
Salmonella spp. lives in the intestinal tract of various animal species and can be present on
farms with absence of clinical discase. Healthy animals can become carriers and can shed
Salmonella for long periods. Humans become infected if they consume animal products or
water contaminated with feces, but direct contact with infected animals can also be a source
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TABLE 23.2  Parcent of Samples Positive for Salmonella in Various Animal Products in EU Countries
duning 2010

Animal Product No. Tested Samples % of Positive

Fresh broiler meat 21,539 48

RTE brotler meat 3253 03

Fresh turkey meat 4329 90

Egg and egg products 19,142 03

Fresh pig meat 69,005 09

RTE minced pig meat 11,675 06

Fresh bovine meat 34236 02

RTE minced bovine meat 3299 04

Raw mulk, pasteurized milk 7825 Seass
34,109 (A1

of contamination, especially for farm families. Although a great percentage of human sfd-
monellosis occurs through consumption of raw milk or dairy products manufactured with
raw milk, human illnesses are frequently linked with cons’umption of poultry and pork
products (Besser et al., 2000). &

In beef cattle, Salmonella w
swine farms, on 58 of 152 far;
of ground chicken meat (Ral
tive for Salmonella in varioun

as detected in 38 of 100 feedlots (Fedorka-Cray etal, 1955). In
ms, Salmonella was detected in 20% of broiler carcasses and 45 o
bsch et al, 2003). Table 23.2 shows the percent of samples posi-
s animal products in EU countries during 2010.

Escherichia coli

Several strains of E. coli ¢

ause a variety of di h

o s and animals. Escherichia
coli O157:H7, also called enterohemorrhagic E. coli, is a type associated with a P:’r:cn‘\‘;
larly severe form of human disease as hemorrhagic colitis, hemolytic uremic <\1\; T
and thrombotic thromocytopenic purpura. The majority of human outbreaks caused by

i : d v milk (Do
coli O157'H7 were linked to the consumption of contaminated meat and raw milk (¢
1993). Sources of conta

mination also include: feces from infected animals, use of C“nl_a\mn:*l
nated manure as fertilizer, fecal contamination of meat at slaughter plants, raw m“?“u‘mi:. 5:
slurry from dairy farms, and cross-contamination of other food products at r‘?'"“ i"dlrl" and
Banatvala et al, 1996). Cattle are currently considered a reservoir for E n‘l}l\_o 'xl(hol:'cn o
cattle manure is an important vehicle for spreading contamination, but .“;»‘ bt
also detected in sheep, goats, horses, dogs, reindeer, deer, birds and rabbits
1998). In 2010, the total number of confirmed human E
almost half of the reported were serogroup 0157 (41.1

K et al..
cases in the EU was JUU‘:) and
Fach year in the United “((\\kpi
1a t 36% are 0157 serot)

approximately 265,000 cases of E. coli are detected, and about 36
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TABLE 23.3  Percent of Samples Positive for Salmonella in Various Animal Products in EU Countries
during 2010

Animal Product No. Tested Samples % of Positive
Fresh bovine meat 21,539 48
Raw cow milk 3253 03
Fresh ovine and goat meat 4329 90
Milk and dairy products excluding cow milk 19,142 03

(www.ede.gov). Table 23.3 shows the percent of samples positive for Salmonella in various

animal products in EU countries during 2010.

Campylobacter spp.

Campylobacter jejuni and Campylobacter coli are the most frequently identified cause of
acute infectious diarrhea in developed countries and the most commonly isolated bacte-
rial intestinal human pathogens. Between 2 and 4 million cases of campylobacteriosis occur
each year in the USA, and Campylobacter is associated with 120 to 360 deaths (Fahey etal,
1995). Several zoonotic sources have been identified, and C. jejum has been isolated from
cattle, swine, poultry, dogs, cats, birds, ferrets, hamsters, wild birds, mule deer and house-
flies (Altekruse, 1994). Poultry meat products are the most common foodborne source of
Campylobacter infection in humans (Vugia et al., 2007). Symptoms are chronic gastntis,
enterocolitis and septicemia. Humans become infected by ingesting contaminated foods,
untreated water or contaminated nonpasteurized or improperly pasteurized milk In 2010,
Campylobacter continued to be the most commonly reported gastrointestinal bacterial patho-
gen in humans in the EU since 2005. In 2010, 266 deaths were reported due to campylo-
bacteriosis (reported for N = 115,747). According to the US Centers for Disease Control and
Prevention, during 2008 there were 2.4 million people contaminated with Campylobacter
(www.cde.gov). Table 23.4 shows the percent of samples positive for Campylobacter in differ-
ent animal products in EU countries during 2010.

Listeria Monocytogenes

Listeria is a serious foodborne illness in humans (listeriosis). It is dangerous primarily
for pregnant women and their fetuses, the elderly and the immunocompromised. The big-
gest public health concern is that it can develop resistance to antimicrobials. Listeria mioiocy-
_Pogmws is an environmental contaminant whose primary means of transmission to humans
is through food, which can become contaminated during production and processing.
Ready-to-eat (RTE) foods that are refrigerated before consumption and do not receive sub-
stantial treatment, such as soft cheese, RTE meats, and RTE seafoods, have been implicated
in outbreaks of listeriosis (Kathariou, 2).
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TABLE 23.4 Percent of Samples Positive for Campylobacter in Different Animal
Preducts in EU Countries during 2010
No. Tested
Animal Product Samples Y of Positive
Fresh poultry meat 7413 26
Fresh pig meat 932 06
Fresh bovine meat 808 04
RTE bovine meat product 610 18
RTE minced turkey 142 07
RTE munced pig meat 289 00
Cow mulk 1993 13
Cheeses 384 10
Data Source: EFSA. 2012

Listeria spp. is widespread in nature, can live naturally in plants and soil environments,
and grows in a wide range of temperatures and pH (Bunning et al, 1958). This adaptabil-
ity cna.b]es Listeria to grow in refrigerated raw milk, but can also survive high-temperature,
short-time pasteurization (HTST). Human contamination occurs through consumption

of Taw milk or products manufactured with raw milk. In dairy and beef units infection of
a-mmnls oceurs \hrOL-lgh ingestion of contaminated feed, especially low-quality and spoiled
silage. Healthy but infected animals shed Listeria in feces, and fecal contamination of pas-

tures or vegetables was also implicated as a source of contamination for humans and rumi-
nants (Murinda et al. 2004).

Control measures should be aimed at the farm and food-processing level, in order to pre-
Yen\ cor\S;munn\mn of food products. Preventive measures include providing appropriate
information for consumers on how to minimize the risk of ingesting food contaminated by
Listeria. i

In 20>10. there were 1601 confirmed human cases of listeriosis in EU countries. In the
24 confirmed listeriosis outbreaks were reported between 1998 and 2008, resulting in 3
nesses, 215 hospitalizations and 38 deaths (wiww.cdc gov). T

USA,
9ill-

23.5 shows the percent of
gl posivelionl steria SPP. in various animal products in EU countries during 2010

Brucella abortus

Brucella spp. is also known as “contagious abortion.” It is caused by infection with the
bacterium Brucella abortus. Brucellosis infection of cattle causes abortion or me‘mmf‘
calving of infected animals, most often between the fifth and eighth month o_f }’r&‘gllénf.‘i
Although most countries have federal and state regulations for controlling this d:sm?e,‘l
is still a threat. Brucellosis is spread from the vaginal discharge of an infected cow 0" “Il:
an aborted fetus. Breeding bulls that are infected can also transmit the disease to cows ‘g\l >
infected semen. Milk produced by an infected cow may also harbor the organism. LG
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TABLE 23.5 Percent of Samples Positive for Listerna spp. in Various Animal Products in EU Countries
during 2C10

Animal Product No. Tested Samples % of Positive
RTE broiler meat 1450 15
RTE pig meat 22,158 20
RTE poultry meat 3636 15
Soft/semi-soft cheese, raw cow milk 1674 03
Soft/semi-soft cheese, raw sheep and goat milk 865 0s
Soft/semi-soft cheese, pasteurized cow milk 5548 09
Soft/semi-soft cheese, pasteurized sheep and goat milk 158 02
Hard cheese, raw cow milk 1024 04
Hard cheese, raw sheep and goat milk 303 00
Hard cheese, pasteunized cow milk 8029 03
Hard cheese, pasteurized sheep and goat milk 585 05
RTE fish and fishery products 2938 60

Data Source: FFSA, 2012

infected milk is a public health hazard as this is the organism that causes undulant fever
in humans. There is no treatment for brucellosis. Prevention of brucellosis is vaccination of
heifer calves. Although brucellosis has been eradicated from cattle in most countries, out-
breaks still appear from time to time. According to the EFSA report for 2012, 10 countries
with 356 confirmed cases have been reported (EFSA, 2012). So, even though the brucellosis
vaccination is mandatory, there are still cases of this disease in Europe.

Helminths

Internal parasites, as tapeworms, lungworms or liver flukes, can cause significant dis-
eases, but also economic losses at farms. Older animals that are frequently exposed to the
parasites have a certain degree of immunity, but young animals are very susceptible. Adult
worms that live in the animal body produce egg‘s that are passed in the manure. The eggs
hatch, producing larvae that develop and move up onto the pasture grasses where animals
consume them. These eggs are very resistant and durable. They can survive the winter
and halc_h out with warm weather. The most important step in the fight against worms is
deworming of animals using anthelmintics before grazing season starts. There are several
approved anthelmintics available such as paste, suspensions, granules, injectable or pour-on
formulations, boluses or crumbles for oral use, and drench form. However, it is very impor-
tant to (ronsu]t a veterinarian concerning the type to use and the timing. It is also necessary
to mention one of the most common internal p'arasi(es, Trichuella. ]
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Trichinella spiralis is a concern when good animal husbandry is not respected. Many ani-
mals may act as reservoirs, but the most frequently involved in cases of human infections
are pigs, horses and wild boars. Infested animals harbor larvae encysted in their muscles,
and consumption of raw or undercooked meat products may lead to disease. After an incu-
bation phase of about 2448 hours, fever and intestinal symptoms may appear. A week
after infection, larvae starts invasion of the muscles, followed by muscle aches and fever.
Depending on the number of viable larvae consumed, symptoms will vary from hardly any
to extremely severe or even fatal.

Trichinosis prevention is based on accurate, mandatory inspection of all slaughtered pigs
and horses. The number of reported trichinellosis cases in humans in 2010 was 394 with 223
of them confirmed. More than 211 million tests of Ppigs were provided, in which 199 were pos-
itive; 36,871 wild boars tested with 26 Ppositive; 724,640 hunted wild boar tested with 288 p
tive; 9569 foxes tested with 108 positive; 589 bears tested with 28 positive; 208 raccoon do;
tested with 58 positive; and 2760 other wild animals tested with 99 positive (EFSA, 2012).

ay
]

Other Animal Infections

From the perspective of animal health and welfare a
animal infections are of conci

rot, infestation with ticks,
as the foot-and

nd/or lost productivity, a range of
ern to the food industry. Examples are scrapie, blac!
lice, horn flies, face flies and stable flies, etc. Some othe:
-mouth disease, disrupt international trade in food. Certain infecti
anthrax, are also an occupational disease in humans. Infections, such as leptospir

be the source of contamination of the environment, e.g. water supply and food and thus
indirect source of infections of human, 3

Control of Pathogens on Farms

The cycle of infections in animals begins w
feed, water and other environments, followed by amplification in animal h
dissemination in the farm. Shedding of foodborne pathogens in feces and distrit
environment where food-producing animals live leads to animal reinfection 2nd
of the pathogen on the farm. This cycle makes animals constant reservoirs of f
pathogens. By breaking the infection-reinfection cycle, it is possible to reduce 1008

pathogen shedding and the spread of foodborne pathogens among food-producing
and in the farm environment (Qliver et al | 2009),

ith exposure to pathogens vi

Management of manure, including feces, urine and other animal secretions or €
such as saliva, is central for tlie control of contamination in food-producing anit

GOOD FARMING PRACTICES FOR ANIMAL HUSBANDRY

Biological, chemical and physical hazards may enter food-produ
production through a wide variety of exposure points in the food
hazards, OIE recommends practices that include general farm and
ment; veterinary medicines and biologics; animal feeding and w

¢ animals or animal

ain. To address the
nimal health manage-
ing; environment and
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infrastructure; and animal and product handling (FAQ/OIE. 2009). We will review some of
these practices here.

Livestock Production

For success in livestock production farm management is essential. Very important issues
for successful livestock production are (FAO/IDF, 2011):

e Farm location — Farms should be located in an appropriate area for good animal rearing.
The environment of the farm must have minimal risks from physical, chemical and
biological hazards that may affect the sanitary of animals or on-farm products. The
following locations are unsuitable for animal husbandry: industrial environments,
waste disposal sites, slaughterhouses, live animal markets and other farms.
Farm layout — Farms should have sufficient space of suitable size, adjusted to the race
and category of animals reared and designed to avoid any problem to the environment
and animal health. The housing area for different categories of animals and storage area
for feed and veterinary drugs should be separated and protected from pests, pets and
other domestic animals that may be disease carriers. It is preferable that the farm has an
open area with sufficient air flow and an appropriate pasture area with adequate shade,
if necessary. Accommodation for staff and office should be located ina residential area,
distinctly segregated from the rearing area.
Facilities — Facilities in which the animals are bred must have enough surface area
so that animals can practice their natural movements. They should be constructed
using durable materials that are easy to clean and maintain. The floor should be made
using non-slippery concrete and be slightly tilted with good drainage to prevent waste
accumulation within the facility. For good ventilation it is necessary to elevate the roof
of the facility as much as possible (e.g. for cattle at least 3m). Appropriate and adequate
water supply should be available in each facility. The facility must have sufficient
daylight as well as sufficient artificial lighting for animal caring and health checks atall
times. Equipment and tools for farm operation should be in good condition, adequate,
easily cleaned and operated, separately stored and not cause harm to animals.
Feed — Feed must be of good quality, whether produced on the farm or purchased
elsewhere. Feed containers must be clean, dry, in good condition and free from
contaminants. Vehicles used for feed delivery should be cleaned and dried after each
use. Itis necessary to check physical and chemical properties of feed, especially potential
presence of molds and fungi. These microorganisms have the ability to produce
mycotoxins that can be very harmful for animals and humans. Thus, such contaminated
feed must be rejected and eliminaled in an appropriate way. The feed should be stored n
a special room that is clean, dry and free from insects, rodents and other animals.
Watn_-r—Animnls must have free access to fresh and clean water throughout the day
and in quantities that meet their needs. Water sources should be protected from
contamination by animal manure or waste water from the farm. Also, water sources
should be located away from pollutants outside the farm, such as from garbage dumps,
slaughterhouses or factories. If the source of water at the farm is an artesian well, it
should be adequately covered and protected from atmospheric phenomena. Water for

1ll. FOOD SAFETY ASSURANCE SYSTEMS



L
1
-
|
E

///"’—5_7_5
ANIMAL HEALTH

washing and cleaning, espec'ml\y water directly used to wash the animals, should be of

good quality. Water containers should be clean. e
+ Farm staff — The number of farm staff should be adjusted to the size of the farm: pla

daily,taking into account seasonal activities, type of housing, animal rearing system, ]

uipment and other facilities available on the farm. All staff should have the requiree

Knowledge and skills for their tasks. Every person working on the farm chould have an
2onual health check-up and follow good personal hygiene practices, i-& dressing \\'1\\}
dlean clothes, washing and drying hands every time prior to any operation” and keeping
hands and nails clean. It is recommended to have an assigned veterinarian responsnblc
for animal health who can supervise animals and give proper advice on disease
prevention, treatment and correct drug usage. prop!

ANIMAL HEALTH

Prevention and Control of Diseases

To control diseases it 1s necessary { their
0 hav rens OF

spread on the farm. P € means to prevent access Of pathos

Animal Treatment

Veterinary drugs, hazardous subst; super-
i ' N ances and dj under the s
vision of 2 Veterinarian. T Shou\‘;&ase treatments ?\\ou\d bet = treatments
with a.\\'m\m pmsc.nphon and record all acﬁ\'itic-s;mcom«n nend animal d:ts;m mdc\'f‘hm
\he withdrawal period for drugs, defined as the in Veterinarians must Lo et administa”
tion of the drug and the time when the anima) :a‘“;erva\ between the ime =

N be s;

1rposes:
afely slaughtered for food P* .

BOX 23.1

PRINCIPLES :gxz\MGAQLQD AN A CEMENR
o Minimize the risk of infections through e AL

for
proper nutrition, grazing and housing * Carry out regular ‘Nar“:;lc‘\w"‘"
« Maintin hygiene of livestack, huus\: elimunation of inte™
facilities and feed storages 8 parasites 15
« Use disinfection barriers at entrance at ® Preventand u\nlmlf“ ‘-ctuf'“""*‘"
farm and every facility on farm * Actinaccordanc® oy
« Limit entrance to essential visitors, acivice duse onlY
authorized persons and vehicles only * Purchase,store

A 5 - : % ts
« Routinely test animals for specific Veternay Pmd‘.‘c
inoes * Adequately @

o Carry out vaccination aganst specific

animals
diseases

ords 4%
* Keep accurate By
e T
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BOX 23.2

PRINCIPLES FOR GOOD MANAGEMENT OF
ANIMAL WELFARE

® Avoid animal isolation, except in cases of

° Availability of feed and clean water to
animals at all times injuries and illnesses

© Provide the minimum required space per ~ © Handle animals carefully and avoid use
animal of instruments, e.g. electric scissors

® Respect the maximum allowable number © Avoid non-therapeutic and radical

measures, e.g. cutting tails, beak, etc
e Provide minimum transport and
exposure to markets and animal shows

of animals per unit area
© Keep amimals in appropniate social
groups

Management Procedure for Dead Animals

Infected carcasses must be destroyed in a way that prevents spreading the disease. The
veterinarian should advise how to dispose of carcasses. Many countries have facilities to
professionally collect, quarantine and incinerate animals that die from contagious diseases
If buried on the farm, proper disinfectants should be poured or scattered over every part of
the carcass and the pit should be filled and piled up above the ground by at least 50cm.

Animal Welfare
Animals are sensitive living beings. Their welfare must be taken into consideration
(Pejanovic, 2008).

PRINCIPLES OF BIOSECURITY

Biosecurity is a set of measures that are necessary to apply to keep diseases out of farms,
herds and groups of animals, or to limit the spread of disease within the herd. Biosafety
is one of the protective weapons for excluding pathogens from the animal’s environment
The producers, herd owners and breeders are the most responsible subjects for implement-
ing biosecurity principles on farms. The greatest risks on farms are imported new ani-
mals, farm visitors, wildlife, equipment and vehicles (David W. Snively http://wwwavvu
rdu,"»-m;lrxh:n,r"Bmsc(ur\",r’Farmydf; Bowman and Shulaw, 2001; Gary et.al., 2001)

New Animals on a Farm

;\.Iew animals on a farm present the greatest risk of introducing infectious disease. It is
desirable that the breeder purchases animals from farms that have developed procedures
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s 4 ing di es, breeders
for animal health protection. For the purpose of avoiding spreading diseases
should:

+ Isolate new animals and animals returning from situations where they have l?uen
exposed to other animals, such as at fairs or shows, for a minimum of 2 weeks.

+ Lsolate animals showing signs of disease.

+ Isolate animals in a facility separate from other animals. sl

+ Ifcomplete 1solation is no)t pozsiblc, provide separate pen or pasture that does not permit
nose-to-nose contact or use shared feed /water supplies.

Provide parasite control

. farm.
and vaccination against diseases likely to be a problem on
Doall appropriate tests and tr.

eatments under the control of a veterinarian.

Farm Visitors

Any visitor that enters the farm is a poteatial carrier of a disease. But not all visitors pre
sent the same level of risk.

Visitors from urban areas or others who havi
nsk of carrying relev,

rerv little
€ no contact with livestock present very
ant diseases. Measures th.

at should be taken for such visitors are:
Wear freshly laundered outerwear and clean shoes or boots.
Ideally provide disposable plastic boots and coveralls.
Provide disinfectant footbaths

and immerse shoes or boots in disinfectant for the
adequate contact time,
Forbid visitors to enter pens or fee
them.

3 “<itors to wash their
When visitors leave, dispose of plastic boots in a safe way and ask visitors to W
hands. %

2 ine food with
ding areas, to contact animals, or to bring fo

Fory but have
Salespeople, delivery people, mechanics and those who routinely \'Nl‘ ff‘ ?}:‘:hllnwmg
little or no contact with animals should be subjected to the above as well as
additional procedures:

N s od, animals,
Wear clean or disposable coveralls and boots if there is any contact with fee
soil or manure. <os if the
. reen uses !
Ensure personal equipment and tools are cleaned and disinfected between
any contact with feed, animals, soil or manure. d place coveralls it
Atthe end of the visit, clean and disinfect dirty boots, and remove and p
aplastic bag before visitors re-enter their vehicles.
Veterinarians, livestock-
animals and their bodily
all of the above pre.

ere i

ce contact with
owning neighbors and anyone else phg h:: rcnli‘lr: addition t©
discharges are visitors presenting the gm?l{:‘llm\tmg
cautions, people in this group should observe the “ e wheel
* All vehicles that enter the farm should be cleaned, free of visible dirton
wells, and should be disinfected prior to arriving at the hm\-‘ :
¢ Visitors should arrive with clean clothing, boots and equipmen

o cleaned and
e als should be ¢
¢ Equipment and instruments that have direct contact with animal
disinfected before and after use

JRANCE SYSTEMS
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e Any disposable disinfectable clothing, such as sleeves and gloves, should be worn
whenever there is direct contact with animal discharges or tissues.

e Dirty equipment and footwear should be cleaned and disinfected with an appropriate

disinfectant before leaving the farm.

Soiled coveralls should be removed before people re-enter their vehicles.

Hands and forearms should be washed with antibacterial soap.

Risk from Wildlife

The presence of wild animals in a farm area should not cause alarm. However, some dis-
eases such as rabies, leptospirosis and salmonellosis can be carried and spread by some spe-
cies of wildlife including rats and mice. It is necessary to take efforts to make barnyards and
buildings unattractive to wildlife by:

e Cleaning up grain spills and other sources of food.

e Cleaning up old board piles or debris piles

¢ Inspecting buildings for possible hiding or denning areas.

¢ Inspecting hay and feed storage areas for presence of animals like cats, dogs and rats.

Risk from Farm Equipment

Equipment that has been in contact with livestock or their bodily secretions can spread
diseases. Also, equipment moved from one farm unit can carry heavy pathogenic contami-
nation to another farm unit, if not thoroughly cleaned. To help minimize this risk, it is neces-
sary to include farm equipment in the biosecurity plan and provide activities such as:

e Remove all gross organic soiling from equipment and tools because high levels of soiling
reduce the efficacy of the cleaning and disinfection proce:
Do not share manure-hauling equipment between farms unless it is thoroughly cleaned
and disinfected.

Clean and disinfect front, buckets and skid steer loaders used for manure or feed
handling between each use.

Soak and scrub equipment in a tank or pressure wash with a detergent sanitizer.
Store used equipment where it will not be recontaminated.

Risk from Vehicles

Vehicles used for livestock haulage, feed trucks and any vehicles for animal transport are
excellent vectors for disease spreading. Cleaning and washing must be carefully and thor-
oughly done. Procedures to reduce the potential for disease transmission are:

Only essential vehicles may enter the farm.

If possible, vehicles visiting the farm should be kept outside the biosecurity perimeter.
Vehicles, especially wheels, tires and wheel arches should be cleaned and disinfected
upon arrival at the farm using wheel dips or sprays.

Personnel should use foot dips, protective clothing and observe hygiene requirements
Prior to entry to the premises.

1. FOOD SAFETY ASSURANCE SYSTEMS
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w
~1
O

Good hygiene practices can be described as a set of procedures that provid; a c!em;:u.u-
tary environment for the production, processing and storage of feed and amm.al pr‘:‘ udi
In other words, good hygiene practice determines what needs to be done regarding cleanis
and hygiene, as well as when and who should carry out these tasks. =

Because of the great diversity in the structure of today’s farms (type, number, productiv-

1ty), the emphasis has to be on prevention and crisis control, but primarily it should bﬁ _}.C;
hygiene at the farm. Good farm hygiene seeks to minimize noxious external stressors that
lead either to acute disease or to the exacerbation of chronic disease. 3

During the last decades of the 20th century, there was an increase in the number of
tious diseases that evelved into an epidemic. Almost every outbreak was E-‘Od'am‘d
lack of implementation of biosecurity and/or hygiene procedures on infected farms
then. hygiene has become the primary tool in the health care program.

Itis very important that correct hygiene measures are routine in everyday activ

However, before a farmer starts with the application of hygiene measures,
g and disinfection of facilities, equipment and tools,
on the farm that will allow

it is necessary to prov
hygienic measures to be effective. Attention must be
Healthy soil: hygiene must start with the soils on the farm. Healthy soil me
and nutritious crops.

Manure and waste mana.

gement: to reduce the risk of spreading microo
across the farm, special attention should be paid to manure and waste

sick animals that should be destroyed ina way matching prindples of enviro
protection.

Grazing and harvesting Programs: agro/technical measures, such as £1
methods, have a direct impact on soil quality.

Plant should be selected according to the micro-environment ¢
Livestock should be selected according to the environm
production and management systems.

Water supply: sufficient quantities of clean water m
times. Slop-basins should be easily cleaned and prot
indirect contact with animal excrements or animal an
Bams must have adequate space, water supp
the animals use it. 1f animals are kept on pasture or used
provide adequate shelter from sun, wind, rain or sn
avzilable at all imes.
Equipment and tools m
and disinfected after e:
tools.
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Cleaning

Cleaning is one of the most important activities for disease control on a farm. Equipment,
facilities, machinery, tools etc., always retain an amount of feed, litter or manure on the
surface after use. Beside the corrosion that these substances can cause, they are an ideal
medium for microbial growth.

Therefore, the aim of cleaning must be complete removal of manure, litter or feed, by
washing, scrubbing and rinsing, or pressure washing with hot water and detergent from
all kinds of surfaces, done in a dedicated separate facility to avoid spread of contaminated
dirt. This is difficult to accomplish in barns with wooden walls, dirt floors, open ceilings
and lack of drains. This is why, when building a new barn, it is necessary to choose a design
and materials that will make cleaning easier. In barns with sand or other porous floors, it is
casier and more efficient to replace sand or clay than to thoroughly clean it. Cleaning can be
dry and wet.

Dry cleaning is the physical removal of manure, litter, feed and other animal wastes. The
disadvantage of dry cleaning is that infective material together with dust will rise and float
in the air, and after some time will cover already cleaned areas. Dry cleaning is suitable
only if it represents a preparatory phase before wet cleaning. Tools for dry cleaning can be
numerous types of brushes, brooms, shovels, pitchforks, etc.

Wet cleaning means using cold, temperate or hot water with or without detergents. With
cold or temperate, and especially with hot water, it is possible to remove almost all organic
materials from surfaces, but there is still the possibility that a so-called “organic film” will
remain. To remove all traces of organic matter it is necessary to use detergents in combina-
tion with temperate and hot water.

Detergents are compounds or mixtures of compounds, organic or inorganic, used for
cleaning. These are compounds that should not have an adverse effect on human health
and not cause corrosion of equipment, tools, walls and floors. In general, detergents can be
divided into:

e Inorganic bases and their salts:
* sodium hydroxide, sulfates, carbonates, phosphates and silicates.
e Organic and inorganic acids:
nitric, phosphoric, sulfamic, citric, hydroxyl acetic, gluconic and tartaric acids.

Cleaning by using products with good detergent capacity will remove soil from the walls
and floors and ensure that dirty deposits will not remain on rough surfaces, e.g. concrete
and wood. Detergents-also reduce the time needed to clean by up to 60%, and reduce the
spread of disease in washing water.

The best way for wet cleaning with detergents is to apply a mixture using a knapsack
sprayer or pressure washer. The pressure washer should be set on a low pressure setting
of approximately 35 bars, and a stream of mixture should fall to the surface that should be
cleaned at an angle of 45 degrees. It is also important to use the appropriate application
rate of applied mixture. If it is a normal liquid mixture, it should be 500ml/m?, or if it isa
foam mixture it should be 250ml/m?. It is very important to start cleaning from the apex
of the roof and work down the walls to the floor, paying particular attention to corners and
other areas where dirt accumulates, The same procvd_ure, from the top to the bottom, should
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be used to clean equipment or tools. Caked soiling should be brushed if necessary to aid
removal.

Special attention should be paid to all water systems, most importantly the waler.sup‘P[Y
systems for the animals. Water systems are likely to contain some bacterial contamination.
This may enable diseases to pass from animal to animal or from one batch of animals to the
next unless the bacterial growth is eliminated. To eliminate bacteria from water systems, it1s
necessary to:
¢ Dran
¢ Remove dirt from the system
+ Refill the system with water
* Clean using a detergent
* Drain again
¢ Refilland add a disinfectant
¢ Leave in the system for 10 minutes

Drain the system to remove all disinfectant
¢ Flush with fresh clean water
+ Refill with fresh water

Disinfection

Itis necessary to emphasize that dry or wet

remove mechanical impurities and Organic matter, but it is not possible to remove all micro-
organisms and their spores. In addition to cleaning and washing, to destroy micro\?r_sﬂn'
isms, it is necessary to implement methods of disinfection (sanitation) on farm facilities,

equipment and tools. Disinfection is using specialized cleansing techniques that destroy or
prevent growth of organisms capable of infection (Stojanovié et al, 2003)
There are two methods of disinfection:

cleaning, even cleaning with detergent, ¢n

¢ Disinfection by physical means.
¢ Disinfection by chemical substances,

Disinfection by Physical Means

5 < of heat

Physical means can be heat, gamma-radiation and UV radiation. Different forms "gh‘;:\.
can be used such as wet heat (steam, hot water, boiling solution of acids and bases) and ArY
heat (hot air and UV radiation).

DISINFECTION BY WET HEAT

+ Steam is used mainly for autoclaving and disinfection of finer equipment “"‘:‘mﬂ:mmd
pipes. It is suitable for application in the dairy but not for the farm L:_\uall_\'f .efg'r]bnr for
disinfection is obtained if the temperature of the steam is 115°C at a pressure 615
3-5 minutes. ores. A good

» Hotwater quickly destroys vegetative forms of microbes, but not ‘h".qr SPS % .35\; effect
disinfection for a dairy farm is a water temperature of 77°C for 10 m"““;:,d_ﬁc P
can also be obtained with a CIP (Cleaning in Place) system with \\ah.fr ol ; ma\- by
5-7 minutes. The disadvantage of hot water is that it can cause burns and a3
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expensive due to the cost of the volumes of water needed to achieve disinfectiors

the heating of the water. On the other hand, hot water, properly used, will kill m

microorganisms and is non-corrosive.

Boiling solution of acids and bases — usage of these types of disinfectants is simil=

previous, but effects are much better, especially if the solution temperature is higt

ACk

DISINFECTION BY DRY HEAT

e Hot air is less used on farms. Mainly it is used in laboratories for disinfection of
laboratory glassware and equipment in dry sterilizers.

o UV radiation is used to sterilize small enclosed areas such as laboratories and cham
milking machines, milking parlors and dairies and so on. It works on surfaces that a

exposed to the radiation.

7 Sub

Disinfection by C

The presence of organic material, including bedding, manure, blood and pus, inter.
with the action of most disinfection methods. This is the reason that prior to implementa
of the disinfection method by chemical substances, it is necessary to clean and wash the
face that should be disinfected. After cleaning and washing it is good to allow the surfac
dry, if possible. Thorough cleaning, washing and drying will remove most of the contam;
tion and allow disinfectants to contact the surfaces and kill the microorganisms

Disinfectants
A disinfectant is a chemical or other substance that kills microorganisms but may not k
bacterial spores, which are a dormant form of some bacteria, e.g. Clostridia spp. Thg.y cant
applied to objects, equipment or tools. Because of their potentially toxic, irritating or ¢
rosive properties, most disinfectants cannot be applied directly to living animals or people
There are products that are both detergent and disinfectant. Because these substance
may be toxic, farmers must strictly follow the instructions on the label before use. It is \'en.

important to pay attention to:
e Dilution rate, either as a germicidal cleaner (killing microorganisms) or as a sanitizer

(reducing the number of microorganisms).
® Minimum contact time, the time required to kill microorganisms.

BOX 23.3
REQUIREMENTS FOR A GOOD DISINFECTANT
 Effectively destroys microbes e Easy to use
® Not toxic e Efficient
° Not expensive

© Free of smell and taste
® Not harmful to human skin and materials
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on-
3 i > and minimum C
This information is normally stated on the label. But the dilution rate
tact ime depends also on:

* Presence of organic matter.
¢ Temperature, pH and hardness of water.
* Concentration of disinfectant.

X 5 i o ovic et al
The main group of disinfectants and their characteristics are (Stojanos ic ¢

ALCOHOLS

5 cterial
Alcohols are commonly used for cleaning equipment on the farm but do ook »“: :;:\‘ark-
SPores. Isopropyl and ethanol alcohol are commonly used, mostly for disinfectiol
g surfaces and smaller equipment and tools.

CHLORINESIHYPOCHLORITES
Chlorine-bas,

microbial activity and low cost. The major disadvantages of chlorine sanitiz

they are Very corrosive to many materials of construction and they are easily ina ver to mix

organic ‘Materials and sojls, THcy are commonly used but care must be taken nev c:_' activ-
M With acids becayse toxic chlorine gas will be generated. They lose some of their

= - .spectrum anti-
ed disinfectants have two major advantages: excellent broad SPirs are that

ctivated by

1ty above 80°C ang work best in pH < 7
CHLORHEXID]NES
S » skin or some
5 Chlorhexidines are not active against all bacteria that are found on th'“' s:"mom effi-
i 78S, but they can be used for washing animals or workers hands. They a
ient if they are used after clenning, washing and rinsing of surfaces
CARBDX\'LIC ACID bination
R : oy are a combina
The carboxylic acid sanitizers are also called fatty acid sanitizers. They are a © acid.

as octanoic @
uch ] hl"}-‘
of their

Of acidulants, such as phosphoric acid or citric acid with a fatty acid such A
They have the dya) function. They develop acidity for rinsing and removing :uq-
and killing microorganisms, They have good broa'd-speclrum activity and, becaus
low foaming characterislics, are very good for CIP applications.

IODOPHORSIIODINE COMPLEXES .
lodine is not Vvery soluble in water and can be inactivated by "Iga‘mic. mrcfcra
cleaning and washing with a detergent and rinsing with clean \\'fl;r(hzr;odinc to form 2
applying iodine. To Improve its efficiency, a surfactant is mixed wit - acid is added to this
complex known as an “iodophor.” A mineral acid such as th“phor:‘ hors have very ,_ouc&
combination because jodine kills best at an acidic pH (pH <7 h:i:xpcr.\ium apove S0°C-
broad-spectrum antimicrobial properties. They cannot ':70_““?‘1 ﬂ?_ ) rf:em in the snnm;.:i"i
Because of their natural amber color, it is easy to see if mdlr;u{’; {’\;\;hlng animals (udde
solution. lIodophor solutions, shampoo or washes can be used fo
dipping) and workers’ hands

erefore,
tter. Theref€ X
* ferable before
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PEROXY COMPOUNDS

Peroxy compounds are a combination of hydrogen peroxide with organic acids suc
tic acid. The resulting peracid is an excellent broad-spectrurn disinfectant. An addition=
is that it provides an acidified rinse to remove mineral films. A big advantage is its abili
microorganisms at temperatures as low as 4-5°C, which can be important on the farm ir-
countries in the winter. Disadvantages include the fact that peroxy disinfectant loses ef
ness in water that contains iron at levels of 0.2ppm and higher. Also, it will corrode soft
such as brass and copper. Peroxy disinfectant is reported to be also effective against biofil

PHENOLS AND CRESOLS

Phenols and cresols work well in the presence of organic matter, e.g. foot baths
work better at higher temperatures and they are most efficient at pH < 7. A disadvanta
that they are inhibited by hard water.
QUATERNARY AMMONIUM COMPOUNDS

Quaternary ammonium compounds are active against most bacteria, fungi and vin,
but not against bacterial spores and some viruses. They work best at pH > 7, but are ink

ited by hard water.

SODIUM HYDROXIDES (LYE)
Lye can be used as a whitewash or as a dry powder for disinfecting buildings, The usu,

concentration in water is 2%.
SULFATES

Sulfates are a multi-purpose disinfectant. They consist of potassium peroxymonosulfate
sodium dodecylbenzenesulfonate, sulfamic acid and inorganic buffers. They are typically usedy
for cleaning up hazardous spills, disinfecting surfaces and rinsing equipment. The solution jg
used in many areas where control of pathogens is required. Sulfates have a wide spectrum (]i
activity against viruses, some fungi and bacteria. However, they are less effective against spores
and fungi than some alternative disinfectants. They are sold as tablets or powders which dlst
solve readily in water. They should be mixed with water to form a 1-3% solution, They are
colored, which is useful to gauge the concentration during preparation. Moreover, discoloration
makes it obvious when they need to be replaced. The solution disinfectant does not cause skin
irritation/corrosion, but can cause eye damage and should not be used as a hnnd»washmg lig-
uid. They work well under all circumstances and are well known for their detergent pmpcruo_sq

The Cleaning and Disinfection Process
Equipment and surfaces that come into contact with food, inedible by- roducts and

waste should be of a material that allows cleaning and disinfection. Also, it is important that

the surfaces are in satisfactory condition and undamaged, because otherwise cracks and

scratches can trap dirt and prevent successful disinfection.
Vehicles should also be disinfected. If they are used for the transportation of animals, dis.

infection should be done at the latest within 24 hours after unloading,
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For disinfecti ili -

i o 10" of facilities, equipment and tools, especially those that are in durect con-
imals, use only approved disinfectants g

e sinfectants.

