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PART I AGRI-FOOD SAFETY

Food safety is the extent to which those requirements relating specifically to characteristics or
properties that have the potential to be harmful to health or to cause illness or injury are met.

Food safety is the assurance that food will not cause harm to the consumer when it is prepared
and eaten according to its intended use. All requirements relating to the safety characteristics of a
food must be met; there must be no unacceptable health risk associated with a food. The assur-
ance that a food will not cause harm, injury, or illness is determined by (1) whether all harmful
substances present in the food have been eliminated, reduced to an established acceptable level,
or prevented from exceeding the acceptable level; and (2) the food has been prepared, handled,
and stored under controlled and sanitary conditions in conformance with practices prescribed by
government regulations. The harmful substances in foods are food safety hazards. The prescribed
conditions and practices for preparing, handling, and storing food are considered Good Manufac-
turing Practices ( GMPs).

For decades, the food industry has depended on the use of quality programs based on inspec-
tion and testing of food products for hazards, and on GMPs for addressing food safety. Since the
late 1980s, there has been widespread use of the HACCP system specifically to achieve food safe-
ty; the system addresses food safety primarily on the basis of prevention or elimination of unac-
ceptable hazard levels. The GMPs, which were used to address food safety requirements prior to
the use of the HACCP system, have been incorporated into prerequisite programs for the HACCP
system. A food company that does not operate with the HACCP system must continue to use the
GMPs,

Selected from: Alli, Inteaz. Food quality assurance: principles and practices. Florida: CRC Press LLC,
2004 . 31-32.



Unit 1 Agri-Food Safety Hazards

For a known food safety hazard, the extent of the harmful effects of the hazard on the health
of the consumer is established by risk analysis and by hazard analysis. Risk analysis is usually
conducted by a national food or health regulatory agency and addresses a public health concern
regarding a particular food safety hazard associated with a sector of the food industry. A risk
analysis is comprised of risk assessment, risk management, and risk communication. A primary
objective of risk analysis is to establish a national food safety objective for a hazard in a food.
The food safety objective for a hazard is the maximum frequency and concentration of a hazard in
a food at the time of consumption that provides the appropriate level of protection from the haz-
ard. The food safety objective can be cansidered as the maximum acceptable level for the hazard
in a food.

At the level of production, processing, handling, or storage, a food company performs haz-
ard analysis as part of the development of an HACCP plan for the food. Hazard analysis is the first
of the seven HACCP principles, and is performed to determine the health risk associated with a
hazard present in a food when it is produced, processed, handled, or stored, according to an es-
tablished sequence of steps at a particular location. Once a food safety objective for a hazard has
been established by risk analysis, it must be considered during the hazard analysis step of HACCP

plan development.

Biological hazards in foods

Pathogenic bacteria

Food-borne pathogenic bacteria are responsible for a large proportion of food poisoning inci-
dents in North America. Therefore, the importance of this group of hazards must be emphasized.
More than forty different pathogenic bacteria are known; however, a large proportion of the repor-
ted cases of food poisoning can be attributed to the following pathogenic bacteria: Salmonella
spp- , Eschericha coli 0157: H7, Lysteria monocytogenes, Clostridium perfringens, Clostridium
botulinum , Staphylococcus aureus, and Campylobacter jejeuni. Food poisoning from these organ-
isms occur frequently, with symptoms that include headache, muscle pain, nausea, fatigue,
chills or fever, stomach or abdominal pain, vomiting, and diarrhea. Numerous severe and fatal
illnesses occur as a result of food poisoning from pathogenic bacteria; infants and the elderly are
particularly vulnerable. The foods that are commonly involved in these food poisoning incidents
include meat and poultry and their products, seafood and seafood products, egg and egg products,
milk and dairy products, fruits and vegetables and their products, low-acid canned foods, and
water.
2



Unit 1 Agri-Food Safety Hazards

Viruses
Foods can be the medium for transmission of certain viruses. Examples of viruses that are

known to be food safety hazards are the hepatitis A and E viruses, the Norwalk group of viruses,
and rotavirus.
Parasites

Several human parasites can be transmitted by foods. The most common human parasites in-
clude parasitic protozoan species (e. g. , Entamoeba histolytica, Giardia lamblia, Cryptosporidium

parvum) , and parasitic worms ( Ascaris lumbricoides, Taenia solium, Trichinella spiralis ).

