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Subject: HYGIENE AND SANITATION MANAGEMENT            Credits: 4 

SYLLABUS 

Scope of Sanitation and Risks Points 
Concept of “control points,” in the food service system. Explain what a Sanitation Risk Management (SRM) 
program is and how it works. Describe the Food and Drug Administration’s guidelines for food service 
sanitation, based on the FPO Food Code.Describe the Hazard Analysis Critical Control Point (HACCP) 
system and how it relates to the SRM program. 
 
Laws Related to Food Safety 
Explain the importance and functions of the various federal regulatory agencies relevant to the food service 
industry identify the functions typically performed by state and local regulatory agencies with regard to food 
service, and name the major food service trade organizations. Discuss the frequency of regulatory authority 
inspections, list the most important inspection items, outline important aspects of the inspection procedure, and 
explain management responsibilities before, during, and after an inspection. 
 
Food Poisoning And Hygiene Practices 
Explain the conditions leading to an outbreak of food borne illness, list the three most frequent causal factors in 
outbreaks, and list the 11 steps in handling a food borne illness complaint. Indicate what food service managers 
should know about AIDS and HIV.Understand the personal health and hygiene practices necessary in a food 
service establishment. List common chemical poisons and food borne physical hazards, and describe control 
measures. Explain the processes involved in the breakdown of food products, list the common causes of food 
spoilage in a food service establishment, and outline food preservation methods. Review the process of menu 
planning, recognize important trends affecting menu development, list the major truth-in- menu regulations, and 
discuss proposed nutritional/ingredient disclosure legislation. 
 
Risk Assessment And Quality Control Systems 
Identify the factors that influence purchasing needs, list the functions of the purchasing control point, and 
explain how a buyer can reduce risks at the purchasing control point. Describe requirements and sanitation risk 
reduction measures for the receiving, storing, and issuing control points. Describe requirements and sanitation 
risk reduction measures for the serving, preparing, cooking, and holding control points. Describe requirements 
and sanitation risk reduction procedures for the cleaning and maintenance control point, and identify 
requirements for water supply, sewage, plumbing, toilet and lavatory facilities, and refuse and garbage disposal. 
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Welcome you all to Semester – I of Hygiene and Sanitation

Management.

The course, which I will be teaching you, is hygiene and

sanitation management. Knowledge of sanitation risk manage-

ment is absolutely essential. Now I will give a brief outline of

the syllabus.

This unit presents a systems approach to answering public

health concerns, reducing sanitation risks, and ensuring

satisfaction for guests, staff members, and YOU as a sanitarian.

It explains how to define and implement sanitation quality, cost

control, and risk reduction standards in a hospitality operation.

These include a streamlined process of HACCP principles

(Hazard Analysis Critical Control Point), an internationally

recognized system for ensuring safe food production, to

provide a high level of quality & assurance.

Imagine a newspaper headline or radio or TV lead story that

starts out by stating: “Guest dies from eating contaminated

oysters” or “Guests wretch uncontrollably after noticing worms

HYGIENE AND SANITATION MANAGEMENT - I

COURSE OVERVIEW

in their rice.” Each of these situations actually happened, and

both resulted in media coverage as well as lawsuits against the

food and beverage operations that served the food. Large-scale,

nationwide recalls of food have made headlines in recent years

as well. When more than 1000 people became ill after eat-ing

raspberries from Guatemala, Guatemala’s 1998 crop of

raspberries was banned from the United States. A wholesale

food supplier recalled 25 million pounds of ground beef

because of food safety concerns. And in 1993, a bacteria

outbreak al-most forced the Jack in the Box quick-service chain

out of business after a number of guests died or became

seriously ill after eating hamburgers infected with E.coli at its

restaurants. As you can see, food sanitation issues are high on

the list of concerns for guests and owners of food service

businesses. Yet the dining public is not fully aware of the scope

of poten-tial food dangers.

The source of many food borne diseases is infectious microor-

ganisms, or path-ogens. A food borne illness also results when

food containing toxic or toxigenic agents is eaten.
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UNIT I
FUNDAMENTALS OF

HYGIENE AND SANITATION
MANAGEMENT

LESSON 1:
HYGIENE AND CLEANLINESS

Learning Outcomes
• Understanding what is the importance of Hygiene &

cleanliness and their daily requirements.
• Understanding disinfection and disinfectant.
• Learning to combat Kitchen Hazards.
• Learning how to deal with food poisoning, characteristics of

pathogens, its growth and survival conditions and their
sources and control measures

It is easy to think that the clean kitchen is a hygienic one, but
this does not necessarily followed. Cross contamination, poor
temperature control, and many other dangerous practices can
exist in the cleanest of kitchens, and many of the reported out-
breaks arise from clean premises.
To go to extremes, an army field kitchen in a combat zone may
be anything but clean, with mud floors, canvass walls and
wooden trestles, yet, because of the type of food handled, and
the way it is presented, it will still be hygienic.
Cleanliness however is still very important. Among other
reasons a high standard should be kept up to:
1. Provide a pleasant and attractive working environment.
2. Reduce the chance of a pest infestation building up without

being noticed, or provide food for pests.
3. Allow disinfections procedures to work.
4. Prevent damage to, or reduction in efficiency of, equipment.
5. Foster efficient and economic working methods, with a

minimum of waste.
6. Reduce risks of accident.
7. Promote a favorable image to the customer.
Cleanliness also has an additional vital importance in that staffs
are unlikely to act in a hygienic way if their surroundings are
dirty. In this respect cleaning cannot be divorced from hygiene,
and while it is not all there is to hygiene, a clean kitchen provides
a good start.

Personal Hygiene: Checklist
While detailed aspects of personal hygiene are covered in other
data sheets, the following is a list of basic requirements for
every food worker:
1. Bath regularly, daily if possible. Keep your hair and finger

nails clean and in good condition. -Keep hair covered while
at work

2. Keep your teeth clean and in good condition, otherwise your
mouth will become the home for potentially dangerous
germs. Visit the dentist regularly, not less than once every six
months.