Ditess itic D‘hem')i;e is mj\f]_aort_anl to follow strictly the directions for use of disinfectants.
fection e g specified in the manufacturer’s instructions, the cleaning and disin-
il e consist of the following five steps:

- Preliminary cleaning i 3
o V cleaning incl : r

;‘!:s:n-gr:“h e \Vgater. uding brushing, scraping and deleting dirt and food residue and
“Xtis the main cleaning, whi ;

with S0apy water ;“;’gﬁ- which consists of scrubbing the surface that was previously soaked

3 Washing i er to remove dissolved residual dirt; scrubbing must be thorough.
4 APpl\fing dising o remove the detergent and dissolved dirt and food residue.
5. Thoroy, hl .LS- ectant to cleaned surfaces. X
; ghly rinsing with water. i
N order to e
3 avoid th SR
:leﬂmng and disinfecﬁ:nc:}? t"‘;":['nﬁhon of {ood, animals or people, chemical products for
ge. Particular T shoo‘?d be stored in a separate room used only for chemical stor-
"fe(‘gularly cleaned ang di%infeut dk.’e paid {O the cleaning equipment, which should also be
¥ n.‘Cloaning Q‘I“ipmun} s ‘C ;‘ ; Olhemv{se they will become a source of cross-contamina-
inu:d and cleaned. Each ,L.( L‘l df be kePt in a separate room, which also needs to be main-
o ll;der to prevent the spﬁ'—e:; ::f clea.mns eq.‘lipmem should be used only in certain areas,
o ?lIsed to clean the areas j L:O'_“amma“ﬂ" (e.g. broom to clean floors of toilets must
l‘quxo the simplest S in which food is treated). Marking equipment with colors is
Pment. The syste nsure good control over the purpose and location of certain
ystem to follow is: one color - one room.

How
to Handle Disinfectants

As we :

. Mmentioned by

impo; efore, some disinfec % P
POrtant to observe the sar’ne mlee:hsmfedanls can be extremely toxic. Therefore it is very’

- BOX 23.4
ULE
ES FOR HANDLING DISINFECTANTS

* Always use eye g
* Use Protccn;x)\t(:;tl:: tion (cyeglasses) o Follow all instructions on labels or
special clothes (work r) gloves and declaration of product as to how to make
° tis mandatory to re, 1;‘); coat) solutions, how to apply. etc.
all warnings ﬂ‘nd |ns|a|-u a:\d l{ndgrstnnd e Do not mix disinfectants with any other
labels or declaration 5 ctions written on disinfectants or chemicals
using the product product, before e Disinfectants must be stored in2
* Products should always be used separate, locked room where tvnl_\:w:e
: 3’%‘1.1-\'cnti|dh'd e Fecan ;\!'l‘l:\\:;v:kr‘::lll disinfectants can be
seonly approved disinfectants ° Keep dmnfc-:‘l.mh away from other
pum-nncl, e.»pt\(.!ll)’ children!
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HAZARD ANALYSIS AND CRITICAL CONTROL POINTS

In the modern approach to food safety, application of the HACCP system has been rec-
ommended as a complement to prerequisite programs (ini this context, good animal hus-
bandry) (CAC, 2004).

For various reasons, application of the HACCP system, with the same degree of strin-
gency as applied in food processing and manufacturing, may be difficult at the farm level
This should nevertheless not exclude the possibility of using of the concept, following its
adaptation, for a proactive and risk-based approach to management of risks at the farm
level. Considering that there are multiple sources of animal infection and numerous risks of
food contamination, a risk-based approach to identify measures which need particular sur-
veillance is even more warranted.

Small and/or less developed businesses do not always have the resources and the neces-
sary expertise on site for the development and implementation of an effective HACCP plan
It may be possible to develop HACCP-based codes of practices that include preventive con-
trols following a hazard analysis on risks and practices at the farm.

PART 2: GOOD AGRICULTURAL PRACTICES FOR
FOOD SAFETY

INTRODUCTION

Consumption of fresh vegetables and fruits is part of a healthy diet and recommended
S0 as to prevent illnesses. Hence, an increased consumption of fresh vegetables and fruits in
the world has been documented.

The number of human outbreaks of diseases and illnesses associated with the consump-
tion of raw vegetables, however, has increased in recent years. In the United States, available
foodborne illness outbreak data document 131 outbreaks associated with 20 different con-
taminated commodities between 1996 and 2010, causing more than 14,000 illnesses and 34
deaths (FDA, 2013a). Salmonclla, Shigella, enterotoxigenic E. coli and Escherichia coli O157.H7,
hepatitis A and Cyclospora have been linked to fresh tomatoes, lettuce, spinach, carrots, pars-
ley, cantaloupe, berries, seed sprouts, etc. (Ackers et al,, 1998; Beuchat, 2002; FDA, 2013a)

The most likely routes of contamination of produce from growing, harvesting and on-
farm post-harvest activities are associated with water, soil amendments, animals, worker
healih and hygiene, buildings and equipment. It is very difficult to identify primary sources
for contamination of fresh vegetables. The success of the detection of human pathogen
bacteria on fresh fruits and vegetables depends on the methods applied and the nature of
the contamination and sporadic contamination limits effectiveness testing. According to
NACMCEF (National Advisory Committee on Microbiological Criteria for Food, USA), for
only two out of 27 human outbreaks, contaminated fresh produce has been identified as the
source (National Advisory Commitiee on Microbiological Criteria for Foads, 1999).

- It is known that E. coli O157:H7 could be transported from contaminated soil and irriga-
lhon water to lettuce leaves. Also, these bacteria can migrate throughout the lettuce plant
(Solomon et al., 2002; Wachtel et al., 2002; Wa Dovle, 1998). Guo et al. (2002) detected
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an association of Salmonella spp. with stems and leaves of tomato plants that were grown
hydroponically in an inoculated solution. o
Knowing about microbial ecosystems on/in raw vegetables helps to understand beltAer t e
nature of microbial contamination of fresh produce. Survival of human pathogen bacteria on/
in fresh vegetables depends on: pH, morphology;, anatomy and metabolic funcﬁur_\s of plant
organs (fruts, flowers, leaves, roots). For example, the pH of many vegetables is 4.5 or higher

and this value is appropriate for growing many human pathogen bacteria. Also, differences
in morphological and anatomic properties of different
ecological niches, which could be colonized by
(Brand! & Mandrell, 2002; Sclomon et al.

plant organs ensure a wide range of
different species of human pathogenic bacteria
2006). h

Human pathogenic bacteria as well as non-pathogenic bacteria are able to form biofilms
on the surface of raw vegetables. Biofilms have been detected on leaf surfaces of lettuce, catf-
bage, parsley, spinach, celery, etc. (Morris ot al , 1997). These biofilms represent protective envi-
ronments for human pathogenic bacteria and reduce the effect of sanitizers used for washing
waters. Yet, further investigation of bacterial biofilms on the surface of raw vegetables is needed.

SOURCES OF MICROBIOLOGICAL CONTAMINATIONS OF
FRESH VEGETABLES

Human pathogens can contaminate fresh v
They may contaminate produce in the
Pre-harvest sources of cont

egetables at any point of the production CP:“,"
pre-harvest and post-harvest period (see Scheme - )
aminations implicate soil, irngation water (Kljujey and Raicevic,
2006), water for applying pesticides, inappropriate composted manure (I

1999), feces, dust, insects, wild and domestic animals, and human handling (Beuchat, 1

SCHEME 1 SOURCES OF MICROBIOLOGICAL
CONTAMINATION (BEUCH AT, 2002)

Post-harvest sources of contamination could be: harvesting equipment, processing “qutprtwnl:
transport containers, transport vehicles, rinse waler, ice, as well as insects, wild and domestic ant
mals, dust, feces, and human manipulation (Bumett and Beuchat, 2001). fitis used

Non-composted and improperly composted manure can contaminate raw vegetables i _“,E
for fertlizing growing plants (Fukushima etal, 1999). Many human pathogens. l"“? e vlhozt'n
spp., E. coli O157.H7 and Listeria nmonocytogenes, can be present in animal feces. Also, !hf‘»‘ PALEE
bacteria may arrive on the growing vegetables through contaminated irrigation waters oo

Recent data show that pathogenic bacteria, originated from irrigation water, can ;‘\ such con-
vegetables (Chalmers et al,, 2000, FDA, 20134). The potential risk of infecting humans 1 quality of
tamination should be seen in the context of recommendations for the mncmbm:’gj:ﬁ‘lm‘l el
wngation water. Strategies to reduce the risk of causing human illness due to pathoge
mnirrigation water are needed for producing safe and healthy food

¢ E coli when plants were
Wachtel et al {2002) showed contamination of cabbage root by Lhu- \\m\ h:d T
irmigated with contaminated wastewater, although the edible parts of : :J Ty
treated with this water. Also, Islam ¢t al (2004) found the presence of Sainic \
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on carrot and radish if water, contaminated with S. Typkunuriun, was used. They demonstrated
that S. Typhimurium could survive in the soil for 203 days. Lettuce plants, irrigated with E el
0157:H7-contaminated water, were positive for the presence of this pathogen durng the harvest
period, until 30 days after the last irrigation. After 7 and 14 days, a significant increase in the num-
ber of E. coli O157:H7 was detected (Solomen et al.. 2002)

Quantitative models of risk assessment for using wastewater for irrigation show that the risks
differ between different plants. Thus, it was noted that the risk is higher with lettuce than with
cucumber, broccoli and cabbage (Hamilton et al., 2006). The time interval between imgation and
harvesting has an impact on the survival of pathogenic bacteria on plants and hence on the chance
that they will reach the consumer Some investigations in the UK showed that more than 50% of
producers harvest and deliver leafy vegetables within 24 hour of the last irrigation

MICROBIOLOGICAL QUALITY OF IRRIGATION WATER

Recent investigations show high variations in total coliform counts in stream water,
closed wells, public drinking fountains, underground waters and channel waters. The
degree of contaminations depends on the season of the year, the location and integrity of the
wells and open channel waters (Kljujev, 2012; Dulic et al., 2008).

Open channel waters or surface water pose the highest potential for contamination and
the greatest variability in quality of agricultural water sources (FDA, 2013a). Three years of
investigation of microbial quality of channel water through its 54 km length until it enters
the Danube River show variations according to the season and the location. At the point
where the city sewage wastewater enters the channel the average coliform counts were
extremely high, especially close to a pig farm that drains wastewater directly into the chan-
nel; the same happens when the channel runs near settlements, industrial areas, dairy farms
and meat factories (Kljujev, 2012).

PRESENCE OF PATHOGENIC BACTERIA ON FRESH VEGETABLES

It has been documented that water that is applied directly to the harvestable portion of
the plant is more likely to contaminate it. The proximity to the harvestable portion and the
hmn:\g of water application in produce production before consumption are important fac-
mrs'xn delermining the likelihood of contamination (FDA, 2013a).

3 Field experiments confirmed that pathogenic bacteria could be transported from irriga-
tion water to edible parts of vegetables, when waste and microbiologically incorrect water
was used for irrigation. Microbiological analyses of edible parts of vegetables such as carrot,
parsley, celery, cabbage, spring onion, tomato, pepper and cucumber showed the presence
of palhpgen bacteria species. E. coli was found at carrot root, spring onion, tomato and pep-
per fruits. Thc bacterial strain E. coli O157:H7 was identified at carrot and parsley roots and
mn-\ah? fruit. Sahnonella Spp. was detected at parsley root, spring onion, tomato and pepper
fruits (Table 23.6) (KNhjujev, 2012; Kljujev et al,, 2011; Kljujev et al., 2012).
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TABLE 23.6 Presence of Pathogen Bacteria Species on the Edible Parts of
Vegerables

Pathogen Bacteria Species

Plant Species E. coli E. coli 0157:H7 Solmonella spp.
Carrot + + =

Parsley - + +

Celery = - &

Cabbage - - -

Spring onion + 2 "

Tomato + + i

Pepper +

Cucumber

T T T e R S R

TRANSMISSION

OF PA
CONTAMINATED IRRIGA ON RIS BACTERIA FROM

TION WATER AND SOIL TO PLANTS
Commodity type, growth characte:
probability and degree of contaminatj
taminated water is used for irrigati
with contaminated water resulted i
whereas uninoculated controls we
number was found on the surf
(5.0 x 10*CFU). Quite high nu

Tistics and surface properties (porosity) affect the
on. Research has indicated a big potential risk if con-
on of lettuce plants. Results showed that lmalmCHI.s
N significant levels of E. coli inside roots and ]'f'“"”t'
re free of detectable E. coli contamination. The h‘ghﬁ
‘-‘\CQ of roots (4.1 x 10°CFU) and the lowest was ‘B“‘dﬁ}l?;t
mbers of E. coli w. ins s, 3.0 X 19
The highest number of E, coli was found 1:?}[\;\::; f::af\:’(k::-*flj;l(r‘;l:;e]?ém) E. coli K-12
was not detected on the surface of lettuce leaves, .

trol plants (Kljujey, 2012).

e ¢ c caves in €O
s, or inside/outside roots and leaves
Laser scanning microscop

tuce (Photo 23.1). E. coli was

o eaves of let-
'Y confirmed the presence of E. coli inside roots and leaves of
were clearly seen (picture 1

s
not found inside roots of control plants but nucleui of f\;"‘c::]_:_‘
X on Photo 23.1). On picture 3, plant vascular tubes and J‘mm
and root cell nucleus inside them in the same layer can be seen. This suggests that bagdlblc
could be transported though the vascular syslcr}\ of the plant, through the xylem to
parts of plant — the leaves.

Also, by confocal |, Jeaves, and 1]
colonies of E. coli were detected below the surface of leaves. E. coli cells were E\‘ﬂ‘ﬂ‘
near stomata (pictures 4, 5 and 6 in Photo 23.1). This suggests that pathogenic bafl:
enter the inside of a leaf through stomata if present in irrigation water. On the |
leaves, confocal microscopic observation did not show the presence of baacii:x\“»c
obtained micrographs demonstrate the presence of these bacteria inside th" Ll:'\'".\-
tuce and parsley plants (Photo 23 1), Observations with Salmonella Ty wriz \; -au'.
colonization of root surface of lettuce, tomato and sweet com plants. The sam

QASer scanning microscopy, E. coli was seen inside
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PHOTO 23.1 Microphotographs of lettuce roots and leaves, picture 1  root of control lettuce plant irrigated
with sterile water; picture 2 (the layer is 19um deep) and picture 3 (the layer is 20pm deep) - root of plants irr-
gated with contaminated water, pictures 4, 5 and 6 (the layer is 11 pm deep) - leaves of plant irrigated with con-
taminated water; B - bacteria cells, N - nucleus of plant cells, S - stomata
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demonstrated that Listeria mionocytogenes EGD-E strain has the ability for surface and Lnd:;‘
phytic colonization of carrot, parsley, celery and sweet corn root. Root colonization Wi ;
Lsteria monocytogenes SVAB strain was the most significant at herbaceous crops (lettuce an

spimach). The Listeria monocylogenes SV4B cells were individually represented in endophytic
colonization of celery and sweet corn roots (Kljujey, 2012).

GOOD AGRICULTURAL PRACTICES

The best way to control microbial, chemical and mechanical risks, but also for clear and
comprehensive management strategy on farm,

Practice (GAP). Also, practices that are dire
plete annulment of risks on the farm are Good Hygiene Practices, Biosécurity Principles and
HACCP. These practices may be part of GAP, but also can be applied individually. Their
application depends on the development of farm expertise and capabilities.

The concept of GAP is a modern agricultural management concept, which ungmaleﬁi 1{?
the developed countries. It is an ©expression of the danger of ecological crisis, which ,’?n'
cusly threatens humanity in all aspects of manufacturing activity by man. A radimll_\"dnf er-
ent attitude to all the factors of agricultural Pproduction is reqmr'cd “Irrationality, mcfﬁaen:}
and negligence in production have resulted in increased pollution of the environment- Sod s
protocols were developed as a response to the increase in the number of oulbreale.cff 1
bome diseases. Hence, GAP is both a necessity and an imperative of medern agnculmrr;
production. Key words related to GAP are knt-‘\\'ledge understanding, planning. meal_:um
ment, control and management (Pejanovic, 2008) Cm'u:ept goal and benefits of GAl
presented in Table 22,7, 2

is to apply principles of Good .‘\Enml;"l:j
ctly related to monitoring and reduction or ¢

Basics Principles of GAP

Basic principles of GAP include the Tesources, methods and practices necessary ‘do‘:f: =
duction, which are classified into nine elements, namely: Clean Soil; Clean L"f =
Crop Production; Plant Protection; Hnr\'os\ing, Prnccssmg-and Storage on the FJ"‘;' !
and Waste Management; Welfare, Healtl, and Safety of Workers; Environment 21 | 3
Keeping. X

TABLE 23.7  Concept, Gonl and Benefits of Good Agricaliue Iy

ractice —
i i _ represents «
Concept - involves application of certain Pprocedures in the process of mgnmllur.\lrn‘duc’dm rep!
mtegration of the well-established work processes and well-placed controls

onomic values,
Goal - to produce safe and healthy food and other agncultural prodacts, whie achieing 037
social stability and environmental protection

Benefits - farmers, additional value of their products and improved marketacces
- consumers will have safe food products
- economy will make higher profits thanks

to quality products
- mankind will enjoy a better environment
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BOX 23.5
PRINCIPLES TO ACHIEVE MINIMUM OF LOSS OF
SOIL PARTICLES AND NUTRIENTS
° Production in accordance with the e Maintaining vegetation cover to reduce
potential of soil fertility the soil erosion g
® Keeping records of inputs and outputs of e Using agricultural chemicals and organic
cach parcel and inorganic fertilizers in adequate
® Maintenance and improvement of soil amounts, timelines and methods that are
fertility using crop rotation adequate for the requirements of human
© Rational mechanical tillage health and a healthy environment
Clean Soil

. s ssical and
It is most important for soil to be fertile and to contain no pollutants. Physical a

3 e foeties Maintaining and
chemical structure and biological activity of the soil determine l't.s fcrtjhr). l\h(;nhlll:il(l;\li‘;u i
increasing soil fertility is achieved by minimizing the loss of soil pREticlesiancint g
applying the principles presented in Box 23.7 (Pejanovic, 2008). ) il i
To avoid or minimize microbial contamination of soil, special attention b};:‘ltd hfntgu-
ste. a
to proper management of manure, animal excrements and other farm waste. rﬂ -;‘7‘-
ment includes (http:/ /wivw.slideshare.net/dslagoriya / good-agricultural-practices):

Orderly collection of manure and other waste from the farm. A
Prevention of wastage of manure and other waste during transport lu'stgrage places.
Ensuring that the content of manure and other waste cannot leak or dissipate from
storage places. y
Protecting the storage place from adverse weather conditions (rain, wind, sun, snow )-
Applying manure to soil, adhering to the time and limits of fertilization

Keeping other domestic and wild animals away from storage places.

Clean Water

Given that agriculture is one of the major water pollutants, it is necessary to carefully
manage water resources on the farm and the surrounding arca ing i

Clean water entails that all water used for washing, cooling, irrigation and processing 1s
potable (Pejanovie, 2008).

Crop Production

Beside of needs of consumers and the market, selection of plants that will be grown on
the farm primarily depends on quality of the soil, availability of inputs, possibility of crop
rotation, control of pests and diseases, etc. Each harvest, in fact, presents a deprivation of
nutrients from the soil, so they must be replaced with new nutrients to ensure the long-term
productivity of the soil (Pejznovic,

Il FOOD SAFETY ASSURANCE SYSTEMS




GOCD AGRICULTURAL PRACTICES

w
O
v

BOX 23.6

PRINCIPLES FOR GOOD MANAGEMENT OF
WATER SOURCES
* Usenputs of organic, inorganic and
synthetic composition, in a manner that irrigation needs of crops

aveids contamination of water resources. Prevent salinization of land
Protect ground and surface water sources Improve water cycles, provide permanent
from run-off and animal contamination. cover of vegetation.
Use underground and surface water Provide an adequate, safe and clean place
appropriately. where animals can drink water.

BOX 23.7

GOOD AGRICULTURAL PRACTICES IN
CROP PRODUCTION

Adequate selection of species and

® Adjust the timing and quantity of the

® Use moderate amounts of organic and

varieties morganic fertilizers.

* Suitability of species and varieties to © Inclusion of pasture land into crop
planting, productivity, quality, disease rotation.
resistance, adaptability to soil and climate o Use of by-products of livestock
conditions, responses to fertilizer and production to improve soil fertility.
agrochemical and market requirements, * Rotation of flocks on pasture to ensure

* Inclusion of legumes in the rotation, to natural regeneration of pasture
ensure the required amount of nitrogen.

Plant Protection

5 X o
Plant protection must be based on a long-term strategy. All measures for plant pr?k:::“_
especially those that involve the use of substances that harm human hcn}lh or mrm
ment, must be conducted professionally and with the appropriate equipment (¢
2008).

Harvesting, Processing and Storage on the Farm

. N storage and
Product quality largely depends on how the harvest is done, on conditions OFSIOEBES
on the processing of agricultural products at the farm.

Energy and Waste Management

o0 e, with muni-
All operations in agricultural production should be cumplcludnon \\l?‘:hc e
mum worker downtime and with the lowest possible energy use. During
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ARY PRODUCTION

BOX 23.8

PRINCIPLES FOR GOOD MANAGEMENT OF
PLANT PROTECTION

e Storage and use of agrochenucals in

s and varieties resistant to

Use of speci
pests and diseases

L‘.w of crop rotation

Use of production technologies that
maximize biological prevention against
diseases and pests.

accordance with applicable law.
Handling and application of
agrochemicals by highly traned and

professional staff.
Keeping of accurate records on the use of

agrochemicals.

* Applic &
4 pplication of techniques that can predict
appearance of disease or pest.

)

BOX 23.9

GOOD AGRIC

H : ULTURAL PRACTICE IN
ARVESTING, PROCESSING AND STORAGE
e Storage of agricultural products

* Harve,
arvesting of agricultural products in
in adequate hygienic and ambient

Accordance v,
terms :1“:‘ with agro-technical terms and
* Clean an;]li'?{ihcm,m[ application conditions.
>#i€ manipulation during the e Packaging of agricultuml productsina

clean container.
Keeping of accurate records on

Processing,
harvesting, storage and processing

* Use of reco, end| etergent and clea
omm
x nded deterg,
Water for product yy ashing.

BOX 23.10

PRINCIp
LE
S FOR IMPROVEMENT OF ENERGY AND
ASTE MANAGEMENT

* Make Plans for he nultri
rients, enerpy g P
nputs and Ump(‘m giand © Recycle organic waste and inorganic
uts,
- matter.
Reduce unusable waste and dispose of it

Des;, i
* Chioge “Z""‘S that save encrgy
5e adequat, z .
e mach:
tools chinery, equ .
S Y. equipment, in an environmentally friendly manner.
Pombjemnu\e energy sources, if e Store fertilizers and agrochemicals safely
ssible. 2 2 -
® Keep accurate records regarding energy
use, storage and disposal of waste.

ASSURANCE SYSTEMS
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BOX 23.11

WELFARE, HEALTH AND SAFETY OF
FARM WORKERS

* Adequate profit of agricultural © Training of workers for efficient and safe
households.

use of tools and machines.
Adequate salaries, without exploitation of
waorkers, especially women and children.

Obtaining safe working conditions, with °
reascnable working hours.

BOX 23.12

PRINCIPLES FOR ENVIRONMENT AND
BIODIVERSITY PRESERVATION

Conservation of natural habitats on the * Destruction of the waste in the spectfied
farm

waste disposal arca located scparately
from the rearing area

Removing animal manure from housing
area to avoid sources of bad odor and

Cultivation of as many different crops
and animals on the farm.

Minimizing the adverse impact of
working operations on nature, e.g. tillage. pathogens.

Maintaining fertile agricultural land, eg. © If the effluents are discharged to
removal of weeds, cultivating beneficial public water systems, an appropriate
flora and fauna. wastewater treatment device should
be provided and the quality of the
discharged water should meet official
standards.

Managing natural resources in a way that
maintains biodiversity.

Keeping garbage containers tightly
closed.

agricultural products, by-products can be obtained. Some of them are P“‘_”'T“a_l co“l:f}r:\li_
nants of soil, water and air. Production of harmful by-products should be minimized, while
other by-products should be recycled (Pejanovig, 2008).

Welfare, Health and Safety of Workers

T ity large
Welfare of both the people that work on the farm and the entire mmn)uml‘\nm tais::\l:x
it > imports S
extent depends on economic well-being, i.e. farm profitability. But more :(ri“pt ?“c\ll\um\
are the health and safety of all those who are directly or indirectly involved in agni
production (Pejanovi¢, 2008).
Environment

i i - i i lution, and
Intensive agricultural production has an influence on water, soil .}ﬂd 1(:: F‘“’}f“‘hc B
extinction of some plant and animal species because of loss of habitat. One © aj
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BOX 23.8

PRINCIPLES FOR GOOD MANA(}EMENT OF
PLANT PROTECTION

o Storage and use of agrochemicals in

® Use of species and varieties resistant to I : i
Ppests and diseases. accordance with applicable law.
® Use of crop rotation. o Handling and application of ey
icals by highly traned an
¢ Use of production technologies that agrochemicals t;); highly tramne
maximize biological prevention against professional staff. A
ol 6 e Keeping of accurate records on the use of

discases and pests
Application of techniques that can predict
appearance of disease or pest.

BOX 23.9

> N

GOOD AGRICULTURAL PRACTICE I :

HARVESTING, PROCESSING AND STORAGE
Storage of agricultural products

in adequate hygienic and ambient

agrochemicals.

® Harvesting of agricultural products in o

accordance with agro-technical terms and
terms of agrochemical application

Clean and safe marnupulation during the
Processing

Use of reccommended detergent and clean
Water for product washing.

conditions. e
® Packaging of agriculhlr.nlprudug S

clean container.

o Keeping of accurate records on
7 pesing
harvesting, storage and processing

BOX 23.10

PRINCIPLES FOR IMPROVEMENT OF ENERGY AND
WASTE MANAGEMENT

Recycle organic waste and inorganic

Make plans for the nutrients, energy and °
agrochemical mputs and outputs, matter.
Design objects that save energy. Reduce unusable waste and dispose of it
Choose adequate machinery, equipment, in an environmentally friendly manner
tools, Store fertilizers and ngmchcmimls safely
Use alternative energy sources, if Keep accurate records regarding energy
possible use, storage and disposal of waste.
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BOX 23.11

WELFARE, HEALTH AND SAFETY OF
FARM WORKERS

* Adequate profit of agricultural
households.

* Training of workers for efficent and safe

use of tools and machines.
Obtaining safe working conditions, with
reasonable working hours

® Adequate salaries, without exploitation of
waorkers, especially women and children.

BOX 23.12 /T
__moxma

PRINCIPLES FOR ENVIRONMENT AND
BIODIVERSITY PRESERVATION

Conservation of natural habitats on the
farm.

* Destruction of the waste in the specified
: ; waste disposal area located separately
Cultivation of as many different crops from the rearing area.

and animals on the farm.

Minimizing the adverse impact of

® Removing animal manure from housing
area to avoid sources of bad odor and
working operations on nature, e.g. tillage pathogens.

* Maintaining fertile agricultural land, eg.  If the effluents are discharged to
removal of weeds, cultivating beneficial public water systems, an appropriate
flora and fauna. wastewater treatment device should

* Managing natural resources in a way that be provided and the quality of the
maintains biodiversity. discharged water should meet official

* Keeping garbage containers lightly
closed. ¥

standards.

production (Pejanovic, 20

agricultural products, by-

<1 contamit
s products can be obtained. Some of them are pﬂl_“f“"_l \‘;n\fhilc
nants of soil, water and air. Production of harmful by-products should be minimized:
other by-products should be recycled (Pejanovic, 2 )

Welfare, Health and Safety of Workers

4 v o a large

Welfare of both the people that work on the farm and the entire con\mum\;\n ‘:ﬂ ek
extent depends on economic well-being, i.e. farm profitability. But more impe ‘L;”ﬂ,[mml
are the health and safety of all those who are directly or indirectly inv olved in ag

Environment

£ son, and
i 1 3 o air pollution &7
Intensive agricultural production has an influence on water, s¢ Ilbt‘:‘:i o“f of the major
i 1 Ql
extinction of some plant and animal species because of loss of habi
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BOX 23.13

INFORMATION THAT SHOULD BE RECORDED
ON FARM }
e Cleaning and sanihzing procedures.
personnel information, training, health o Information on production management,
status 1.e. history of each animal, feed and
Information on pesticides and fertilizations water, farm management; animal health;
production records and quality of animal

applied to each production lot.
© Results of water analysis. products such as raw milk quality.

e Inf on on farm management, i.e

tasks of agricultural production is to preserve the environment and biodiversity, with simul-

taneous, economically justified, agricultural production.

Record Keeping
; Farms should have a well-planned and established system of documentation. Important
information should be archived for at least 3 years for the purposes of traceability.

PART 3: FISH HYGIENE
BACKGROUND

Statistics published by the FAO (Food and Agriculture Organization of the United

S’lzlufnsl)dih?\\' l}'ml»inlﬂ"d capture fisheries production follows the general trend cf‘m(\sllol
the m‘:?oﬁ:‘,se? f.’ShmH areas, which have apparently reached their maximum potential, with
has Sh(é“,n'uo stocks being fully exploited. In contrast, growth in aquaculture production
slightly, out e l}]l»’?posue trend. While capture fisheries production has mcreaseq n{\l}' very
fl'cmju;( ovgru;~ om aquaculture (farmed fish, shellfish and algae) increased significantly
Dispits its hf l]“;:hon tonnes in 1990 to 33 million tonnes in 1999. i
which can dffec:‘?(t Y growth, the aquaculture industry still faces problems V\rlth diseases
e (‘Dnlinu;l S Sustainability. Infectious diseases caused by viruses, ‘bacl‘ena af\d para-
the incidence \fdl?g u_m“_ils to consistent industry growth. With increasing intensification,
©f diseases is also expected to increase proportionately.

DISEASE PREVENTION

Most diseases & %
oot in.:cl.;:;:u can be prevented through good husbandry practices and proper screen-
supplier that mgnﬂmm'?.ls to the facility. When possible, bring in only eggs from a reputable
provide disease-free animals. Commercial blood test kits are available to
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screen fish for antibodies of several important fish pathogens. These kits normally do not
determine active infections but can provide evidence of previous exposure by \'acu_nahon or
live-disease-causing agents. More expensive laboratory DNA tests of fish tissue using poly-
merase chain reaction (PCR) can provide an even higher degree of sensitivity than antibody-
based tests to identify subclinical infections or previous use of vaccinations.

Isolation, rapid removal and necropsy of dead animals will reduce the spread of disease
and help to provide early diagnosis and treatment of the problem. Prophylactic external
(eg chloramine T, etc.) treatments during and after handling procedures will prevent the

start of many infections. Separate nets for each tank and iodophore disinfection baths for
equipment will reduce cross-contamination problems.

Vaccines are commercially available to protect against vibriosis, furunculosis, enteric red
mouth and enteric septicemia bacteria. New vaccines are in development for several com-
mercially important viral and rickettsial fish Ppathogens. Specialty orders of “autogenous
vacanes can also be manufactured to Protect against unique or 'emerg'mg bacterial patho-
gens. All vaccines require that the fish be held for a period of disease-free conditions (usu-
ally 3-5 weeks) after vaccination to build up immunity before any significant exposure {0
infectious diseases. Vaccinations against vibriosis, enteric red mouth and enteric septicemia
bacteria can be delivered to the fish by immersion. For other diseases, intraperitoneal injec-
tion s the preferred route for maximum protection and duration of immunity. ;

Selective breeding using quantitative genetics can be used to produce strains of fish with
enhanced resistance to specific diseases. The traits for :Qle‘c[ion must be based on genes “""f
sufficient heritability for this Process to be successful. i:umnculpsis-msislam strains of brook
trout and brown trout are examples of the great potential of these efforts

——  OPASETREATMENT :

Bacterial, parasitic and fungal diseases can all be controlled with chcmu-lhumpcu}an;
Viral diseases are best Prevented or eliminated by isolation and quarantine prf‘fe“““?;r‘,g\l
key to successful treatment is the proper identi a!.ion of the primary cause of the Ob?(mmk‘
losses. For example, the observation of a single external parasite is not a reasen w-({lms =
diately beginning treatment without further investigation of other underlying '“[_“{l‘.mri-
water quality problems. Consultation with a fish health pathologist or experiences
narian is strongly

recommended before starting any treatment
All compounds can have side

effects and it is essential that caution b
and use of any chemical.

DISEASE TREATMENT

ing
e used 10 handlin

cever
Fungal infections of eggs can be treated with methylene blue or formalin H:‘:;\,
quent removal of dead eggs is critical to the success of hatching Sur“““‘::;ml p:\r
the need for such treatments. Formalin is also useful for the treatment of eXt¢
infections in juvenile or adult fish, ve the osm
Damaged gills or skin can often be treated with sodium chloride to impre rove the effe
balance between the water and the fish tissues. Dissolved salt lrc.\lmcnll‘s m::l R
of other surface compounds by removing debris and mucus from the gills anc=

Yy i bacteria
, p e » parasites anc
Judiciously applied, potassium permanganate can remove surface p:
from fish in freshwater systems.
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If a pathogenic bacterium is isolated, tests for antibiotic resistance should be done to
select the best drug and treatment regime. Gram-negative organisms are commonly treated
with oxytetracycline or sulfamethoxazole plus trimethoprim. Gram-po<iti\"o bacteria are
more responsive to erythromycin or doxycycline. Caution should be Lxerglsed if the bio-
logical filter media will be exposed to these compounds because water quality may quickly
deteriorate if the nitrifying bacteria are lost. .

Antibiotics added to the feed may not be appropriate if the affected population of fish is
refusing to eat. Fish oil additives to enhance palatability or direct m_jechon of antibiotics are
alternatives to consider before applying oral drug treatments. Particular attention must b‘e
paid to local and federal regulations regarding restrictions on the use and withdrawal peri-
ods of antibiotics in food fish

An indication of the magnitude of economic losses is illustrated b_\v'. farm surveys con-
ducted in 16 Asian countries, which show that annual losses due to disease in the region
total more than USD 3 billion. Probably the most striking example of dlscdse. spread
through international trade and consequential major economic loss mn nquaFul(urc &= “’"h'm
spot disease in farmed shrimp. The disease first emerged in 1991 in a :ﬁhnmp fa'rm in an
OIE member country and apparently has since spread to most other shrimp-farming coun-
tries of Asia and the Americas. This has been attributed by some experts to fl\v uncontrolled
international trade in live shrimp for aquaculture purposes and in dead shnmp for process-
ing. Some countries with shrimp-farming activities continue to be free of the disease, fﬂmosl
certainly due to strict controls on imports of live shrimp and uncooked dead shrimp, in par-
ticular for use as fish bait.

The adverse social, economic and environmental consequences of uncontrolled move-
ment of live aquatic animals and their products have increased global awareness of the
need for improved health management standards. The serious impact of unrestricted inter-
national movement of aquatic animals has led to the development of health certification
and risk reduction methodologies. The International Aquatic Animal Health Code tmd the
Diagnostic Manual of Aquatic Animal Diseases are published by the OH_Z mu‘! pI'O\'If‘lL‘ rec-
ommendations and standards for reducing the spread of specific aquatic animal dlsgascs
considered to be of significance for international trade. They are recognized by the World
Trade Organization as the international standards for trade. )

The importance of containing the threat of discases in fish production is a matter of
global concern especially with increased trade and increased transboundary movements of
800ds which include live fish and other aquatic organisms. Due to this concern, the mini-
mum EU measures for the control of the fish diseases are referred to in list I and IT of Annex
A to Council Dircctive 91 /67/EEC (EC, concerning the animal health conditions governing
the placing on the market of aquaculture animals and products, 1991). The diseases are cat-
egorized in three lists (Table 23 5).