Chemical hazards in foods

Permitted food additives

Government regulations permit numerous chemical and biochemical substances to be added to
foods at specified maximum levels. These substances are intended to impart some improved nutri-
tional effect (e. g. , vitamin fortification) or some specific technical function (e. g. , preservative
action, sensory attribute, stabilizing effect, etc. ). In addition, the Codex Alimentarius contains
specifications of permitted food additives. Although food additives are permitted by government
regulations, many can be harmful if they are present in the food at levels above the maximum es-
tablished, and are therefore, potential chemical hazards. In some instances, a permiited food ad-
ditive present below the maximum allowable level in a food can be a health hazard for specific seg-
ments of the population. For example, sodium bisulfite is a permitted food additive in some foods;
however, individuals who are asthmatic could be at risk from foods containing sodium bisulfite.
The labels on the containers containing the foods must clearly indicate the presence of the addi-
tives for the benefit of individuals who may be at risk from these additives.

Naturally occurring harmful compounds ‘

It is well known that many foods contain as their normal or inherent components naturally oc-
curring substances that can be harmful if they are present in excess of certain levels; examples are
oxalate in rhubarb, alkaloids in potatoes, toxins in mushrooms and in shellfish. In the U. S. , the
FDCA considers foods containing these naturally occurring substances to be adulterated only if the
harmful substance is present in sufficient quantity that is likely to cause illness.

Unavoidable contaminants

Some foods can contain naturally occurring harmful substances that are not normal or inher-
ent components of the foods. These substances are considered unavoidable contaminants in the
food and cannot be removed through processing or manufacturing practices; examples are afla-
toxins from molds in peanuts and in some cereals. If the normal level of a naturally occurring
harmful substance in a food is increased to an unsafe level as a result of mishandling of the food
or by any other action, then the harmful substance can be considered as an added harmful sub-

stance.



Agricultural residues

Agricultural residues are a group of residual chemical or biochemical substances found in
foods and are directly attributable to certain substances that have been approved for use in the
production of crops and livestock for food. They include residues of permitted pesticides, herbi-
cides, fungicides, drugs, hormones, and antibiotics. Some of these residues are considered as
added harmful substances attributable to human actions and are regulated by governments. In
the U. 8. , these residues are regulated under several laws including the FDCA. The Codex Ali-
mentarius establishes maximum residual levels (MRL) for various harmful pesticides and veteri-
nary drugs.
Industrial contaminants

Several harmful chemicals that enter the environment as a result of industrial activity have
been shown to be present in foods. These substances include heavy metals (lead, mercury,
arsenic )} , organo-chlorinated compounds such as polychlorinated biphenyls ( PCBs), are consid-
ered as industrial or environmental contaminants.
Chemical residues

In food processing operations, some chemical compounds that are not permitted substances in
food are used during certain operations and care must be taken to prevent unintentional contamina-
tion. These substances include chemical compounds used for cleaning and sanitizing food contact
surfaces of processing, handling, and storage equipment, and for lubricating certain parts of food
processing equipment.
Prohibited chemicals

No chemical substance is permitted for use in a food unless it meets all of the requirements
that are covered in the applicable food laws and regulations.
Food allergens