3. Wear clean clothes and the minimum of personal jewellery,
watches and rings. If rings must be worn, they should be
removed for washing hands.

4. Always wash your hands when first coming on duty, just
before you start handling food, when you have used the
W.C. or been in the toilet area, when you have handled raw
meat before touching cooked foods, and when you have
smoked or eaten anything, and when your hands are dirty.

5. Keep all sores, burns, cuts, spots and boils etc. covered with
clean waterproof dressings. Report to your supervisor if
wearing plasters interferes with your work. He/she may be
able to arrange alternative duties.

6. Do not smoke, handle tobacco or any similar product, or
spit in a food room. Do not cough or sneeze over food.

7. Report any illness to your supervisor/manager, when you
become ill, without any delay. This applies even when on
holiday, if possible, and on your days off. When visiting a
doctor, always make sure that he/she knows that you are a
food worker.

8. Avoid unnecessary handling of food. Hands are not sterile
after washing

Above all, use your common sense. If you think you, or the
way you behave can contaminate food or otherwise cause
danger, do something about it straight away.

Hand Care
Hands, more than anything else, are likely to contaminate foods
unless great care is exercised. Washing hands properly is part of
the care that will prevent contamination, but only part. Healthy
skin is just as important so the points to keep in mind are listed
here:
1. Keep hands dry as far as is possible, and dry your hands

thoroughly after washing them or getting them wet. Do not
leave them to air dry. Soap, even bactericidal soap, will not
sterilize hands, but on dry healthy skin, most germs will not
survive.

2. When washing your hands do it properly removing all traces
of dirt. As well as causing a risk of contamination, dirt will
irritate the skin and allow germs to flourish on it.

3. After using detergents or cleaning agents, rinse your hands.
Thoroughly in clean running water until the “soapy” feel has
gone, then dry them properly. Even small traces of
detergents can irritate the skin, and it is usually failure to rinse
hands properly rather than the use of detergents that causes
skin irritation.

4. If rubber gloves are used for any reason, make sure that the
insides of the gloves are clean and dry before you put them
on. Wash them after use, turn them inside out and leave to
dry.
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5. If any cleaner is used, where the instructions say that gloves
should be worn, make sure that gloves are worn. Sometimes
gloves will appear to be unnecessary and under normal
conditions this might be so. The catering worker however is
in a special position as regards the use of cleaning agents as it
is repeated exposure over a long period of time that does the
damage to skin, so gloves must be worn for this reason.

6. Keep cuts, scrapes and abrasions on the skin covered with
clean and washable plasters and a finger stall if needed. If
you have cuts etc. and the nature of your work both involves
handling “sensitive” foods and makes the wearing of
plasters difficult, see if your supervisor can arrange other
work.

7. Keep fingernails trimmed, in good condition and clean at all
times.

8. If you suffer from a rash or abnormal condition of the skin,
see your doctor for advice and make sure that he/she knows
you are a food worker. Report any such rash etc. to your
supervisor.

The main thing to remember however is that healthy clean skin
will kill off most germs that invade it. When the skin is broken,
damaged, or dried out for whatever the cause, it becomes a
home for germs. Skin care therefore is vital.

Definitions: Cleaning & Detergents
Cleaning means different things to different people, so in
catering it is useful to have a definition of something that
affects everyone. Here is one:

Cleaning
A process intended to remove unwanted material of no value
to a level that is visually acceptable, prevents the impairment of
the function of an area or the equipment and fittings in it, and
does not foster pests. It must also be to a level where chemical
disinfections can be carried out satisfactorily, where needed,
without being affected by the remaining material: (The un-
wanted material is generally called “dirt” or “soil”.)
The process usually involves three stages, as follows:
a. The removal of gross, loose dirt by mechanical action.
b. The penetration of the film remaining by a combination of

heat and chemicals, and its loosening and suspension.
c. The removal or rinsing off of loose suspended dirt.
The chemical normally used for the purpose of cleaning is called
a DETERGENT.
All cleaning agents are in fact detergents, even soap, although
detergents are generally taken to be synthetic liquid compounds,
comprising of SURFACTANTS, ALKALINE BUILDERS,
WATER SOFTENERS and a variety of other chemicals
according to the use to which the detergent is put.
Detergents can however come in a variety of forms from
powders and gels to thick and thin liquids, of varying degrees
of activity.

The Nature of Dirt & Cleaning Processes
Dirt in the kitchen has different characteristics, which affect the
way in which it can be removed. Forgetting loose dirt that can
be swept off a surface there are two important classes.

1. Alkaline Soluble Dirt
2. Acid Soluble Dirt
Most cleaners in the kitchen are alkaline and are made to deal
with fats, carbon deposits and food wastes) which can be
dissolved by them as part of the chemical action. A particular
type of dirt found in the kitchen, scale, will however never is
removed by an alkaline cleaner as it is acid soluble and for that
an acid cleaner needs to be used.
There is a third class of “dirt”, that which is soluble in neither
acid nor alkaline, most often found in kitchens as “stains”.
Adding either chemical type however strong will never remove
this type of dirt and a SOLVENT has to be used. As solvents
are usually very specific in their action, it is usually better to get
specialist advice on particular problems.
Chemicals in any case are only part of the cleaning picture. The
process of cleaning is best defined as:
The systematic application of energy to remove dirt.
That energy can be supplied in three ways, or in combination as
1. Mechanical energy: scrubbing, rubbing, scraping etc.
2. Chemical energy: alkaline or acids.
3. Heat: hot water or dry heat as in an oven.
The particular form or combination of energy used will depend
on the amount of dirt and how firmly it is attached to the
surface, the situation and time available to do the job. Most
importantly it will also depend on the nature of the surface to
be cleaned, called the SUBSTRATE, and whether it will be
damaged by any of the forms.
Cleaning therefore means the choosing of the type of energy to
be applied to a surface after identifying the type of dirt and
surface, as well as removing dirt.