An outbreak of a fish disease can quickly take on epizootic proportions, causing mor-
tality and disturbances on a scale liable to reduce severely the profitability of aquaculture.
Therefore it 1s important that control measures are taken when the presence of such a dis-

ease is suspected so that immediate and effective actions can be implemented as soon as
its presence is confirmed. Such measures are aimed at preventing the spread of the disease,
fan“TﬁCUIﬂr by carefully controlling movements of fish and products liable to spread the
infection %
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TABLE 23.8 Listed Dis

599

s/Pathogens of Fish, Mollusks and Crustacea (Annex A of Directive 91/67/EC)

Disease/Pathogen

Susceptible Species

Lsrr

Fish
Infectious salmon anemia (ISA)
LT

Atlantic salmon (Salmo

Fish

Viral hemorrhagic septicemia (VHS)

Infectious hematopoietic necrosis (IHN)

Mollusks
Bonanun ostreae
Marteilut refringens

Salmonid species
Grayling (Timaflus thy

Salmonid species

Pike fry (Esox hicuis)
Flat oyster (Ostrea editis)
Flat oyster (Ostrea ediilis)

LISTHI

Fish

Infectious pancreatic necrosis (IPN)

Spring viremia of carp (SVC)

Bactenial kidney discase (BKD) (Renibacleritn
salmonidariom)

Furunculosis (Acromonas salmonicida)

Enteric red mouth disca 1) (Yer

Gurodactylus saluries

To be specified in the progrem referred to in Articles 12
and 13 of Directive 91/67/EC

a ruckert)

Crustaceans
Crayfish plague (Aphanomyces astaci)

When fish on a farm are suspected of being infected with a lList I disease,_ i{\h‘_dw\l:
salmon anemia (ISA), the official services in the member states must initiate official inves-
tigations to confirm or rule out the presence of the disease. No movement of ﬁ§b, \vhelhcr
dead or alive, eggs and gametes are allowed without the authorization of the offma_l service.
When the presence of the disease is confirmed, fish infected with the disease are killed and
destroyed as soon as possible to prevent the spread of the disease. Member states must have
contingency plans for list 1 diseases. )

List 11 diseases are important endemic diseases that should be contained fund erfdlca?d
in the long term. Where fish are suspected of being infected with a list 11 disease, i e. viral
hemorrhagic septicemia (VHS) and infectious hematopoietic necrosis (IHN), an official
investigation must be initiated to confirm or rule out the presence of the disease Appm\'gd
farms and zones will lose their status as free from the disease until it is proven that the dis-
ease is eradicated.

All farms rearing or keeping fish susceptible to list I or list Il disease must be registered by
the official service and keep records of mortality and the movement into and out of the farm
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Council Directive 2006/88/EC (EC 1991) on animal health requirements for aquacul-
ture animals and products thereof, and on the prevention and control of certain diseases in
aquatic animals, establishes:
animal health requirements for the placing on the market, importation and transit of
aquaculture animals (fish, mollusks and crustaceans) and their products;
minimum measures to prevent diseases in aquaculture animals;
minimum measures to be taken in response to suspected or established cases of certain
diseases in aquatic animals

°

MA]JOR FISH DISEASES

Fish Viral Discases

Prevention and control of viral diseases in fish are rather limited. Efficient chemother-
apeuticals for viral diseases do not exist. Also, efficient vaccines are obtained only for a
certain number of viruses. Unique practical measures for the control of \'iml.disca.sus are:
quarantine, control of trading of fish and their products, as well as strict disinfection and
harmless removal of diseased fish.

In this respect, all reproductive centers for fish young have to be free of viral infecli:Tns.
Water-supplying systems in aquaculture have to be protected from the ingress of wild fish,
as well as other water organisms, that might be carriers of viruses. If viruses enter an aquar-
ium and infect the fish, it is very difficult to remove fish infected with that virus.

Viral diseases that affect the health of fish are: infectious pancreatic necrosis of salmonid
fry (IPN), spring viremia of carp (SVC), pox disease of carp, viral hemorrhagic septicemia
(VHS), infectious hematopoietic necrosis (THN), infectious salmon anemia (ISA), and lym-
phocystis disease.

Infectious pancreatic necrosis (IPN) is an infectious, contagious disease, which attacks
salmonid fry. It passes in acute stadium, characterized by a sudden explosive outbreak with
high mortality. Affected fish become dark and rotate their bodies while swimming. They
usually have exophthalmia and distended abdomens with the presence of a gelatinous
material in the stomach and anterior intestine.

Spring viremia of carp (SVC) is an infectious, very contagious disease, which appears
in acute form, and is manifested by symptoms of hemorrhagic diathesis, enteritis and
peritonitis.

Pox disease of carp (Epithelioma papillosum) is an infectious, contagious disease, which
attacks cyprinid fish species. It appears in chronic stadium, with hyperplasia of epidermis of
skin and fins, such as hard gelatinous milky-white tumoroid proliferates, and in advanced
cases with metabolic disorders of mineral matters. This disease has a benign character.

Viral hcmorrhagic septicemia (VHS) 1s an infectious, contagious disease, which attacks
mainly rainbow trout. It is the most serious viral disease of farmed rainbow trout, and is

manifested by variable clinical symptoms: hemorrhagic syndrome, hydropsy characteristics
and anemua, up to nervous disorders.

Infectious hematopoietic necrosis (IHN) of salmonid fry is manifested with hemor-
rhagiae and edema, accompanied by necrotic alterations of the wall of blood vessels. The
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hematopoietic tissues of the kidney and spleen of young fish are the most severely affected
andare the first tissues to show extensive necrosis. This disease is very similar to VHS.

Lymphocystis disease is an infectious disease, with chronic progression and benign char-
ader. It is manifested with the appearance of pebble or wart-like nodules most commonly
seenon the fins, skin or gills, althcugh other tissues may be affected.

Infectious salmon anemia (ISA) is an infectious disease. It is associated with high mertali-
tiesand is of great economic significance for the Norwegian fish farming industry. Infected

fish are lethargic and severely anemic. Other typical signs are ascites, petechiae in internal
organs and hemorrhagic liver necrosis.

More information on viral diseases can be found in FDA (2011), Hrist
lanovski (2003), OIE (2012) and Woo and Bruno (1999).

ski and

Fish Bacterial Discases

Bacteria exist in different environments in nature. Bacteria have a major role in the circu-
lation of matter in natural ecos:

stems, but certain bacteria can cause serious diseases in
Some fish, which show no signs of having a certain disease, may be carriers of infective
agents. But if those fish are exposed to stress factors, the disease may manifest itself and
;egm 1o excrete pathogenic microorganisms into the water, leading to repeated outbreaks of

isease

Exact identification of organisms that lead to the appearance of infective disease is par-
ticularly important, as well as determination of antimicrobial substances that successfully
act against them. Different species of fish need different treatments. Usage of inappropriate
antimicrobial components might create resistant lineages of bacteria. :

Bacterial diseases harmful to fish health are: erythrodermatitis of carp, furunculosis of
salmonids, motile aeromonas septicemia (MAS), vibriosis, yersiniosis, Edwardsiellosis,
Edwardsiellosis enteritic septicemia of catfish, ulcer disease of salmomds, bacterial kldﬁf)'
disease, columnaris disease, bacterial cold water disease, mycobacteriosis and nokardiosis.

Erythrodermatitis of carp is an infective bacterial disease, which appears in sub.lfuh? or
chronic form, and is manifested with characteristic alterations of skin as erosions with pr\‘-‘
gressive character and possible generalized form with hard clinical picture, where gener2
hydropsy dominate.

Furunculosis of salmonids is an infective, very contagious bacterial disease of 5“‘?‘0_“‘\:
fish species, which appears in peracute, acute, subacute and chronic form, and is n\afu(v:\\\
with local alterations on the skin, but in certain clinical cases in the form of Eepliceia SN
Motile aeromonas septicemia (MAS) is caused by ubiquitous Aeromonas hydropitila com-
plex, and is manifested by hemorrhagic septicemia. I 1-
Vibriosis (Erysipelosis anguillaruni) 1s an infective, very contagious bacterial disease '(;‘-?'d
monid fish species, which appears in peracute, acute and chronic form, A L:TLh.
with septicemia in acute form, and formation of absce and ulcers in chronic lc\rm.l 5 k_
losses produced by this disease are so disastrous that vibriosis caused by V. anguillarum has
been recognized as a major obstacle for salmonid marine culture.
Yersiniosis (enteric redmouth dise

se) is a bacterial, subacute or acute disease of. salmo-
: o i o he: is prese! ar-

nids, which is manifested by hyperemia and hemorrhage on the head. Itis presentinac

ner state in many species of fish and remains undetected until stress.
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Edwardsiellosis (Edwardsiclla septicentin) is a serious systemic bacterial, subacute or chronic
disease of warm water, rarely cold water fish species, commonly known as fish gangren,
emphysematous pulrl’facti\'e.disease of catfish or red disease of eels. The disease is mani-
fested by formation of erosions, abscesses ar d ulcers on the skin. Infective agents can cause
disease at other animals (reptiles, birds, mammals). It can cause «C;‘lsrr:oL-nfcrikjs, ?baccsscz
and meningitis in humans. It sometimes produces a subclinical mfccno.n in fish mtcncl.cd
for human consumption, where it may create problems during th'e clcnr.ung process, which
requires processing interruption, cleaning of equipment and disposing of infected f1§l1 A

Edwardsiellosis enteritic septicemia of catfish is a bacterial, subfxcul.e or cl'm:mc disease
of cultured warm water fish species from the family Ictuliridae, which is mamfcslcd by‘f_u‘r-
mation of petechial hemorrhage, erosions, abscesses and ulcers on the skin. A char:';c_lelmhc
clinical symptom is a longitudinal ulcerative lesion in the area between the eyes, which can
even reach skull bones. There is no indication that E. ictaluri poses a hm!th threat to aquatic
animals and humans, probably due to temperature limitations under which bacteria grow.

Ulcer disease of salmonids is an infective disease, which might appear as local infection
of the skin or as acute septicemia.

Bacterial kidney di>ear;c is an infective, very contagious bacterial dis"ease of cultured ﬂnfj
wild salmonid fish species, which appears in chronic form, and is mqndestcd with necrotic
alterations of kidneys, development of anemia and high rate u-f mortality. Moz

Columnaris disease is one of the most frequent infective bactqnal disease
appears in different fish species, and is manifested with alterations of skin and g.;nlls G

Bacterial cold water disease is a serious septicemic disease of the young of salmtl)n;‘ is !
species bred in hatcheries. It appears at ¢ < 12°C. At the start the disease has a !uc? <.i n;as-
ter, with alterations of fins, musculature, gills; later even internal organs, particularly ki
neys, become affected. B

Nokardiosis is a chronic, granulomatous disease of fresh- and saltwater fish, which is
very similar to tuberculosis, according to clinical symptoms. i . o9

Mycobacteriosis is a bacterial, contagious, subacute to chronic, systemic, pmgrc.sv\cl
disease, which appears in all fish species, and is manifested by nodulc_s ar}d ulcerations
on the skin and tuberculous nodules in internal organs. It is not of major m{por(ance in
intensive fish breeding, but is particularly harmful for breeding L\f aquarium fish, l?(‘cause
they are often kept for long periods of time compared with fish raised [orlcommcrcml pur-
Poses. Piscine tuberculosis 15 caused by three species of bacteria belonging (.0 the genus
Mycobacterium, which is also the causative agent of tuberculosis in humans. Wh|_le the ).?av:lc-
ria that causes this disease in fish prefers cooler temperatures than most bacteria lhal.mfc_cl
humans it is still possible for the illness to be passed on to humans. Such an mfcclmr'. in
humans usually shows in the form of an infected nodule in the skin, although there is a
chance of a more serious internal infection. »

Fish pathogenic bacteria are harmful to humans and others: they are pathogenic for
warm-blooded animals and humans; however, fish usually are not discased by these patho-
gens, but they can be germ carriers (in internal organs, skin or gills) for some time (weeks or
months). Fish pathogenic bacteria are:

which

1. Salmonella;
2. Listeria - salmonids might be discased;
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3. Leptospira;
4. Erysipelotrix rusiopathi;

erysipeloid diseases are found in humans who work in the
fish processing industry or in fish trading. The condition known as “crayfish handler’s
disease” is well known in the fishing industry. Tt can be caused by various bacteria,
but particularly Erysipelothrix riusiopathice and various species of the Vibrie genus.

The bacteria enter the skin through abrasions, lacerations or fissures and cause a
painful itching or burning sensation;

5. Vibrio parakaemelyticus — can cause mild disease in fish. But diseases in humans who eat
fresh fish, crayfish or shellfish are frequent;

6. Clostridium botulinum — as with other Clostridium species, it is ubiquitous as well.
Therefore, many kinds of food might be contaminated. Type E toxin is the most
poisonous of all the toxins (A-E). It is present in sediments of open waters, near
coastlines.

More information on bacterial diseases can be found in FDA (2011}, Hristovsks and
Stoja i12003), OIE (2012) and Woo and Brune (19499).

Fish Fungal Disease

Fish mycoses are considered difficult to prevent and treat, particularly in intensive fresh-
water systems, and are reported to be second only to bacterial disease in economic impor-
tance to aquaculture.

Ichthyophoniasis, due to infection with Ichthyophonus hoferi, has been known in fish since
the end of the 19th century. The disease is recog}ized to be of economic significance, in b_olh
fish cultivation and wild fisheries, and to have a wide host and geographical distribution.
Included as hosts have been various marine and freshwater crustaceans, fish (35 marine fish
species and 48 freshwater species), amphibians, reptiles and piscivorous birds. Ichthyophonts
has been recorded from many temperate and some tropical waters throughout the \\'f'ﬂi
Manifested external signs include skin roughening (“sandpaper effect”) and occa_imr_\&l
ulceration. Inside the body are gross white or cream-colored nodular lesions 1-5mm in size
throughout most tissues.

Fungal infections of fish by oomycetes, commonly known as water molds, are wide-
spread in fresh water and represent the most important fungal group affecting wild and cul-
tured fish.

Four orders are recognized in this class and the most important are the Sapmlcgntal?s-
Although eight genera have been reported in infections, namely Saprolegnia, AL"{!!{'I‘
Aphanomyees,  Calyptratheca, Thraustotheca, Leptolegnia, Pythiopsis and Leptomitus, cnly
Saprolegnia, Achlya and Aphanomyces are significant in aquaculture.

Some species are consistently isolated from fish and generally these are n_ssngned \v. a
single major cluster, which form a coherent, separate taxon, Saprolegnia parasttica (synonym
Saprolegnia diclina Humphrey type 1). Y

The Saprolegniaceae, in particular members of the genus Saprolegiia, are responsible for
significant infections, involving both living and dead fish and eggs, p.\.rll:u\urly |r-\>aq\;\a-
culture facilities. Oomycetes are classical saprophytic opportunists, multiplying on h:ttt »t at
are physically injured, stressed or infected. Fungal outbreaks among farmed fish stocks are
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frequently associated with poor water quality, injuries associated with handling and grad-
ing, temperature shock, infestation by parasites and spawning. However, there 1s evidence
that some Saprolegniaceae act as primary pathogens.

Th - oomycetes are an economically important gro ;p of mycotic agents that affect sal-
monids and other teleosts They are reported extensively in both wild and farmed fish and
are considered ubiquitous in freshwater ecosystems Oomycete infections have also been
recorded in the marne fish species. In the marine environment, oomycetes are significant
pathogens of lobsters and crayfish.

Saprolegniasis is frequently observed as a superficial and chronic infection. It may occur
anywhere on the body of fish, but normally appears as a conspicuous, circular or crescent-
shaped, white, cotton-like mycelium, on the integument and gills of host fish or eggs, par-
ticularly around the head and the caudal and anal fin, which may spread over the entire
body surface. Most fish die due to osmotic or respiratory problems if the area of skin or gills
is large.

Branchiomycosis (gill rot) is caused by two species Branchiomyces sanguinis and B.
demigrans. It is primarily a problem in carp and eels. The disease occurs most commonly
in ponds with abundant organic matter and high ammonia levels. Usually l.vighur tem-
peratures (20-25°C) bring about the disease. Affected fish usually show respiratory dis-
tress. There is prominent gill necrosis caused by thrombosis of blood vessels in the gills
Histologically the identification of nonseptated branching hyphae with an intrahyphal
eosinophilic round body (apleospores) in and around blood \'es§els of the gill is diagnostic.

More information on fungal diseases can be found in FDA (2011), Hristovski and
Stojanovski (2005), OIE (2012) and Woo and Brunc (1999).

Fish Parasitic Diseases
Causative agents of parasitic diseases in fish are different species of protozoa, helminths,
reches and crustaceans.

Protozoa: Mastigophora (flagellates), Rhizopoda (amoebae), Apicomplexa (sporozoa),
Microsporidia, Myxozoa (myxosporidia), Ciliophora (ciliates).
{elminths: Trematoda, Cestoda, Nematoda and Acantocephala.

Fish parasites can be found on the skin, fins or gills — ectoparasites, or in their inter-
nal organs - endoparasites. Fish parasites appear either as direct causative agents of cer-
tain diseases or as factors leading to disorder or decrease of fish resistance, and therefore
tish become sensitive to many infective diseases. Besides health problems, parasites are an
Important economic problem in intensive fish breeding, because their presence can cause
excessive economic damages, e.g. impeding growth

Development of parasites can occur in one or several hosts — mainly small water organ-
isms. Higher numbers of helminth parasitize in fish as their final hosts in sexually matured
(adult) form. But some of them parasitize only in their larval forms in fish, as their transi-
tional hosts. In intensive fish culture there are outstanding conditions for the spread of sub-
stantial parasitic invasions. Usually parasites appear with simple life cycles. On the other
hand, fish from open waters are found with a great number of different parasites with com-
plex life cycles.
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The following are some products that have been impiicated in human p‘?msne mhl’cm;r;
ceviche (fish and spices marinated in lime juice); lomi lomi (salmon_ marinated mdcmm
Juice, onion and tomato); poisson cru (fish marinated in citrus juice, onion, .tomalvo anc “:nd
nut milk); herring roe; sashimi (slices of raw fish); sushi (pieces of raw fish with 'nce):i 5
other ingredients); green herring (lightly brined herriiig); drunken crabs (crabs marinate

wine and pepper); cold-smoked fish; and undercooked grilled fish. Seafood-borne parasitic
infections occur with sufficient frequency

to recommend preventive controls during the pro-
cessing of parasite-containing species of fish that are intended for raw consumption. o

The process of heating raw fish sufﬁciently to kull bacterial pathogens is alse sufficien
kil parasites.

The effectiveness of freezin
temperature of the freezin,
length of time the fish are
present. For example,

& to Kill parasites depends on several factors, ‘md“d—mg $:
8 process, the length of time needed to freeze the fish llsz“e;qre
frozen, the species and source of the fish, and the type of p;-{rr;ns
tapeworms are more susceptible to freezing than are roundwo!
Flukes appear to be more resistant to freezing than roundworms. Y 1time),
Freezing and storing at an ambient temperature of —20°C or below for 7 days (tota!

g % . ambient
freezing at an ambient temperature of —35°C or below until solid and storing at an am -C
temperature of —35°C or below

for 15 hours, or freezing at an ambient temperature ‘.‘,i hours
or below until solid and storing at an ambient temperature of ~20°C or below fl“'-f eezing
are sufficient to kill parasites. Note that these conditions may not be suitable for freezing
particularly large fish.

iminate it,
Brining and pickling may reduce the parasite hazard in fish, but they do not eh:‘?:l;m.
nor do they minimize it to an acceptable level. Nematode larvae have been show
vive 28 days in 21% salt by weight. 0o parasites are
Trimming away the belly flaps of fish or candling and physically removing P(‘co.r;lpl“’*l-‘
effective methods for reducing the numbers of parasites. However, they do no!
eliminate the hazard, nor do they minimize it to an acceptable level.
More info

o1, Hristors
rmation on parasitic diseases can be found in FDA (2011), Hris
Stojanovski (2003), OIF (2012) and Woo (2006).

and

Fish Helminth Zoonoses

< cies which

Fish can also appear as carriers or act as transitional hosts of certain pﬂmf;“c;ﬁi‘impomm
attack humans. Numerous marine and freshwater fish serve as sources of :";\m of the seas, big
parasitic zoonoses. The majority of these zoonoses are found in coastal re];l“ " i the increas-
lakes and rivers, where fish and their products are ccnsumcd”funlw? e umber
ing consumption of fish, as well as the new trend of so-called natun'\ rc; (, hur:mn nfestation
of the registered zoonoses continuously increases. The potential d.m‘afh " oonoses have been
e ol kil Lisgaesa i Hngs, el helm:n:”“' o fruncatuan,
recorded: metacercariae of trematodes Opisthorchis felineus, Psadamy! Cruptocotyle lngua.
Clinostomum complanatum, Metagonimus yokogawat, Heterophyes k o ehathritin and larvae oF
Echinochasmus perfoliatus, plerocercoids of cestods of the genus , i
nematodes: Dioctophyme renale, Anisakis s mplex and Gnathostoma fis

dun, et Zoonotic l\r;;\s-
josis, is also possibie.
CCOSIS rcobacteriosis, 1S &
mission of some bacterial diseases, such as streptococcosis or mycob

jor he roblems in fish.
In most cases fish zoonotic parasites do not lead to major health pre
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Fish parasites usually cause small or moderate damages in the human body. But some of
them are more frequent and are a serious threat for human health. Some show abdomunal
pains, diarrhea or constipation, nausea, vomiting, loss of weight, or anorexia. Hepatomegaly,
eosinophilia, tetenic cramps, tremors and toxemia may also occur.

Generally, fish can be either an intermediate host of parasites involving a human as the
definitive host or a carrier of larvae of animal parasites that only invade human tissues fora
limited period without undergoing further development. The latter are considered incidental
infections. The natural definitive hosts for parasites are usually marine mammals or birds
However, larval stages of a few fishborne parasites can mature in both animals and humans.

Fishborne trematodiasis is especially important in Southeast Asia, the Far East agd
regions where people are dependent on freshwater fish as the major source of p_mrem
Infections by both large and small digenetic trematodes are common. Although lhe.dlseases
are seldom fatal, they can cause morbidity and serious complications. The route of infection
is by ingesting metacercariae located in muscles and subcutaneous and other tissues of fish.

There are relatively few cases of fishborne cestode infections in humans. The cestodes
that mature in the small intestine of humans are not very pathogenic and the diseases are
never fatal. Diphyllobothriasis is the major cestodiasis transmitted by freshwater, marine

and anadromous fish.

Fishborne nematodiases are generally caused by the incidental infection of humans
with nematodes whose natural definitive hosts are marine mammals, birds, pigs or other
animals. Freshwater, brackish or marine fish are the second intermediate host. In most
infections, the worms can only survive for a limited period after the initial invasion of the
gastrointestinal tract. The method of infection is by ingesting the infective-stage larvae,
which can be located in the muscles, intestine or viscera of fish. Unlike cestodiasis, some
nematode infections can be fatal. In the Netherlands, since the passage of legislation against
eating raw herring and requiring fish to be frozen prior to sale, anisakiasis has almost disap-
peared. Freezing fish for 24 hours or heating processed fish to 65°C can kill the larvae. Also,
the gutting of fish soon after they are caught prevents the migration of larvae to muscles.

. Theoretically, fishborne parasitic zoonoses can easily be prevented by refraining from eat-
ing raw seafood. However, in many parts of the world, such an eating habit represents an
established way of life or part of the inherent culture. It cannot be easily changed, even by
the implementation of a strong education program or the passage of legislation. Therefore,
these diseases will remain as public health problems and there is a need to undertake regu-
lar epidemiological studies. These studies, however, cannot be carried out effectively with-
out the development of more cost-effective, sensitive and specific diagnostic methods that
can be used in large-scale screening of fish. The use of molecular biological techniques can
also help to clarify species of dubious validity and to trace the source of infection. Stronger
support for this neglected area of research is r;:qulred

_ More information on parasitic diseases can be found in FDA (2011, Hristovski and
Stojanovski (2005), OIE (2012) and Woo (2006).

DISEASES OF MOLLUSCA AND CRUSTACEA

: Some of the earliest records of mass mortalities of shellfish were caused by microbial
disease agents, eg. the phycomycete fungus Ostracoblabe implexa, responsible for “foot
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discase” in the European oyster (Ostrea edulis) and the iridoviral agent of “gill diseases” in
Portuguese oysters (Crassostren angulata). Increasing development of shellfish aquaculture,
and recent advances in diagnostic techniques, along with diversification of cultured species,
continue to provide a seemingly inexhaustible reserve of new or emerging microbial disease
problems. They have also significantly broadened the scope of microbial pathogen research
and are proving useful for differentiating between primary pathogens and the ubiquitous
microbial fauna that surrounds shellfish in their natural environment. Note is also made
of apparently non-significant pathogens, since, given the right conditions, even the most
benign infectious organism may transform into a serious disease agent. Knowledge on how
to distinguish between primary and opportunistic pathogens is also important for optimiz-
ing their control or treatment.

More information on diseases of Mollusca and Crustacea can be found in Hristc
Stojanevski (2005) and Woo and Bruno (1999),

1 and

FISH TOXICITY

The discipline of toxicology involves studying the nature and mechanisms of toxic
lesions, and evaluating in a quantitative manner the spectrum of biological changes pro-
duced by exposure to chemicals. It is important to realize that every chemical can be toxic
to fish under certain exposure conditions. For every chemical there should be an exposure
condition (i.e. dose or concentration) that is “safe” and an exposure condition that is “toxic”
to fish. The range of concentrations or doses that are toxic to fish may span several orders
of magnitude. It is also important to determine toxic “thresholds,” that is, concentrations or
doses above which toxicity occurs and below which it does not.

Until relatively recently, toxicological studies with fish focused almost exclusively on
very toxic substances which produce “acutely lethal” responses, that is, munahﬁcs_ in fish
exposed to chemicals for only short periods. Recently, we have become concerned with sub-
stances that may produce “sublethal” responses in fish after “chronic” expostre. e

There are several chemical, physical and biological factors that influence the toxicity o_f
chemicals to fish, including the properties of the chemical in water, the water quality condi-
tions, the route of exposure, and the species and life stage of the fish.

Chemical toxicity to fish is often affected by external factors, such as photopericd, tem-
perature, salinity, reproductive status, disease and exposure to other external stressors.

Factors Affecting Toxicity
Water Quality Conditions

Since fish live in water, the extent to which fish are exposed to a chemical is dependent on
aqueous solubility. :

The solubility of ionic chemicals, which include most salts of toxic metals and some ionic
organic compounds, is usually much higher than that of non-ionic compounds.

lTons may be dissolved in water in non-toxic forms. For instance, ions may form com-
plexes with inorganic and organic “ligands.” Inorganic ligands for cahumﬁ n (r'.csh water
include carbonate (CO? '), sulfate (503 ), and fluoride (F7) ions, and CI” is an important
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ligand in saline water. Complexes between cations and inorganic ligands tend to be fairly
“labile” or reversible, depending on the concentration of khe. wn»and the higand, anc} !J;c
pH. However, complexes with organic ligands, such as 11‘um1c acids, lcnd. to bfz relall\.e)
non-labile. “Alkalinity,” which is primarily the concentration of carbonate ‘ons in so]urnon‘,
is an important measure of the cation-binding capacity of fresh water. Alkalinity r{m} plli nn_
important variables influencing the toxicity of metal 1ons to fish. Tmnsfmmnlmm of chemi
cals dissolved in water can occur by hydrolysis, photolysis and oxidation. e
1f we accept that the toxicity of ionic chemicals is usually depend?n! upon'the_w‘x.uen ra
tions of the free ion in solution, then various factors that affect specnat.xon of ions will affect
toxicity, including pH, alkalinity, hardness and concentrations of organic ligands. ;
The solubility of non-ionic chemicals, such as organic compoumjis and elemental forms ol
toxic metals (e.g. H , is influenced by the polarity of the compound. : .
The toxiciiv %f ngr)\-icnizable chum)icals,Zuch as organic compounds, is affected t(;) g Iclsst';
extent by water quality conditions such as pH, alkalinity and hardncss: However, d’«:l:o ;z(.
and particulate organic material in water can alter the toxicity of organic compounds by
ing as ligands for hydrophobic substances. £ e T aton
For additional information on water quality conditions, see Di Guulio and Hir 2
(2005) and Ostrander (2000).

008),

Hristovski and Stojanovs

Biological Interactions :

A chemical can be toxic to a fish in two possible ways. It may affect hssAt.les'ondtITe Sfl‘r{ﬂif
of the organism (e.g. gill epithelium) or the chemical may enter the organism ‘"t ”'“"l'b"n"om
icity. A toxic chemical must pass through cell membrane barriers to rcfxch la(;gctd ‘-)rﬁ'\:elv
tissues. The epithelial and endothelial integument of fish is usually ‘lh!ckcnc and rel ?\;n v
impermeable to chemicals, except in the gill tissues, which are specialized f‘°f 8as ""c 3 S‘:
and in the gastrointestinal tract. Thus, branchial or gaslmmlu:mnal uptake routes are the

-most efficient mechanisms for uptake of toxic chemicals into fish. Al Fishisills

The most prevalent route of exposure of fish for chcmicall agents is via gl{ ;\ ("Sh [él_l»]
have an enormous surface area, approximately 50% of the entire surface area o t F] is| ;“",
secondary lamellae, flattened ridges protruding perpendicularly from the pHmaty “"“l- ‘“:
provide an effective and extensive surface for gas exchange. Although designed to facilitate
diffusion of respiratory gases, fish gills also provide routes for other molecules m be acct;-
mulated by fish. Small hydrophilic molecules (e.g. NHz, CO; and urea) can pass through
small aqueous pores or gaps between cells in the gill epithelium. Larger neutral l\)’dffl’l‘n'
bic molecules, including many drugs and toxic organic chemicals, readily diffuse across lh(:
gill epithelium into the vascular space. Diffusion or uptake efficiency \?f these chopjlcﬂlx by
the gills depends primarily on their hydrophobicity and molecular size. In addlvnon,v(ree
metal ions can bind to negatively charged sites on fish gills. Once bognd to the gill epithe-
lium many metals use existing ion transfer mechanisms, such as calcium channels or pro-
tein-mediated endocytosis for entry into the gill. 5 :

The next route of exposure of fish for chemical agents is with food. Systcjmlc absorption
of the ingested chemical is relatively rapid. Significant accumulation of radiolabeled meth-
yltestosterone was detected in fish tissues 2 hours after feeding sprayed chow. Tissue levels
of testosterone appeared to reach equilibrium concentrations 24 hours after feeding tes-
tosterone sprayed on food to coho salmon (Oncorhynchus kisutch). In a similar experiment
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with carp (Cyprimnus carpio), 4 days’ feeding was required for testosterone to reach equilib-
num concentrations in fish tissues. Chemical absorption from food depends on the rate of
chemical dissolution from the food, its absorption efficiency in the stomach and intestine
and influences of other factors, such as chemical and microbial degradaticn in the gut and
binding to tissues. Also, physiological or metabolic differences between the two fish s sp
may have caused differences in absorption, distribution and metabolism of the testost
Thus absorption efficiencies and time needed to attain equilibrium concentratis
will vary, depending on chemical properties and the fish species.

The most efficient method of administering a drug to fish is by injection. Id
chemical agent is dissolved directly in physiological saline. Chemical agents
directly into veins or arteries (intravascular), into the peritoneal cavity {intrap:
into the muscle (intramuscular) of adult fish. Fish eggs or embryos may be i
perivitelline space or yolk sac with a micro syringe. In general, injection tex
ahigh internal dose with rapid distribution to the tissues.

Uptake of chemicals by fish can be influenced by both the lipophilicity and
size of the chemical.

For some chemicals, the rate of uptake is strongly influenced by the
fish. Fish species differ widely in their sensitivity to the toxic effects of ch

Gill ventilation rates and dietary intake are governed by the metaboli
1s considerable variation in the metabolism of fish; from fast-swimmin
to slow-swimming benthivores, so toxicity thresholds may vary ¢
on the fish species tested. In poikilothermic organisms such as fis
with the water temperature, so temperature may be an important £
ity. Similarly, dissolved oxygen concentrations may influence gill ven!
stages of fish tend to have higher rates of metabolism than later
most sensitive period for chemically induced toxicity in fish is the e
juvenile stages.

8¢

“Bioaccumulation” of chemicals represents the uptake and reten
environment into fish via any pathway (e.g. food, water), where
resents uptake and retention of a chemical directly from water into &

Fish possess metabolic pathways capable of transforming ches
and binding of chemicals to proteins or other large biomolecules e cor

Although chemical contamination of our environment is often
activities, plants and animals have evolved in an environment d’*
exposure to toxic materials. Basic mechanisms for L4
carly life and are likely to be highly conserved in nature. Beca
wide distribution of novel anthropogenic compounds introduced
these mechanisms have become increasingly essential for surv
envirc its heavily cor ted with anthropogenic chemicals
of mechanisms to tolerate or resist toxic effects.

Resistance or tolerance can be defined as the relative ability to £
toxicant exposures that are harmful or lethal to susceptible indi
and other organisms appear to develop tolerance through a variet

term processes. Physiological acclimation and genetic adaptatior
term, transitory responses and long-term, heritable responses
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acclimations occur in direct response to toxic exposures and likely involve temporary alter-
ations in the levels of expression of proteins and enzymes involved 1n chemical defense
Following chemical exposure, protein expression returns to normal and the state of physio-
logical acclimation declines. Genetic acaptation or evolved tolerance occurs when the genetic
basis for advantageous responses is passed on to progeny. In genetic adaptation, tolerance is
retained through successive generations, even when progeny are not exposed to chemicals,

The terms physiological acclimation and genetic adaptation have been used frequently
for categorizing mechanisms of chemical tolerance in fish; however, other processes and
conditions may contribute to tolerance as well. For example, abundant evidence indicates
that some forms of chemically induced cancer represent adaptations to harsh chemical envi-
ronments, providing survival value to individuals especially during the early stages of can-
cer. Cancer resulting from chemically induced mutations in somatic cells and concomitant
alterations in protein expression would be considered to be a genetic but nonheritable adap-
tation. In addition to cancer, epigenetic alterations, such as hypermethylation of promoter
regions of DNA, may affect responsiveness to drug and chemical exposures. Although gene
silencing due to hypermethylation has been widely studied in mammnlian cancer research,
it has only recently being investigated as a tolerance mechanism in fish. Finally, nonge-
netic but heritable factors involving maternal transfer of toxicant from an exposed parent
to offspring could contribute to tolerance in offspring. In cases involving maternal transfer,
tolerance may appear to have a genetic basis (i.e. tolerant field-collected parents and their
progeny) but is in fact physiologically based and related to direct exposure qf of{spnpg to
toxicant. Because of the possibility of maternal transfer, genetic adaptation is established
only when tolerance is maintained for two or more generations.

In populations inhabiting severely contaminated sites, multiple processes likely contrib-
ute to resistance during the lives of individuals; for example, physiological acclimations
could provide individuals with the ability to survive and reproduce in moderately contami-
nated sites. As chemical contamination at a particular site increases with time, selection of

togeny that carry genetic traits with adaptive significance could become a more domi-
1t factor. Genetically adapted individuals may rely to some extent on epigenetic mecha-
ms or may respond to periodic pulses of contaminants through physiological responses.
nor-bearing individuals may also exhibit features characteristic of genetic adaptation,

Jysiological acclimation or epigenetic alteration.

Chemical resistance in fish has been observed in response to diverse environmental con-
taminants, including pesticides, dioxin-like compounds, polycyclic aromatic hydrocarbons
(and other compounds associated with creosote) and metals (Table 23.9).

For more information on biological interactions, see Di Giulio and Hinton (2008), FDA
(2011), Hristovski and Stojanovski (2005), Ostrander (2000) and Treves-Brown (2000).