Certain foods are known to contain inherent components that cause serious immunological ,
allergic responses in a relatively small proportion of food consumers. These foods are entirely safe
for most consumers who are not sensitive to the allergens. The following foods and some of their
products are generally considered to be the most common food allergens: peanuts, soybeans,
milk, eggs, fish, crustacea, tree nuts, and wheat. Some other foods (e. g. , sesame seeds) are
also known to cause allergenicity occasionally. In addition, sulfites ( including bisulfites and met-
abisulfites) used as ingredients in certain foods can produce nonimmunological allergic reactions

in certain sensitive individuals.
Physical hazards in foods

Physical hazards include organic or inorganic substances, commonly referred to as foreign ob-
jects, foreign matter, or extraneous materials. Hard and sharp physical hazards are of particular
concern. Depending on their size and dimensions, hard and sharp physical hazards can cause in-

jury to the mouth or teeth, or can cause serious injuries if swallowed. In addition, some physical
4



Unit 1 Agri-Food Safety Hazards

hazards, depending on their size, shape, and texture, have the potential to cause choking if swal-
lowed. Physical hazards in foods can be particularly harmful to infants.

Certain hard and sharp foreign objects that are natural components of food (e. g. , prune,
date or olive pits; fish bones, nutshells) are not considered physical hazards since it is expected
that the consumer will be aware that these objects are natural components of the foods. However,
if the food carries a label stating that the hard and sharp object has been removed (e. g. , pitted
prunes) , the presence of the hard and sharp object in the food represents a hazard, since it is not
expected by the consumer.

The common hazards considered as avoidable physical hazards in foods include broken glass,
pieces of hard or soft plastic materials, stones, pieces of metal, pieces of wood, and personal arti-
cles.

Broken glass

In a food plant, the common potential sources of broken glass include light bulbs, glass con-
tainers, and gauges with glass covers. Every effort must be taken to protect or eliminate these
sources of broken glass, and to protect food from contamination with this hazard. In addition ,
many foods are packaged, distributed and sold in glass containers. For these foods, the glass
packaging itself can be a source of broken glass.

Plastic

Both hard and soft plastic foreign objects are sometimes found in foods. In some food plants,
some utensils and tools used for cleaning of equipment are made from hard plastic material; this
type of plastic can become brittle from use over an extended period of time, and pieces can adul-
terate foods. The common sources of soft plastic foreign objects in food are plastic material used
for packaging food and gloves used by employees who handle food.

Metal pieces

The most common sources of metal pieces in a food plant are food processing equipment, me-
tallic cleaning tools, and equipment maintenance activities. In many food plants, magnets are
used to eliminate some metals from foods, and metal detectors are used to detect the presence of
metals in foods.

Wood pieces

The most common sources of wood pieces in a food plant are wood structures and wood pal-
lets. The presence of these sources should be avoided whenever possible in food processing and
production.

Stones

Many plant foods and particularly field crops such as peas and beans can contain small stones
that become incorporated with the foods during harvesting. In addition, in food processing plants,
a common source of stones is concrete structures, particularly concrete floors.

Personal articles

A variety of personal articles can become foreign objects in foods, resulting from unintention-

al adulteration by employees during preparation, handling, processing, and packaging. Personal
5
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articles that have been found in foods include jewelry, pens or pencils or their parts, Band-Aids,

and ear plugs.

Selected from: Alli, Inteaz. Food quality assurance: principles and practices. Florida: CRC Press LLC,
2004 : 34-39.