Detergents Explained
The basic substance used for cleaning is water, which by itself
does not work very well. I t tends to form a “skin” round itself
a property called SURFACE TENSION which stops it getting
deep down into the dirt. Water also does not dissolve fats and
oils found as part of dirt.
To make up for this a group of chemicals are added to the
water. The name of this group is a DETERGENT, and is
made up like this:

Surfactant

A chemical that is able to reduce surface tension and can
combine with both fat and water at the same time. This lets the
water get right down to the dirt or PENETRATE it, breaking it
up into small bits EMULSIFYING it, and keeping it broken
up, SUSPENDING it.

Alkaline
BUILDER: Surfactants on their own do not work very well
because acids found in dirt stop them working, so ALKALINE
BUILDERS are also added. These NEUTRALISE the acids and
stop the emulsions breaking down thus STABILISING them.
Alkaline also react with fats and oils to form soap, a process
called SAPONIFICATION, and the soap made helps clean the
surface as well.
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Water
SOFTENER: Because the reaction of hard water with soap
forms scum, WATER SOFTENERS are added to stop scum
being made.
These chemicals then made up the basic detergent. To this
group can be added a witches brew of chemicals to help out or
improve the performance. Among these are NON-
REDEPOSITION AGENTS, which help the surfactant
suspend dirt. FOAMERS which provide the foam,
OXIDISING AGENTS which remove stains, BUFFERS which
control the rate of release of alkaline, and PERFUMES, DYES
and PRESERVATIVES and  THICKENERS.



4

H
Y

G
IE

N
E

A
N

D
S

A
N

IT
A

T
IO

N
M

A
N

A
G

E
M

E
N

T
I

LESSON:2
DISINFECTION AND DISINFECTANTS

Before any useful progress can be made with developing proper
cleaning and disinfect ion techniques in the kitchen, everybody
needs to be using the same words to mean the same thing. This
note therefore, defines the word disinfectant and related terms,
as an aid to avoiding confusion:
Disinfection: A process intended to destroy (or remove)
micro-organisms, i.e. germs. It does not necessarily have to
destroy or remove them all, but just reduce them to a level,
which will not harm health or the quality of food.
Disinfectant: A chemical agent used for disinfection.
Two other definitions are also commonly used in disinfection
Sanitization: A process of cleaning and disinfection, carried out
at the same time.
Sanitizer: A chemical agent used for sanitization. This chemical
is often misnamed; detergent/sterilisers, detergent sanitizers,
germicidal detergents are examples. These term? All mean the
same thing, and their correct name is “sanitizer”.
Points to remember about disinfection are that the process is a
relative one, and that all germs do not necessarily have to be
killed or removed. Thus the surface of a floor, which comes
nowhere near cooked food, can have a fairly high number of
germs on it and not affect health or the quality of food. A work
surface however, used for the preparation of cream or cooked
meats will have to be almost free of germs before it can be
considered safe.
Both surfaces, one with a higher level of germs than the other,
can be thought of as disinfected, even though they are not to
the same standard, as long as the germs present will not harm
health. In the case of a floor, ordinary cleaning with a detergent
will often remove sufficient numbers of germs to avoid hard to
health, so the process of cleaning can, in this case, be a process
of disinfection, even though a disinfectant as such has not been
used.
One final point: Disinfectants do not have to be strong
smelling or highly coloured to work well. The chemical, not the
smell, does the work.

Disinfectants: Where and Why
Disinfectants need to be used on all surfaces and utensils where
the cleaning process does not remove sufficient number of
germs to avoid danger to health or damage to the qua1ity of
food. Genera11y, the on1y p1aces in the kitchen where either
wi11 be involved is where “sensitive” foods are hand1ed, or for
utensi1s that come into contact with “sensitive” foods, such as:
a. Sandwich preparation areas
b. Gateaux.assemb1y areas
c. Refrigerators and cold stores where cooked foods are stored.
d. Cooked food set down in the cooking area.

The main thing to remember is that it is usua11y only food
contact surfaces to which disinfection should be app1ied on a
routine basis.
The reason for disinfection is to prevent indirect cross contami-
nation. Because germs will survive on even visibly clean surfaces,
any surface that has had a raw product placed on it can harbor
millions of germs even after cleaning.
If a sensitive food is then placed on that surface, it wi11 then be
contaminated by those germs, even though no direct contact
has occurred between the two classes of product.
The best example of this can be found in the 1arder type
situation, where raw meat may be cut onto a table which is then
just c1eaned and afterwards used for cold meat salad assembly.
Further indirect contamination can also occur when containers
and packages containing raw products come into contact with
surfaces, which are 1ater touched by sensitive foods.
The use of disinfectants between contacts however will remove
the possibi1ity of cross contamination. One important point to
remember though is that disinfection has nothing to do with
c1eaning. The two processes are sometimes carried out at the
same time, using a sanitizer but this does not alter the fact that
two processes have in fact been carried out.
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LESSON:3
MAIN KITCHEN HAZARDS

The following is a list of the main hazards that may effect the
kitchen worker, with brief precautions, for inclusion where
relevant, in the unit safety policy:
1. Handling knives and other cutting tools: Always follow knife

drill. See Data Sheet 3.10.
2. Operating dangerous machinery: Food slicers, mincers,

peelers etc. Always obey specific instructions relating to
machinery. See Data Sheet 3.11 & 12.

3. Spillages and obstructions on floor: Work clean and wipe up
spillages the moment they occur. Keep passages and other
traffic areas free from obstruction. See Data Sheet 3.22.

4. Fire: Learn and obey the fire drills.
5. Misuse of mechanical or electrical equipment: Never use

equipment for any other purpose than the purpose for which
it was intended. Report all faults and do not use defective
equipment. Never attempt to put a fault right yourself. See
Data Sheet 3.14.

6. Misuse or incorrect storage of cleaning chemicals: Always use
chemicals as directed. Always store in the place al located in
the original marked containers. See Data Sheets 3.15 - 17.

7. Refuse handling and storage: Keep broken glass separate
from other refuse in the kitchen. Do not al low refuse to
build up in \ the kitchen and cause a fire hazard. See Data
Sheet 3. 18.