Natural Toxins

Contamination of fish with natural toxins from the harvest area can cause consumer ill-
ness. Most of these toxins are produced by species of naturally occurring marine algae (phy-
toplankton). They accumulate in fish when they feed on the algae or on other fish that have
fed on the algae. There are also a few natural toxins that are normal constituents of certain
species of fish.
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y - Studies
TABLE239  Classes and Sources of Environmental Toxicants Addressed in Toxicity Resistance Sudie
Toucant Source
Orgncchlonne Includes DDT, the first modern hughly tosic pesticide, followed by m{ap"‘*::_'rrwn i
Rstades chlordane, aldr, dieldrin, heptachlor, mirex, and kepone. Very me’felgl o 'm 5
that accumulate in fatty tissues and sediments, they are toxic to fish, il "{ feie
humans and are banned in the United States. Some of the carliest reconds 0 B
resistance involve DDT.
Doundike compounds Includes Pelychlorinated blphenyls (PCBs), polychlorinated dibenzodm\l}r‘\lj\ﬂs,
DLCs) (PCDDs) and other Persistent polyhalogenated aromatic hydrocarbans (P} e
PCBs were valuable industrial material geed G i
products. PCDDs are produced inadvertently during a variety of i o
Ppesticide manufacture, <hlorine bleaching of pulp) The most notorious le e
237 8-tetrachlorodibenzo-p-cioxin (TCDD), often referred to simply as dioxin-
rerials,
Paycyelic aromatic Complex mixtures of compounds produced during combustion o orgunc RIS
hydrocarbons especially fossil fuels; also, natural com, ents of petroleum PAHs are widely
y ., compon P! b tagenic and
(PAHs) because of their abundance in the environment and because of the mutag
Caranogenic properties of Some members (e g. benzo{a)pyrent).
Creosote Abundant pesticide mixture used 10 protect wood pilings, telephone poles, t¢-
microbial decay Creosote is com
oxygen-hetes
Metals

- and

posed primanily of PAHs, nitrogen, sulfur-27
rocyclic compounds, and phenols. Jding
juding

Naturally occurring elements (e § mercury,lead, cadmium, chromu). 761
some biologically essential elemons {copper, iron, zinc). Human act7%
the environmenta) loading, availability and toxicity of metal
Of activities such as oy i :

through a vanicty
TP mining, fossil fuel combustion, smi
Pros

nd industrial

For fish products in the United State
that can oceur from the consumption o
toxins: paralytic shellfisy poison‘mg (P!
shellfish poisoning (DSP),
and azaspiracid shellfish
1. Paralytic shellfish

of molluscan shell

- ning syndrome
s there are six recognized fish p0|5°$§5\\'i-lh n.ﬂ“”?
f fish or fishery products contammau\_s ), d!:urhm:

SP), neurotoxic shellfish po:somn:—“?1 siconing (CFT
amnesic shellfish poisoning (ASP), ciguatera fish P
puisoning (AZPp). o psumption
Poisoning (saxilnxin) is generally assnciql.?d with l::p;:ale waters-
fish from environments ranging from tropical to e ccumulate P
Certain gastropods (e.g. conch, snails and whelk) are also known to &
toxins.

s, PSP 100 5
o : o1 alysis
The effects of PSP are Prinaarily neurological with respiratory parat
extremely potent toxin With a high mortality rate.
2. Neurotoxic shellfish Poist
consumption of mollusc,

i with

@  associated ¥

oning (from brevetoxin) is generally a5
and there are some sug;

the 4

SA, New Zealanch
an shellfish from the Atlantic Cl'“ﬂgf_‘?i}%r:l\clcnh\‘l by 4 there

gestions of occurrence elsew here l’\ lt' :n\ after-effects an

gastrointestinal and neurological symptoms. There are few; 113 s
have been no reported fatalities X oo hysis toans) S BRI
3. Diarrheic shellfish Poisoning (from okadaic acid ;|nd-dm:§“i‘wnb have been
associated with the consumption of molluscan shellfish
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documented in lapan, Southeast Asia, Scandinavia, Western Europe, Chile, New Zealand,
the USA and eastern Canada. DSP is characterized by gastrointestinal symptoms,
including: nausea, vomiting, diarrhea, abdominal pain, headache and fever. DSP is
generally not considered life threatening but complications could occur as a result of
severe dehydration in some patients.
- Amnesic shellfish poisoning (from domoic acid) is generally associated with the
consumption of molluscan shellfish from the northeast and northwest coasts of North
America. In these regions, domoic acid has been identified in the viscera of Dungeness,
tanner and red rock crab. Domoic acid has also been identified in several fish species
including anchovies, Pacific sanddab, chub mackerel, albacore tuna, jack smelt and
market squid. ASP is characterized by gastrointestinal symptoms.
Ciguatera fish poisoning (from ciguatoxin (CTX)) is asscciah"d with consumplion of
toxin-contaminated subtropical and tropical predatory reef fish. The toxin is introduced
to the marine food chain by microscopic algae and moves up the food chain as small
plant-eating reef fish cat the toxic algae and are then eaten by lnrgqr reef fish. C!‘T' is
characterized by gastrointestinal symptoms, followed by neurological and cardiovascular

'S

o

symptoms .
Azaspiracid shellfish poisoning (AZP) is caused by the consu_mption of xpolluscan shellfish
contaminated with azaspiracids (AZA). AZP was first recognized followm_g a 1995 :
outbreak in the Netherlands, linked to consumption of mussels harvested in Ireland. Since
then, several outbreaks of AZP have been reported in various regions in Europe. AZP is
characterized by severe gastrointestinal disorders. There have been no reported fatalities.

)

More information on natural toxins can be found in Di Giulic and Hinton (2008), FDA
(2011) and Hristovski and Stojanovski (2005).

Scombrotoxin (Histamine) Formation

Certain bacteria produce the enzyme histidine decarboxylase during growth. This
enzyme reacts with histidine, a naturally occurring amino acid that is present in larger
quantities in some fish than in others. The result is the formation of scombrotoxin (hista-
mine). Scombrotoxin (histamine) formation is a result of time and temperature abuse of
certain species of fish, and can cause consumer illness. Histamine is more commonly the
result of high-temperature spoilage than of long-term, relatively low-temperature spoilage
Freezing may inactivate some of the enzyme-forming bacteria. Both the enzyme and the
bacteria can be inactivated by cooking. However, once histamine is produced, it cannot be
gllminalcd by heat (inc!udlné retorting) or freezing. Rapid chilling of scombrotoxin-forming
fish immudmtcly after death is the most important element in any strategy for preventing
the formation of scombrotoxin (histamine).

/ The illness 15 closely linked to the development of histamine in these fish. In most cases,
hlsllamine levels in illness-causing fish have been above 200 ppm, often above 500ppm. A
guidance level has been set at 50ppm histamine in the edible portion of fish. If 50ppm is
found in one section of a fish or lot, there is the possibility that other sections may exceed
500ppm. i
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However, there is some evidence that other chemicals (e.g. biogenic amines such as
putrescine and cadaverine) may also play a role in the illness. i
Symptoms of scombrotoxin poisoning include tingling or burning in or around Lf‘
mouth or throat; rash or hives on the upper body: drop in blood pressure; headache; d!z_-
aness; itching of the skin; nausea; vomiting; diarrhea; asthmatic-like cor\strictior'l o.f the J:At
passage; heart palpitation; and respiratory distress. Symptoms usually occur within a few
minutes to a few hours of consumption and last from 12 hours to a few days.
For more information, see Di Giulio and Hinten {2008 and FDA (2

Environmental Chemical Contaminants and Pesticides

Fish can be harvested from waters that are contaminated by varying amounts of =
tnal chemicals, including heavy metals and pesticides. These contaminants may 2ccums
litein fish at levels that can cause human health problems (e.g. carcinogenic and mul
effects). The hazard is most commonly associated with exposure over a pmlongeﬂ pe
of time (chronic exposure). Nlinesses related to a single exposure (one meal) are Very g

< 3 naculture
Concern for these contaminants primarily focuses on fish harvested from aquacel®
ponds, freshwater bodies, estuaries and near-shore

coastal waters (e.g. areas sut'?':f' 5 :hi
reside contaminant discharges), rather than from the open ocean. Environmental chemic=
and pesticides may also accumulate in aquacultured fish through contaminated feed In =
dients. Certain pesticides are applied directly to the water in aquaculture ponds to oo
weeds and algae and to eliminate fish and invertebrates. 3
Although some pesticides have not been produced or used for many years (8- d,chvln-"‘:
diphenyl-trichloroethane (DDT) and polychlorinated biphenyls (pcssj),'many are very FE:‘
sistent and tend to accumulate in soil and sediments. Once pesticides are introduced in®
the environment, they may travel beyond their Ppoint of application or discharge hese
Many contaminants accumulate in the edible fatty tissues of fish. Concentrations ““. :-m
contaminants can vary considerably in individual fish of the same species from the SI7
location, depending on factors such as their fat content, size, age and gender. dietary
In the case of components or extracts of whole fish (e.g. dietary supplemen's: ‘pi-\vz;-
ingredients and flavors), the component or extract may contain hugher or 10WE (;‘ ;:;cm
trations of environmental chemical contaminants and pesticides than the whol® ﬁ:-l solu-
which it was derived. For example, organochlorine contaminants, such as PCBS: af* i\m\'\
ble. When producing fish oil and fish meal, any PCBs present will become m»\f;“'im the

trated in the oil fraction and less concentrated in the water fraction, as compar
levels in the whole fish.

1 accepted

Maximum residue levels (MRLs) are: (1) the maximum concentration of “‘;d?;fxl\i a

by the European Union (EU) in a food product obtained from an animal ,lm‘, iiduu mnor

\"ulcnnar)' medicine; (2) the upper legal levels of a concentration for pc:‘tlﬂ-d‘*»‘“ <sible con

on food or feed based on good agricultural practices and to ensure the lmu_:ml»;\é“mmm o

sumer exposure. The assessment for the safety of residues is carried out _b\“u < are estab-
for Medicinal Products for Veterinary Use (CVMP). In the United States, MRS

g .-\dmm\s(m\im\
lished by the Environment Protection Agency (EPA) and the Food and Drug
(FDA).
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Methylmercury

Mercury occurs naturally in the environment and can also be released into the air through
industrial pollution. Mercury falls from the air and can accumulate in streams and oceans
and is turned by bacteria into methylmercury in the water. Fish absorb the methylmercury
as they feed in these waters and so it builds up in them. Nearly all fish and shellfish contain
traces of methylmercury. However, larger fish (swordfish, shark, king mackerel, tuna and
tilefish) that have lived longer have the highest levels of methylmercury because they have
had more time to accumulate it. It is the type of mercury that can be harmful to young peo-
ple. The FDA action level of methylmercury is 1.0ppm in the edible portion of fish.

Aquaculture Drugs

A range of veterinary drugs including antimicrobial, antiparasitical and growth pro-
moters (hormones) may be used in aquaculture to control bacterial, fungal and parasitic
diseases and to control reproduction of fish. Farmers may also use a range of vitamins,
immunostimulants, disinfectants and other chemotherapeutants and employ chemicals for
pond soil and water treatment

Abuse of veterinary drugs, non-respect of the withdrawal period or application of ille-
gal drugs constitutes a potential food safety problem. The health consequences of excessive
use of antimicrobial drug residues include allergies, toxic effects, changes in colonization
Patterns of human-gut flora and acquisition of drug resistance in pathogens. The establish-
ment of appropriate withdrawal periods ensures that no harmful residues remain in edible
tissues after use of a drug, Since fish are poikilotherms, their metabolic rate is determined
by environmental temperatures. As a result, withdrawal periods are based on time and tem-
perature, i.e. degree-days: for example, 10 days at 5°C equals 150 degree-days. Where the
legislation or implementation of regulation is poor, the risk of non-compliance is greater.

Additionally, the impacts of many of these chemicals on the environment are unknown and
their release into the environment is likely to have a negative effect. They can also affect micro-
bial biodiversity and contribute to the dc\:clopmcnt of antimicrobial drug resistance. Application
of vaccines has been instrumental to reduce use of drugs in the farmed salmon industry.
= Compliance with MRLs for products from aquaculture is beginning to be enforced. For
instance, the European Union is in the course of implementing a monitoring program in
Which fish muscle tissue will be routinely sampled for the presence of a range of veteri-
nary drug residues. Such monitoring programs help provide assurance that no unaccepta-
ble human health risk is posed by veterinary drug residues in products from aquaculture.
U"fonunaluly, some countries im.plemenl m;)niloring programs for export products but do
not offer the same assurance for domestic markets.

Reasons for the use of drugs in aquaculture include the need to (1) treat and prevent
disease, (2) control parasites, (3) affect reproduction and growth, and (4) provide tranquili-
zation (e.g. for weighing). Relatively few drugs have been approved for aquaculture. Use
I:f unapproved drugs or misuse of :"lpproved drugs in aquacultured fish poses a potential
murr’mn health haz_ard, These substances may be toxic, allergenic or carcinogenic, and/or

ay cause an'llbxonc resistance in pathogens that affect humans.
. i';.\;‘:"-’ d]c‘l}axls on environmental chemical contaminants and pesticides can be found in D1
(:l‘”“) and Hinton (2008), FDA (2011}, Hristovski and Stojanovski (2003) and Treves-Brown
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PATHOGENIC BACTERIAL GROWTH AND TOXIN FORMATION

Time and Temperature Abuse

Pathogenic bacteria growth and toxin formation as a result of time and temperature
abuse of fish and fishery products can cause consumer illness. This hazard 1s limited to bac-
terial pathogens since viral pathogens (viruses) are not able to grow in food. Of particular
concern in seafood are the pathogenic forms of Listeria monocytogeites, Vibrio vulnifict 0
parahaemolyticus, Vibrio cholera, Escherichia coli, Salmonella spp., Shigella spp., Staplvlococcus
aureus, Clostridium perfringens,

Bacillus cereus, Campylobacter jejuni and Yersi
Pathogenic bacteria can enter the process o

n raw materials. They can also bﬁ. intro-
duced into foods during processing from the air, unclean hands, insanitary utensils anc!
equipment, contaminated water or sewage and through cross-contamination between raw
and cooked product. The primary method for control is to reduce levels through cooking
or other treatments when feasible, and minimize the potential for mcontaminaﬁop and to
maintain products at temperatures that do not support growth of pathogenic bacteria.
Growth rates of pathogens are highly temperature dependent. Ordinarily, pathog
bacteria growth is relatively slow at temperatures below 20°C.

Time and temperature abuse occurs when a product is allowed to remain at temp! U?
tures favorable to pathogenic bacteria growth for sufficient time to result in unsafe lev i]:
of pathogenic bacteria or their toxins in the raw fish and fishery products (eg. ra% m:“f
luscan shellfish). Certain Pathogenic bacteria grow well, and others do not. Those lha't )_.l’i :
well in time and temperature-abused raw fish include: V. vulnificus, V. p.1mll.1L‘Ilhhf;_I';|";s'
V. cholerae and L. monocytogenes. Others may grow if the natural condition of the raw I‘S da;
changed, such as through salting or reduced oxygen packaging. Those that orfhn?nd‘udl,.
not grow well, because they compete poorly with the normal spoilage b"demi‘r gers,
C. jouni, pathogenic strains of E. coli, Salmonella spp., Shigella spp., S. aurets, C. peiris
B. cereus and Y. enterocolitica, h if their
Most pathogenic bacteria will grow well in temperature-abused _tncked ﬁ-; compet-
growth is not controlled by means such as drying, salting or acidification, becaus
ing bacteria are destroyed by the cooking process. it may not be
Certain pathogenic bacteria are associated with specific food sources, and ’1 fr(;"“ a con-
necessary 1o assume that they will be present in other foods unless l"}“‘y{‘,";“ non-O1 and
taminated source. For example, V. vulnificus, V. parahaemolyticus anc! V. m«l:‘_h“md not with
non-0139 are generally associated with marine and estuarine species o=
freshwater species or non-fishery ingredients. the total amount of
The infective dose or toxic dose is the total number of 3 pathogen, of considerably for a
a toxin, that is necessary to produce human illness. The dose often vanes €

= Ulence (infective capacity)
single pathogen based on the health of the consumer and the virulence in
of the particular strain of the p

athogen . nausea, vomiting, abdom-
In humans, usually, gastrointestinal symptoms are ncluded: n:\ >“\\:;lnnﬂ', high body
inal pain, abdominal cramps, diarrhea, dehydration, ulv:clr\‘l)“‘ :{xm‘“‘(“"’ Septicemia
fluid acidity, fever, headache, muscle pain, malaise and ‘é*’““"‘l or few days after con-
rarely appears. Symptoms usually start from 1 or few lwl‘ i pa\ht‘\’:\‘“"f bacteria
sumption and usually last from 1-10 days. Everyone is susceptidie y

i STEMS
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food poisoning, but it is more common in infants, the young, the elderly, thc. infirm, ;h(:}?c
with underlying chronic disease, with reduced stomach acidity or malnutrition, and the
immunocompromised.

Strategies for Control of Pathogenic Bacteria

Management of time and temperature of product exposure is impor_t:mt to p_ror;lucg a saf:‘
product. There are a number of strategies for the control of pathogenic bacteria in fish and
fishery products. They include:
Managing the amount of time that food is exposed to temperatures that are favorable for
pathogen growth and toxin production. 3 2
Killing pathogenic bacteria by cooking, pasteurization or by retorting. S
Killing pathogenic bacteria by processes that retain the raw product characteristics. 2o
Controiling the amount of moisture that is available for pathogen growth (water activ ity)
in the product by drying or formulation. 5 A
Controlling the amount of salt or preservatives, such as sodium nitrite, in the product.
Controlling the level of acidity (pH) in the product. N .
Controlling the introduction of pathogenic bacteria after the pasteurization process. .
Controlling the source of molluscan shellfish and the time from exposure to ﬂ}r (e.g. by
harvest or receding tide) to refrigeration to control pathogens from the harvest area.

Inadequate Drying

Dried products are usually considered shelf stable and are, therefore, often storcd g
distributed unrefrigerated. E‘xamples of shelf-stable dried fish Pmd“d“f AIE sa]m'on }erl;yf
octopus chips, dried shrimp, stock fish and shark cartilage. The cham(.ujns!lc of dncd} oods
that makes them shelf stable is their low water activity (a,). Water activity AT
the amount of water in a food that is available for the growth of microorganisms, including
pathogenic bacteria. Pathogenic bacteria growth and toxin formation in Ihc» finished prod-
uct as a result of inadequate drying of fishery products can cause cpnsumcr illness. A‘walcr
activity of 0.85 or below will prevent the growth and toxin prodictioniofiall patossne b.ac-
teria, including primary pathogens S. aureus and C. botulinum, and is critical for the safety of
a shelf-stable dried product. S. anrcus grows at a lower water activity than other pathogenic
bacteria, and should, therefore, be considered the target pathogen for drying for shelf-stable
products,

Cooking or Pasteurization

The survival of pathogenic bacteria through cooking or pasteurization can cause con-
sumer illness. The primary pathogens of concern are Clostridinm botulinum, Listeria mono-
cytogenes, Campylobacter Jejuni, pathogenic strains of Escherichia coli, Salmonella spp.,
Shigella spp., Yersinia enterocolitica, Staphylococcus aureus, Vibrio cholera, V. vulnificus and
V. parahaemolyticus. ;

In addition to eliminating bacterial pathogens, cooking and pasteurization also greatly
reduce the number of spoilage bacteria present in the fishery product. These bacteria
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normally restrict the growth of pathogens through competition. Elimination of Spg’::lhc‘_
bactena allows rapid growth of newly introduced pathogenic bacteria. I’Mhnge“‘cﬂ‘“s s
na that may be introduced after cooking or pasteurization are, therefore, a COF\CG";; nhelf:
especially true for pasteurization, because that process can significantly extend t 3 -toxin
Ife of the fishery product, providing more time for pathogenic bacteria growth and {0
formation

s a
Retorting is a heat treatment that eliminates all foodborne pathogens and produce
product that is shelf stable.

There is a potential that C. botulinum type E or non-proteolytic types B and F will f“r;:;ec
the pasteurization process and grow under normal storage conditions or moderate 2
conditions. : icient to
lfthe product is not reduced oxygen packaged, or contains a barrier that i sulfigs s
prevent the growth and toxin formation by C. botulinum type E or non.PmteolyU‘ l}Pﬁ-mn
and F, or is equipped with a time and temi:emture integrator, o is distributed fmzcni«ned
selection of another target pathogen may be z\ppmpriatar.h L. monecytogenes m?y_bci‘: Lmo:!
a the target pathogen for pasteurization of this type of product because il erbfn"'
resistant bacterial pathogen of public health concern that is reasonably likely t b

1al patho-
Generally, L. monocytogenes is regarded as the most heat-tolerant, foodborne bactelE
gen that does not form spores.

<ses becauise
Itis not practical to target viral pathogens in cooking or pas\euriuﬂf-‘“ che:,e.: :rﬂl‘
of their extreme heat resistance. Viral pathogens should be controlled mmuﬁh a~u§1;
sanitation regime as part of a Prerequisite program or as part of hazard analysis €™
trol point (HACCP) itself.

Processes Designed to Retain Raw Product Characteristics

Some processes are designed to reduce specific pathogens to accer}'l
retaining the sensory qualities (appearance, taste and texture) of the 'm“thpe -
processes are particularly useful in addressing the hazard associated with 1s and
gen in raw products such as raw molluscan shellfish (i.e. oysters, chm—"?
and roe-on scallops) that are intended for the raw ready-to-eat market.

cesses do not eliminate all Pathogens of public health concern, they are it
ing or pasteurization processes

. - s include:
Examples of processes des gned to retain raw product characteristics !

 Highhydrostatic pressure processing (HPP);

+ Individual quick freezing (IQF) with extended frozen storage;

¢ Mild heat processing;

o Irradiation (ionizing radiation). ; product
a . ) 4 to retain T produc!

e o

concern ar¢ s

u‘nR' n;\uN“." oc_u}'

s are 1 - pn’é"“‘ in

p . sses desi
The survival of pathogenic bacteria through processes ld:‘ ‘fns of

characteristics can cause consumer illness. The primary pathog

: Ten

nificus and Vibrio parahaemolyticus. V. vulnificus and \-_l -""’

ring pathogens (i.e. not associated with human or anima:; Alfish.
22 - molluscan she

fish and fishery products, and in particular raw mollus

1 ANCE SYSTEMS
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Cross-Contamination of Fish and Fish Products

With fishery products, pasteurization is usually performed after fhe product is placed 1rt
the hermetically sealed finished product container. It is npplxgd to fishery products th.'1t ae
distributed either refrigerated or frozen. Examples of pasteurized fishery Pmducts are: pas-
teurized crabmeat, pasteurized surimi-based analog products and pasteur!zed lobster meat.
Because these products are cooked before they are packaged, they are at risk for rolconl.?’xr:;
nation between cooking and packaging. The risk of this recontamination may be xfn[xlgxr?w:--
by filling directly from the cook kettle using a sanitary, aurqma ted, conhnunus-.;l 1}111;,t s()z
tem (designed to minimize the risk of recontamination) while the prodt_:ck x; su) lob.:r.
hot filling). This control strategy may not be suitable for products such as crabmeat, lobstel
meat or crayfish meat. : i

There arz-' three primary causes of recontamination after pasteurization and cooking per-
formed immediately before reduced oxygen packaging:

e Defective container closures;
¢ Contaminated container cooling water; ;
¢ Recontamination between cooking and reduced oxygen packaging.

The introduction of pathogenic bacteria after pasteurization and certain speuag;;(;ll:_’;;i;
ing processes can cause consumer illness. The primar_y pathugen.s of Co.ncvr? ‘E:L-’h- l(:lliﬂ L
botulinum, Listeria monocytogenes, Campylobacter jejini, pathogenic strains ({/ 4 »._L C ;’ el V,
Salmonella spp., Shigella spp., Yersinia enterocolitica, Staphylococcus anreus, Vibrio cholerae, V.
vulnificus and V. parahaemolyticus. F 2011)

For more on the growth of and toxin production by pathogenic microbes see FDA (2011)
and Hristovski and Stojanovski (2005).
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624 13 HYGIENF IN FOOD PROCESSING AND MANUFACTURING

INTRODUCTION

The primary concern of food manufacturers is to produce a product that is both whole-
some, L.e. it has all appropriate organoleptic qualities, and safe, i.e. it is free from _pathogcmc
microorgamisms and chemical and foreign body contamination. The schematic diagram
shown in Figure 24.1 is a historical representation of the food industry and shows that the
manufacture of safe, wholesome foods stemmed from the purchase of specifiefl raw mate-
rials. Not all raw materials may be of the same quality, as the final product will be priced
according to the intended market, though all raw materials should be §afe and free from
specified hazards. Figure 24 1 also shows that given specified raw materials, there are {our
major “building blocks” that govern the way the factory is operal(’q to ensure that the safe,
wholesome food goal is realized Hygienic design dictates the dc:sxgn ofAthe fnc{orY.mfrn-
structure and, until replaced by robots, the operatives! Hygienic practices maintain .lhe
integrity of the facility and include good hygienic practices (GHP) and good manufaclgrmg
practices (GMP). Process development enables the design of safe, \'alldat'ed products and
processes, while process control subsequently ensures that each product in each batch on
every day meets the product and process requirements. .

More specifically, hygienic design is the food manufacturing infrastructure anq Fonsmls
of all the physical requirements necessary to manufacture the food product. Specifically, it
includes the following:

Factory site

Factory building

Segregation

Food defense, biovigilance and bioterrorism
Process lines

Hygienic design

! |
]

Process control l

Safe
wholesome
food

FIGURE 24.1  Schematic stages required to ensure safe, wholesome food praducts from a traditional basis
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G

¢ Venhlation and air flows

* Services (utilities)
* Waste disposal
+ Medical screening

Hygienic practices are all the actions necessary to maintain the food manufacturing infra-
structure in a hygienic manner and thus facilitate safe and wholesome food manufacture by
preventing contamination to the food product, and include the following:

Maintenance

Housekeeping

Cleaning and disinfection

cp

.
.
.
.
* Pest control
* Personal hygiene
The majer change in the way that the food industry viewed food safety came with e
advent of hazard analysis typified by the hazard analy sis critical control point (HACCE!
approach, originally developed in the late 1960s by the Pillsbury Company, the L
States Army Laboratory and the National A itics and Space Administration 0 £
development of safe foods for the American Space Program. HACCP began tobe p
in the UK in the later 1980s and was published as international guidance in 1% it
(Anon, 1993). Indeed, in the EU it has been a legislative requirement for food b o
since the publication of Council Regulation 852/2004 (Anon, 2004) to manage food safel¥
with an appropriate hazard analysis-based system.

Hazard analysis via HACCP encompasses identifying the hazards that may
quality or safety of the food product and controlling ‘them at all stages of the &
that product contamination is prevented. Such hazards are usually described a5

affect the

coss suc

¢ Biological, e.g. bacteria, veasts, molds
¢ Chemical, e.g. cleaning chemicals, lubricating fluids
¢ Physical, e.g. glass, plastic, insects or their parts, pests, metal, dust

Figure 24 2 illustrates how this affected the traditional food safety approa
Figure 24.1. Hazard analysis can be viewed as an umbrella and oversess al
food safety and food wholesomeness. HACCP primarily focuses on
controlling them via the Pprocess route, which encompasses th selectic
materials, followed by their processing and packaging and is
dark coloration of the “specified raw materials” box and the
uct development” and “process control” boxes. HACCP rec
infrastructure, GMPs and GHPs, expressed as the “hygie:
boxes in € 242 are the bedrock on which the assessm
identified in the process are built. HACCP calls the factory infra
“HACCP prerequisites,” implying that these should bein p
process is undertaken, and these are identified by tt
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Hazard analysis
Specified raw
materials

Process
development

Prerequisites

Hyglenic practices

FIGURE 24.2  The advent of HACCP. encouraged food manufacturers to consider the control of hazards both
via the production process (specified raw materials, process development and process control) and the processing
environment (hygienic design and hygienic practices) referred to as the HACCP prerequisites.

Although some principles of good hygienic practice are generic and apply to any type of
business, some may be specific to a given category of food products. For instance, prerequisite
programs for infant formula factories may not be the same as for coffee or fishery factories
Therefore, for the prerequisites, a hazard analysis of the product should also be undertaken at
the earliest opportunity and, if possible, before the design and construction of the processing
facility. This allows the design of the production facility to play a major role in reducing risks
of contamination. For example, generally it is possible to identify that glass is a potential haz-
ard and you could eliminate this hazard by designing a glass-free factory. Or more specifically
in a dry foods factory, all sources of water could be eliminated from certain processing areas

The next development in managing food safety came with the adoption of quality or
business management systems. These were used as a mechanism by which food suppliers
could demonstrate to their customers that they were undertaking a standardized approach
to ensuring the quality of the food product. As for HACCP, the use of quality management
systems began in the 1980s and was focused on BS 5750 published in 1978; this was the first
published quality management system. This in turn had been developed from BS 5179 in
1969 and before that a Department of Defence standard developed to ensure the successful
fipp]jcaﬁon of munitions. As well as providing a standard approach to managing quality,
it also encouraged third party organizations to audit food companies against the standard
The adoption of BS 5750 quickly developed beyond the UK and, in 1987, this document
was published as EN 29002-1987 in Europe and worldwide as ISO 9002-1987. The ISO 9000
series of standards was developed to cover the requirements of both food manufacturers
and auditing bodies to ensure food manufacturers met the needs of their customers while

11l FOOD SAFETY ASSURANCE SYSTEMS



Hygienic practices

FIGURE 24.3 Current schematic food processing stages, food manufacturing standards and auditing &
toallow food manufacturers to ensure and demanstrate safe, wholesome products

striving to meet their expectations. Many food manufacturers still use 15O 9001:2008 (Ancn
20082) for managing their business or q(lah(\' systems, though it has little impact on prereq-
uisites. It is noted in the dark HACCP circle in Figure 24 3.

150 22000 (Anon, 2005) was published in 2005 with the aim of bringing together food
safety and quality management systems into one auditable standard. It supports four key
elements to food safety, which it describes as interactive communication, system mange-
ment, prerequisite programs and HACCP. Tt has also been aligned with the requirements
of IS0 9001 and the HACCF principles as adopted by Codex. 150 22000 is thus represented
as a large circle in Figure 24.3 encompassing all the requirements necessary to produce safe
and wholesome food products. :

There was a general recognition that while there was much publically available informa-
tion to support much of the four key elements in 150 22000, particularly quality manage-
ment systems and HACCP, information on prerequisite programs «s a whole was
A publically available specification, PAS 220:2008 (Anon, 2008b), was pul‘llihed b
Standards to provide additional information in this area. This document is mkc_nded to s:l\pi
port the prerequisite program requirements of ISO 22000 (clause Tyand is noted in Figure 24 3
within the light prerequisite circle.

Finally, to complete the food safety picture, there have been complementary develop-

ments in third party auditing systems under the management of the Global Food Safety
Initiative (GFSI) (www.mygfsio

lacking.
v British

). This organization has harmonized the requirements of
the major food standards organizations that produce auditable food standards such as the

111, FOOD SAFETY ASSURANCE SYSTEMS
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British Retail Consortium (BRC, Anon, 2011a), International Food Standard (Anon, 2012)
and SQF (Anon, 2008¢). For example, the BRC global standard for food safety requires
food manufacturers to develop and comply with the following four key elements: senior
management commitment, a quality management system, prerequisite programs and an
HACCP plan. Auditing standards approved by GFSI clearly then meet the requirements to
audit all parts of ISO 22000 and this is represented by the circle surrounding the ISO 22000
circle in Figure 24 3.

Other than the legal requirement in some countries (e.g. in the European Union) for food
manufacturers to adopt HACCP principles, the requirement for ISO 9000 or 22000 is volun-
tary. It may, however, be a requirement for food manufacturers to adopt these standards to
comply with their customers’ requirements, which may also include the need to be audited
to a GFSl approved standard.

PREREQUISITE MANAGEMENT PLAN

The need to understand the role of the processing environment in how it can harbor haz-
ards, which can be transferred on vectors to the product, has become especially important
for microbial pathogen hazards in ready-to-eat (RTE) foods. While HACCP has undoubtedly
improved food safety as a whole, foodborne diseases are unfortunately still highly prevalent.
For instance, in both North America and Europe there have been major incidents with Listeria
in chilled products and Salnonella in dry RTE products (Aavistland et al,, 2001; Anon, 2008d,
2010; Centers for Disease Control and Prevention, 1998, 2008, 2009; Jackson et al, 2011). In the
majority of these cases, contamination following the pathogen reduction stage (e.g. cooking
or decontamination via chlorinated produce washing) is thought to be the route by which the
product becomes contaminated. Post-process contamination is prevented and managed pre-
dominantly by prerequisite programs, and it can be argued that for certain products, such as
RTE food products, to ensure the safety of these foodstuffs, the management of such prerequi-
sites is as important as the management of critical control points (CCPs) where pathogens are
killed, reduced to safe levels or prevented from growing.

To more effectively manage prerequisites, a prerequisite management plan (PMP) is advo-
cated. The PMP is comprised of two elements: generic prerequisites and processing envi-
ronment prerequisites. ISO 22000 and retailer audits require a number of essential hygienic
practices, or prerequisites, in all food manufacturing environments. These prerequisites are
generic and may be independent of the factory or the food manufacturing process it con-
tains. Sllch prerequisites include those already detailed above as relating to the factory’s
hyglemc infrastructure (e.g. factory and equipment design) and hygienic practices (e.g.
maintenance, personnel hygiene and cleaning and disinfection) and should be appropriately
validated, monitored and verified. Other prerequisites are recognized, e.g. in PAS 220:2008
(Anon, 2008b) management of purchased materials, rework, product recall procedures and
p_rnduct information/customer awareness are noted while others consider the control of for-
eign bodies in foods via, e.g, sieves and metal detectors as prerequusites. These prerequisites,
however, relate more to quality practices or process control than to hygienic practices.

After the implementation of generic prerequisites, food manufacturers then have to

consider the management of any residual hazards that may contaminate the food product

1l FOOD SAFETY ASSURANCE SYSTEMS
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during processing. Such hazards, and the transfer vectors via which they can contaminate
the product, will be unique to each food manufacturer and each food manufacturing site.
The assessment of hazards in the food processing environment, their risk and how they can
be controlled to prevent contamination to the food product can be described as the process-
ing environment plan (PEP). \
Generic prerequisites should be undertaken to best practice standards and the following

text for each of the hygienic infrastructure and practices prerequisites gives guidance as to
how that can be ensured.

Factory Site

The factory site 15 designed to minimize the challenge of external hazards (insects,
rodents, microorganisms, dust, soil, etc.) on the factory building envelope. This may be, for
eample, by reducing the number of pest harborage areas, controlling pest access to waste
matenials, reducing soil and dust, the downwind siting of effluent plants and the control of
unauthorized public access (see Chapter 25 for further details)

Factory Building

The building envelope and air intakes provide a defense against external factory hazards.
These could be microorganisms, pests, unauthorized human access, airborne chemical taints
and airborne particulate matter. The building envelope also segregates food production
from non-food production activities such as engineering workshops, boiler rooms, chemical

stores, laboratories, offices, canteens, observation areas/viewing galleries, medical reoms
and rest areas, ete. (see Chapter 25),

Segregation

Factories should be constructed as a series of zones and barriers that aim to limit the clul-(
lenge of contaminants. The number of barriers created will be dependent on the nature 0!
the food product, established from the HACCP study, and each barrier should n\luﬂ‘f‘hf
challenge of a hazard to the subsequent barrier. Figure 24.4 shows that there are up _l\’ \:‘l“‘
levels of segregation that are typical for food plants. While these barriers were an‘flin‘:
conceived to control microbiological contamination, they are also effective at controiting
many other hazards.

iti 0 factory
Level 1 represents the siting of the factory, the outer fence and the area up to the factory
wall as noted above.

Level 2 represents the factory wall and other processes which shquld sera‘:f“‘ ;hﬁ\(::\
tory from the external environment (e.g. rain, prevailing wind, surface oty :r:cludt:i
and dispatch vehicles, dust, odors, pests and uninvited people). Level 23 .;)-rmc(ﬁilh?
all internal barriers designed to separate production stages (raw nf.\lcm}s,k “:ir: e
product, finished product, packaged product), incompatible mflcmls (\\u:i }'\"ueher 5
frozen, allergenic, vegetarian, organic, genetically modified (GM) materials, Ros

: i oering. boiler rooms, cleaning
Halal, packaging) and non-food production areas (engineering, boiler ro
stores, changing areas, etc.).
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FIGURE 24.4 Schematic layout of a factory site showing ‘barriers against contamination. (1) Penmeter fence.
(2) Main factory buildings. (3) Walls of high risk area. (4) Product enclosure within high risk.

Level 3 represents the internal barriers that are used to separate manul'aclu.rmg process'esl
of different microbiological risk, e.g. pre- and post-heat treatment. Product in level 3 “,'I,
have a lower microbiological count than in level 2 and the microbial reduction process,
incorporated as the barrier between level 2 and 3, may be a simple decontamination pro-
cess (e.g. produce washing) or a pasteurization treatment (e.g. an oven, kettle or fryer). Such
separation, which creates zones usually referred to as high care or risk areas, should seek to
control the air, people and surfaces (e.g. the floor and drainage systems and the passage of
materials and utensils across the barrier). ;

Level 4 represents a product enclosure zone, set within the level 3 high carc/nisk area
A product enclose zone could encompass true aseptic filling or “ultra clean” processing and
packing areas such as glove boxes or the use of highly filtered air as a barrier around the
process line (see Chapter 25).

Food Defense, Biovigilance and Bioterrorism

At all stages of production, processing and distribution, food must be protected against
any contamination likely to render the food unfit for consumption and much of the protec-
tion requirements for the reduction/elimination of deliberate or accidental contamination of
food products are similar, and are beneficial to both general food hygiene and bioterrorism
control. The site and the production and storage areas of the factory buildings should be
secured effectively by controlled access in order to prevent unauthorized entry. Site secu-
rity should be reviewed and the need for fencing that fully encloses the site, close circuit
television (CCTV), night lighting and /or security guards should be considered as part of a
food defense program. Siting of silos, water tanks and packaging stores for raw materials,
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process steps or finished products outside the protection of factory buxldmgs is not dc:':r;
able as this may increase the chance of product adulteration. Bulk unloading cqmpfn(f_l';
{pumps, pipes, augers, conveyors, etc.) should be owned and operated b\ the factory L]i
not from the transport vehicle) and appropriately stored inside when not in use. Additiona

security requirements may be appropriate for any on-site laboratory, particularly if it han-
dles pathogens or toxic chemicals (see Chapter 35).