Words .and Expressions
pathogenic [.paeea'dzenik] adj. BURKY, WIEN, BRH
diarthea [ (daioria] n. B8, BIE
poultry [poultri] n. &
protozoan [.prsutau'z;;ugn] n. R4S
hepatitis [ ,hepo'taitis] n. [E] fFk
rotavirus [routavaisres] n. [#] #IRKE
food additive n. B FH¥ES N
vitamin fortification 24 Eilfk, HEE R h
specification [ ;spesifikeifon] n. 18I9S, ¥k, 58
asthmatic [ ®smaetik] adj. BENGH], HBEERGRE
oxalate [‘oksoleit] n. BIEgEh
rthubarb [rusbaib] n. ki, KEHHR
alkaloid [ @lkaboid] n. [4b] LEYIHR, YL
shellfish [felfif] n. M3h4Y, M7E2509
adulterate [ adaltareit] . B2, odi. BEH
aflatoxin [ ,@flotoksin] n. [4:4L] HehBHE
mishandling ['mishaendiip] n. RIE#ZEH, &RETHE
residue ['rezidjuz] n. A, BT, B, BRE, B
livestock ['laivstok] n. xE, #&
pesticide [pestisaid] n. 2§, M)
herbicide [ha:bisaid] n. BRELH|
fungicide [fandszisaid] n. 3%
antibiotic [ @ntibaiotk] n. $i%, HEE
veterinary drug n. 224§
contaminant [ ken'teeminent] n. iS4y, Sl
arsenic ['azsanik] n. (4k] 0, At
lubricate ['lusbrikeit] or. @ ; o. fNFEREW
allergen [elodzon] n. [BE] SRR, HHEUE
immunological adj. K
sensitive ['sensitiv] adj. BTN, UK
bisulfite [ \baisalfait] n. & HiLL
metabisulfite ['metobai'salfait] n. {RF GBS L:
choking ['t_l'aukir_)] adi. FBEK, BREIK, SRSk
pallet ['paelit] n. 4%
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Unit 1 Agri-Food Safety Hazards

Organo-chlorinated compounds # HL& ALY
Band-Aids 38 A8 41 AT 5

Salmonella spp. ¥ TEKHE

Eschericha coli KiGHF e

Lysteria monocytogenes BAA% 21 Hy 388 A 2= B b
Clostridium perfringens 7= JEREH T
Clostridium botulinum PIFEH B
Staphylococcus aureu £ G BBRE
Campylobacter jejeuni 25 g% il

Entamoeba histolytica ¥ NZSTE B

Giardia lamblia fifi A [RHEE
Cryptosporidium parvum B/NRFTF =
Ascaris lumbricoides ] 51

Taenia solium %N

Trichinella spiralis JE & M

Notes

(1] risk assessment: XU I¥AH, Wit PORAERTHENE. SRYBERIE. SiHHFE.
REFELMCSEM IS, NEHPEY. ERYHEEE S AR BEE WA
RERHTIRA . BAMER, RERMESEEYWRERG

[2] risk management: KUSEH, WIEREIPMARILE, HEM TS SHSIER, ]
] REA RLHb A2 ] £ B XU, AT A5 R A Ak i e

[3] risk communication: M3ZH, FERBIEMHAL . FEAR . WHEMEMA L HIE
ZIAIHATHIR T XU AT B . AL R, KU B 2 LA R R i — S . &
REHZR. ’

[4] HACCP (Hazard Analysis and Critical Control Point) : fEEMTHCEEE S, BHES
ARFEHBREAETE . T, . EMEASEBPNLE, E£RE R, EHM
BEHTHRE MY, SEMRAKW T E, B LAEUENERGSHERR, 10
AHRE: BWEE. BE LB ER A, HITHB . M. 2IERE. Bl
e

[5] low-acid canned foods; {IEBRMEEELEE &,

[6] the Norwalk group of viruses: PEKFLMEE, B R B ERAITHES B LML ERE,
A SIRSHEEE,

[7] the Codex Alimentarius: £r&hiZ:l, & HEin HbREMERZE R4S (Codex Alimenta-
rius Commission, CAC) #5E, B hEREHE. BREFMNTE. SRELSHE
VM EPRE SRS EE AR S R,