8. Lifting and Carrying: Do not attempt to carry anything that is
awkward or heavy, without getting help. See Data Sheet 3.20.

9. Reaching high places: Always use steps or the correct means
of access. Do not use chairs, boxes or other articles.

10.Running in the kitchen area: Never run, always walk. Look
before you move

11.Stacking goods: Make sure shelving is secure and can take the
intended weight. Note and obey warnings on packages about
stacking heights. Never stack sharp objects where they can fall
and cause injury.

12.Gas appliances: Use correctly. Turn off after use. Report all
gas leaks the moment they are noticed. See Data Sheet 3.25.

Other hazards may exist, which will be brought to your
attention in company memoranda, and where appropriate, in
further D.

Safe Use of Chef’s Knives and other Dangerous Hand
Tools
The dangers of knives are obvious, and under working
pressures accidents can happen all too easily, Basic common
sense is the key to safety, bearing in mind the following points:
1. Always use the right knife for the job for which it was

designed, on the correct cutting surface. Keep your hands
and knife handles clean and free from grease as far as
possible. Never misuse knives.

2. Make sure that knives are kept in good condition, that
handles are kept undamaged and secure. Keep blades in the
same good condition and keep them sharp. Never use blunt
knives.

3. Never carry knives blade upwards, protect the blade with a
sheath or scabbard or carry knives in boxes or trays. Never
run while carrying a knife, and for normal movement during
jobs, carry the knife blade downwards by your side.

4. Always cut with a knife away from your person. For fine
work form a “bridge” with your fingers and cut between the
“bridge”.

5. Always cut with the work piece firmly placed on a secure
surface. Never work with the work piece raised, unless of
course you are peeling, with the correct knife. Work in an area
where you will be undisturbed and not “bumped” by
passing traffic.

6. Never put sharp knives or other sharp tools into sinks full
of water and leave them there: when washing knives in a
sink, clean them one at a time, keeping hold of the handle all
the time. When cleaning the blade, always wipe downwards
from the blunt side

7. Never under any circumstances, hold or handle a sharp knife
by the blade.

8. Always store knives in scabbards or the correct container, and
always with the blade pointing away from you. Never mix in
knives with unprotected blades in with other tools or articles.

Because of the risk of very serious injury while handling sharp
knives, even if serious injury is rare, a rubber bandage should
always be close to hand where these knives are handled.
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LESSON:4
FOOD POISONING

The nature of food poisoning is generally well understood,
even if it is a contradiction in terms. Food sustains life, poison
destroy it. However for reference a definition of food poisoning
is included here, with explanations:
FOOD POISIONING An illness brought about in a

person by the consumption of
food contaminated by noxious
materials of micro-organisms.

A distinction is made between food poisoning and diseases of
a specific nature that are carried by food, such as Typhoid,
Brucellosis or Diphtheria. These are known as Food Borne
Diseases. Generally food poisoning is considered to have
occurred when it is caused by
FUNGI Moulds in the substance of the

food or harmful fungi mistakenly
consumed as edible fungi
mushroom etc.

CHEMICALS Those less readily known as poison
such as lead arsenic or antimony as
well as substances like weed killer
that has contaminated food.

BACTERIA Certain specific groups of bacteria
such as : SALMONELLAE
CLOSTRIDIUM PERFRINGENS
(formerly WELCHI)
STAPHLOCOCCI
As well as other less well known
groups.

VIRUSES Certain ill defined and poorly
understood viruses known
collectively as entero viruses.

In some cases, other types of micro-organism may be respon-
sible for food poisoning. As may certain parasites.

Food Poisoning: Bacterial causes and Illness
Identification
Although there are many groups of bacteria that can cause food
poisoning knowledge o five main groups is sufficient for
practical purposes as follows:
BACTERIA MAIN SOURCES ONSET MAIN

SYMPTOMS

SALMONELLA Meat and eggs 12-36 Hrs. Headache

Dairy goods Neusea

Carriers Vomiting

Diarrohoea

Fever

PERFRINGERNS Meats, particularly 8-22 Hrs. Diarrhoea

Stews

(WELCHII) Gravy and soups Stomach

Pains.

STAPHLOCOCCI Human skin 2-6 Hrs. Nausea

Cuts, boils, spots Vomiting

Diary goods Stomach pains.

CERUS Rice 2-15 Hrs Vomiting

Corn flour Diarrhea

BOTULINUM As for Per fringes 24-72 Hrs. Tiredness

(RARE) Fish (Trout) Headache

Canned meats Dizziness

Paralysis of the
throat Death in 24
Hrs. to 8 days

This chart should only be taken as a guide: only the main
information is given, and variations constantly occur.

Sources of Food Poisoning Germs
Germs do not come out of nowhere, nor do they exist
everywhere. In a sense, they are parasites that live in or on
warm-blooded animals. For that reason, food poisoning germs
are very rarely found on fresh fish, and any germs found in your
kitchen are at the end of a journey that started with an animal,
the source.
To get from that place to the kitchen, germs have to be carried.
By themselves they cannot travel very far, inches at the most,
and it is rare for them to be carried in the air.
The main place to look for the “carrier” is meat, since meat is an
animal product, and it is no exaggeration to say that most food
poisoning germs, Salmonella certainly, start on the farm and
come to the kitchen via the slaughterhouse, meat plants and
butchers.
Soil is also a source of food poisoning germs, but only because
fields are occupied by animals. Germs that infect fruit and
vegetables, or the soil sticking to them still started off their
journey with animals, these products are just the carriers. In the
same way, cereals and other foods that are known sometimes to
be infected with food poisoning germs are only a passing home
in the life of a germ.
Biologically speaking, human beings are animals so all people
who come into contact with food are potential sources. Some
types of germs are so common that they are present in the skin
of nearly everybody; others are less common, living in the gut.
Pests, both rodents and insects, can also be considered as
animals, and these are the third major source of germs, so well
established that the most common type of Salmonella is
named after the mouse. Pests may also carry food poisoning
germs from one place to another, from the dustbins to the
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kitchen for instance, and in this respect they are not the direct
source, but carriers, sometimes called “vectors”.
For practical purposes in catering, it is not necessary to distin-
guish between the main source and the carrier. Knowledge of
the main sources helps in the understanding of food poisoning
control, but to all intents and purposes, everything in the
kitchen must be thought of” as a potential source of food
poisoning, unless and until active measures have been taken to
remove or control that source.
Animal prodicts however will be the main target, since these are
the main sources, heat processing, as in milk pasteurization, and
cooking being the main line of defence. Cooking is in fact the
main barrier between food poisoning and the consumer, and
every other activity is supplementary to that.