Process Lines

Process lines are laid out so that they facilitate efficient food manufacturing, maintain Fmd;
uct quality, reduce environmental contamination by effectively controlling the mo\»emenf UE
faw materials and operatives, and allow space for maintenance and cleaning. The ot =
ingredients and products is such that ideally raw materials enter at one end of the f‘adm;;‘.
(dirty end) and are dispatched at the OPposite end (clean end). There should be no bﬂd‘?{cb Z
Ing or crossovers and, where there are changes in the direction of process flow, there mus eas
adequate physical barriers. The flow of air and drainage should be away from “clean ar:‘;;
towards “dirty” zones while the flow of discarded outer packaging materials should no_!i ;f
or run counter to the flow of either unwrapped ingredients or finished products I\Tx }ilﬁ‘
personnel and visitors should be controlled and the traffic pattern of personnel (and Vel
should prevent contamination of the Product (see Chapter 25)

Ventilation and Air Flows

Food factories must have sufficient means of natural or mechanical \'cnnlaunn.;“;fi;
vide fresh air for food operatives (approximately § liters per person per scc_(\nd_) ‘Thxch i
contaminating food products. Natural ventilation should be through QP""mg/’ “mof that
directly connected to the outside air and so positioned in the external walls nljdv;’"m control
effective cross-ventilation is Possible. Mechanical ventilation should be provide ke
humidity and ambient temperatures and to effectively remove parllculmf‘}, [\!m‘erék;“m‘i_
steam and vapors and microorganisms. Where there is a risk of mitmbwluglfﬁ)ge 2 far
nation of the product by the surrounding air, the working area should be ‘-““mm a clean
as possible and be maintained at a positive pressure using filtered air drawn o dust
source. The type of filters will depend on the product and process and ra‘:i ranspor
exclusion filters to high efficiency particulate air (HEPA) filters. Air f\st‘d {o‘r‘ ation, over an
product must be dust filtered as a minimum and may require .xddlm_)m] fi \' to. Thus 18
above that of the room air from the hygiene zone which it is in or being “‘;'e roduct duri
maintain product safety and quality, as the interface between the air nndl: J“F
transport is greatly in excess of simple sedimentation to product from stlt 3t

Equipment

antages: food quality:
Food equipment that is designed hygienically has three key ‘dt\‘l:‘ll::‘fd food product
reduced costs and food safety. Good hygienic design helps to cl\suf;‘-l\é contaminate st\\‘s;‘(“
quality by preventing residues remaining in the equipment that S product is net he
quent different product batches or, in food manufacture, ensuring

. ing
i Ly on rejoinil
x X oct product quality
up” within the equipment where it could deteriorate and affect pro
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the main product flow. Good hygienic design reduces the time required for an item of
equipment to be cleaned. This reduction of cleaning time, and the associated costs of staff
training, etc,, is significant over the lifetime of the equipment, which may be in excess of
25 years. Hygienically designed equipment, which may initially be more expensive (com-
pared to similarly performing but poorly designed equipment), will be more cost effective
in the long term. In addition, reduced downtime for cleaning may lead to the opportunity
for increased food production. Finally, and perhaps most importantly, good hygienic design
prevents the contamination of the product with substances that would adversely affect
the health of the consumer. Such contamination could be microbiological (e g. pathogens),
chemical (e.g. lubricating fluids, cleaning chemicals) or physical (e.g. glass, metal swarf).
The hygienic design of equipment is a legal requirement in Europe under the auspices
of Council Directive 98/37/EC (Anon, 1998a) on the approximation of the laws of member
states relating to machinery. The hygienic design requirements in this directive were further
developed as a European Standard and published as EN 1672-2 in 1997 (Anon, 1997a). The
hygienic design of the requirements of EN 1672-2 and those of the 3-A standards group in
the USA (swww 3-a.0rg) was integrated into an international standard 1SO/DIS 14159 (Anon,
2002). This standard described 11 hygienic design principles for food processing equipment,

which are described below:.

1. Materials of construction for food contact must have adequate strength over a temperature
range to suit intended end-use exposure; have a reasonable life expectancy; be non-
toxic, non-tainting, non-absorbent; be resistant to cracking, chipping, flaking corrosion
and abrasion; prevent penetration of unwanted matter under intended use; and be
easily cleaned. Stainless steel, because of its cleanability, corrosion resistance and wear
resistance, usually meels all these requirements and there are various grades of stainless
steel which are selected for their particular properties to meet operational requirements.
For example, type 304 (AISI)/1.4301 (EN) for most general applications and type 316
(AISI)/1.4401 (EN) which contains molybdenum and has corrosion resistance are
typically recommended. Elastomers and other polymers, used because of their high
extensibility, particularly for seals, linings, flexible conveyors and moldings, etc,, should
conform to EU (Commission Regulation No. 1935/2004: Materials and articles intended
to come into contact with food) or FDA (21 CFR 170) legislation.

2 Sl_lyﬂcz'ﬁmsh must be smooth enough to enable surfaces to be easily cleaned and
disinfected. Surface roughness has been traditionally described by the roughness average
(R,) value which is calculated by measuring the average departure from an imaginary
c:ankerlinu running through the -"pl.‘ﬂkﬁ‘” and “valleys” of the surface profile (Anon, 1997b).
For closed equipment (that used for liquid handling and usually cleaned-in-place - CIP)
a]snrf_acc !in.lsh of 0.8yumR, is recommended. For of;en surfaces, where more mechanical
;(':l:;n{.:, .acuon can be applied and the effects of cleaning are more readily visible, higher

5 lp-}";c ::JSC}T:Z:‘: acceptable, though again an R, value of 0.8 pm is also appr(?prialc
s from rece“;osn that are WC}dcd or bonded, shc.)u}d be smooth and continuous nnd
i crevié:{s‘.;}aps or crevices. Dlsmnunml?]e joints such as screwed pipe (jnuplmgs
b 'oints:nn-(( lﬂl‘ld provide a smooth continuous surface on the product side
St 'I\J T ust be located with each other and be sealed with a gasket because,

&1 metal-to-metal joints can be made leak-tight, they may still permit the ingress
and harbcrage of microorganisms. ¥ Y
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Fasteners such as exposed screw threads, nuts, bolts, screws and rivets must be avoided
wherever possible in product contact areas. This is primarily because they have many
metal-to-metal joints and crevices and are thus microbiologically uncleanable; however,
fasteners in the product zone are also a foreign body hazard. When unavoidable for
technical reasons, alternative methods of fastening can be used, for example where the
washer used has a rubber compressible insert to form a bacteria-tight seal.

Dramage is a requirement for all pipelines and equipment surfaces because residual
liquids can lead to microbial growth or, in the case of cleaning fluids, result in
contamination of product. Care should be undertaken with the installation of
equipment such that its drainability is not impaired

Internal angles and corners should be well radiused, wherever possible, to facilitate
cleaning. Ideally, materials should be joined away from the corner as, even if (in the case

of welding) the joint is ground and polished, its 90° angle makes it difficult to access by
cleaning equipment.

Ll

5o

&

Dead spaces are areas within the equipment that cleaning systems are unable to

reach during routine cleaning operations. In these areas, product is harbored which
may cause product quality loss and a potential allergen issue. If dead spaces are
unavoidable for technical reasons, they should be readily accessible for draining/
cleaning as necessary. ¥ 2

Bearings and shaft seals should, wherever possible, be mounted outside the product area
to avoid possible contamination of product by lubricants, unless they are edible, or
possible failure of the bearings due to the ingress of the product. Shaft seals must be
designed so as to be casily cleaned and, if not product lubricated, then the lubricant
must be edible. Where a bearing is within the product area, such as a foot bearing for an
agitator shaft in a vessel, it is important that there is a groove completely through the
bore of the bush, from top to bottom, to permit the passage of cleaning flwd. 2
Instruments must be constructed from appropriate materials and if they containa
transmitting fluid, then the fluid must be approved for food contact. Installation s.hould
avoid dead legs and in liquid handling equipment, insertion into a shortened T-piece
with cleaning fluid flowing into the upstand is a favored solution.

Doors, covers, panels and door gaskets should be designed so that they prevent the entry
and/or accumulation of soil. Where appropriate they should be sloped to an outside
edge and should be easily removed to facilitate cleaning

Controls, particularly those that are repeatedly touched by food handlers in normal
use, should be designed to prevent contamination and should be easily cleanable.
Pathogenic microorganisms have been known to be harbored in switches and be
transferred to product every time they are operated.

o

©

10.

11

(See Chapter 26 for further details.)

Utensils

Utensils include all tools, containers, trays and small pieces of \’quipmen}. ete. necg:sary
to undertake the food manufacturing process. There is no specific legislation or gu\dar_\ce
on the hygienic design of utensils and the 11 principles outlined above for food processing
equipment should be followed as best practice
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Services

Services include all processing aids necessary to manufacture the food including process
water, steam, electrical supplies, compressed air and other gases. Potable (hot and cold)
water should be used whenever necessary to ensure that foodstuffs are not contaminated.
Where appropriate, facilities for water storage, distribution and temperature control shall
be adequately designed and constructed, shall be covered and shall have air vents which
are insect- and rodent-proof. Plumbing shall be of adequate size and design and adequately
installed to ensure potable water is not contaminated and that all hoses, taps and other
similar sources of possible contamination prevent backflow or back siphonage. Where non-
potable water is used, for example for fire control, steam production, refrigeration and other
similar purposes, it should circulate in a separate, identified system. Non-potable water is
not to connect with or allow reflux into potable systems. Steam should be generated from
potable water, have approved food safe additives, be filtered, have non-return valves to pre-
vent the drawback of product into steam lines and should have traps to ensure adequate
condensate removal and elimination of foreign materials. The length of electrical cabling
should be minimized and be mounted on vertical or inclined cable trays with one layer of
cables per tray. Electrical connection and control boxes should be suitably protected from
water and dust ingress. Compressed air or other gases mechanically introduced into food or
used to clean food-contact surfaces or equipment must be dry and filtered to remove micro-
organisms, lubricants and particulates and ideally conform to Food Grade Conmpressed Air:
A Code of Practice, British Compressed Air Society Limited (www.bcas.org.uk).

As many services as possible should be exterior to the food processing area and should
be carried in false ceilings or service corridors. Pipework, suitably protected light fit-
tings, ventilation points and other services in manufacturing areas should not run directly
above food processing equipment or “open product” and should be sited (e.g. flush
mounted or mounted at least 25mm from the wall) to minimize dirt accumulation, to
avoid creating recesses which are difficult to clean and to ensure that drips and condensa-
tion do not contaminate foods, raw materials or food contact surfaces. Cold water pipes
and other service pipes which might be prone to condensation build-up should be insu-
lated (see Chapter 26).

Waste Disposal

Waste disposal areas, for the storage and disposal of food waste, non-edible by-products
and other refuse, must be designed and constructed so that the risk of contaminating food
or the potable water supply is avoided, to reduce the attraction of pests and to minimize
the potential for odor. Storage should be in a separate room within the main factory build-
ing, often part of the dispatch docking area, or in an external area that is constructed of
impervious material and suitably sloped and drained. Waste disposal areas should be cas-
ily cleanable and, where necessary, suitably fly-proofed and free from animals and pests.
Food waste, non-edible by-products and other refuse should be deposited in appropriately
constructed, labeled, closable containers which are made of impervious material, are leak-
proof and are easy to clean and disinfect. Waste containers should be specifically identifi-
able (e.g. by color) and be lidded and should not be moved through different hygiene zones
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Waste should be moved out of higher risk zones, ideally via existing hatches
waste, though for waste collected in bins, it may be necessan to decan
purpose-built, easily cleanable from high risk, waste chutes that deposi
skips (see Chapter 25).

1
t the wa
rd

direct!

Medical Screening

Until food factories are completely automated, food operatives are esse:
mznufacture of the food product and are thus part of the hygienic infrastructt
screening of food operatives is initially concerned with lhc-;\‘q\uremc—m form
fication of freedom of carriage of pathogenic microorganisms in prospective new empic)
ees. In addition, it involves an ongoing awareness by operatives of their own health and
the health of those around them (e.g. at home), from whom thev themselves may become
mfected and thus subsequently compromise food safety. Medical certification can be
self-certifying or via a doctor or other health practitioner. In some countries this may
be required by law; in others this may be voluntary, Once
instance of potentially infectious diseas including.j.\undice fever, sore throat with fev
vomiting, stomach disorders, diarrhea, visibly infected <kin, 10%;1; (such as boils, cuts
and discharge from the eyes nose or ears, must be reported tnkthc 0 .mli\‘e’s Jine man-
agement or directly to the first aider or medical department. This ’Fl:lic;lldrl\' applies to
staff returning from areas of the world where there has bpcnn. risliopflinfccli(\nj If, through
illness, operatives are identified as being at risk to the safety of the product, they should
either be sent home or moved to other work areas or d\;liet that do n’:‘l include ofcn food
handling (see Chapter 28). E

employment has started, any

Maintenance

Effective hygienic maintenance is require
processing environment. Maintenance should be Preventive, ie. planned such that parts
and structures are changed /maintained so that they do o fai'l c.\r‘bzc.ome of a nature where
they form a microbiological or physical hazard m‘lhc product. “Fire-fighting” 0 mr:li\'ins
equipment and structures after they have broken or become a h‘mmi is ;0& am‘pmbla

All materials used for maintenance and repair shall be fi; foAr their intended use. and for
replacement food contact parts (e.g. seals, gaskets, conveyor belts), certificates of conforn
ity or other evidence shall be available to confirm their s'ui(abililv’for use. The traceabili
of replacement parts must be ensured to facilitate any potential recall of food products i
could have been contaminated by defective parts,

. Essentially, the identification © Aol
ness from which the parts were supplied, where the parts .im hEe;d in stores and the Jin€s
and equipment to which individual parts have been fitted, must be recorded.

Maintenance and repairs to food processing equipment should ideally be undertaken
away from the line but if this is not possible, the worksite should be adeguately 7T it
Similarly, repairs to the building fabric should be undertaken out of production PE! ;
but if this is not possible, screening should be in place, preferably from floor t0 cellu\g1 :‘;E
fully sealed. All tools, parts and materials brought to the job and/or removed shou! !
accounted for and all parts and tools should be clean. This may necessitate the cleaning o

d both for food processing equipment and the
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replacement parts (and also new and second-hand equipment) prior to entering the factory.
Separate toolboxes should be available for low and high risk zones. Lubricants should be
food safe and ideally be preserved to prevent microbial growth and conform to ISO 21469
(Anon, 2006).

For specific hazards such as broken glass or water leaks into dry processing areas, written
procedures should be available as to how to control and repair these incidents. For all main-
tenance procedures in food processing environments, a documented handover procedure
should also be in place. Engineering staff should sign off to the fact that the area is free of
tools, repair materials and engineering debris. Sanitation staff should sign off to ensure that
the area is cleaned to a hygienically appropriate level and, finally, production staff should
sign off that they accept the area as suitable for food processing. All such procedures should
apply to both own staff and external contractor working practices.

Engineering workshops should also be recognized as a potential source of food contami-
nation and should be kept clean and have sticky mats at their exits to help remove swarf
and debris from footwear (see Chapter 26).

Housckeeping
Housekeeping is undertaken to provide a safe working environment for staff (primar-
ily reducing slips and trip hazards), to minimize any possibilities for contamination from
the food processing environment to the food product and to minimize the challenge of haz-
rd build-up on the processing line that will need to be controlled by the end-of-production
lean. Cleaning and disinfection procedures can be seen as unit operaticns in which, for
licroorganisms, a given reduction, usually 2-3log orders for the cleaning phase and 1-2log
rders for the disinfection stage, is possible. Any increase in the starting level of microor-
ganisms prior to the end-of-production clean can thus result in an unacceptable level of
microorganisms remaining after the sanitation process. To prevent excessive microbial
growth on surfaces during production periods, food operatives or cleaning staff should
clean the process line prior to break periods and clean up any major product spillages.
Cleaning of the processing environment during food production periods must be under-
taken in a way mn which contamination to the food product via cleaning aerosols is mini-
mized (see Chapter 27).

Cleaning and Disinfection

Cleaning and disinfection, referred to together as sanitation, is undertaken primarily to
remove all undesirable material (food residues, microorganisms, allergens, foreign bodies
and cleaning chemicals) from surfaces in an economical manner, to a level at which any resi-
dues remaining are of minimal risk to the quality or safety of the product. The principal
stages involved in a typical sanitation program are:

e Preparation. All product and unwanted utensils/packaging/equipment should be
covered or removed from the area. Machinery should be switched off, at the machine and
at the power source, and electrical and other sensitive systems protected from water/
chemical ingress. Equipment should be dismantled and stored on racks.
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- All loosely adhered or gross soil should be removed by brushing,
scraping, shoveling or vacuum, ete. Wherever possible, soil on floors and walls should

be picked up and placed in suitable waste containers and not washed into drains using
hoses.

e. Surfaces should be rinsed with low pressure cold water to remove locsely
adhered small debris. Hot water can be used for fatty soils (approximately 60°C), but too
high a temperature may coagulate proteins. a

Cleaning. Cleaning is a combination of mechanical or kinetic energy (physical or fluid
abrasion), chemical energy (cleaning chemicals), temperature or thermal energy and
cleaning time. Cleaning chemicals should break down soil-to-soil and soil-to-surface
bonds and prevent the re-deposition of the dispersed soil back onto the cleaned surface
No universal cleaning chemical is available and a range of cleaning agents is used for
specific food soils. Water provides the cheapest, readily available transport medium for
rinsing and dispersing soils, has dissolving powers to remove ionic-soluble compounds
such as salts and sugars, will help solubilize proteins below their coagulation poit,
emulsifies fats at temperatures above their melting point, and, in high pressure cleaning,
can be used as an abrasive agent. Organic surfactants are amphipolar, are composed

of a long non-polar (hydrophobic) chain or tail and 2 polar (hydrophilic) head and aid
cleaning by reducing the surface tension of water and by emulsification of fats. Alkalis
break down proteins through the action of hydroxyl ions, saponify fats and, at higher
concentrations, may be bactericidal. Acids are very useful in solubilizing carbonate and
mineral scales, including hard water salts and proteinaceous deposits. Sequestering
agents (sequestrants or chelating agents) are employed to prevent mineral ions
precipitating by forming soluble complexes with them. Cleaning and disinfection can be
undertaken by hand using simple tools, e.g. brushes or cloths (manual cleaning), though
as the area of open surface requiring cleaning and disinfection increases, specialist
equipment becomes necessary to dispense chemicals and/or provide mechanical energy.
Chemicals may be applied as low pressure mists, foams or gels, while mechanical
energy is provided by high and low pressure water jets or water or electrically powered
scrubbing brushes. Alternatively, dismantled equipment and production utensils may
be cleaned and disinfected in soak tanks or automatically in tray or tunnel washers.
Cleaning should be undertaken in a sequence so that hazards are removed from the
processing environment via the drains and do not contaminate cleaned surfaces.
Specifically, environment surfaces, usually in the order of drains, walls then floors are

cleaned prior to food processing equipment and all food processing equipment should be
cleaned at the same time.

Inter-rinse. Both soil detached by cleaning operations and cleaning chemical residues
should be removed from surfaces by rinsing with low pressure cold water.
Disinfection. Disinfection is undertaken to remove and/or reduce the viability of
remaining microorganisms to a level deemed to be of no significant risk. In exceptional
circumstances and only when light soiling is to be removed, it may be appropriate

to combine cleaning and disinfection by using a chemical with both cleaning and
antimicrobial properties (detergent-sanitizer). Elevated temperature is the best
disinfectant as it penetrates into surfaces, is non-corrosive, is non-selective to microbial
types, is easily measured and leaves no residue. However, for open surfaces, the
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use of hot water, steam or naked flames is uneconomic, difficult to maintain target
temperatures, may bake on residues, is hazardous to operatives, and reliance 1s,
therefore, placed on chemical biocides. Quaternary ammonium compounds (quats or
QACs) and peracetic acid are universall; used for open and closed surfaces, respectively;
hypochlorous acid is used for high-level disinfection of, e.g., floors and drains while
alcohol is used for dry disinfection. The efficacy of chemical disinfectants is generally
controlled by five factors: interfering substances (primarily organic matter), pH,
temperature, concentration and contact time. To demonstrate their biocidal effectiveness,
in Europe, chemical disinfectants should be approved for bactericidal activity against
the European Standards EN 1276 (Anon, 1997¢) and EN 13697 (Anon, 2001) and for
fungicidal activity against EN 1650 (Anon, 1998b). In Europe it is also acceptable to leave
disinfectants on surfaces without any further rinsing prior to food production. As such,
disinfectants will enter foodstuffs and must be non-toxic and non-tainting. Historically,
disinfectants have been regarded as safe if their minimum acute oral toxicity (with rats)
is >2000mg/kg bodyweight. Non-toxicity is now being assessed under the auspices of
European Directive 98/8/EC concerning the placing of biocidal products on the market,
which seeks to produce a list of active biocidal substances that have been assessed for
both their toxicological properties and also their inherent antimicrobial properties.
Formulated products, sold to the final user, can then only be made by incorporating an
approved active ingredient and the formulated product will then itself be assessed for
its toxicological and antimicrobial properties. To assess the potential for a disinfectant to
taint foods, a modification of a food container transfer test is used (Anon, 1983) in which
food products are sandwiched between two sheets of stainless steel and left for 24 hours.
Disinfectants can be sprayed onto the stainless steel sheets and drained off, to simulate
no rinse status, or can be rinsed off prior to food contact. Control sheets are rinsed in
distilled water only. The results of the test involve both a statistical assessment of any
flavor differences between the control and disinfectant-treated sample and a description
of any flavor changes.
Post-rmse. Disinfectant residues may or may not be removed by rinsing away with low
pressure cold water of known potable quality.
Inter-production cycle conditions. A number of procedures may be undertaken, including
the removal of excess water and/or equipment drying, to prevent the growth of
microorganisms on production contact surfaces in the period up until the next
production process. Alternatively, the processing area may be evacuated and whole room
disinfection techniques applied, e.g. ozone, hydrogen peroxide or ultraviolet light.
Periodic practices. Periodic practices increase the degree of cleaning for specific equipraent
or areas to return them to acceptable cleanliness levels. They include weekly acidic
cleans, weekend dismantling of equipment, and cleaning and disinfection of chillers and
sanitation of surfaces, fixtures and fittings above 2 meters.
Clean the cleaning equipment. Following their use for cleaning, cleaning equipment should
itself be cleaned and disinfected. Cleaning equipment should be visually checked for
damage and any areas where microorganisms could reside, or loose parts which might
become a foreign body hazard, should be replaced. Cleaning equipment should be stored
in racks to dry or kept in disinfectant solution until their use is required.
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Sanitation is managed via a series of plans or schedules. The cleaning plan should list
all the cleaning and disinfection tasks that need to be undertaken across the food manu-
facturing site and their frequency (daily, weekly, monthly, etc.). Cleaning schedules are the
Wwritten work instructions that detail precisely how the cleaning and disinfection proce-
dures for each task should be undertuken and can also be used as the work instruction
against which cleaning operatives can be formally trained. The “whole room” plan details
all the requirements for the practical management of the cleaning and disinfection opera-
tion and includes manpower, any specialist engineering support, equipment, chemicals
and their dosing, health and safety, room preparation, protection of any food preduction
operations, how cleaned surfaces are protected from recontamination, how the reom is
prepared for subsequent production and how the cleaning equipment itself is cleaned and
maintained. End-of-production cleaning plans detail the specific requirements of single or
groups of equipment and include any specific dismantling or health and safety instruc-
tions. Periodic cleaning schedules detailing, e.g. weekend or monthly cleaning and site
decontamination plans, detailing a planned decontamination of the processing areas fol-

lowing a potential pathogen contamination incident, may be required, particularly for
ready-to-eat food (see Chapter 27).

Cleaning-In-Place (CIP)

CIP is the cleaning of complete items of equipment or pipeline circuits, i sift, without
dismantling and with little or no manual involvement. The prime consideration of C_lP
cleaning is that the process and CIP equipment must be designed hygienically; otherwise
cleaning will not be acceptable. Separate CIP sets for raw and post-heat-treated product
lines are also required. Much of the science of CIP cleaning 1s the same as for open sur-
faces, though the relative mputs for each of the four cleaning factors can be very different.
Mechanical or kinetic energy is generally limited and is provided in pipelines by turbulent
flow of cleaning solutions and in vessels by either falling films or spray lmpingcmm‘_ of
cleaning solutions. As the system to be cleaned is enclosed, the concentration of cleaning
solutions and their circulation temperatures can thus exceed those as used for open plant
cleaning. Typically, caustic detergents (e.g. sodium hydroxide) have an in-use concentration
0f 0.3 t0 2.0% and are circulated in excess of 70°C whereas acidic detergents (e.g. phesphoric
or nitric acid) are used at 0.2 to 1.0% acidity and circulated at 50 to 60°C. Methods of ther-
mal disinfection include hot water at temperatures between 70 and 80°C and maintained for
15 minutes. . g

The actual cleaning mechanism within the CIP circuit is divided into the -:lcaml“g Pf RS
lines (and other items with total submersion in the cleaning fluids) and the Flc.mmg of ves:
sels. The cleaning of pipelines is undertaken by circulating the cleaning fluids at a velocity
of approximately 1.5m/s throughout the whole of the pipeline system. The cl.camng of ves-
sels is undertaken via spraying devices that produce a “falling film” of clgamng ﬂ\fld oran
impingement jet of cleaning fluid over the whole of the vessel surf.\ce‘FNEd (static) spray
balls, via the use of holes drilled in specific patterns, direct cleaning fluids to cover the ves-
sel surface. Approximately 30 to 50 liters of cleaning fluid per minute per meter of the vessel
circumference, at 1.5 to 3 bar, are generated to maintain a continuous liquid film on the tank
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wall which falls due to gravity to provide some mechanical action. Low pressure rotating
(dynamic) sprayheads can also be used which have lower water consumptions. High pres-
sure rotating (dynamic) impingement sprayheads can be water or mechanically driven to
previde a (geared) rotation around the vertical and horizontal axis such that all points on
the vessel surface are impacted over a defined time period. Once this time period has been
established, cleaning must always meet or exceed this time to ensure full surface coverage.
The vessel must be designed to ensure adequate drainage of solution and prevent pooling
of chemicals and soil in the bottom of the vessel, which is controlled by ensuring that the
(scavenge) pump used to remove fluids from the vessels is operating at a flow rate in excess
of the supply pump

It is absolutely critical to prevent the cleaning and disinfection chemicals from contami-
nating the food product, and as such the CIP circuit must always be separated from the food
product. Traditionally, the potential for contamination was minimized by bringing product
and CIP lines to a flow selector plate at which specific short lengths of pipe were manually
removed and reconnected to ensure that product and cleaning fluids were separated. The
use of single valves between the chemicals and the product is never sufficient to separate
the systems and modern circuits use, e.g., block and bleed valves to assure adequate separa-
tion (see Chapter 27).

Pest Control

Pests are attracted to food processing environments primarily for water, food and shel-
ter. Their presence, however, can lead to consumption and/or damage of the food product
and packaging, physical contamination of foodstuffs by, e.g., rodent droppings, insect parts
or other foreign bodies, contamination with disease-causing agents, e.g. microbial patho-
gens and intestinal worms are carried in the guts and/or on the external surfaces of pests
and direct damage to the building and its services. Pests can therefore be described as any
animal at any stage of its life cycle that may reasonably cause biological /physical contami-
nation to food or its presence will be detrimental to its wholesomeness, and include small
mammals (e.g. black and brown rats and mice), crawling insects (e.g. cockroaches, ants, bee-
tles), flying insects (e.g. houseflies, blowflies, fermentation flies, moths, bees, wasps) and
birds (e.g. seagulls and pigeons).

Pests can be environmental, i.e. can enter the factory from the external environment,
or can be associated with raw materials, often termed stored product pests. The pests rel-
eyam to a particular food processing environment can be determined by history and pre-
vious findings, inspections by pest control technicians and sightings by company staff. As
company staff are regularly on the premises, and if trained in the detection of the signs of
pest infestation, they are the best source of information on the presence of pest hazards
and a Pest Sightings Reguster should be maintained at all sites which details the date, pest,
location, reported by and subsequent actions taken by the food manufacturer and pest
contractor.

Pest control has to be undertaken by both the food manufacture (and its raw material
guPpliers) and the pest control contractor (which may be an in-house function). As such,
it is commonly referred to as integrated pest management (IPM) and comprises four key
elements; neighboring activities; the factory environment; raw material quality control; and
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pest management. The activities of neighboring properties, the movement of materials on
and off the factory site and any environmental features such as water courses should be
considered as to their ability to attract pests. The factory site and building envelope sheuld
then be designed and maintained to minimize pest harborage, visualize pests and restrict
pest entry. At the same time, however, the factory must practice good GMPs such as good
housekeeping, waste handling and cleaning and disinfectant practices to limit the presence
of water, food sources or harborage sites. All raw materials entering the factory which could
be susceptible to stored product pests should be inspected, sampled and positively released
to the food manufacturing operation. Strict stock rotation should be implemented and, as
infestation can potentially remain undetected, it is important to establish batch-to-batch
freedom from pest contamination

While some food manufacturers employ their own pest control teams, most contract this
service out to a pest control company. Contracts usually consist of two parts, a practical part
consisting of a scope of works and an administrative part consisting of a logbook or ser-
vice report. The scope of works may include the pests covered, the frequency of the services
offered (technician/field biologist visits), agreed methods of pest capture or treatment (e.g-
small mammal and insect traps, electric fly killers, pesticides, bird scarers, stored product
fumigation and heat or freezing treatments), reporting structures, reviews and frend analysis
and contractual warranties and insurances. The logbook may contain general information
(pest company details, qualification certificates or licenses for pest control technician, name
of daily contact person); materials and resources applied (applied pesticides overview,
material safety data sheets, applied pesticide labels); monitoring devices (registration lists,
maps with location indicator, capture statistics and trend analysis); and notification of pest
activity, reports, advice and corrective actions (see Chapter 29)

Personal Hygicene

All food manufacturers should have in place, for all employees, visitors and contractors
entering food processing areas, a personnel hygiene policy. This should cover:
» Medical screening (referred to above)
« Induction training
o Personal hygiene measures
« Company requirements — hand washing/clothing
» Monitoring and verification auditing

Induction training, provided in as many different languages as necessary for the whole
work force, is essential to ensure that food operatives recognize that they may act as poten-
tial routes of food product contamination and that they should undertake personal hygiene
procedures in a way that minimizes such risks. Of particular importance is the dfmonskm-
tion of an appropriate, validated hand hygiene procedure as operatives do not inherently
know how to wash hands to maximize microbial cleanliness. This is best undertaken using a
kit combining a UV-sensitive dye and a small, portable UV lamp, e.g. GloGerm System, Deb
Ltd (www.debgroup comi). The dye is applied to the hands prior to hand washing and, fol-
lowing hand washing, the hands are placed under the UV lamp to indicate areas that have
been “missed.” Individuals’ training records should be kept and reviewed as appropriate.
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Food operatives should be encouraged to follow basic hygiene procedures at home and
in the workplace to minimize their risk to foodstuffs. Such procedures cover the control of
personal habits (e.g. nose picking, spitting, nail biting) and activities (e.g. eating, smoking
and drinking), the wearing of make-up and jewelry and the coverage of any wounds with,
e.g, blue, metal detectable plasters.

Protective clothing is provided by the food manufacturer primarily to protect the food
from microorganisms released from the body and includes hair nets, hats, masks, beard
snoods, overalls, coats, gloves, wrist and forearm sleeves, trousers and footwear. Personal
protective equipment (PPE), which includes hard hats, gloves, safety spectacles, ear defend-
ers, aprons, overalls and footwear with non-slip soles and metal toe caps, is provided to
protect the operator from the food processing environment (cold, water, food products, etc.)
and specific safety hazards as appropriate (e.g. detergents and disinfectants, falling objects,
knives). Consequently the type of material used and the design of protective clothing will
depend upon its prime function. Factory clothing should be hygienically designed so that
it does not shed foreign bodies directly (e.g. buttons or lint) or indirectly (e.g. having out-
side pockets from which objects can fall out) and is often of different colors to delineate
either operatives working in different risk areas or specific categories of people, e.g. engi-
neers, cleaning staff, first aiders and management. A laundry policy should also be in place
to clean and maintain such protective clothing.

Hands need to be washed before embarking upon food handling procedures and after
any operation that may lead to the hands becoming contaminated, which could include
visiting the toilet; handling raw food; handling waste and chemicals; blowing noses; sneez-
ing into hands; touching body parts; carrying out cleaning duties; removing and changing
gloves; picking items off the floor and touching non-food contact surfaces, e.g. machine
adjustment, power switches, buttons, etc.

Hand washing on entry to food processing areas can be combined with the donning of
factory clothing in a manner that limits the transfer of hazards into food handling areas
A suggested procedure is as follows:

1. Remove outer clothing and place in personal locker.

2. :iemove jewelry and watches in line with personal hygiene policy and place in personal
locker.

3. Put on hair net/snood.

4. Remove shoes and place in locker.

5. Step over a barrier into the food handling area.

6. Wash and dry hands.

7. Put on clean, dry food handling area footwear.

8. Put on clean food handling area clothing.

9. Use a hand disinfectant immediately before handling food.

Good personnel hygiene and hand wash compliance can be monitored by visual assess-
ment by line supervisors and auditing staff, or via the use of CCT cameras. It is also possible
to install, e.g,, turnstiles at the entrance to food processing areas such that the turnstile will
only open when a recognized hand washing trigger has been activated, e.g. the application
of an alcohol handrub (see Chapter 28).
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RECOMMENDED PROCEDURE FOR DEVELOPING A PROCESSING
ENVIRONMENT PLAN

It 1s recognized that as a new, additional, component of food safety, the Proc
Environment Plan (PEP) is likely to be approached with a degree of suspicion by the food
factory staff that have to practically implement it, on top of the requirement for the HACCP
plan. To make this task easier to undertake, and from practical experience in the factory,
two things have been recognized that should facilitate implementation. First, and where ver
possible, the same terminology has been used in the PEP as in the HACCP plan. Second. the
PEP should generally only be undertaken once, to encompass the majority of food products
manufactured. Only if the products to be manufactured in the processing area of con

use different processing equipment or different ingredient transfer systems are sources and
vectors of contamination likely to change.

The undertaking of the PEP follows the 14 principles of the HACCP
defined by Gaze (2009) and is a recently proposed food safety initiative (Ho

plan as

2011, 2012).

Pathogenic microorganisms can enter food processing areas from four main routes: the
external environment, raw materials, infected food operatives and visitors and laborato-
ries undertaking pathogen testing. Microorganisms from the external environment are con-
trolled by the design of the factory building and its segregation. Microorganisms in w
materials are controlled by the HACCP plan, while infected food handlers are mm:_ged by
best practice personnel hygiene prerequisites. Finally, pathogenic microorganisms in food
laboratories, typically used as media positive controls, are controlled by the complete iso-
lation of the laboratory from the factory, including air systems, drainage systems, waste
removal and the movement of laboratory staff. _

The environmental plan usually start:c, therefore, within the food processing en\'lmn_mt’m
and especially where product is most susceptible to contamination. In effect, it works in the
reverse to the HACCP plan (which starts at the raw materials and moves to the finished
product) as it starts from the finished product and works backwards until any contamuna-
tion routes are effectively controlled. The nomenclature of the Gaze (2009} 14 HACCP prin-

ciples is used as follows to define the plan, and readers should access the original document
for a full description of these widely established principles.

1. Obtain Management Commitment

Senios management must be committed to providing the necessary resource fcjf ﬁl‘:i:md)'
to be planned, undertaken, implemented and periodically reviewed. In many cu:t:si ARy
be implicit as the PEP and PMP can be seen as part of the HACCP plan \\'hlch,.m‘s.ou:
countries, may be a legal requirement. For RTE manufacturers, management r.nu>l also be
committed as the outputs of the environmental plan will be critical in cur_\trolhng Ft:\\ﬂn;\s-
nation and may be significant controls for the business and the protection f‘f “? m'\b'\l
Senior management should also appoint a manager and/or team leader to take responsibil-
ity for the plan’s development and implementation
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2. Define the Scope or the Terms of Reference

The processing area(s) for the study should first be determined. Will the study investigate
the contamination of hazards into the food manufacturing building envelope, consider the
processing environment from raw materials storage up to any hazard deconlnmmalion. step,
or just the post-decontamination step processing environment, after which any micrf)bwlog-
ical hazards entering the product may not be controlled prior to the foods consumption?

Second, what hazards will be considered? Will all biological, chemical or physical haz-
ards be considered and, in addition to product safety, will any effects on product quality be
considered. If the study is to focus on microbiological pathogens, the specific pathogen must
be noted. This is because different pathogens may require different environmental niches to
survive, grow or become established; for example, in chilled environments, Listeria spp. may
dominate in low temperatures and moisture (e.g. evaporative condenser trays), “'hergas
Eschericlia coli requires higher temperatures (e.g. surrounding motor drive shafts where fric-
tion creates higher local temperatures). i

Lastly, the types of potential sources and routes (vectors) of cnvimnmon@ contamina-
tion transfer may need defining, particularly if these have already been considered at the
generic prerequisite stage. For example, and for most countries” climates, if lhc compressed
air supply is dried to a dew point of -40°C, it may not be necessary to consider the use of
compressed air in a processing area as a source or vector of microbiological contamination.

3. Select the Processing Environmental Plan Assessment (PEP) Team

As the study will assess hazard sources and vectors within a given process area, many
activities and events may occur in this area at different times of the day, week, year, etc.
and the selection of team members should reflect all of these activities. Engineers will be
required who understand the building’s construction, ceiling, wall and floor finishes, food
production equipment, service provisions and all maintenance activities. Production staff
representing all products produced in the area, together with sanitation managers who have
to clean and disinfect the area following such production, will be essential. Hazard spe-
cialists such as microbiologists, chemists, pest controllers, etc. will be required dependent
on the hazards assessed in the study. Finally, HACCP, technical and quality staff, who can
advise on the planning and underrai(lng of 'lhc study, and then will need to implement the
study’s findings, will also be required.

As with all projects, good teamwork is essential and the team members and details of
their specific skills, Gualifications and responsibilities should be recorded. A scribe may be
useful in helping the team leader manage meetings and to record findings. Particularly for
small companies, consultants can be used for their technical knowledge, but they should
not write the plan. The PEP should be owned, written, implanted and managed by the food
manufacturer.