[8] FDCA (the Food, Drug and Cosmetic Act) : £f. 25 A,

[9] hepatitis A: WRIFRMEIF K, B FEIFRE (HAV) SIEMN—FREtifs, 5
RE3E - NGERRRY, B AMNERY SR EEZE. mEP KT rRES
Jokif. BY. AERAEFSIEME O A 8 HETEE,
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Exercises
Answer the following questions according to the text.
1. How many hazards are associated with food? Please give two or three examples for each.
2. What is the definition of risk analysis?
3. What is the meaning of agricultural residues? How many agricultural residues do you know?
4. How many factors are referred to as physical hazards in foods? What are they?
Translate the following English phrases into Chinese.
risk analysis risk assessment chemical hazard organo-chlorinated compound
food additive veterinary drug physical hazard maximum residual level
food poison agricultural residue HACCP industrial contaminant
Translate the following Chinese phrases into English.
BiEE KNREE AMER BARFKT 2Pd8FE mEE
WEYM KRR ARER A4ERBRAN 4APHEE ERESEEES
Choose the best answer for each question from the four given choices according to the text
1. Which of the following statements is NOT true about risk analysis?
A. Risk analysis is usually conducted by a national food or health regulatory agency
B. A risk analysis is comprised of risk assessment, risk management, and risk communication
C. Risk analysis is the first of the seven HACCP principles
D. A primary objective of risk analysis is to establish a natjonal food safety objective for a hazard in a food
2. Which of the following does not belong to biological hazards?
A. Pathogenic bacteria B. Additives C. Viruses D. Parasites
3. Which of the following group is not included in the naturally occurring harmful compounds?
A. Oxalate in rhubarb, alkaloids in potatoes
B. Alkaloids in potatoes, toxins in mushrooms and in shellfish
C. Oxalate in rhubarb, toxins in mushrooms and in shellfish
D. Parasitic protozoan species, parasitic worms

4. Some people who are asthmatic could be at risk from foods containing

A. Alkaloids in potatoes B. Parasites
C. Aflatoxins from molds in peanuts D. Sodium bisulfite
5. PCBs (polychlorinated biphenyls) are considered as .
A. Industrial contaminants B. Chemical residues
C. Prohibited chemicals D. Unavoidable contaminants

6. Which of the following statement about food allergens is true?
A. Certain foods which contain inherent components that cause serious allergic responses in some food
consumers should be prohibited in food market
B. Certain foods which contain inherent components that cause serious allergic responses are not safe for
all the consumers
C. Peanuts, soybeans, milk, eggs, fish, crustacea, tree nuts, and wheat are generally considered to be
the most common food allergens
D. All of the above
7. All of the followings are physical hazards in foods except

A. Pieces of hard or soft plastic materials, pieces of metal



Unit 1 Agri-Food Safety Hazards

B. Pits of dates without a label stating that the pits have been removed
C. Pieces of wood, and personal articles
D. Broken glass, stones

V  Translate the following short paragraphs into Chinese.

1. Risk analysis is usually conducted by a national food or health regulatory agency and addresses a public
health concern regarding a particular food safety hazard associated with a sector of the food industry. A risk analy-
sis is comprised of risk assessment, risk management, and risk communication.

2. Agricultural residues are a group of residual chemical or biochemical substances found in foods and are di-
rectly attributable to certain substances that have been approved for use in the production of crops and livestock for

food. They include residues of permitted pesticides, herbicides, fungicides, drugs, hormones, and antibiotics.

Reading material

Food Safety and Food Security

Food safety is of public concern and its definition is evolving due to its highly political nature
and its global health importance. Food safety is an integrated index of a degree of protection from
hazards, of reliability, and of edibility of foods; therefore, safe foods are securely protected , reli-
ably produced, and harmless edible and nutritious products. Protection means to secure the food
products out of harm’ s way. Reliability implies dependable, trustworthy, and careful actions of
the entire food stream, from producers to consumers. Edibility describes the nondangerous, harm-
less, or nontoxic nature of foods as well as their positive health benefits.

Hazards endangering food safety are of chemical, physical, or biological origin. Chemical
hazards include pesticides, herbicides, insecticides, and other agrochemicals, and toxic com-
pounds. Explosion, blade-cut, broken glass, stones, and other dangerous obstacles are physical
hazards. Pathogens, virus, parasites, insects, rodents, and other unwanted organisms are biologi-
cal hazards. Most of these hazards may inadvertently compromise the safety level of food products;
however, intentional tampering of foods for any political reason and, more seriously, massive and
destructive acts of terrorism represent another category. The unintended hazards may break out ac-
cidentally despite thorough quality and security assurance programs. However, malicious tampe-
ring and acts of bioterrorism are unpredictable, despite vigilant food inspection programs and regu-
lations of oversight agencies, and not only jeopardize the level of public health but also destroy in-
nocent human life and society.