Definitions: Carriers
Throughout the history of food borne disease, the carrier has
always held a prominent position in the spread of food
poisoning. The carrier can be dangerous so a definition and
explanatory notes are included here:
CARRIER: An infected person (or animal) that harbours

a specific infectious agent without showing
any symptoms and acts as a potential source
of infection to man.

A carrier does not have to have an infection to become infective:
Exposure to certain types of bacteria under certain conditions,
for instance Salmonella while handling raw meat over a long
period, can result in a carrier state.
Carriers therefore are subdivided into groups according to the
nature of the state and, sometimes the way they acquired
infection, as follows:
HEALTHY a carrier who has acquired that state without

having had any apparent illness.
CONVALE- a carrier who has acquired that state
SCENT as a result of illness associated with

the infectious agent carried.

TEMPORARY a carrier who is in the carrier state for a short
period of time.

CHRONIC a carrier who remains infectious for a long
period of time.

INTERMIT- a carrier who excretes infectious material on
TENT an irregular basis.
Generally, carriers are dangerous because they excrete infectious
material in their faces, which can, by poor personal hygiene or
disinfections be transferred to food. The most dangerous type
of carrier is the healthy carrier who may remain unrecognized
and continue working with food, more so if he/she is intermit-
tent, when even if the carrier state is suspected it may be difficult
to detect.
Carriers are detected by stool (faecal) sampling, either after a
food poisoning outbreak or on a routine basis. This is an
unreliable way, owing to the presence of intermittent carriers. It

is estimated that up to 6% of the population are carriers of one
sort or another.

Factors Influencing the Survival of Germs
Knowledge of what germs need to survive, and what kills
them, helps the understanding of how they can be control led
in the kitchen. Listed here are some of the main factors:
1. Food: The presence or absence of suitable food will affect

the survival of most germs. Some germs however will live
for years without any recognisable source of food, and
others in a state similar to hibernation, called the spore state,
can live for centuries.

2 Type of Food: Whether the food is liquid or solid, if it is
high in sugar or salt content, or if it is either acid or alkaline
has a direct bearing on germ survival. “Generally germs
prefer a liquid food high in protein content. Sugars and salt
above a certain level, high acid levels and to a lesser extent
high alkaline foods will tend to destroy germs.

3. Moisture: All germs need water to function actively,
although spores will survive without it. Even a thin film of
condensation will allow active germs to survive.

4 Heat: Within a certain range of temperature, roughly
between l0 C and 62 C, germs will reproduce. At 37°e the
temperature is ideal. Levels above 620e will generally kill
germs and levels below 100C will stop them reproducing.

5. Time: Germs need time to reproduce, and they take time to
be killed. Heat alone will not kill germs; it is always the
combination of temperature at a “certain level for a given
time that    kills them.

6. Rate of Heat Application: Heating to a given temperature
very slowly will allow more germs to survive than if that
temperature is reached quickly. Fast heat application or
sudden changes in temperatures can kill germs even if
normally lethal levels are not reached. This is called “heat
shock”.

7. Presence of Oxygen: Some germs need oxygen. These are
called aerobes. Others flourish without it and are known as
anaerobes. Oxygen is normally present in foods except those
that have a high liquid content and have been heavily boiled.

8. Competition: The law of the jungle applies even under the
microscope and where there are many different bacteria
present on a surface they will compete for the same food etc.
The weaker ones will die and these are usually the food
poisoning germs as these are out of their best environment.

9. Changing Environment: Transfer of germs suddenly from
one type of surface to another can kill them, even though
they could have lived on either.

So many factors affect survival that it is perhaps a surprise that
they live at all.

The “Fail-Safe” Approach to Preventing Food
Poisoning
With a very wide variety of factors influencing the survival of
food poisoning bacteria, (germs) it is difficult to always bear
everything in mind. Many of the factors in any case are outside
the control of the caterer. The nature of the food you work



8

with, its moisture content and to an extent, rates of heat
application are all governed by menu requirements.
Food poisoning in catering however can be successfully
prevented by controlling three factors: Contamination, Tem-
perature, and Time.
Contamination: Involved the preparation of clean food, for it
is in “dirt” that germs survive, adequate cooking procedures to
destroy germs that escape the net, the prevention of cross
contamination between cooked and raw foods, not allowing
people or pests to contaminate and destroying any contamina-
tion in the kitchen by disinfections
Temperature: Involves not giving bacteria the temperatures
they like for reproduction. Keeping food either hot (above
63°C) or cold (below l0 C) whenever possible.
Time: Since bacteria need time as well as temperature to
reproduce, this involves not giving them enough time, when
temperatures are such that germs will be able to reproduce.
In normal kitchen practice it is not possible to make sure that
food is completely uncontaminated, nor would it be a good
thing to have sterile food. Thus as long as only a small amount
of contamination (and with it food poisoning bacteria) is
present no harm would be done.
This failure to remove contamination will only be dangerous if
germs are allowed to multiply in number and to do this they
need the right temperature. It is not always possible to avoid
these temperature conditions so you fail again on this factor, so
where this happens, by limiting the time available for germs to
multiply, safety can still be achieved.
This is the “Fail -Safe” approach. You try, but fail, to control
contamination and likewise with temperature and time, but by
control1ing each factor in relation to the other, when you do
fail, you fail safe.