4. Describe the Environment

All physical and operational parameters of the processing environment under study
should be recorded and/or measured with due regard to activities in adjacent processing
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areas, beside, below or above the area of study. The physical properties will include the size
and layout of the processing area; any zones of segregation; entrance barriers into the area;
senvices flowing through or above the area; air flows, temperatures and humidity; person-
nel flows; transport flows for product and packaging; and solid and liquid waste streams
Operational activities will include products processed, production lengthe and seasonality;
housckeeping, end-of-production and periodic cleaning and disinfection practices; mainte-
nance activities; and shutdown periods.

With respect to the hazards of concern, any historical data from previous routine sam-
pling or observational studies (e.g. routine environmental microbiological sampling, pest
control records, glass and hard plastic records) should be recovered and reviewed.

5. ldentify Intended Product Use

The intended use of the product should be established with respect to the fate of any haz-
ards entering the product in the processing area of study. First, will there be any further
treatment of the product or controls of the process line that might affect the removal, reduc-
tion or growth of any hazards entering the product directly or from the food production
equipment? Second, as for a classic HACCP study and particularly for RTE foods, if there
15 no removal or reduction of the hazard, how will these hazards affect the target consumer
group?

6. Construct Flow Diagram

All information collected during principle 4 should be recorded in the form of physical
maps or diagrams of the processing area. Ideally this should start with a map of the process-
ing area with the layout of food processing equipment and services. Overlaying this map
an be specific diagrams of, e.g., alternative production equipment set-ups, air flows, per
sonnel flows, transport flows and waste flows. The diagrams present both a record of the
plant construction and activities taking place in the processing area at the time of l{'\e.smd}-
together with a vehicle that can be used for entering the position of any subsequently idents
fied hazard sources and contamination vectors.

7. On-site Confirmation of Flow Diagram

The PEP team should audit the processing area at all processing, sanitation, mmin\emn'ce
and down times to ensure that the flow diagrams produced are accurate and representative.
The flow diagrams can then be signed off as a true record of the processing are2

8. List all Potential Hazards, Conduct a Hazard Analysis and Consider any
Measures to Control the Identified Hazards

Within this step the PEP team conducts a thorough investigation of the P(‘““Sins e;\n-
ronment to identify any hazard sources and any mecharisms or vectors Vid \\hx.hs\ Ns
hazards could enter the food product directly or via food processing equipment. Step
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according to Gaze (2009) equates to step 1 of the seven HACCP principles as defined by
the Codex Alimentarius Commission (Anon, 1¢93) and subsequently, steps 9-14 relate
to Codex steps 2-7. The investigation of sources and vectors in the following text is illus-
trated for microbial pathogens as the hazard, but is equally applicable to the analysis and
control of other hazards. The identifications of hazard sources and contamination vectors
can be undertaken at each food processing step within the processing environment (as fora
traditional HACCP study) or can be undertaken at an environmental level, as illustrated in
Figure 24 5.

Once within the processing environment, pathogens can be sporadic visitors, being
present until they lose viability or are removed via cleaning and disinfection procedures
or more persistent, surviving in harborage sites or growth niches to form sources of con-
tamination. Harborage sites are physical areas in which pathogens can lodge and be.pro-
tected from external forces such as cleaning and disinfection actions, e.g. poor hygienic
as of the plant’s building structure.
ide an environment for growth,

ack of competition from other

design features of processing equipment or damaged are
Growth niches are also harborage sites, but which also prov
€.g. nulrients, temperature, oxygen, water or humidity and I
microbial flora.

Pathogens from harborage sites and growth niches and, perhaps less frequently, from
the general environment as sporadic contaminants, can be transported to food products via
three prime vectors. These are physical contact with a solid surface, physical contact with
a liquid or settlement and/or impingement from the air (or other gases). The difference
between solid contact and liquid contact is that the liquid may be absorbed into the food
product which may increase the transfer of microorganisms to the food (towards 100%).
For contact between solid surfaces, microorganisms will partition to and from the two sur-
faces, dependent on the physical properties of the microorganisms and surfaces. Smith and
Holah (2007) demonstrated that the transfer of microorganisms from one contact surface to
another can be approximated to 50% for practical purposes. For stationary air, transfer of

microorganisms from the air is via sedimentation, which has defined rates for particles of
given size (Stokes law, cited in l.aml, 1994), and the number of microorganisms transferred
is dependent on the microbiological loading of the air and the exposure time. When product
is transported via air, or when air is forced into the product for cooling or drying purposes,
microorganisms can enter the product via impingement in addition to sedimentation, and
the number of microorganisms transferred may be related to the microbial loading and vol-
ume of air that the product is exposed to. &

Contamination usually occurs as a contamination event, in which a number of vectors
may be involved. For example,-entering a food product stream to help clear an obstructing
product may have vectors of the operator’s hand (or glove), the operator’s sleeve, the tool to
be used for cleaning away product debris and the air. In some instances the contamination
e.\'elr.ﬂ could have only a single vector, e.g. contaminated water droplets from a compressed
air line.

P The dc{crminal‘ion of potential pathogen sources and contamination vectors in a process-
ing plant is a combination of physical examinations and microbiological sampling. Sources
can be determined by dismantling process equipment to identify potential harborage sites
and niches, together with physical inspection of the building structures and finishes. The
potential presence of pathogens in such harborage sites and niches can be determined by
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Unique vectors/
sources

Process area or
general sources

Unique vectors’
Process stej
and vectors 5

sources

Unique veclors/

Process step sources

FIGURE 24.5  Hazard sources and vectors can be identified at each process step or within the genersl procss
mpavirnment, which may affect many steps.

microbiological sampling and over prolonged periods (e.g. via environmental microbiologi-
al sampling records) an indication can be gained as to the likelihood of pathogens being
present in these sites. The observation of all potential sources should be recorded as arecord
of the environmental survey, for example in a tabulated form as shown in Tible 21.In
these examples from the author’s experience in a factory thatis no Jonger in existence, mest
residues were seen inside a meat slicer on/off switch in a high risk area of a cooked meats
factory and fluid was seen 0ozing from underneath the meat slicer foot support plate
Pathogens may transfer from sources directly to the food product, on product \'edors,.m
idirectly to other parts of the processing environment via environmental vectors (Figure
246). If observational and microbiological data identify likely pathogen sources, all poten-
tal environmental contamination routes from this source should be determined to 'df"]‘;{?
the potential for secondary or temporary sources. Using the equipment foot s"PP‘m‘: Lh:
eample in Table 24.1, liquid oozing from under the plate was transferred lhmf:m: g%
process area on operatives’ shoes and on equipment wheels and was re-deposited 3
dom sites on the floor to act as potential temporary or short-termsources. o
Contamination vectors can be identified by inspection of all of the activities ail b
with the production line and processing environment. Inspections should wﬂeﬂAa {!p:\l‘m
ing conditions including process type, product type, time of day or batch pn‘fh‘( C;\d an%'
and disinfection, maintenance procedures, QC procedures, production do\_\““m"’d v of
seasonal events. Observations of contamination vectors should be made indepen cn g
known or likely pathogen sources, because contamination could arise from l.empm‘ﬂ:[} r\eo
and is best observed from the process itself - i.e the identification of potential transfe
tors to the process line, observed from the process line. i
It1s unlS(el)' that microbiological :nmplr:ng of vectors would be helpful, as the likelihood
i ential v " very small Observational data for
of observing a pathogen on a potential vector would be very sma

III. FOOD SAFETY ASSURANCE SYSTEMS



648 + HYGIENE IN FOOD PROCESSING AND MANUFACTURING

Product vector

Environmental vector

Secondary or Product vector

temporary
source

FIGURE 24.6 Transfer of pathogens from likely sources directly to food products via product vectors or indi

rectly to secondary or temporary sources

vectors should also be recorded as indicated in Table 24.2, again from the author’s experi-
ence in a factory that has been subsequently refurbished, showing the personnel hygiene of
operatives and spray dryer interventions in a milk spray drying operation.

When observing and identifying potential contamination sources and vectors with the
PEP team, any current direct controls of observed sources and vectors should be recorded as
illustrated in Tables 24.1 and 24.2. For vectors, subsequent controls within the food process
may have an effect on the hazard that could be transferred by the contamination event, and
these should also be recorded.

When undertaking a process environment study,

tion vectors could be obscryed, though the degree of control necessary for each source and
vector will depend on their potential risk to food product contamination. Hazard analysis is
a fundamental aspect of HACCP studies, and a familiar approach to risk analysis is to con-
sider the likelihood and severity of a hazard in a food as a three-point scale, or low, medium
and high risk. A risk analysis for a contamination source is similar and can be described as
the risk of a pathogen being present at the potential source and the ability of the pathogen
to be transferred from this source via an environmental and /or product vector.
] A risk assessment for a cor ion transfer vector is a little more complex as it
involves three factors: the potential for a pathogen being present on the product vector, the
frequency of the vector and the severity of the impact of the hazard to the consumer of the
product. ¥

If a risk ranking of 1, 2 and 3 were used as a substitute for low, medium and high risk,
respectively, a multiplication range can then be used to determine a risk score, which can
help describe the significance of the contamination source or vector. For a source, the risk
score would be in the range of 1 (low potential presence multiplied by low potential spread)
to 9 (high times high). For a vector the risk score would be in the range of 1 (low potential
presence multiplied by low frequency multiplied by low severity) to 27 (high times high
times high).

many potential sources and contamina-
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Risk ranking of sources and vectors should be recorded as illustrated in Tab i
212, both before and after controls are applied. Undertaking a risk analysis before and after
the application of any controls can help identify whether controls are necessary and/or
whether current or intended controls are sufficient to reduce the risk of the source or con-
tamination event. As a minimum, this allows consideration of the adoption of controls for
the uncontrolled sources and vectors that the environmental study has identified, which
may have an immediate impact on improved food safety. In the case of current controls not
being sufficient to adequately control the hazard risk, additional controls are required. To
illustrate this and using the clothing vector as described in Table 24.2, a better control would
be to implement a policy where protective clothing was only worn mnside the food process-
Ing area and had to be removed before staff could leave this area (Table 242). In comparing
the two controls in Table 24 2, it can be seen that the severity of the potential contamination
to the food product with Salmorella remains the same, as does the frequency of the wearing
of the uniform and its potential contact with a food product. However, as the uniform now
no longer leaves the Processing area, the potential presence of Salmonella on the uniform is
significantly reduced, lowering the overall risk.

Subsequent controls should also be considered when assessing the risk of a contamina-
tion event. In the example in Table 24.2, operatives had to insert a stainless steel gl{lu(’hﬂ(‘
mto the powder line to prevent CIP fluids entering sensitive areas during the dryer CIP pro-
gram, e.g. the bag house or the gas burners to heat the incoming air. Any microbial mnlam}-
nation entering the dryer, particularly during the removal of the guillotines, would then be

subjected to the dryer start-up procedure which could include the circulation of heated air
for several hours (e.g. 204°C/400°F for 2 hours). i

In the second dryer intervention example in Table 242, the removal, cleaning and e
tion of the milk spray nozzles occurred every day, while CIP cleaning was undertaken every
3 weeks. Any microorganisms entering the dryer during these polenﬁa! mnta.mmahzn
events would not be subjected to a process control step. In this example, it is possible 0 ‘:
arisk assessment on the contamination event or, and particularly if the :ont.ammahon c; ;1?
results in a high risk score, individual vectors related to the event to determine which o 5
vectors are important to control. In this case the entry of air has been chosen as an e-le;\Pf
of one of the vectors and the risk assessment for the air indicates that other vectors assoct
ated with the contamination event may be more important. e, 3 -

A high risk score if controls are not implemented can also be used t© justify ::E““:
expenditure. For example, in Table 241, the capital required to stop pmdf‘d’°""re,d";“_,‘cm_
poorly designed foot plate, decontaminate the floor and fit and seal an ‘mp.m\,‘- d.La“m
cally designed foot plate could have been justified as the existing controls were ina m“alined
and the risk of the potential for any contamination to be spread from this point re
high as the slicing machine was in a high personnel and vehicular traffic area

9. Determine Operational Prerequisites

3 -

Control of food product contamination is a combination of rEfiU€1'_‘E ‘h? “l“"‘b‘“ﬁ’: Pl?as

sible hazard harborage sites and niches, controlling those that n\xcr\)bmlvuglcj\ snl:ap;“ : “E’mun
previously identified that may be a known risk, removing all unnec('s:m} m\'lnm&s
vectors and controlling those that remain or are intrinsic to the food production process.
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However, the control of some sources or vectors (prerequisites) may be more critical to
the safety of the food product than others. The concept of a ranking system for prerequisites
has been addressed by ISO 22000 (Anon, 2005), which differentiates operational prerequi-
sites from prerequisitcs and defines them as being identified by the hazard analysis as essen-
tinl 1 order to control the likelihood of introducimg food safety hazards to and/for the contamination
or proliferation of food safety hazards in the product(s) or processing environment. 1SO 22000 thus
suggests that a hazard analysis may identify that there may be some sources or routes of
contamination that are so important to the safety of the food product that their control is
essential and are thus elevated as a higher classification of prerequisite, i.e. operational pre-
requisites. Other definitions of operational prerequisites exist, however, for example Gaze
(2009) defines operational prerequisites as control measures associated with a particular pro-
cess step and which manage specific significant hazards identified during hazard analysis but are not
otherwise managed by CCPs and with a frequency of monitoring/checking of the control measure
that is not sufficient to enable immediate corrective action.

There is no agreed definition, therefore, of operational prerequisites and neither 1SO
22000 nor Gaze (2004) give guidance as to the hazard analysis steps to be undertaken to
identify an operational prerequisite. Similarly, there may be some confusion in terminology
between individual operational prerequisites (OPs), which are single, and operational pre-
requisite programs (OPRPs), which are a collection of operational prerequisites.

The hazard analysis as described in Tables 24.1 and 24 2 for sources and contamination
event vectors, respectively, can further be developed by considering the risk scores for the
sources and vectors without controls. For the maximum risk scores associated with the
meat slicer equipment floor plates (Table 24.1) or the removal, cleaning and reinstallation of
the spray nozzles (lable 24 .2), theses scores indicate that if these sources or contamination
events were uncontrolled, or more practically, if the required controls failed, there would be
a significant risk of pathogens being present in the processing environment (meat slicer foot
plate) or product (spray nozzles). The control of these sources and vectors is thus critical to
the safety of the product and, based on this risk assessment approach, such controls could
be described as operational prerequisites.

10. Establish Control or Operating Limits

Wherever possible, control or operating limits should be identified for each OP. These
may be defined in legislation, codes of practice and other guidance documents, though the
majority are likely to be determined from collection of experimental data during trials, e.g
cleaning validation data, or from the advice of experts. In some vases there may be lower
and upper control limits, together with a target limit. In rare cases the control limits may be
critical limits as defined in HACCP (Gaze, 2009), though this would be unusual. For exam-
ple, in water treatment systems to allow water reuse, disinfectant levels such as a minimal
chlorine level of 0.5ppm may be deemed critical to the safe disinfection of the water.

The speaific control limits for each OP must be a measurable (e.g. ATP or protein levels
after cleaning, disinfectant levels, flow rates, pHs, temperatures, pressures, contact times)
or an observable parameter related to the control option. Measurements are preferred but
where control limits are based on subjective data (e.g. visual observations) the food pro-
cessor needs to provide clear guidance on requirements for compliance with practices or
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procedures or pictorial examples of what is accey

faces or appropriate wearing of protective clothi
ating limit could be applied to

ptable (e.g. photographs to define clean sur-
ing). For the example in Table 24 3 an oper-

i ¢ iness of ds, nozzles
a rapid assessment of the cleanliness of the wands, 027 .
B0l by A In or protein testing prior to entry. The PEP team should record details of

how the control limit was determined, including relevant sources of information or experi-
mental/validation trial data.

11. Establish a Monitoring System

Monitoring systems describe the methods by which the food processor ensures Lt t};e
OPs are operating within their defined control or operating limits and are thus “in confro
and, as a corollary of this, Produces an accurate performance record which can be used m]'
process verification (Stage 13). The monitoring system must be able to detect loss of contro
atthe OP in a timeframe to Provide corrective action to regain control of the OP.

Monitoring systems should ideally be on-line and could include air and gas Pn?su{;‘:
humidity, temperature, chemical concentration, redox, conductivity or pH probes; e
intensity, flow rate; and rapid hygiene checks such as ATP, allergen and protein tc N;‘\
on-line monitoring systems have g direct feedback system with the ability to dxrm[)[ ;xral
trol (and record) any drift in the contro] limit, and these are preferred. For these an?) =1
methods, the PEP team shoulg establish whether there are any required pational 2 e-m-m
methods for the Parameters to be monitored. Microbiological sampling of sou.rcc imdt‘e;nu—
controls would not be considered ag a monitoring option as it may take 24—45 hours @
merate samples; too long a time to maintain effective control. cleanliness,

Other monitoring checks may be visible and could include an assessment ‘:f_; = is cor-
an assessment of a personne] ciolhim; changing procedure or whether a me'-] u:\cedum
rectly being followed. For the example in Table 243, during the nozzle remov’ P correctly
observations could be made to ensure that the procedure was being und"ml\f:‘n vectors.
and that there were no extrinsic factors which could act as additional contaminatic nsible for

The PEP team should record the job title or name of the individual(s) TE‘]SP:N to take
monitoring and ensure that they have the knowledge, competence md_:‘“ _‘;,al'ni“l; and
appropriate and stated corrective actions (Stage 12). Records of the m\“\‘-‘*fn}n should alse
competence of these individuals must be signed and retained. The PEP “;}_ the monitor-
ensure that detailed specifications, procedures or work instructions o en2ie
ing to be effectively undertaken are added to the company’s quality systen-

12. Establish a Corrective Action Plan

<ults of monitoring
= ' when the results ©f 4
Practical and achievable corrective actions to be undertaken when on) or when a treat

at an OP detect a situation where a control limit has not been mc‘t (dc\“":‘ R&'l-“"“"“b“mﬁ for
ment system is drifting out of control should be speified by the PEP e e tained and
corrective actions should be clearly defined and all relevant F‘"‘"““‘{“r;m {he stated correc-
competent. The relevant person(s' hould have the .uﬂl?t‘nl-" e :‘;‘:\-ic\\' the training of the
tive actions. For the example in Table 24 3, corrective actions i sness and validation of the
staff against removal and reinstallation procedures and the effectivenes

tools and cleaning equipment decontamination programs.

RANCESYSTEMS
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Any product that could have been cont
Placed on hold following company
determine its fate. It is unlikely tha

of monitoring of the OP should be
sumer. The

aminated through any loss of control :hou!dl }i:
quarantine procedures to allow gu[hnnzcd Ff‘ ”‘;“ _:
t a product recall would be insngar’ed as the ri’;{:“;‘
sufficient to prevent unsafe foodstuffs mthf‘lgu‘mdj:,]
cause of the deviation should then be investigated and appm"-'a:‘ ‘bc ;:L'en
action taken, such that the OP will be returned to control. Further steps must !h‘r; mnﬁ;'m
o ensure that the same issue cannot occur in the future and the company shoul

that remedial actions have been undertaken and that they will be effective

13. Verification

verification and
The verification stage is concerned with three activities: vahdauon'n ;‘;&iﬁnﬁmuon
review. The objective of the validation stage is to ensure that a"_ Som'eslaha\.e been consid-
vectors for hazards that could be present in the processing environmen! technically sound
ered and that the controls put in place to reduce or eliminate them ar:eucw the identifi-
and effective. The first stage of the validation 1s a desktop ﬂ‘f‘""“'.w tified hazards, the
cation, selection and/or exclusion of hazards, the risk analysis of ’dE"OIk he suitability
appropriateness of the selected controls, the designation of mnlmlsdas uat;nﬁs of the cor-
of their control limits and monitoring /verification methods and the adeq roved by the input
rective actions. This can be undertaken by the PEP team, but may be 1“!50 ;,Enct‘f off by the
of additional, independent experts, and the environmental plan mLfLood o;ieralwn«
person ultimately responsible for product safety management in lhef the identified contrel
The second stage of the validation process is the validation (-‘of the tool and nozz!
actions, as appropriate. In the example in Table 243, the cfflff\f)v the cleaning exercise
cleaning and disinfection Process can be validated by undemkmbn ATP relative light ““f
number of times and recording the level of cleanliness achieved ass ,r.mkt‘n to the best pos-
(RLU) count. On each cleaning occasion everything should be un ; and temperature, ihe
sible standards with defined chemicals at the correct concc"‘;‘:‘;(;imes- The average ATP
appropriate cleaning staff and techniques and for the schedule

¢ these nozzles
btained for

value after these cleans is thus the minimum level that could be ©

and tools, followin

- sinfection method
g their particular use and using the c.leAnmi‘-’t:idbk, this value plus 2
adopted. The target ATP level to be reached on each occasion ma) S
small margin for orror. e analytical tests that are “l-l e

Verification of the PEP gathers information from routine b 2 timeframe beyond th \

demonstrate the effectiveness of the hazard controls 3'}‘1 OF‘"‘mﬁng of the tools and “"uk:‘
monitoring (Stage 11). For example, while microbiological Sdn,ime, it could be undcrﬁ 2
in Table 24.3 is not acceptable for monitoring of a control “r::hould record the job :me\\-l-
for verification purposes. As with monitoring, the PEP :‘aniw that they have the e12)
name of the individual(s) responsible for verification an t:h:d corrective actions (Smgctic_m;
edge, competency and authority to take appropriate a‘nd 2 rocedures or work instru e
There should also be detailed verification 5pL\‘if|c.\lw|.\3'-fF:ll verification activities If“:\m]s
added to the company’s quality system. Signed records 0_(;\' implemented and the co
retained to provide evidence that the PEP has been correctly
are working effectively.

JRANCE SYSTEMS
11l FOOD SAFETY ASSURANCEYS



656 24 HYGIENE IN FOOD PROCESSING AND MANUFACTURING

Verification is also a desktop and audit exercise to examine the entire PEP and examples
of such activities include: internal auditing of OPs to establish, e.g., that personnel are fol-
lowing the stated procedures/work instructions; external auditing programs (supplier
audits, third party audits); analysis of custemer complaints; trending of monitoring and ver-
ification results and a review of any deviations, corrective actions and any resulting food-
stuff disposal.

In accordance with the general principles of food safety management, the safety of the
Environmental Plan has to be reviewed on a regular basis and at least annually. The review
should demonstrate that the plan is still relevant and that controls are working effectively.
A review of the plan should also be initiated following any significant change to the food
production process or the processing environment, for example (see Chapters 1 and 31):

o Change in the production process which affects its management from the processing
environment, e.g. transport flov:s, service routes

Change in factory environment, e.g. building work

Changes in cleaning and disinfection practices.

Changes to production equipment and maintenance schedules.

Changes in legislation or codes of practice relating to, e.g,, control limits or methods of
analysis.

14. Establish Documentation and Record Keeping

Accurate and efficient record keeping is essential to the successful application of the PEP.
Records should be accurate, timed and dated, include the actual as well as any calculated
results, and be signed by the individual responsible for the assessment and by a delegated
supervisor/manager who reviews the results. All records should be retained for at least the
shelf-life of any foodstuffs and be sufficient to enable records to be available to support a
defense of due diligence. In the example in Table 24.3, records would be kept of all interven-
tions into the spray dryer, whether nozzle removal and reinstallation procedures had been
correctly followed, ATP and microbiological counts following nozzle and tool cleaning and
the use of any tamperproof tag numbers.

FUTURE STUDIES

The concept of the PMP and the PEP, which contain the identification of sources and vec-
tors of contamination, their risk assessment to determine their necessary controls and the
management of operational prerequisites in a similar fashion as critical control points, is a
developing study. Together with the process of assessing all hazards of concern to the food
product and implementing appropriate prerequisites as required by the HHACCP plan, this
overall concept can be represented by the prerequisite management plan pyramid as illus-
trated in Figure 24.7. By elevating the control of some contamination sources and vectors
to the level of operational prerequisites and giving them the same management status as
CCPs, this concept has aided a number of pioneering food manufacturers to focus their
attention on the control of what are thought to be the highest risked contamination events to

11l FOOD SAFETY ASSURANCE SYSTEMS
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Prerequisite plan ’——’
pyramid 1 |
| |
| HACP princples |
l 9-14
|
|
|

Assess the nisk of each identified potential source and
ross-conlamination vector for each hazard

1-8
Al the factory level, via the PEPA team, determine
potential vectors of cross-contamination (product/environment)

Consid~r any remaining potential hazard sources
f Comprehensively validate and verify all prerequisites

A

(et o s o |

Prerequisite Manage

FIGURE 24.7

ment Plan pyramid

the RTE product in their manufacturin,
management plans.

The PMP may be constructed
instructions inte,

ir food safety
g process and as such has enhanced their foo

os and work
as a separate document with any Pmﬂ;‘g;\l;; : as part
grated into the company business management sy Gzl that appropriate
of the prerequisite section of the HACCP plan. What is clear, however, bfactufif‘g process
attention has to be applied to the control and management of the mmuns‘m” that a com”
and the processing environment, via the HACCP plan, PMP and BMS ‘0,; to establish how
bined food safety plan is truly effective. Additional studies are require
this concept can be further improved.
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INTRODUCTION

The integrity of the building influences the access of pests (rodents and other small
crawling animals, birds, insects), microorganisms, dust and polluted air to the products that
are produced. The chances of such contaminations depend on the environment of the fac-
tory and therefore it is important to pay attention to the site. The higher the concentration of
any type of contamination in the environment, the more difficult it will be to ensure that the
production area will be suitable for the production of safe food products, and consequently
the more expensive it will be to meet the food safety requirements.

Reconstruction and maintenance works often are done while production is continued in
other areas of the same building. At such times, the safety of the food processing operation
may be severely challenged. Adequate measures to prevent loss of integrity of the operation
must be taken before such works start, otherwise the food operations must be interrupted
until these works are finished and inspection shows that the plant is clean and ready for

resuming production.

REGULATORY REQUIREMENTS

To protect the consumer, many countries currently have strict requirements with respect
to food safety. Enforcement, however, may be insufficient, because in many countries legis-
lation is weak or there is insufficient inspection capacity to ensure that regulatory require-
ments are met. Traditionally, this has to do with governmental budgets and priorities.
Subsequent to well-publicized food scares the budget will temporarily be higher. Although
the food safety requirements may be fairly, but certainly not completely (Boisrobert et al.,
2010), similar between countries, it may be obvious that there are differences in require-
ments with respect to the environment and buildings. This is because the burden of hazards
varies between regions. Factors like local climate (particularly temperature and humidity),
domestic pests, husbandry (use of manure), degree of air and soil pollution and geologi-
cal conditions may lead to differences in the concentration of undesirable chemicals and
microorganisms in the factory environment. Some countries are prone to earthquakes, oth-
ers to flooding and some to both. Consequently, risks of food safety incidents may differ
too. Although in many countries food safety regulations are in place, the situation is rather
different for environmental regulations. In some countries such regulations are non-exist-
ent. The consequence is that the environment of a factory may unexpectedly change and
cause tremendous problems. Authorities may decide that a certain location is the best one to
dump municipal wastes, because if it is disposed of closer to the population it will affect the
opinion of the electorate. Nevertheless, in many countries the law requires that the prem-
ises (buildings) for food handling and processing are hygienic. These laws, however, do not
specify how this must be done and hold the company fully responsible for ensuring that
the premises are hygienic. An organization that does provide guidance on meeting hygiene
requirement 1s EHEDG (see www.chedg.org).
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RETAILER’S REQUIREMENTS

Rett'xilers are the first to deal with complaints of consumers; their reputation may be at
stake, in particular where they have their own labeled goods. Therefore, retailers have good
reasons to ha.ve their own requirements with respect to the hygienic condition of the facto-
::::;om which they obtain their products. Even in countries where food safety regulations
i th"q“ate» retailers increasingly inspect and certify their suppliers for the simple reason

at the regulators usually fail to do so or do so effectively.

SITE SELECTION

The site influences the design of the building, in order to cope with local conditions that

:;:gs;"ff;\lnt:\ce food safety. Examples are the quality of water and air, local pests (insects,
, 1arms, water treatment plants, etc.
galllfis'r:z Sil:: 15 fn an ar.ea with a more than av erage concentration of alrbcm:f mi'cmcr-’
Unproke,:-(edscds and bl.rds, there fs also an above average chance of contamination of
ing off-loadi qu.ma‘e"als (such is often the case with fresh prodm_lce an._i meat) K{UI-
e ing. Sites near was(e. treatment plants and farms, in particular if downw m:
manure art" xl“:%; 3““’“ to cope f"“h severe problems, because untrcalz_*d waste water :rn
Saln 1 1. 5 ), ko» contamn high concentrations of pathogenic baclcqn, }ncludmg Vibrio,
nonella, Escherichia coli, Campylobacter and Yersinia species, and Shigella in addition t

Fhmlt"zoa and viruses. These microbes may become airborne, depending on the dsxg'n‘of

¢ Wastewater treatment system and at times when farmers spread manure {0 fertilize
t::;rl::f The microbes will challenge the factory’s air system. In addition, every (in'le_nin
buildies > OPen, anything airborne may successfully attempt to get into the factory: The

uilding must therefore be provided with loading and off-loading bays that reduce this
risk to an acceptable minimum. For the same reasons, any entrance for pecple, materi-
als.ar!d air will need additional measures to keep the contamination risks sufficiently low:
faisian important aspect in the selection of a suitable site. It is better not to ha\.‘e the
fact9r)- near a sewage treatment plant, and also to make certain that such a plant will not
be situated near the factory in the future. The same applies to legal waste disposal facili-
ties and landfills. Local Zuhing plans will need checking and written confirmation will be
needed to ensure such plants will not be built a certain distance from the factory. Ne-ld,.y
chemical industries may produce potentially toxic substances, which may ¢
not only the air but also the soil (with, e.g.,'hea\'y metals or chlorinated hydrocarbons),
which is particularly important if well water is used, as discussed below. Be awa;e}%\at
the site under consideration may have been polluted, e.g asa result of mimng_amfmes.
chemical industries or (legal or illegal) waste disposal. The presence of pollution in the
soil should be carefully checked.

Another requirement is the quality of water available at the site. There are large areas

in the world where safe water is readily available, but there are also large aren_sA\\'here itis
not. If available, but of unacceptable xfualit\'. an in-house water treatment facility must be
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installed and maintained. If the availability of water cannot be guaranteed, a well may have
to be drilled. Such measures will add to the final product costs. X

To operate a factory, energy is required. The energy supply may be unreliable, in particular
with respect to electricity. This may severely undermine food safety management and cause
incidents, because to maintain conditions to prevent the ingress of contaminated air, such as
maintaining pressure differences between the various zones in the factory, electricity is e on-
tial. The same holds for cooling and freezing and for the operation of measuring, controlling
and registration equipment. If the electricity fails, so will the control of processing tempera-
tures and flow rates through pipelines. Hence, if interruptions are likely to take place, ac%u—
quate back-up systems (e.g. oil-powered electricity generators) must be installed, the capacity
depending on how long interruptions may last. It is important to obtain a guarantee from the
local electricity supplier and to be certain also to ask for advice from a reliable local consultant.

SITE LAYOUT

For the same reasons as discussed above, the layout of the site must prevent access of
pests to the factory. To keep animals at bay, there must be fences that are high enough to
prevent dogs and cats from entering the area, but at the same time deep enough to prevent
burrowing animals (rats, rabbits) to gain access. The fences must be such that they do not
allow animals (including monkeys) to climb over them. Any unpaved surface must be cov-
ered by grass that is kept short to avoid breeding of small animals. For similar reasons, there
should be no shrubs or trees or they should be remote from the factory wall and particularly
its entrances and air inlets. Because they provide places for microbes and insects to breed,
there should be no ponds or any other possibilities for stagnant water or mud. For these rea-
sons, pavements should be horizontal or slightly sloping towards drain pits.

External lighting should always be away from the factory walls and entrances, luring
insects away from the building instead of attracting them to it.

Every effort must be made to prevent insects, small animals and microbes from multiply-
ing and worsening the environment of the factory: waste disposal areas too must be such
that they do not allow ingress of insects and animals. Moreover, to limit undue growth of
molds and bacteria, solid waste should be kept dry. This means that, although the disposal
area must be outside the factory, it should nevertheless be covered to cope with precipita-
tion. Doors to the area must be rodent resistant and be insect-proof. The doors should pref-
erably be self-closing, otherwise an alarm should sound if the door has been open for any
length of time (minutes, rather than hours).

Access to Production Areas

The entrance of the production area must be equipped with hand-washing facilities such
that everybody entering the area must pass these facilities. Restrooms (toilets, washrooms,
lavatories) must not be directly connected to the production area and must be easy to clean.
Depending on the type of products handled in a certain area, it may be necessary to mini-
mize the risk of transfer of contamination from the outside into that area by using a change
room, where garments can be exchanged for special production room garments. The room

11l FOOD SAFETY ASSURANCE SYSTEMS



665
EUILDING DESIGN :

v side on one side,
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factory. Doors and windows that normally are not used are places where insects may breed
in the narrow space between the frames and the doors and windows. Hence, care must
be taken that such crevices be sealed with a good quality tape that is resistant to cleaning
chemicals. Also, windows and doors must still be able to be used in case of emergencies

Internal Walls, Floors and Ceilings

Walls must be non-absorbent and well cleanable, and should not have recesses or cracks
that can harbor insects. The wall must be able to withstand damage that may result in product
contamination. For the same reason, any paint used should be of a quality that does not flake
off. The use of strong, slightly elastic wall coatings is recommended. Corners may have to be
protected by metal reinforcements. The same applies to the lower part of the walls, where
bumper constructions should prevent damage when fork trucks may accidentally hit the wall.

The floor often plays an important role in product contamination incidents. Improperly
designed floors may accumulate moisture and nutrients for insects and bacteria. Movement
(e.g. of people, vehicles) over such floors then causes aerosols that carry microorganisms.
Insects full of microbes may crawl out and enter the product, visibly or not. Hence, floors,
unless in areas that will never be wet, must be watertight and slope towards drains, so that
any liquid spilled can be casily removed. The floor must also withstand cleaning chemicals
and the temperature of hot water that may be needed for cleaning. Floors must be able to
withstand damage by personnel and moving of equipment. Since the 1970s, composite floor
materials (epoxy, meta-acrylate, polyester, polyurethane) have become popular, in particu-
lar in new or refurbished factories, but often with disappointing results. The materials are
not as strong mechanically as good quality tiles. Forklift trucks, containers with raw materi-
als or intermediate products and waste containers can easily damage such floors. The floors
must also withstand the installation of machinery. If machines are installed on an intact
epoxy floor, the integrity of that floor may be affected and moisture may penetrate to the
supporting structure. The lively matter developing under these floors cannot be removed
without removing the affected area of the floor. If the floor is to be subjected to heavy loads
and to the movement of forklift trucks or equivalent, tiles are to be recommended. Care must
be taken, however, that the tiles are grouted such that no moisture is absorbed, creating
undesirable circumstances. Hence, the grouting must be resilient and water repellent. It is
also easier to repair a damaged tiled floor than a damaged composite floor. Although floors
slmul.d be easy to clean and hence be smooth, they should not be so smooth that they will be
too slippery to walk on. Despite the drawbacks, there may be applications where composite
floors provide the best solution, taking into account the prevailing operation conditions.

To allow effective cleaning, the transition between floor and walls must be rounded. For
tiled floors, special tiles are available.

'Iio avoid dust falling down on exposed product or product contact surfaces, ceilings must
be n_ght and hence false ceilings should not be used in food processing plants. Suspended
service ceilings, however, are fully acceptable and provide the advantage of mounting
cables, service ducts, etc. above the process area from where they can be extended down-
wards to where they are needed. This way, the risk of contamination of product by dust
t}}ak accumulates on these provisions is drastically reduced. The construction of these ser-

vice floors must self-evidently be such that it does not allow any dust to pass from the area
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above the ceiling to the production

area, which means that the passages of the ducts, etc
must be effectively sealed.
Lighting

There must be enough light in the factory firstly for the personnel to do their job prﬂlgtfl]_:‘
and efficiently and secondly so that dust, dirt and vermin or their traces can be de~m-ki Al
avoid the risk of contamination of product with glass, glass windows are genemll[) J\I(; :\'ell'
but modern types of glass are very strong and are available in shatterproof quality

mounted they will not easily break and if they do, they will not splinter into small piec
even if accidentally struck with any great force.

ps for artificial illumination must be covered by shatterproof covers that d;\"::z?x:
so that an exploding lamp cannot contaminate product. To avoid accumulat;nnw"“qlh the
and dust, lighting should preferably be mounted in the suspended service ceil miéL: e
underside flush with the ceiling. Besides preventing the collection of dust and ms;ﬂ d;d& n
enables the replacement of the lamps from the top, without interfering with |hei to be illu-
the absence of a suspended ceiling or if the ceiling is too high above the Summm“mn(el_\'
minated, the topside of the housihg of the lamps must slope at an angle oLrH
45° (x/4) to prevent anything from settling.
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are not very effective. Increasingly, food processing machinery is designed to produce sig-
nificantly less noise than a few decades ago and the best solution for noise reduction may
be encasing the noisy parts using panels with the sound-absorbing surface at the inside and
having a smooh outer surface. There may also be situations where it is more attractive and
efficient to use noise-canceling earphones for personnel working near noisy machinery.