Food security refers to the availability of food and one’s access to it. Food security exists
when all people at all times have access to sufficient, safe, and nutritious food to meet their dieta-
ry needs and food preferences for an active and healthy life. Therefore, hunger or starvation is the
consequence of a low level of food security. After September 11, 2001, the meaning of food secu-
rity broadened to encompass reliable access to safe food.

Thus, the common meaning of food security changed to protection of the food system against
bioterrorism. Basic approaches to antiterrorism and food safety actions involve (1) multiple lay-

9
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ered defense lines, which are a great example of hurdle technology to enhance the level of newly
defined security; (2) a reliable and prompt tracing system of data involved; and (3) precise as-
sessments of risk and benefit. The effectiveness of antiterrorism and food safety programs is bal-
anced with the convenience and quality of public services. In the case of food systems, the more
convenient foods, such as ready-to-eat case products or minimally processed foods, are more like-
ly to be contaminated with undesirable hazards than are fully cooked foods, canned foods, or mili-

tary rations.

Selected from: Heredia, Norma., Wesley, Irene., Garcia, Santos. Microbiologically safe foods. New
Jersey: John Wiley & Sons, 2009 . 507-508.

Words and Expressions
massive [maesiv] adj. JEEK, K, BN, 255H
malicious [ malifss] adj. A EZMN, BIHN
bioterrorism [ baiou'terarizom] n. 4 ¥RLKiTESh
vigilamt [Vidzilont] adj. BIBE K, BREK
jeopardize ['dzepadaiz] vt st FalZH, R
antiterrorism [ ,@@ntiterarizom] n. R X

10



Unit 2 Chemical Hazards

Chemicals can occur in the food chain due either to their existence in the environment
through unintentional contamination of food, or to their intentional use somewhere along the food
production chain. Generally, industrial pollutants are unintentional contaminants of foods, so,
even if regulated, may be difficult to control. Agricultural chemicals are deliberately applied to
land or crops during production, so their use can be both regulated and controlled. Some toxic

chemical compounds can occur naturally in foods and in the environment.

Industrial Pollutants

Heavy metals

Heavy metals which can occur in foods include lead, arsenic, mercury, cadmium, copper,
fluorine and selenium.

Lead can occur in animals grazing close to lead-smelting plants or after ingestion of paints or
lead-containing substances. Paint on animal housing and fences may contain lead and be licked
by farm animals. Animals accumulate lead in the bones, and acute exposure results in high lead
levels in the liver and kidney.

Food animal exposure typically occurs via feeds or liquids contaminated with arsenical herbi-
cides, rodenticides or insecticides. Arsenical compounds have been used as antiparasitics in the
past, but are now largely obsolete. Accumulation of arsenic occurs in the liver and kidney, when
fatty degeneration can be seen. Arsenic also accumulates in the bones of animals.

Cadmium is an increasing problem in farm animal production. Unacceptably high cadmium
levels can occur in animals, particularly cattle, after grazing pasture irrigated with aerobically di-
gested sludge. High levels of cadmium are a major concern in fish and shellfish hygiene, since
the metal is a major water contaminant. Cadmium accumulates in body tissues and can ultimately
cause kidney failure in humans.

Halogenated hydrocarbons

This group of reactive compounds includes polychlorinated biphenyls ( PCBs) , polychlorinat-
ed naphatelenes (PCNs) and dioxins.

Common sources of PCBs and PCNs are electrical machinery, industrial plants, lubricants,
paints and some insecticides. These pollutants are extremely stable, and do not break down readi-
ly in the environment or in food. PCBs and PCNs accumulate in the liver. Their toxicity primarily
relates to teratogenic and carcinogenic effects.

Dioxins have industrial origins similar to PCBs and PCNs. The main source of dioxins is the
burning of chlorine-based compounds with hydrocarbons. Two industries which produce or use sig-
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