Definitions: Sensitive Foods
All foods can cause food poisoning but some are known to
cause disease more often than others, owing to their nature,
which particularly encourages the growth of bacteria. These
foods are defined as follows:
Sensitive Foods: Foods, which, by their nature will provide
favorable conditions for the growth of bacteria AND are
prepared or sold in such a way that tends to, allow their survival
and multiplication.
Examples of these foods, in the catering operation, are as
follows:
Any cooked meat, especially poultry, whether served hot or cold.
Cooked meat products, whether served hot or cold.
Milk, cream and artificial cream, and dairy products (Except
cheese, butter etc.)
Eggs and egg products, other than those used in baking.
Shellfish, prawns and similar sea foods.
Less commonly:
Dessicated coconut, rice and corn flour.

As a general rule, any product that is protein based, and is either
served uncooked, or after it has been cooked or processed, is a
sensitive food.
Understanding what sensitive foods are is one of the most
important steps in preventing food poisoning, as most of your
energy devoted to prevention should be concentrated on these
foods.

Definitions: Cross Contamination &
Segregation
Stopping contamination is one of the most important things
that must be done if food poisoning is to be prevented. To do
so the nature of cross contamination has to be understood, so
it is defined as follows:
Cross Contamination: The process of passing on germs
(contamination) from uncooked, or unprocessed foods, to
those foods which have been cooked or processed. For general
purposes it is always assumed that cooked and processed foods
are free from germs and that uncooked foods are always
contaminated.
Cross contamination can be further broken down into two
separate categories:
Direct: Actual physical contact between uncooked or unproc-
essed foods and cooked or processed foods.
Indirect: Contact of a cooked or processed food with a surface,
which has been in contact with uncooked or unprocessed foods,
when that surface has not been cleaned and disinfected.
Direct cross contamination usually occurs when a raw meat is
allowed to touch cooked meat or cream products or is allowed
to drip onto these products. Indirect cross contamination is
sometimes less obvious. Some examples are as follows:
1. Cutting raw meat on a board, wiping down with a cloth, and

then putting cooked meat on the board.
2. Using the same knife for cutting cooked and raw meats,

without the knife having been cleaned and disinfected.
3. Placing cooked meat on a surface that has not been cleaned

and disinfected and has been used previously for raw meat.
4. Handling cooked meat, after handling raw meat, without

washing your hands.
5. Al lowing packaged raw foods to come into contact with

packaged cooked foods.
Cross contamination is generally avoided by SEGREGATION,
the process of keeping raw and cooked (sensitive) foods, or
articles that might come into contact with them, apart.

Temperatures, Foods & Germs
The Control of temperature is one of the keys to preventing
food poisoning: Unfortunately there are many different
temperatures to remember and, with the increasing use of
Centigrade units remembering is difficult. Reproduced here are
50me of the important temperatures:
100°C Boiling Point of Water. Most but not all germs are

killed in seconds; some though survive up to 3 hours.

80oC Minimum temperature for baine marie water.
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72°C Minimum temperature for the centre of cooked meats
intended for cooling and storage. *

63°C Upper limit for germ growth. Minimum temperature
for the centre of cooked meat.

37°C Temperature at which food poisoning grows best.
(Blood heat).

22°C Typical Kitchen Temperature.
10°C Lower limit of germ growth. Maximum temperature

for the storage of all perishable foods.
Oo C Freezing point of water. Ideal temperature for raw

meat storage.
-5°C Ideal temperature for fish storage.
-18o C Frozen food storage: deep freezers.
The critical range, as far as food poisoning is concerned, is
between l0o C and 63°C, called the DANGER ZONE. Within
this range germs will reproduce, and the closer they come to
37°C the faster they grow, doubling in number at a peak of
every 15 minutes for some types.
• Where rare beef is required for serving cold, lower

temperatures are acceptable although a minimum of 63°C
should always be reached. Additional care is therefore needed
with this product.

Key Words

Cross contamination
Disinfections
Personal Hygiene
Cleaning
Surfactant
Detergent
Convalescent
Carriers

Study Questions
1. What is the importance of Hygiene and Cleanliness?
2. Prepare a checklist on personal hygiene required for a food

worker.
3. Explain 5 important points on ‘hand care’ as a food handler.
4. What is a solvent?
5. Define Cleaning.
6. Write short notes on detergents.
7. Write short notes on alkaline builders and water softeners.
8. Distinguish between disinfection and sanitization.
9. Distinguish between a sanitizer and a disinfectant.
10.Define food poisoning and how does it caused?

Laboratory Work
1.1 Prepare a daily cleaning schedule for a food production

unit.
1.2 Monitor all hot and cold holding and storage

temperatures and record the results.

Practical Work
1.3 Calibrate refrigeration equipment and maintain records.
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UNIT II
FOOD SANITATION

AND HYGIENE
LESSON 5:

WATER

Learning Outcomes
Water

• Sources of Contamination of Water
• Treatment of Water
Food

• Food Handling
• Food Contamination

Equipment

• Control of Insects and Rodents Practical Rules for Food
Sanitation key Words

Study Questions

• Laboratory and Practical Work References

Food Sanitation implies cleanliness in the producing, prepar-
ing, storing and serving of food and water. Food sanitation is
an essential aspect of food preparation. It needs to be empha-
sized at every stage of food handling and preparation. Some of
the items which need particular attention to ensure that food is
safe for consumption are a safe and potable water supply,
selection of wholesome ingredients and hygienic handling to
prevent the entry of spoilage and pathogenic organisms, both
during preparation and serving. In addition, all the equipment
coming in contact with food should be scrupulously clean; the
surroundings should be clean and there should be a proper and
safe method for the disposal of waste. Inculcation of hygienic
habits would help in preventing foods from being contami-
nated during handling.
Water is essential in food preparation. It is used to wash food
before cooking, it is used to act as a cooking medium, it is used
to clean the containers of food be-fore and after preparation
and it is used also as the most important beverage Therefore, it
is essential that all water meant for drinking and cooking
purposes should be free from pathogenic bacteria. Water used
for making ice must also be potable. The ice may be used to
cool foods or added to cold drinks. Thus it is important to
ensure that the ice we sometimes buy be made from potable
water. Some of the diseases, which can be spread by the use of
contaminated water, are cholera, typhoid, paratyphoid, bacillary
dysentery and amoebic dysentery.