Sewers, Gutters and Drains

Sewers can be a serious means of contamination of the interior of a building. The
design may be such that even large animals like rats gain access, unless appropriate meas-
ures are taken to prevent this. The design must also be such that there cannot be pressure
differences large enough to cause gases to enter the interior of the factory in any way. Itis
highly recommendable to keep the sewer system physically separated from other waste
water systems, which are connected to floor drains throughout the factory. Gutters tend
to be covered by perforated covers and cleaning the gutters and covers is usually trouble-
some. Moreover, water, often contaminated with spilled product, tends to be stagnant in
most parts of the gutters, allowing microbial growth and nesting of cockroaches and other
insects. Gutters therefore should be avoided and hygienic floor drains should be used
instead, while the floors should slope towards these drains. The drains, however, can also
become breeding places for insects and bacteria. They therefore should be of a design that
can be disinfected and in high-care areas should preferably be of a kind that can hold dis-
infecting substances.

Internal Zoning, Ventilation and Air Conditioning

An adequate air supply is needed to ensure a sufficient supply of oxygen and to control
the temperature in the production environment. Depending on the temperature required
and the amount of heat produced by the machinery or the processing of the product, the
amount of air needed may vary greatly between factories and hence also the dimensions
and design of air ducts and exhausts. To make the risk of airborne contamination of exposed
product or food contact surfaces as small as possible, the air should flow from the exposed
final product area, through areas where such contamination is less important, to the area
where materials arrive. This requirement influences the differences in pressure needed
between the various zones in the building. The air supplied to the cleanest areas should self-
evidently be adequately filtered, to the degree needed to meet the product safety require-
ments. HCPA (high-efficiency particulate air) filters will be 1equired where microbiologically
vulnerable products are exposed to the air. Between pre-filters, intended to remove course
particles and insects, and the fine (HEPA) filters, intended to remove microorganisms,
dehumidxﬁers must be installed to ensure that the fine filters remain dry and to prevent
condgqsahon in the production area. The combination of differences in temperature and
humidity may result in condensation and hence wet spots in the process area, resulting in
the growth of bacteria and fungi, which may become airborne and contaminate the product.
Hence, care must be taken that either such condensation cannot take place or takes place
ulrld‘cr control, at easily accessible locations, enabling inspection, cleaning and disinfection.
Air inlets should be positioned at a distance from the air outlets of the factory to prevent

1Il. FOOD SAFETY ASSURANCE SYSTEMS



BUILDING DESIGN 669

mlclllaminatcd ar to unnecessarily burden the air inlet filters and dehumidifiers. Both inlets

mlfquﬂets must be provided with screens to prevent entry of flying animals and insects.

b n the f'aclory materials are processed that contain allergens, special attention should
€ paid to air flows to avoid the air from the area where allergenic products are processed

Passiag to areas where products are processed or packed which must be or are supposed to
be free from these allergens.

fooz;in:;\l«\igall): food PfO\?luction Premises is important to prevent (re)contamination gf EXFOEfd]
o )0 Srop.orhonate use of protective measures and verifications (es env|ror'1bm€r‘; _?.
e mgal.jz etails on zoning can be found in Holah and Lelieveld (2011, n'ma)nhel '<
ful € appropriate zoning in very small premises (Todd 010). Neverthe "'};
nerable products are made in such premises, the zoning rules should be met or Su¢
Products should not be produced. i

Walkways and Stairways
. ctio
ha]li‘o;h‘\he:;,1a:so .Khe special footwear that has been put on before enter "?}‘f’_e f}:{t’;:ﬂ

moves 1roul cdof). collects dust and dirt and hence may shed dirt 2ol -E:'n\' PEC
who ne;d: :‘ t',h_ would be safest if levels of contamination on fooh\eﬂ"; ;\'Jc.\P"fEd
— md\ 0 be in the factory during production would stay below (hos? 0 - that neces-
sit (_p tet and any food contact surface. There are circumstances, howes cf:i It may be
ate staff to CTOSs over such areas and hence stairways and bridges are r!ccdk a machine
r:‘qulr;d th_al during production, parts of machinery that are pns:tgcned hxghqﬂni;; bridges
ust be adjusted or replaced. In such a case, an elevated walkway is needed. Stairs, Sel
and.\\'alk\\'a_\‘s must be designed and constructed such that no dirt from e ‘ﬂ‘:‘-ept.
taminate the food and food contact surfaces. Consequently, open structures Jm'm‘mkﬁ”ma
:t:: and there must be sides that are high enough to prevent any dust or &It 77 »
.

Process Support and Utility Systems
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designs. To Prevent ingress of insects, these ducts must 'b;c‘.\\'hl'" puilding a 0 o
or exit point of a cable or pipe, at least at the pmccwnf ;‘u\*'ﬂw pmJuclion floor, Ff:d-\.ic:'
probably the best way would be to have a service area b ‘cf"\vnnul. From that area osed
that the space will be high enough for access of service F: <tay largely below the expos
ducts may rise to the machine and the cables and pipes Sta)
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product level. If a service floor is not possible, a suspended service ceiling can be a good
solution. The passage of the ducts through the floor or ceiling must be such that nothing
else, not even air, can pass through.

Pipes for transport of p:oduct or product ingredients may have to pass tirough walls or
ceilings between various processing departments. Care must be taken that such passages
are either tight, not allowing anything passing around them, or large enough to allow clean-
ing and inspection of the passage. If tight, the construction must be such that they remain
tight with time and hence the passage can absorb vibrations caused by machinery to which
the pipes are connected and the changes in length and diameter of the pipes as a result of
thermal expansion. g

Where product or packaging material must pass through walls or ceilings using conveyor
belts, chains or slides, care must be taken that the passage itself is cleanable and accessible
for cleaning and inspection.

Food Storage Rooms

Food storage must be designed to make certain that insects and other pests cannot reach
the food, even if the food is packed. It must be possible to control the humidity to ensure
that the area is always dry. Temperature control and monitoring is essential for storage of
perishable products. Entrance of insects and small animals can be prevented by building
the storage room on an elevated level, but such that also the entrance is higher than the
outside pavement. Further, the storage room should meet the general requirements that nl§o
hold for the processing area to ensure that the space can be cleaned: smooth walls and ceil-
ings, no ridges, no surface cracks and other crevices where insects may hide. Walls must be
watertight to avoid wet surfaces on the inside. It is important that the lighting is sufficient
for inspection to spot any traces of vermin. There must be enough space between the wall
and the stored products for inspection.

Storage of Grain

Large qualities of grains (rice, wheat, corn, etc.) are usually stored in silos. Self-evidently,
the silos must be sealed to avoid the entrance of vermin. Chances are, however, that there are
insects already in the grain. Measures should be effective in ensuring that there will not be any
larger animals in the silos. The insects should be prevented from multiplying by keeping the
product dry. Insects, like other animals and people, need water to survive and the absence of
water may perhaps not kill all insects, but at least the survivors would be dormant. Another,
equally important reason to make certain that the grain remains dry is 10 prevent mold from
growing. Molds produce metabolites that are toxic (mycotoxins) for humans in very low con-
centrations. For instance, Aspergillus species produce a variety of aflatoxins. The EU regula-
tions require that the concentration in grains for human consumption of all aflatoxins together
is below 4pg/kg. Ochratoxins are produced by some Aspergillus as well as Penicillium spe-
cies. The maximum concentration in grain for human consumption of Ochratoxin A, the most
important one, is 3pg/kg (these are parts per billion, 1:10%). Mycotoxins are also harmful to
animals (e.g. horses) and hence the above also applies to feed.

The problem with large silos is that it is difficult to ensure that the temperature is the
same everywhere in the product. Temperature differences, however, will cause transport of
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5 ereby toxic. Itis

moisture to the colder Spots, which subsequently may become moldy and thereby
therefore recommended to use thermally insulated silos.
Storage of Oils

The solubility of water in oil i
sunflower oil is APProximately 7
that in il that contains more w;
tanks, water

° e solubility in

s strongly temperature clcpemi?l-l- /I\‘ ZOTSET; r;_:cqucncc‘ i
5mg/kg;: at 40°C it is about 50% higher. st e
ater than is soluble at the lm\v'esl tem]:ml’?a‘er S e

will separate. Tn addition, if the tank is not well msula(edin s e
at the inner wall of the tank. Because of its higher density, all water wi e
of the tank and where there is water and nutrients, microbes \\"111 gl‘;“‘l‘ce potentiall,\‘ e
oil becomes contaminated with microorganisms that in turn may Pmamre of the room for
substances. The message is that it is important to control the tergfel‘::ning B (emperd“"'?
storage of oils and to Prevent oil from cooling down. In other wort Elologlcﬂ] safety point o
drop in Wintertime to save energy is not a good idea from a micro
view,

Storage of Chilled Fooq erature control Itis |mp:‘\:
Self~c\'idently, d food storage rooms need adequate tcm}?kl:'cat and that as a curxn«‘
tant to take into account that lighting and ventilators producsiﬁerentes in the cold ro0
quence, despite the temperature control, there are temperature b
Similar to chilleg rooms for food processing, condensate tray ic drain
should slope 'owards a drain, from where it is led to a RS
regular inspection, cleaning and disinfection.
bio-
Storage of Packing Material d the increasingly rﬁ:::“ 2
Some packing material, in particular carton and paper J: should ‘h"“'km‘,b adable poly”
degradablu materials, are substrates for micrUU"S“mS‘:m n::ﬂs and "nn.bmds}:‘:}‘“ Ly
Prevent microbig) growth. Other materials, like glass, m ,;dll\' contral, unle>>d_,blc materi-
Mers, can be stored in areas without temperature “nd-h:r:vmd'.\blc to biodegra
at the location <an be extreme. Switching f“‘m nw-“?‘iictﬁ problems.
als will Probably need measures to prevent microbiologi

chille

pl(» The trays

. st be
: 4 sanitation MU
Storage of Chemicals and Lubricants Is for cleaning ant 1 with ch =
The design and location of the slnrc»fl‘f ‘h”f"::‘d packing m‘,ur‘ld o direct cﬂm’“f‘:\‘sy
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glues and inks needes
ink comply

emicals ¥

20 7 Q
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with the requirements for fuzd(:z?.\;m‘f-"
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e,
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3 erials re adequa’ s (ind
Storage of Refuse and Waste Materi ind boxes, must lml\ :“C\h <paces, pest (
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Further Reading

This chapter provides limited information on the issues that need consideration when
deciding to build a new or improve an existing food factory. When it has been decided to
build or refurbish a factory, much more detailed information will be needed to be able to
develop a plan that covers all aspects. Such information can be found in a recently pub-
lished book by Holah and Lelieveld (2011).
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INTRODUCTION

Ther@ is a global trend in the food industry towards minimal food processing and preser-
vation. Consumer demand for “fresh-like” additive-free foods, which maintain their nutri-
tional and sensorial properties during preparation, conservation, packaging, storage and
finally consumption, is increasing. But the general tendency to apply mild processing and
conservation techniques to achieve that purpose often shortens the shelf life of food, may
put foods al.risk and may compromise consumer health. Therefore, more than ever, good
hygienic engineering and design practice is one of the tools to reduce or exclude microbial
(e.g. pathogens), chemical (e.g. lubricating fluids, cleaning chemicals) or physical (e.g. glass,
“’00?) contamination of food. Good hygienic design also may eliminate product “held-up”
)\'lfhln the process equipment where it could deteriorate and affect product quality on rejoin-
ng 'h"v main product flow. As such, good hygienic design may prevent one batch cross-
contaminating a subsequent batch. Good hygiehic design also reduces the downtime required
for an item of process equipment to be cleaned, while at the same time allowing an increase in
the time (Q prf)duce. Therefore, although initially more expensive than poorly designed equip-
ment, hygienically &?Iesjgncd equipment will be more cost effective in the long term
i T_O rt;lfiucc ﬂnd eliminate food product recalls, lost production and site closure, due to con-
amination arising from poorly designed equipment, this chapter intends to inform food
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safety professionals and inspectors/auditors about the risks associated with poor hygienic
design. With typical examples of poor hygienic design, the necessary technical and prachj
cal guidance will be given to identify and control equipment-related food safety hazards.
As such, this chapter may help the food manufacturer to select the most suitable food pro-
cessing equipment, to construct a food production line that meets all current and fun‘m'
hygienic requirements, and to set up an appropriate food safety management plan (&
HACCP) to eliminate or control all food safety hazards along the food chain L

In the first section, an overview is given on the current legislation and standards deku
ing with the hygienic design of food processing equipment. A second section lists the t;a::
hygienic requirements that food Pprocessing equipment must meet to produce microbio :laL:
cally safe food products. The third section describes the hygienic and food grade male:lﬂ_‘
that can be used in the manufacturing of food processing equipment; followed by @ 56\;
tion that outlines the requirements to the food contact surface finish. The next two secl?.lS;
make recommendations with respect to the hygienic design of respectively open andces &
equipment for Processing of food. The seventh section considers the hygienic ms}allahon >
food Processing equipment in the food factory. The last section deals with hygienic practices
during process equipment maintenance oper.;lions in the food industry.

LEGISLATION

: jon of food,
Many countries around the globe have developed legislation on the production @
requiring that microbiologically

< equipment

safe food shall be produced by means of Pm‘fes;cq::guceﬁ

that minimizes the risk of contamination and that is easily cleanable. Hence, k"“‘hﬁk aims 0

are encouraged to purchase hygienically designed food processing “qu‘Pmcnld b‘\' national

meet these criteria. In response to this demand and because they are “ls? jorse have devel-

and/or international legislation, manufacturers of food processing G verview on

oped process equipment that is hygienically designed and easily cleanable. A{"»O ble to food
existing legislation and standards describing the hygienic requirements 3PP 1:;‘

machinery is given in Hauser {2008a), van der Meulen (2010) and Moerman (2038

BASIC HYGIENIC REQUIREMENTS

" t the following
Processing equipment intended to produce safe food should at least mee
basic hygienic requirements (Holak, 2000; Lelieveld et al., 2003):

ible with the

¢ Materials of construction used for equipment must be completely ‘“Tf::\::;huds of
food product, environment, cleaning chemicals and disinfectants, and

cleaning and disinfection. -a) should have a
Product contact surfaces (including the welds in the product contact ared)
smooth surface finish to enable them to be cleaned cas_ﬂ_\' ’ el S“’“"h and
Food equipment should be designed to prevent bacterial mF":'ﬂ‘f the equipment. Th:'
reproduction on both product and non-product contact mr’;ﬁ}‘.\u and efficient cleaning
food processing equipment must be constructed to ensure €Hes
over the lifetime of the equipment.

¢ GYSTEM
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FIGURE 26.1 The pits, cracks, crevices, recesses, open seams, gaps, lap seams, bolts and threads wil! accumu-
late dirt and will make this equip not cli ble. M , galvanic corrosion can be observed Courtesy of
Jeln Bults, Land O'Frost.

Welding or continuous bonding are preferred over fastenings. Exposed screw threads,
nuts, bolts, screws and rivets must be avoided whenever possible in product contact
areas. Alternative methods of fastening can be used where the washer used has a rubber
compressible insert to form a bacteria-tight seal.

To make permanent pipe joints, welding is the preferred method of joining. These welds
must be continuous and smooth. Screwed pipe couplings must be crevice free and
provide a smooth continuous surface on the product side. Flanged joints must be sealed
with a gasket to avoid ingress of microorganisms.

In design, construction, installation and maintenance, hollow areas of equipment such as
frames and rollers must be eliminated or they shall be hermetically sealed. As such, bolts,
studs, mounting plates, brackets, junction boxes, nameplates, end caps, sleeves and other
such items must be continuously welded to the surface, and shall not be attached via
drilled and tapped holes.

Niches such as pits, cracks, crevices, open seams, gaps, lap seams, inside threads that
accumulate dirt and hamper the cleanability of the process equipment are not allowed
(Figure 26.1).

1L FOOD SAFETY ASSURANCE SYSTEMS



FIGURE 26.2  All surfaces in the product zone are desi
disinfection solutions, and rinsing water. Conrtesy of Kror:

BASIC HYGIENIC REQUIREMENTS 677

gned to be self-draming for iquid food, cleaning and
C

Dead areas, dead ends, pockets or other conditions which may trap food, harbor

contamination, prevent effective clearung and disinfection, and allow cross-
contamination shall be avoided.

: 5 Sse , etc.
All inaccessible horizontal flat areas, ledges, projections, protrusions, recesses, edges, e
where product rests can acc should be eliminated

=% vell
For the same reason and to facilitate cleaning, internal angles and corners should be we!
radiused.

The exterior of non-product contact surfaces should be so arranged that hn.rbon;g

of contamination in and on the equipment itself, as well T;in its contact with other
equipment, floors, walls or han zing supports, is prevented. o
All pipelines and equipment Slﬁ'(aces in the product zone must be so ﬁrrﬂf‘h':cd f::;:t‘e;:‘ 4
are self-dramning (Figure 26.2) to minimize contamination and corrosion nsk§ w i gl
food, cleaning and disinfection solutions, and rinsing water are retained dum’\g luienls
periods. Microbes can flourish in stagnant pools of water, when supported ‘:’) m;eaning
which are trapped in the internal pockets. Moreover accumulated and poeling €

and disinfection solutions may contaminate food products. ; e e
Certain equipment surfaces operate at or below the m\uml.de\r point of “: Et:ut E\.w
Equipment design, therefore, should not permit the formation of conden_sd e tatEie)
enter the food zone and contaminate product or product-contact surfaces. L
All parts of the equipment shall be readily accessible for inspection. Bccalbf1 Smust
contaminants on representative surfaces throughout the product contact Tc sisible for

be readily detectable, all surfaces in the product zone must‘be u_nm(‘dli_‘e )without
inspection, or the design of the equipment shall allow readily dlsm;gFllf\g«essible (i
the use of tools for such inspection. Equipment surface?‘ must be readily a o thatie
manual cleaning and disinfection (Figure 26.3), unless it can be demonstral
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FIGURE 26.3 Product contact surfaces of this equipment are not readily accessible for manual rle?ning and
disinfection. Moreover, the dome screw with drive slot and washer creates gaps and crevices where debris collects.
Courlesy of Joe Stout, American Meat Inslitute.

result of in-place cleaning and disinfection procedures without dismantling is equE\'alent
to the result of dismantled and manual cleaning procedures. All potential obstructions to
cleaning, disinfection and maintenance should be avoided or minimized.

Instruments not only must be hygienically designed, but also hygicnically installed.
Equipment design also must ensure hygienic compatibility with other equipment and
systems, such as electrical, hydraulics, steam, air and water.

Maintenance equipment enclosures and human machine interfaces such as push buttons,
valve handles, switches and touchscreens must be designed to ensure food product,
water or product liquid does not penetrate or accumulate in and on the enclosure or
interface. Also, physical design of the enclosures should be sloped or pitched to an
outside edge to avoid use as storage area. Doors, covers and panels should be designed
so that they prevent entry and/or accumulation of soil. To facilitate cleaning, they should
be easy to remove.

Bearings should be mounted outside the product area to avoid contamination of food
products by lubricants and to exclude the ingress of bacteria. When the bearing is within
the product area, its design should allow the passage of cleaning fluid.

Food grade oil should be used, and leaking of oil onto food product has to be excluded. A
drip pan which protects the product zone should be used, or motors driving equipment
components such as agitators, belt drives, etc. should be placed outside the product area.
If they are within the splash area, they should be protected by a removable cover.

MATERIALS OF CONSTRUCTION

General Recommendations

Materials of construction for food processing equipment, process piping and utilities

should be homogeneous, hygienic (smooth, non-porous, non-absorbent, non-toxic, easily
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g]?;;:lte;dl:}f;"a‘;‘::: and non-mold supporting), inert (non-reactive to oil, fat, salt, etc;
leptic characteristics) 3 100d»by imparting dclctc_n(ms substances to it, nor affect 1ts organo-
B e ﬁ' _c_;emlcal resistant (corrosion-proof; non-degrading and maintaining
agents and disi;\f tms? after sustained contact with product, process chemicals, cleaning
moisture, cold, h E: “:‘b). physically du.rable and mechanically stable (resistant to steam,
and fatig’ue' n’asi:? , the actions of cleaning and sanitizing agents; resistant to impact, strt
ices, scralch'es a »dar{t to wear, abrasion, erosion and chipping; not prone to cracks, crev-
e EHnED}éts, \}nbxteakable) and easy to maintain, in agreement with the guidance
G wela et ;';\udclu.ms No 8 and No. 32. Additional requirements could be a\"ad-
which are w Ori:d f“?',m“hlnablhﬁ}' and capability of being shaped. Notice that materials
may require ad ,“.( or instance, bent, cut, sheared, extruded or drawn) during rpanufacture
e l:ender e \cl mn»a‘l treatfnem (such as surface finishing) following fabri.:auonAm orr%er
S ) oxrosqn resistant. Hence, materials should be selected that are suitable for
¢ treatment (Hauser et al,, 2004a).
Product contact surfaces - all
well as indirecny
solid p

B the surfaces exposed to direct contact with the product as
R Y“'“Paﬂed surfaces from which splashed product, condensate, liquid or
materale fhey ey run off, drop off or may fall into the product - should be constructed of
tion of co e h’gh_QS‘ hygienic requirements, while materials used in the construc:
omponents located in the non-food contact area may be of a lower grade.

Use of Metals and Alloys

ciaﬁ:r:;?::::‘el C;nnot be used in the food contact area due to its corrosion sensitivity L‘Sf;
Ginc Plal;:d) l;m c.!"llorme-conkaining bleach. To retard its corrosion, it is often gA}\ ani e
off. The only u‘l, “»“h time, fg,al\-nnizcd steel becomes damaged when the zinc coating pe;
foodstuffs %,p.l'mm"d application of galvanized steel is in contact with dry and n(jnAaqn::
s com.f m'ntcd steel never shall be used in the nmghborho_od of food becnu;ckpal ;]
ki dm. In zinc, lead, cadmium and phenolics. Moreover, pam.t can crack or ra._c, a[r;u
Gt Khe‘ nmg, agents rupture the physical integrity of paints. Paint that peels off L;\n .
may cncl{,m uct, creating a health risk. Paint surfaces used in non-product contact ared
Th % ‘m— fbke and should be repainted immediately e
i . “.\ls‘er‘mc chrome-nickel or chrome-nickel-molybdenum steels are mainly \L\: Eg
»1¢ construction of equipment and machining in the food industry. Stainless steel AISISS
304(L) can be used for the construction of food processing equipment and food process-
INg Support systems in applications with low chloride levels (up to S0mg/1 [PP"‘]):' neas
neutral pH (between 6.5 and 8) and at low temperatures (up to 25°C): However, stainless
steel AISI SS 304 is sensitive to sodium hypochlorite and to salt that is usually Present n
food in high content. In these less appropri'nlc circumstances, stainless steel can still be used
for exterior equipment surfaces, motor and electrical cabinets, etc. Because cheaper .g.ﬁdﬂ
AISI SS 304/304(L) will suffer some corrosion over a long time period, the small additional
cost of using ATSI S8 316/316L ather than AIS] 55 304/304L almost certanly will be Worth
while in terms of trouble-free operation. Stainless steel AISI SS 316(L) 1s commonly used as
construction material for food processing equipment. However, as temperatures .1})[:m:f.1d'\~
150°C, even AISI SS 316 stainless steels may suffer from stress-corrosion cracking in regions
of high stress and exposure to high levels ‘of chloride. Therefore, other stainless steel types
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eveloped to overcome that problem (e.g. duplex steel and mickel alloys) (Hauser
g 4a).

The best known application of copper is vessels, traditionally used in many breweries
and distilleries. Copper does not r.ally constitute a food safety problem but it is iecom-
mended to avoid direct food contact with copper utensils, as they can cause unacceptable
organoleptic effects. Moreover, copper can be quickly and severely affected by strong alka-
line detergents, sodium hypochlorite, acidic and salty food, making it unsuitable in the food
contact zone. The copper alloys brass (60-70% copper, 30-40% zinc) and bronze (80-95%
copper, 5-20% tin) are more prone to corrosion by alkaline and acidic detergents, salty and
acidic food than the ferrous steels. They become quickly porous, especially brass that under-
goes de-zincification by acid and steam.

Because aluminum is attacked by alkaline detergents, sodium hypochlorite and acidic
food, the use of uncoated aluminum utensils should be limited. Anodized aluminum 1s
acceptable in the food contact area. Exposure to aluminum is usually not harmful, but its
intake should be limited.

Lead, cadmium and mercury in food contact materials must be avoided. Notice, however,
that these components are largely present in electrical and electronic components. In 2003,
the EU adopted the Directive on the restriction of the use of certain hazardous substances m electri-
cal and clectronic equipment (RoHS) Directive (2002/95/EC). Alloys for food contact may only
contain aluminum, chromium, copper, gold, iron, magnesium, manganese, molybdenum,
nickel, platinum, silicon, silver, tin, titanium, zinc, cobalt, vanadium and carbon.

were di

Use of Plastics

Plastic materials may be used to preclude metal-to-metal contact (e.g. for bearing sur-
faces), as guides and covers, or for hoses because of their plasticity and corrosion resist-
ance. These plastics should be odorless, non-porous, smooth and free from cracks, crevices,
scratches and pits which can harbor and retain soil and/or microorganisms after cleaning.
They must not absorb product constituents and microorganisms, must have high mechanical
strength (resistant to ageing, creep, brittleness, fatigue, etc.) and good wear/abrasion resist-
ance, and must be resistant to heat, cold flow, hydrolysis, electrostatic charging, etc. Further,
no migration of plasticizers, monomers or additives into the food product must occur.

When using a plastic material (belts, gaskets, electric cables, etc.), it is of utmost impor-
tance to ensure that the material is able to withstand all temperatures from -50°C to tem-
peratures as high as 121°C (steam sterilization) without cracking or breaking. Moreover, the
plastic material must be chemically resistant to solvents, acid, alkaline, reducing and oxidiz-
ing agents, cleaning and disinfection agents and corrosive food gases at these temperatures.
The equipment manufacturer should test the chemical and temperature resistance of the
plastic material (Partington et al., 2005; Moerman, 2011a).

Use of Rubbers

Elastomers must be chemically resistant to fat, cleaning agents and disinfectants; they
must not show expansion and shrinking under the influence of temperature changes
or chemical fluids; they must be abrasion resistant (e.g. rotary shaft seals, or seals in static
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TABLE 26.1 Resistance Characterstics of Different Rubber Materials (F

Ethylene
Acrylonitrile Propylene
Natural Butadiene Silicone Diene Fluor
Contact Medium  Rubber Rubber Rubber Monomer  Chloroprene  Elastoaer
Temperature range

—601080°C  -35t0120°C

—7010200°C  —6010135°C  -40t0230°C  -3to
Hotwater (120°C) - et 4 4 + AR
Hotwater (145°C)  — - 4+ P = g s
NaOH (5%.90°C)  ++ 44+ 4+ ++4 ++ iR
NaOH (5%: 140°C) - — = ++ + i
HPO, 2%, 90°C) - 4+ et +++ +H+ g
H,PO, (2%; 140°C)  — < = — = 257
HNO, (1%:70°C) - L A -+ ++ +
4= = unlimited resistance, ++ = limited resistance: + = only short contee

applications that are subjected to abrasion from dry material product); and L R;m:
their surface and conformational characteristics (no loss of elastiaity, no embnnlr?du;t' rb‘\'
rubbed-off Parts, no crevices, etc.). However, elastomers can be degraded by p c}:r lh:m
cleaning agents, by disinfectants and by thermal and mechanical stress much quick tight-
metal components, with the following Tesults: leakage of lubricants, loss .0{ ke :u%ent
ness, increased adherence and retention of dirt and bacteria in crevices 'F’ad}{\; wﬁe rT‘Pml\'
product and process contamination, insufficient cleaning and problematic ?%Nmﬁ\ do seals, s0
destroyed sealings allow ingress of liquids containing chlorides under gasha ;nw'“ =
that a high chloride concentration may subsist between damaged sealings “"df‘ r referably
which favors crevice corrosion even in stainless steel. Therefore, gaskets a:ld ic»;li natural
should be of a remov able type. Appropriate rubber materials are 'ﬂ“o.m -';i;nl d;u'raderis-
rubber, silicone, neoprene, EPDM, nitrile and nitrile/butyl “‘l’bfr‘ ]\'helvr rw&;‘z,)

tics can be found in Table 26.1 (Partington et al, 2005; Plett and Gl

Other Materials

Tyac ontact area
Wood and certain types of insulation are not allowed mﬂ}"‘ :‘hf p,r‘ud;ilr:lto the out-
(exceptions are butcher’s blocks; wooden barrels, etc). To avoid tdL:; ;oﬁc.
side, they must be permanently and tightly sealed off from thcr mt"\‘n is not recommended
Glass may be used as a food contact surface, but its apphcatio Is such as Pyrex® have
due to the potential for breakage. Specially formulated glass r{;nl:::d heat resistant. Some
proven successful. When glass is used, it must be durable, 0 ::) vessels, and to a very lim-
applications where glass is used are light and sight opc'l"l:‘gs :?\-e< ni; Perspex” or polycar-
ited extent glass piping Replacement by transparent alternatives
bonate is recommended (Hauser et al., 200 1b).
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Ceramics are very resistant to acids and sufficiently resistant against lye. They are very
hard and can withstand pressures of 100400MPa. They are used in the coating of other
stable materials, in the production of ceramic membranes, and in the construction of pipes
or processing equipment for very sensitive preducts. The main drawbacks of ceramics are
their brittleness and porosity. To be food safe, all ceramic surfaces in direct contact with food
must have smooth, unbroken and lead-free glassy surfaces, entirely free of crazing (small
hairline cracks) and blemishes. Although not many bacteria may hide in a crack, in contact
with food those few may be become a large culture.

The use of nanomaterials in the food industry may present potential risks, requiring the
need for risk assessments to identify and quantify these risks. Some nanoparticles have been
found to exhibit negative effects on tissues such as inflammation, oxidative stress and signs
of early tumor formation (Stone et al., 2009; FAO/WHO, 2010; Becker et al.,, 2011). Because
nanoparticles may become wasted in surface waters along with cleaning solutions, exper-
imental evidence is needed to demonstrate that these nanoparticles can be removed from
this surface water if it is used as a source of drinking water.

The European Hygienic Engineering & Design Group clearly states that materials which
have been modified with antimicrobial chemicals may not be considered as a substitute for
hygienic design. Microorganisms may build up resistance against such chemicals over a
period of time, and antimicrobial chemicals are only effective if the microorganisms are in
intimate contact with them

SURFACE FINISH

Product contact surfaces must be finished to a degree of surface roughness that is smooth
enough to enable them to be casily cleaned and disinfected. The surface finish must be such
that there are no cracks, pits or cavities where water or soil might remain. In the pharmaceu-
tical industry, a surface finish of roughness R, < 0.4pm is often used, while a surface finish
of roughness R, < 0.8um is considered acceptable for the food industry. Surface roughness,
R,, of enclosures in hygienic production areas should not exceed 2.5pm. Surfaces will dete-
riorate making cleaning more difficult (Hauser et al., 2004a).

The technique used for achieving the appropriate surface finish is of great importance.
Although with different surface finish techniques (glass blasting, ceramic beats blasting,
electro polishing, pickling) a surface roughness of R, 0.8um can be achieved, the topography/
structure of the surface can differ immensely, which gives different cleaning results.

HYGIENIC DESIGN OF OPEN EQUIPMENT FOR
PROCESSING OF FOOD

Permanent and Dismountable Joints

Permanent Joints
It is better to use permanent joints rather than dismountable joints, because the lat-
ter type of joints may give rise to projections, protrusions, edges, recesses, metal-to-metal
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FIGURE 26.4
crevices
welde;
slope
pre!

and mm}f‘{ol_’;‘::“l";’of‘:’d““ contact area (1), product debris may become trapped at step (2) and in

d (4) instead of COI\;Inu 1!“ n.rc.'ls between the seams (3), if overlapped sheets of metal are intermit

S e sy welded. (b) Overlapped sheels of metal must have continucus welds

e b seaningi (O lowesenibis ol beler o avead oreopnE Sy of metal, and to pve
uously welded sheets (Lelievel ser et al,, 2004b).

the
-

Hau

contact, ) Sl -
or ;Crewzldcj;;'::ls way, welded joints are preferred over mechanical fixings, such as bolted
ermanent joi X
types :‘f:::f:tn::;ni: f equipment should preferably be welded, but notice that several
inclusions), which Ca:dbtm?y arise in welded joints (e.g. misalignment, cracking, porosity,
contact area are reco act as a source of microbiological problems. All \\'eldg in the product
protection (inert shi ,ﬁmer.\ded to be continuously welded and with sufficient weld seam
No. 9 and No. 35 114.1. .-}%ab protection at both sides) in agreement with EHEDG gu{delmes
reduce the riei; f(;r 18 '~"_'_ alloyed filler metal in comparison to the welded material may
surface finish (R, < ;0 el When necessary welds must be polished to have the same
inspected for any dis 8m), appearance, etc. as the surrounding materials. They should be
T cr“"'\ ‘lbcolomhon and defec(s (Hauser et al., 1993; Kopitzke et al..2 ).
e U;\}CLS at metal-to-metal interfaces where product debris may become trapped,
overlapping spot welds are not acceptable (all welds should be continuous er filled) and
for added s’;rfmﬂ not be used (Figure 264a). If overlapping is unaveidable due to the need
et 11‘_"3111 at lhe.\\'eld location, reliable draining and cleaning conditions of shadow
DIate vt I; 'b("lbe taken ml-u consideration. In the case of thick sheets, the edge of the'upper
atem (Al' "L 5 (;Pt‘d to avoid areas at the overlap edge which can retain soil and be difficult
give pref '(:“’ ¢ 26.4b). However, it is still better to avoid overlapping sheets of meta}, and to
Sha erence to smooth continuously welded sheets (Figure 20.40) (Hauser etal
muwt‘bg SOmers (90°) and welding in sharp corners of equipment (Figure 2
anc{ i ay 01(‘1.0(1. Radiused corners (sloped sides) and welding seams away tr.'o.xr: con':els
ﬁllets : c{“b]} made at the non-product contact side are recommended (f igure 26.5¢). Weld
4mrﬁ t?'! he food area should have a minimum radius of 6mm. If the material 1s less_ than
= hick, the minimum radius should be 3mm. Where a corner cannot have a radius of
greater than 3mm, its cleanability should be demonstrated by testing.
Use of adhesives on metal-to-metal joints should be avoided. If adhesives are used for
permanent joints they must be compatible with materials, products and cleaning/disinfecting
agents with which they are in contact. All bonds should be continuous and mechanically
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FIGURE 26.5 (a, b) Welded seams in <90° corners of receptacles contamning food product (1) will create
uncleanable areas where residual soil (2) will accumulate (¢) Well-rounded comers (radius R 2 3mm) and correctly
vay from corners and preferably made at the non-product contact side avoid any

Hauser et al, 2004b)

welded seams in the plain are:
hygiene risk (Lelieveld et al, 2

FIGURE 26.6 Screws may not be exposed to food product (1) because debris collects in the screw drive,
because they give rise to metal-to-metal contact corrosion (2), and because they create gaps, dead areas (3) and
crevices (4). Countersunk screws with slots or other drive are not ded for the reasons

ioned, and incorrect machining of the t k hole may cause the screw Lo cither (a) form a pocket in
which debris collects or (b) to protrude into the product flow giving rise to arcumferential crevices where debris
may become trapped. (c) Pan, dome, round and truss screws are not suitable because they protrude in the product
flow. (d) Socket head cap screws are not allowed in the food area because debris accumulates in the recess or socket
to fit an Allen wrench for turning. In addition, the use of counterbores is not recommended for all the reasons men-
tioned earlier (CFPRA, 1983; Lelieveld et al., 2003 Hoauser et al, 2004b),

sound so that the adhesives do not separate from the base materials to which they are
bonded.

Dismountable Joints

Dismountable joints (e.g. of plates or appendages) fixed by fasteners (e.g. screws or bolts)
must only be used if dismantling is unavoidable. Joining components with hexagon nut-
and-bolt pairs which protrude in the product zone or with screws exposed to product is not
allowed. Besides, crevices, screws, bolts and nuts also give rise to metal-to-metal contact
corrosion, and create gaps, dead areas and /or exposed threads (Figures 20.6 and 26.7).

Wing nuts and pop rivets are also not allowed on the product side. It is recommended
to have a plain or domed bolt head sited on the product side, to cover exposed threads
with domed nuts, and to use solid rivets instead of pop rivets (Figure 26.5). But overall, the
use of welded butt joints that are ground and polished instead of fastenings is preferred
(CFPRA, 1983).

Correct design of bolt heads and their effective sealing with metal-backed elastomer
gaskets (Figure 26.9) can render them hygienic. The head of the hexagon headed bolts
will be plain or domed. Domed nuts can be used to cover exposed threads. Sealing the
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;ISL]]RE 26.7  Exposed bolt ends and nuts in the product zone (1) are not allowed because they give aise to
ﬁxu:g-s“:':mdl contact corrosion (2), exposed threads (3) and erevices (4). Debris also tends to adhere to and around
an

oot provides nutrients for microbial slime growth. Exposed threads should be cut to the correct length o
Preferably domed nuts should be used (Lelicveld etal. 2203 Hauser et al, X04b).

(a)

EGURE 26.8 (@) Wing nuts are often used where adjustment is required but debns collects around E;n:li
* sxposed portion of the slot behind the nut. (b) It is recommended to cover exposed threads with demed £
(©) Pop rivets (1)

RS T
I are not rec ded where n this type of fabrication. Solid rvets (@)
£hould be used instead of apen rivets (CFPRA, 193)

(a)

X : uct
FIGURE 26.9 (a) To prevent crevices at the product side {1), screws, pins or a stud welded v;‘mhmm-pgvd Y
side (2) should be used. (b) A bold head (3) that is hexagonal (4), domed (5) and provided with 3 sloped arcula

W ) : lieseld
collar (6, 7) is easily cleanable, and the metal-backed (8) lastomer gasket (9) is used to seal the thread (LSS
etal, 200% Hauser et al, 2004b)

crevice between the bolt head and the food contact surface will protect the annular clear-
ance between the shaft of the bolt and the hole through which it passes.

Dismountable joints must be crevice free and provide a smooth continuous surface on
the product side. Further, metal-to-metal contact should be avoided. Therefore, where co:l:
Ponents butt against one another in the product area, the crevice between them sho
also be sealed by means of an elastomer. Compression of the seal can be controlled byﬁmea\'s
of screws and interference-fit location pins on the reverse side to the product (Figure 26.10a).
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(a)

FIGURE 26.10  Where components butt against one another in the product area (1), the crevice between them
should also be sealed by means of an elastomer (2). (a) Compression of the seal can be contrelled by means of
interference-fit location pins (3) and screws (4) on the reverse side to the product. (b) A flange (4')-like connce-
tion can control compression (2') and the design of the groove should allow space for expansion (3') of the seal
(Lelieveld et al, 2003, Hauser et al., 2004b).

A flange-like connection can control compression (Figure 26.10b). The design of the groove
for the seal must allow space for expansion in order to avoid extension of seal material into
the product area during heating

Split pins, self-tapping screws, staples, spring tension pins, bushings, ete. which may
be loose and cause damage lo other equipment and physical danger to the consumer are
unsuitable fastenings. Tape, rubber bands and wire should not be used to permanently
modify equipment. A designer also must avoid very small fastenings, and fixings in plastics
which cannot be identified by metal detectors. Stainless steel or dull-nickel-plated fixings
should be used as specified in the fixings and fastenings handbook. Finally, one must allow
for sufficient space around fixings for cleaning (min 25mm).

Hygienic Design of Process Vessels, Containers, Bins, etc.

Interior and Exterior Design of Process Vessels, Containers, Bins, etc.
Appropriately designed and installed process vessels shall meet the following
recommendations:

¢ Equipment without bottom outlets must be pivoted (Figure 26.11) for fully discharging of
product and cleaning solution. Materials or contaminants from the exterior of the vessel
must not gain access to the food product being discharged. Besides full drainability, the
vessel tipped for discharge also should be designed for improved cleanability (e.g. vessel
corners should be well rounded; hinges must allow for maximum cleanability).

For good drainability and cleanability, food containing equipment (tanks, vessels,
troughs, reservoirs, bins, etc.) shall have their discharge outlet at the lowest level; their
bottom shall be sloped (more than 3° towards the outlet); and their corners shall be well
rounded. These corners should preferably have a radius equal to or larger than 3mm.
Sharp corners (<90°) must be avoided (Figure 26.12).
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FIGURE 26.11 To fully empty containers without bottom outlet, they must ip over an angle o at east 93°. The
interior and exterior of the container must be designed to exclude any contamination of the food product when

it1s drained. Vessel should have well-rounded bottom comers, with hinges designed for maximum dleanakbility
(Leheveld et al 13. Hauser et al, 2004b)

FIGURE 26.12 For good d and ¢ hity, equip (tanks, vessels, troughs, resen\oirs, hns]. ete.
used in the processing of food (1) shall have their discharge outlet at the lowest level: their bottom sholl ¢ SGPE
(more than 3* towards the outlet), and their comers shall be well rounded. Where food prodiict and lesning 36
tions are not allowed to drain, residual soil (2) will be left (Lelieseld et af. 3000, Haeser o ol 206800

The design of the top rims of product containing equipment (e g. open tanks, chutes,
boxes) must avoid ledges where product can lodge and which are dlﬁfcult lcvfleiﬂ"\Nh 5
(Figure 26.132). Open top rim designs must be rounded and sloped for drainage (B ‘_Y;‘ g
If the top rim is welded to the wall, the weld must be flush and polished to prov S aed
smooth surface and the rim must be totally closed. Any holes, therefore, must be seal

by welding or by fitting sealed caps (Figure 26.13b).
Lids are used (e.g. for gmcess \'cszcls, tanks, bins,) to avoid contamination o‘fdp md:c;le
from the environment during processing or storage. They can be c&‘mp!Flel) ef!:f aed
for cleaning, but if they are non-removable they must be slof‘“‘! for drainage. 1 4 mg] >
covers are used the hinge must be designed in such a way thatit can be cleaned easily
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FIGURE 26.13 Top rims may impart rigidity to the construction. (a) However, a rim with an upper horizontal
part provides a surface where debris may collect. When the rolled-over part of the rim is badly designed, it may
provide a ledge where product debris can lodge. This soil can indirectly affect the product. (b) Open top rims must
be rounded in a way that at one side the product drains back in the bulk of the product, while the more exterior
part of the rim must allow drainage to the outside. Where preference is given to closed top rims, the top rim should
be welded correctly to the wall over its full length. The weld must be flush and polished to provide a smooth sur-
face and the rim must be totally closed. Any holes, therefore, must be sealed by welding or by fitting sealed caps
(CFPRA, 1953)

and that accumulation of product, dust and foreign bodies (including insects, etc.) is
avoided. When the vessel is covered, no sharp corner at the top should be created when

the lid is placed on the vessel. Flat lids provide a horizontal surface where dirt may
accumulate. Moreover a sharp corner is created at the top near the seal. Preference should
be given to domed lids with a sloped top that collects less dirt and allows for proper
drainage of liquids (Figure 26.14).

Elastomers can be deformed, but the volume cannot be reduced! This means that when

a flat gasket is compressed so that the thickness is reduced by say 20%, the width of

the gasket is increased by 25%, assuming that the length can be kept constant. As a
consequence, a considerable amount of movement takes place at the edges of the gasket.
In view of the inconsistency of the friction between stainless steel and elastomers it is most
uncertain how the deformation of the gasket will take place. Overcompression of the flat
gasket (Figure 26.15a) may affect the hygienic characteristics of equipment in two ways.
First, overcompression may lead to destruction of the gasket, particularly if it is heated
(such as during hot cleaning and/or sterilization). The gasket may exceed the maximum
of compression caused by thermal expansion and become brittle and fail to perform, while
particles of it may break off and contaminate the product. Second, overcompression may
lead to protrusion of the gasket into the product flow, thereby impeding cleaning and
draining. Undercompression (Figure 26.15b) is also highly undesirable as it may lead to
both indentations and crevices and failure to provide a reliable seal. Even when it is not
visibly leaking, the seal may permit the ingress of microorganisms. It is good practice to
slope the groove that receives the gasket (Figure 26.15¢) in a way that space for expansion
1s provided at the non-product side while controlled compression of the gasket is possible
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(b)

E-igﬁ)zz;:'hf“,’ Covers are used (e, for process vessels, tanks,bin,etc) to v exntamnston o o
et (0 from the enuaronment during proccssing o sorage. When the vessl ) s covered with a flat id 3), 2
the BeallTri se“l FSIPIoY ided where dirt may accumulate. Moreover a sharp comer (4) is created at the top near
Product area, lh;mg) is ot very appropriate because overcompression may lead to protrusion of the seal i the
iRt ey peing deantngehie und may lead to both indentations and crevices and
Temal b l\;’ ide a reliable seal. Even when it is not visibly leaking, the seal may permit the ingress of microorgan

s (b) Preference should be given to domed lids (3') with a sloped top that collect less dirt and allow for proper

dr. ze of li
;‘MM of liquids. The present gasket groove allows for controlled compression of the gasket (5 at the product
side (Lelieveld et al, 2003 Hauser et al, 2007)

(a) ©

FIGURE 26.15 (3) Overcompression of the gasket (2) may lead to protrusion of the gasket (3) into the product
area (1), thereby impeding, cleaning and draining, Moreover, because the gasket may exceed the maxizum allowa:
ble imit of compression during thermal expansion, it may become brittl and fal. t) Insufficient compression of the
gasket (4) may give rise to a crevice (5) between the two flanges and the possibility of leakage (g) It s good practice
to slope (6) the groove that receives the gasket in a way that space for expansion Mis pmndnl at the non-produst
side while controlled compression of the gasket is possible at the product side (§). A further pessibility to reduce the
effects of friction is to avoid even compression of the gasket by using gaskets with a profiled section which “invo-
lutes” along the sealing faces rather than sliding under compression (¢ x53; Hauser etal,, 2007)

eveld eta

at the product side. Such a design also allows reduction of the area of the gasket in direct
contact with the food product. A further possibility to reduce the effects of friction 1s to
avoid even compression of the gasket by using gaskets witha profiled section which
“involutes” along the sealing faces rather than shiding under compression.
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FIGURE 26.16  (a) A non-resilient flat PTEE gasket (2) is installed in a rectangular groove and compressed between
the scaling faces of two stainless stecl surfaces (3) to separate the product area (1) from the outside. (b) Because of the

of both PTFE gasket and stainless steel, a heat treatment changes the

large diif n thermal

shape of the PTFE gasket (4). Protrusion of the gasket (5) takes place. (¢) Because of the lack of resilience, the PTFE

gasket may become irreversibly deformed (6) Hence, after cooling down, the gasket will not return to its original form
007).

and proportions, and as such a crevice (7) will be generated (Lebeveld et al, 2003, Hauser et

e As with metals, not all polymeric materials and elastomers exhibit the same coefficients
of thermal expansion (Figure 26.16). Therefore, not only the dimensions of the metal
components but also those of the seal must be correct, ensuring adequate compression

at the product side, under all conditions of intended use. Attention must be given to
thermal expansion at high temperatures (e.g. during hot cleaning and sterilization) and
to loss of resilience at low temperatures (e.g. during the manufacture of ice cream). To
ensure a smooth durable surface with sufficient temperature and corrosion resistance,
equipment manufacturers tend to use polytetrafluorethylene (PTFE) as gasket material
in food processing equipment. However, PTFE has insufficient resilience and expands
significantly more than stainless steel (expansion coefficient for PTFE is approximately
100 x 10-%/°C, compared to approx. 16 x 107°/°C for stainless steel). Due to this large
difference in thermal expansion coefficient, a heat treatment changes the shape of the
PTFE gasket (gasket protrusion occurs) and after cooling down a crevice oceurs. For

a gasket of 5mm thickness and a temperature change from 20 to 120°C and back, the
crevice may be 36 um wide if there is no resilience at all (in practice the gap will be
sligl\llysmaller). Therefore, seals made from non-resilient materials should not be used.
Conventionally designed right-angled grooves containing O-rings invariably create
&aps and crevices that are impossible to clean in-place and/or to sterilize in-line

(Figure 26.17). One cause is that the elastomer material of the O-ring has a significantly
higher thermal expansion coefficient than steel. During heating the seal will expand to
cover an increasingly larger surface of steel, protecting microorganisms trapped between
the O-ring and the steel surface against contact with hot water, chemical solution or
steam. Although the seal contact surface will usually reach the correct temperature
during treatment with hot water or steam, the water activity in the grooves will be too
low for the destruction of most microorganisms at the temperature and time applied.
After cooling down and shrinkage of the seal, the surviving microorganisms may be
released and will multiply and contaminate the product. Additionally, repeated thermal
expansion of the seal into the product flow may result in it suffering damage which will

°
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FIGURE 26.1
"17 (a) A conventionally designed right-angled groove (2) contains an O-ing (3) that s compressed

between the sealing

©)iSucta m:‘cl::sainces U,I two stainless steel surfaces (4) to separate the product area (1) from the cutside.
in-place and /or to s(erﬁs::y:?rmg design invariably creates gaps and crevices (5) that are impossible to clean
crevice. (c) During heating, d place. The groove provides sufficient space for microorganisms () to enter via the
will expand (7) to cover .f" ue to the difference in thermal expansion between metals and elastomers, the O-ring
O-ring and the steel surfa increasingly larger surface of steel, protecting microorganisms {8) trapped betiwesn the
shrinkage of the seal lh“-‘e against contact with hot water, chemical solution or steam. (d) After cocling down
Product (Lelicveld et i, 2003 1. 2o oo ,T,'l',’"" may be released (9) and will multiply and contaminate the

2 auser etal, 2007

not only contamin,
: ate the product but may al. ressively ceits ¢ to seal
again upon re-cooling, B y also progressively reduce its ability to seal

ln;m"'uhon of Agitators in Open Vessels (e.g. Kettles)

“nvqk‘l‘\'n[zﬂt\ﬁ;\lnll‘l:; Slll'fl.‘rﬁ, h()mogenizem‘ or mixers should preferably be arranged in m¢ a

ment outside nLL‘ to seal shafts into the product is avoided. Where mounting of the equip-

e b e product zone is possible, the mixer used to mix open product should be

ping oil, BT al(< equipment, not only to prevent the contamination of the product fmh drip-

isms and 50 to avoid the introduction of soil, and concomitantly spoiling microorgan-
pathogens into the product along with overhanging electrical cabling (Figure 26.18).

Pc"?“ ly Mounted Agitators in Closed Vessels
= :loﬁien%erlng agitators with shaft seals are typically
Surf:é?u:n’l]fl clﬂrnp connectmnf with hygienic O-rings or gaske t i
st \vi\‘l “L' N‘_h:dcd mounting arrangement must support the agitator rt}ounklng dcﬂgn
e s}\o lll‘lthachle}'xl?g an appropriate seal. The upstand for the top mounting of the agita-
= il uld have limited length L because of the difficulty of cleaning of the annular space
in-place. The annular space between the agitator shaft and agitator nozzle shall, for clean-
;ng purposes, have the target maximum £/ ratio of 2:1. At least a 25 mm gap is required to
acilitate CIP spray coverage (Figure 26 19) (CFCRA, 1997 BISS ASME, 2009).
AS“"_‘OT motors should be equipped with permanently Jubricated bearings. Where
lubrication is required, the design and construction shall be such that lubrication cannot
leak, drip or be forced into the product zone. Self-lubricating agitator shaft (packing) seals
shall be provided with convenient means for adjustment to prevent leakage and to allow

mounted to a vessel using a flanged
ts to seal between the mating
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(a) ()

FIGURE 26.18 (a) A motor and cabling mounted over any exposed product (1) can contaminate it by soil, con-
densate or lubricants (2). (b) The motor drive (3) and power line should be placed beside the equipment. A self-
draining protection sheet with “upstand” (4) in combination with a cowl (5) on the shaft must exclude any food safety
risk. The bottom side of the thrower ring (cowl) should be made inspectable (Lelieveld et al Hauser et al,, 2004k).

L

FIGURE 26.19 The top entering agitator with motor (1) 1s mounted to a vessel using a flanged or hygienic
clamp connection (2), with hygienic O-rings or gaskets (3) to seal between the mating surfaces. A retained gasket
having limited compression is more ‘gienic than an O-ring in the face for sealing the joint. The agitator shaft (4)
passes through the mounting flange via a seal (5). The upstand (6) for the top mounting of the agitator should have
hmited length L because of the difficulty of cleaning the annular space {7) in-place. The annular space between the
agitator shaft (4) and agitator nozzle (6) shall, for cleaning purposes, have the target maximum L/A ratio of 2:1
Agitator motors (1) should be equipped with permanently lubricated bearings. Where lubrication is required, the
design and construction shall be such that lubrication cannot leak, drip, or be forced into the product zone. Self-
lubricating agitator shaft (packing) seals (8) shall be provided with convenient means for adjustment to prevent
leakage and to allow for complete drainage to the exterior. In that way, accumulations of foreign material in the
event that leakage does occur can be avoided. Further, a drip protection plate (9) can be provided to prevent lubri-
cant from entering the product zone (C FCRA, 1997, BISSC, 2003; ASME, 2009).

e
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FIGURE 26.20 Rotary shafts running at a high number of revolutions are held in place in an adapter sleeve
with a radial roller bearing (1), (a) Single dynamic seals (2) are lubricated by a lubricant {top mounted agitator) o2
the product (bottom mounted agitator) which may be transported past the seal and back again, further contarminal-
Ing the product. They may be casy to clean if properly designed but they will not prevent the passage of micoer:
ganisms, and hence they are not suitable in aseptic process equipment. There is also a narrow annular space (3) at
the product side in the proximity of the seal, which makes cleaning very difficult. (b) A double seal arrangement (4
allows the use of a barrier medium (5) such as steam, hot water, condensate or a disinfectant solution which makes
it well suited from a microbiological standpoint. The volume of the annular gap around the shaft is incressed (8]
'mproving the cleanability of the seal and its proximity (Holah, 200)

for complete drainage to the exterior (Figure 26.19). In that way, accumulations of foreign
material in the event that leakage does oceur can be avoided. Further, drip protection is
commonly provided to prevent lubrication from entering the product zone. Al surfaces of
shaft seal ring assemblies passing through a bow] or cover shall be accessible, removable or
retractable to permit cleaning of all product zone surfaces.

Rotary shafts running at a high number of revolutions are held in place in an adapter
sleeve with a radial roller bearing. Single dynamic seals (Figure 26.202) will not prevent tk}e
passage of microorganisms. If properly designed, they may be easy to clean but not bacteria
tight because rotating shafts may exhibit some axial mobility. This makes single. d}'{mmlc
seals unsuitable for aseptic equipment. A narrow annular space at the product S{de. in .‘he
Proximity of the seal such as shown in Figure 26.20a must be avoided because it is dl{ﬁ-
cult to clean. The space around the seal should be as wide as possible. Rotary shafts with
a double seal arrangement allow the use of a barrier medium, and have been shown tg) be
well suited from a microbiological standpoint. In Figure 2620, one seal 1s seated ngidly
in the housing (longitudinal shading), while the other move with the shaft. The seal!ng
surface between the two seals must be lubricated. If the shaft opening has product flowing
through it, which could be the case with agitators having a shaft entry from the bottom of
vessels, the product itself can be directly used as lubricant. The product flowing through can
be carried away by the barrier medium, which could be steam, hot water, conden}ate ora
disinfectant solution (e.g. alcohol). The sterile flud may scavenge the microorga:\)sms that
enter the space between the seals, maintaining absolutely sterile conditions. Which ﬂu.\:h-
ing fluid should be used will depend on the product and the process but both lhe barrier
medium and lubricant chosen must be product compatible. To avoid transfer of microorgan-
isms from the outside of the equipment to the inside, without an adequately lonvg exposure
to antimicrobial fluid the distance between the two seals must always be sufficiently large
(Lelieveld et al., 7

; Hauseretal,,

111 FOOD SAFETY ASSURANCE SYSTEM



694 26 HYGIENIC DESIGN AND MAINTENANCE OF EQUIPMENT

FIGURE 26.21 (a) Cleaning may be impeded duc to too ight clearance (1) in the foot bearing itself (2), and due
to too httle clearance between it and the base (3). Honzontal ledges (4) where product may accumulate or where
liquids are not allowed to drain must be avoided. (b) The feot bearing 15 now mounted clear of the bottom of the
vessel (5), allowing free flow of product and cleaning solution around it. Bearing pedestal support members (6) should
preferably be made of solid construction. Hollow constructions are not recommended, but if used, they shall be of
sealed (welded) construction, inspected for integrity: Round legs are preferred over flat members, even if the latter
are radiused. The legs should be flush welded in place to the tank bottom (7). All welds rust be ground and pol-
ished to blend smoothly with the adjacent surfaces. The agitator shaft 15 provided with grooves (8) in the bearing
area to facilitate both lubrication by fluid products and cleaning. Sloped and radiused surfaces (9) reduce the prob-
abality of debris getting lodged on the top of the foot bearing and allow for proper drainage of liquids (¢.g. cleaning
solution) (CFCRA, Jus ieveld et 003; Hauser et al, 2004b; ASME, 2004).

Bearings in the product area should be avoided but an application may mandate the
use of foot bearings. As an example, if the shaft of a top entry agitator is very long, a foot
bearing may be required at the bottom of the vessel to steady it. It shall be of a packless
bearing type. The foot bearing must be mounted well clear of the base so as not to impede
free draining of product and also to allow easy cleaning of their supports. Design features
and/or procedures required to ensure cleanability are: drain holes, spray ball and/or wand
additions, increased CIP flow, and operating the steady bearing immersed in CIP fluid.
The arrangement of wear surfaces (bushing, shaft or shaft sleeve) shall facilitate drainage.
Alongitudinal or helical groove may be cut in either the bush or the shaft. It should be deep
enough to allow access into the bearing of either the product as a lubricant or the detergent
for cleaning (Figure 26.21). Sealed bearings should not be used in the product area because
they can cause hygiene risks at their seals. If, however, their use is unavoidable, their lubri-
cants should be specified as being allowed with the food contact.

Hygienic Design of Agitators

Agitators and agitator shaft assemblies passing through the seals shall be designed and
constructed to be smooth, with all surfaces meeting all the hygienic design criteria applica-
ble to a product contact area. Agitator shaft assemblies shall be readily accessible to allow all
surfaces to be effectively cleaned via spray, directed flow, immersion or cleaning-in-place.
Agitator ends shall have surfaces of minimum area immediately adjacent to the recipient
ends and no longer than necessary to ensure proper incorporation of ingredients into a mix.

The design of agitator product contact parts should minimize the occurrence of crevices,
void spaces and dead spaces in grooves. All voids should be closed by either fabrication
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E,I,C; S\?‘f,l{,’ 22 (@) The b (2) s securd to the shaft (1) by mesnsof v 5, whih s expscd toprdic
i ‘":“ “"hﬂ)"d around the screw head. The hub-to-shaft connection gives rise to a metal-to-metal j

Sy ;éniecn‘ the ingress of product and bactena. Agitator blades (4) should be welded to the hub, althoug
washers of & :;:; .\(m somelimes observed. These exposed screw heads (even bolts with dome head nuts and
e uitable food grade material) again will ereate a food safely hazard, and the blade-to-hub cenncicn
e e T-‘ melal-to-metal joint (6). To avoid the latter problem, the jomnt between the blade and the lug
uct and ml:r:n > “‘.“Ic,d by a thin gasket. Keyways (5) exposed to product are not recommended, because prod-
e s °TL-‘:ll>m> may be rcl.'unc:‘l n the keyway. Keyways may require additional design and /or cleaning
Practice to ensure drainage and cleanabilty, g, spray balland wand additions inreased CIP flow and adjusted
e D Once Ihhi ()R e tohsahalt ) an codcrp (e GRS screwed on the it
e e end of the shaft The non-welded impellr hub-toshft and hub-to-end cap connestions give e
oy vices and metalto-metaljints (respectively 6 and &) that may allws the ingrssof poduct and Eackes I
the l.n;,'éa e STy (5) also may retain product and microorganisms. The sharp comers of the spanner flats &) &
e clll"‘:n:)bbu dufficult to ‘clc.m (c) Food quality gaskets under controlled compression respectively may s
BRI st s shalt(E ad i hSend o (BAXeyiava ) e el mecharical desigz
T oo hall have edge radhi not less than 3mm. The comers of the spanner flats on the end cap have been
e ) () An allwelded impeler assembly (e hubs, blades, end cap) s stl preferzed. Impeler hubs
ekl dl}_ : "hﬂw_h are preferred over removable hubs. The designer may omit the hub and immediately attach
the blades to the shaft by wk:mg (\4“) Finally, the end cap can be welded to the shaft (7)) (CFCRA, 157 Lelavad

B b A )

Hauser etal

(“'Glding) or approved sealing techniques (O-rings, seals, etc.) to give surfaces ground flush
and free of ‘crevices at points of metal-to-metal contact. Metal-to-metal jeints (e.g. Kevways,
hub-to-shaft joint, hub-to-end cap joint, etc.) may allow ingress and accumulation of pred-
uctand/or microorganisms (Figures 26.22a and b and
Food quality gaskets under controlled compression may seal the propeller hub to the
fh“_" and to the impeller nut (end cap) that secures the end of the agitator shaft (Figure
:l_:.22('), Alternatively, the hub should be welded to the shaft and the end cap (Figure
26.22d). Because debris may collect on exposed screw threads, the hub shall not be fas-
tened to the shaft by means of a screw. To avoid any screwed joints (even bolts with dome
head nuts and washers of suitable food grade material), the blades of appendages (stirrers,
homogenizers, mixers, etc.) should be welded to the hub. As an alternative to hub-to-shaft
and subsequent impeller blade-to-hub attachment, blades can be attached to shafts by welding.
All welds used in the assembly of agitator parts should be grounded and polished.
P(’rmanemly joined metal surfaces with a total included internal angle less than 135° on
agitators (e.g. at hubs and nuts) shall have a radius of not less than 3mm tangential to both
adjacent surfaces. Corners (e.g. at hubs, nuts, spanner flats, etc ) must be radiused to facili-
tate cleaning, and horizontal areas must be sloped to prevent debris from becoming lodged
on the surfaces and to allow for maximum drainabilty. Machined transitions such as shaft
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FIGURE 26.23  The hub is secured to the shaft by means of bolts with dome head nuts, which are exposed to
product that may collect in and around the screw head. This non-welded hub-to-shaft joint also lacks a food grade
gasket that could seal the dead spaces in the groove and avoid crevices at points of metal-to-metal contact. Ingress
and accumulation of product and/or microorganisms at the inside are observed. Welds also have a high degree of
roughness. Courtesy of Burggraaf & Pariners B.V., wc raaf.ce.

steps, coupling surfaces, spanner flats, etc. should have 15 to 457 sloped surfaces. Impellers
with flat, horizontal surfaces (e.g. flat-blade disc turbines, concave-blade disc turbines) may
require additional design and/or cleaning practice to ensure drainage and cleanability, e.g.
drain holes, spray ball and/or wand additions, increased CIP flow, adjusted spray coverage,
and faster impeller rotation.

Agitators permanently mounted are not required to be removable if they are readily
accessible and do not interfere with drainage from the tank. Where permanently installed
agilators are equipped with an outer frame to which rubber, plastic or other similar scraping
edges are attached, these scrapers shall be readily removable from the agitator. In kettles,
however, it is recommended that the entire unit shall be constructed so that it can be tilted
or lifted out of the kettle.

Welded in-tank shaft connections are preferred, although in-tank threaded shaft connections
(Figure 26.24f) and in-tank shaft couplings (Figure 26.24a—¢) are allowed if they are of accept-
able hygienic design. Threaded shaft connections are preferred over in-tank shaft couplings,
although shaft rotation of the first is limited to a single direction to avoid the shaft sections
separating. The designer must ensure that the use of a threaded shaft connection is appropri-
ate for the selected shaft diameter and design loads. To avoided exposure of the threads to the
product, O-rings or flat gaskets (preference for the first mentioned) should be used to seal mat-
ing surfaces (Figure 26 24f). Hygienic bolted coupling construction may be used where appro-
priate for the particular apglication. The preferred location for fastening hardware is on the
underside of couplings, and the fasteners typically used should be hex-head cap screws, acorn-
head cap screws and threaded studs with acorn nuts (Figure 26.24d). These fastener heads
shall be free of raised or engraved markings that might inhibit cleanability. Again O-rings or
flat gaskets (preference for the first mentioned) should be used to seal coupling mating sur-
faces. Elastomer seal washers (Figure 26.24b-d) must avoid metal-to-metal contact.

Good Insulation Practices

Non-chloride-releasing insulation material should be used. For thermal insulation of
vessels, appropriate qualities of rock wool are acceptable. However, for piping, Styrofoam,
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E}?&i‘?i 23'14 (a) Bolted agitator couplings with flat hexagon head screws without elastomer gasket under
s :11 and the nut give nse to metal-to-metal crevices (1) that may allow the ingress of food product and

4. Moreover, debnis may lodge in and around the bolt thread (2). The absence of a arcumferential O-ring
‘:f flnt gasket gives rise to another metal-to-metal crevice, and product and microorganisms may be retamed in the
;mt} ). (b, ¢) Agitator couplings made by means of domed hexagon bolt heads and nuts (4) provided with an
E‘““"“”’ gasket (5) under the bolt head and the nut allow for a crevice-free joint without metal-to-metal contact
m:c;:lu‘f presence of a circumferential O-1ing (6)or flat gasket (7), no product or microerganisms can enes inside
of g uator coupling Corners are radiused () However, there i still a horizontal flat sucface at the uppes siée
bmm" ﬂ»-\:“nr coupling where debris may lodge. (d, ¢) Aseptic applications require for fastening hardiare at the
= “\n s‘.‘.c of the agitator coupling, and the upper parts of the coupling should be sloped to a mimmum of 1545
S E’"‘ ent debris from collecting at these places and to allow for maximum drainability {f) The most cptimsl
paator coupling in an aseplic environment i a threaded shaft connection vith a O-ings o fla gasket (precrsnce

¢ first mentioned) (6) to seal the mating surfaces to avoid exposure of the interior thread. The comers of the
Spanner flats on the end cap have been radiused (10) (CFCRA, 1997. Havser et al, 2034 A N,

foam glass or another rigid foam are better choices over fibrous materials. The problem
with fiberglass batting is that this material has already proven to be an excellent harbor-
age of dust, insects and rodents, and a clean-up and maintenance nightmare if not prop-
erly installed and maintained. Therefore, it is highly recommended to install fully welded,
Vapor-tight, aluminum or stainless steel cladding of appropriate thickness that resists tear
and_nbmsum The exterior of the insulation protection should be smooth, properly scaled.to
avoid ingress of dust, liquor, air and moisture, and should be installed in a correct way’ with
joints facing downwards. Such ingress could promote corrosion between the \\'alls,>assi5(e§l
by possible microbial growth, Damaged or wet insulation should be repaired or nmmed_l-
ately replaced (Figure 26.25). Insulated lines should be kept high overhead where t_hen’ 1s
less chance for food products to contact the insulation. Pipes that are frequently 5“‘!“1 by
food products or require periodic disassembly may be left uninsulated. Insulation is also
often omitted around steam pipes inside cleanrooms, to preserve a clean exterior surface.

Equipment Framework

; The number of support legs and cross bracings should be reduced but shall be of suffi-
cient number and strength and so spaced that the process equipment will be adequately sup-
ported. Cross bracers should be fitted in a diamond configuration. Solid cross members as
structural members are preferred over hollow section members. Although for use in the hori-
zontal plane and to minimize horizontal ledges and crevices, completely scaled hollow see-
tion members are still preferable over open profile angle or channel sections (Figure 20.25a).
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FIGURE 26.25 (a) Prevent unnecessary flat open and closed horizontal support members on which debris can
lodge. (b) Round section, square sm:hon members turned through 45 and open profile members provide sloping
u 1)

al, 206

surfaces (1elieveld et a1, 2003, H

Round section members or square section members turned through 45° that provide sloping
surfaces are recommended (Figure 26.25b).

For the design of framework that will be exposed to continuous vibrations (e.g. dry-
ing towers, etc.) the use of open profile construction should be considered. Small fatigue
cracks can arise from vibration, allowing penetration of moisture, soil and microorganisms
in closed profiles. For vertical parts of frames all the cross-sections shown in Figure 2625
can be used when legs and supports are designed with open profiles; the folding should be
turned outward for easy cleaning, or alternatively as completely closed pipes.

Rolled hollow sections must be sealed by welding, should be filled and made drainable
away from the product zone. Plastic plugs are less recommended. Tubular sections shall
not be penetrated, e.g. with fasteners, and hence drilled and tapped holes are not allowed.
Preference should be given to welded plugs when fastening to hollow sections. Welde

studs and tapping plates are not recommended.

Feet

Feet begin at the point where they attach to the leg of the body of the equipment and
end at the support point on the floor. These feet are non-product contact surfaces but have
a hygienic significance because they may become a harborage of soil and create a source of
secondary contamination to the products (e.g. during pressure cleaning, dirt present on the
feet may splash on the food contact surfaces).

Use a minimum number of support legs/floor mountings, because the
obstacles for cleaning and service personnel. However, feet must be sufficient in number
and strength and so spaced that the equipment will be adequately supported. The general
rule is to minimize the floor contact area, but the contact face of the foot must be sufficient
to absorb the pressure. If the equipment is heavy and requires leg pads to distribute the
load, such pads or bases shall be fastened to the floor. The manner in which feet are fastened

/ are important
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FIG 2 £

o .\1}3(55 ““?.2(,. If the cquipment is heavy, the contact face of the foot 2) with the floos (1) mist be suffent

e e To distribute the load, feet should be provided with leg pads or bases (4) welded to the

Wﬂshor(si (};) 3 1om may be fastened to the floor (5) by means of stainless steel anchor belts which must have seal

() (@and dome nut(s) (7) fitted. When the equipment is bolted to the floor, pads or bases shall be sealed
ft, ) or grouted (figure right, §) to the floor.

:;,“‘cl;ié]ﬁz;‘d‘-"l’h’"ds on the type of floor and the presence of equipment (e.g. machinery pro-
o the flogr ,n:tc'.) or services (e.g. elccmmy,vclc.) lmmcdxa.tely bclow.the s}n:fam Fa:tcm:b.
means of al) occur by bolting, but chemical anchors without bolting (fixing to floors by
RS s PO seal) areires ded. If the equipment must be bolted to the floor
ing inst ;;‘5"'5 shall be sealed or grouted to the floor (Figure 26 26). Care must t_ac taken dur-
floor i ! ‘“"‘"‘ to assure that the foot pad does not span over cracks, grout lines or other
be sm?‘gw[ ections, Whenever anchor bolts have been drilled into the floor, the holes must
nnt‘ ed with epoxy or similar materials, dependent on the floor, so that water and dirt are
allowed to leak into the hole. Floor fixings should be of stainless steel and have dome
nuts fitted,
Qng'_x"d feet should be radiused, free of sharp corners and crevices at the fixing point. Feet
s may have a foot base with flat (not reccommended) or sloped surfaces (recommended),
Or may consist of a pivot-socket arrangement where the pivot-end of the spindle may freely
swivel in the socket or internal cavity of a separate load-bearing foot base (Figure 20.27).
Th'ﬁ“ type of connection allows relative inclination of the foot stem and foot base as in an
articulated bone joint, and is optimal to allow equipment to be repositioned or moved to
uneven surfaces without loss of stability. Due to the non-rigid nature of the foot leg-foot
base transition and because the load of the supported equipment is more evenly distributed
Abo‘u( the surface of the socket, articulated support feet can better cope with the vibratory or
oscillatory movements of the process equipment.

Ball feet are not recommended because they leave uncleanable crevices between the floor
and the foot. Moreover, mechanically, they will almost destroy the floor, because — due to
their very small contact surface with the floor — they exert locally a very high pressure. 1f the
Process equipment is heavy and prone to vibration, the floor will break up very quickly.
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SPUNEL

FIGURE 26.27 Feet ends may have a foot base with flat (not recommended) or sloped surfaces (recom-
mended), or consist of a pivot-socket arrangement where the pivot-end of the spindle may freely swivel in
the socket or internal cavity of a separate load-bearing foot base. Feet ends with horizontal flat surfaces are not rec-

ded. For i d bility, all surfaces of the feet not in contact with the floor should be sloped, with

rounded corners and smooth welds (APV Baker, 2001)

,x L oA (|
3 4
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(a) (b)

FIGURE 26.28 (1) Foot spindle (1) 1s inserted into a bush (3) which is welded to a foot base (2). The foot spin-
dle is rigidly fastened to the foot base by means of a screw (4). This foot is not hygienically designed because l.he
upper part of the foot base forms a non-drainable flat surface (5). Debris and water may collect into the crevice
formed between the inner surface of the bush and the inscrted part of the spindle, and around the fastening (4)
(b) The foot spindle (1) is all-around flush welded (3') to the foot base (2) from which the upper surface parts (4°)
are now sloped to make them drainable (1 lauser, 20055)

All exposed surfaces shall have a smooth finish such that soil may be cleaned from the sur-
face using manual cleaning techniques, and be free of pits, folds, cracks, crevices and other
imperfections in the final fabricated form, when installed on the machinery and within the
specified load conditions. Hence, feet may not create dirt traps, and further they must be self-
draining which means that they shall not have pockets which retain liquids (Figure 2(1.2?<[_v).
Feet with fixing holes should be provided only if bolting to the floor is necessary, but avoid
the use of extra brackets. Figure 26.29 shows some examples of hygienically designed feet.

Equipment should be adequately located in position, with all its feet having a contact
face that is even so as to ensure complete contact with or to allow fixation to the floor. For
proper installation on uneven or inclined floors, the use of improvised shimming to level
food processing equipment is not allowed. Equipment feet adjustable by min £75mm
should be used. When adjustable feet with threads are used for this purpose, the threaded
spindle for leveling should be completely concealed in closed profiles/pipes or enclosed so
as not to cause accumulation of dirt and contaminants in the thread.

The load-bearing foot may also include a rubber layer underneath or rubber can be
embedded in the load-bearing foot. The elastomeric material may dampen the vibrations of
the operating equipment and may prevent slipping of the foot on the support surface. The
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