Potable Water
Water, which is free from pathogenic bacteria and is palatable, is
known as potable water. The necessity of a potable water
supply in the home and place of work can never be overempha-
sized.
It is also important in institutions prepar-ing, processing and
serving food.

Apart from the primary precaution to ensure that water be free
from harmful bacteria, it is also necessary to make it palatable.
For example, water may contain dissolved salts or minerals,
which may give it a brackish taste. For specific uses such as
chemical analyses water may have to be given special treatment
with resins to remove dissolved impurities or salts. We will
concern ourselves mainly with the treatment of water to render
it safe for potable purposes.
In India, even though the necessity of using ‘pure water’ has
been known for centuries, there was no safe and protected water
supply up to 1949 for as much as 81 per cent of the population
who stay mostly in the villages.
The National Water Supply and Sanitation Programme was
launched in 1954 as a part of the Health Plan to assist the States
in their urban and rural water supply and sanitation schemes so
as to provide adequate water supply and sanitation facilities in
the whole country. 1979- 2,108 had provided towns with water
benefiting an urban population of one hundred million
people. 217 towns with a population of forty million people
(about 36 per cent of the urban population) had been covered
by partial sewerage system. Of the 5,76,000 villages it is
estimated that more than two lakh problem villages remained
to be covered with potable water supply as on April 1, 1980.
Efforts are being made to meet the water and sanitation needs
of the entire country.
Even today the average Indian, educated or uneducated, a
villager or a city-dweller, is very particular about seeing that the
vessels used for storage of water is not contaminated in the
home. So it is not the use in the home but the source of the
water supply, which may be suspect.

Sources of Contamination of Water

The usual source of contamination of water is through the
seepage of sewage.
Sewage can be a carrier of many pathogenic bacteria because
many healthy persons may be ‘carriers’ of pathogenic bacteria
without being affected them-selves. Persons who are suffering
from enteric diseases will also contribute to the presence of
bacteria in sewage. The disposal of sewage is not paid much at-
tention to, especially in the rural communities, where a human
excreta is depos-ited near shallow wells, ponds or even rivers;
contamination from this source is widespread.
In cities, the huge influx of population, which results in rapid
formation of hutment dwellings without proper sanitary and
water facilities, develop into a health hazard. Sufficient water is
not available usually at such dwellings and the use of water
from any source is resorted to, sometimes even gutter water
being used. It is not that the hutment dwellers are not aware of
the hazards in-volved, but they have no other alternative.
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There is no facility for drainage and the used water and sewage
stand, en-couraging breeding of mosquitoes and flies. These
pests carry and spread pathogens from sewage to nearby
localities, thus creating health problems. Ex-posed ready-to-eat
foods sold in such localities may be contaminated by the flies.
Another difficulty experienced in cities with protected water
supplies is the difficulty of maintaining a positive pressure in all
pipelines. In cities many of the pipelines have become very old
and unless there is a continuous flow of water into them with a
positive pressure there is a possibility of seepage of bacteria,
from sewage into water pipes. With limited supply of water
available, in many Indian cities, all the pipes can never be
holding water all the 24 hours. This is a problem, which does
cause concern.
The effluents from many industries, which are at present mostly
discharged into rivers, are another source of contamination; this
problem is assuming seri-ous proportions. Many of these
effluents use up much of the oxygen from the water with the
result that fish and other aquatic animals are unable to survive.
Foul smell emanates from such streams, due to anaerobic
decomposition (putrefaction) of dead fish, thus making the
water unfit for human consump-tion.

Treatment of Water

It is thus essential that water used for potable purposes be free
from pathogenic bacteria. The best precaution one can take is to
prevent the source of water from contamination with sewage.
In villages this can be done by constructing cement sides to
deep wells to prevent bacteria from seeping through the soil
and gaining entrance in the wa-ter. Well water, which may be
contaminated, can be purified by the addition of bleaching
powder. A simple and inexpensive gadget using this principle
has been fabricated by the Central Public Health Engineering
Research Institute. Bleaching powder on reaction with water
releases chlorine, which is capable of killing pathogenic organ-
isms. In villages where there is no treated water, drinking water
should preferably be boiled and then cooled. This would
destroy all the pathogenic bacteria. Water used for cooking need
not be boiled, as it would be boiled anyway during cooking.
Water used for washing, cleaning need not be boiled as long as
it is not foul smelling and does not contain any suspended
impurities.

In cities and towns where it is necessary to supply a large
population with water, effective methods have to be used for
the purification of water. The source of water is usually a lake in
which the water is allowed to stand. This re-sults in most of the
suspended impurities settling down. Further the action of
sunlight and the paucity of food results in the destruction of
bacteria. In the next stage, which may consist of a filtration
through sand most of the bacteria are eliminated. As an added
precaution water supplies to cities are chlorinated. This may
either be done by the addition of bleaching powder, or as is
done in most of the cities, by the injection of liquid chlorine.
To make sure that the bac-teria, which may have entered into the
pipelines through seepage when there is no positive pressure,
additional chlorination is resorted to at different locations
during the transportation of water from the lake to city
reservoirs. This is un-derstandable when it is realized that the
source of water may be 60 to 70 km away from the city. Water
may be rendered potable by use of water filter in the home.
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LESSON:6
FOOD WE EAT

What You Can Do About Pesticide
Residue
Pesticide residue can pose a serious problem in the diet. There
are certain pre-cautions, which you can take to reduce dietary
exposure to this hazard. These are:
1. Thoroughly rinse and scrub fruits and vegetables. Peel them

if appropriate.
2. Remove outer leaves of leafy vegetables, such as cabbage and

lettuce.
3. Trim fat from meat, poultry and fish; discard oils and fats in

broths and drippings.
4. Throw back the big fish-the little ones have less time to take

up and concentrate pesticides and other harmful residues.

Food
All vegetables and fruits either from bazar or grown in one’s
own farm would have to be cleaned, and prepared for either
eating directly or cooking. The dirt or dust, which we find on
foods as we buy them, can be carrier of spores of mi-
croorganisms. Therefore, all exposed food must be washed
with clean water be-fore use. Outer layers, skins of plant
material contain thousands of micro-organisms and must be
washed thoroughly before use. If any parts of fruits and
vegetables are bruised these should be trimmed to reduce
contamination.
The skin, hair, feathers, intestines of animals harbour a number
of microor-ganisms. It is, therefore, necessary to remove these,
before animal products are prepared for human consumption.

Food Handling
Food comes into contact with human hands during harvesting,
storage, prepara-tion and service. It is important that food
handlers be free from any communica-ble diseases—colds, any
other respiratory ailment, cuts or boils, as they may be respon-
sible for transferring these to the food thereby spreading the
infection to persons consuming the food.
Human hair, nasal discharge, skin can also be source of
microorganisms. Therefore, persons handling food, must wash
hands with soap before starting preparation, and refrain from
touching hair or wiping nose during food prepa-ration.
Food sanitation is a way of life. It can never be overemphasised.
A number of gastrointestinal disorders, such as diarrhea,
cholera and communicable diseases such as typhoid, septic sore
throat, diphtheria, dysentery, etc., are communicated by use of
contaminated water or food (Figure 25.3). Therefore, it is very
important that sanitary handling of food and water is reli-
giously ad-hered to (Figure 25.4).

Food Contamination
Food may be contaminated if the:
1. Water used for washing or cleaning is not potable.

2. Soil adhering to foods grown close to ground is not
completely removed.

3. Containers or utensils used for storage and preparation are
not clean.

4. Personnel handling food have unhygienic habits.
5. Personnel handling food suffer from communicable diseases.

Equipment
It is necessary that all equipment coming in contact with food
be kept clean. This includes knives, meat mincers, blenders,
rolling pins, wooden boards, metal and porcelain dishes,
utensils, etc. They should be scrubbed, cleaned with detergent
and water and then rinsed with potable water. It is a good
practice to see that such equipment are dipped in hot water at
80°C for at least 30 seconds or more and then allowed to drain
dry. This sanitary step is especially important during epidemics
such as infective hepatitis (infective jaundice), cholera, etc. Parts
of blenders, mixers, etc., should be inspected after cleaning to
ensure that there is no food material left over. If allowed to
remain they could allow harm-ful microorganisms to grow and
spoil the food. Equipment made of plastic and other such
material which cannot withstand high temperatures need not be
given the dip in hot water but should be given the other
treatments and then al-lowed to drain dry.
In villages it is a common practice to scrub utensils and dishes
with ash and then rinse them with water. The utensils and
dishes are then allowed to dry in the sun. The alkaline ash acts
as a good agent for killing any microorganisms adhering to the
utensils and a sanitary effect is produced by drying in the sun
both because of heat and the ultraviolet rays.

Control of Insects and Rodents
One of the common insects contaminating foods is the
housefly. These have minute hair on their legs and thus can be
the carriers of harmful bacteria de-pending on where they come
from. It is possible that they may carry faecal mat-ter or other
such sources of pathogenic bacteria and deposit it on the food.
Another insect, which can also be a source of contamination in
the same way as the housefly, is the cockroach. These insects,
which usually prefer darkness, have been known to cause
diarrhea and dysentery.
Apart from these two common ones, there are innumerable
insects ranging from the larvae found in wheat and rice to
locusts, which can cause serious damage to food.
Rodents, which include rats, mice and bandicoots, not only
consume large quantities of food, thus contributing to the
overall shortage of food in the coun-try, but may also be the
carriers of diseases such as plague.
The presence of insects, insect fragments, rodent excreta and
other matter of insect and rodent origin (even though it may
not necessarily be dangerous to health) is aesthetically resented
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by consumers. Health authorities condemn such food as unfit
for consumption because it indicates poor practices of sani-
tation where the food was prepared.
It is thus essential that preventive measures be taken to exclude
the entry of insects and rodents in the house, especially in the
cooking and serving areas.
This can be done by:
i. Keeping the prepared food in cupboards with wire-netting,
ii. Filling cracks, fissures in the walls and flooring which are

usually the places where insects breed and multiply.
iii. Covering drains, holes, etc., with wire gauze so as to prevent

the entry of rodents.
Precautions such as these if taken in villages and small towns
where people normally stay in independent homes would
certainly prevent the entry of in-sects and rodents. In large cities,
however, where each building may have many apartments,
unless measures are taken by the whole community, there is
always a danger of insects and rodents traveling from one
apartment to an-other.
The control of insects and rodents can be carried oat in several
ways of which the most common one practised in the home is
spraying or dusting with an insecticide. Fumigation may be
resolved to in large godowns, factories, etc., as it destroys insects
and rodents.
Sprays or dustings make use of chlorinated hydrocarbons (such
as DDT, TDE, aldrin, dieldrin, etc.) and the organic phospho-
rus compounds (such as Parathion, Malathion, Systrex, etc.) as
the active ingredient for killing the in-sect. Baits in which
chemicals may be mixed with food are also successful in getting
rid of pests. Examples of these are “Tygon” in which a
chemical is mixed with sugar and a home-made mixture of
boric powder and bengalgram dal flour, which when ingested by
cockroaches results in their death. Warfrain may be mixed with
food and used as a bait for the elimination of rodents.
It must be noted that insecticides are poisonous, and must be
used in very small amounts only where needed. If used
indiscriminately these are likely to enter our bodies and harm us
after a period of time. It is important to store these out of
reach of children and away from food, to prevent accidents.

Practical Rules For Good Sanitation

1. Tie hair neatly before starting food preparation. Use hair net
or cap if necessary. Wash hands thoroughly with soap and
water before starting preparation.

2. Wash fruits, vegetables, cereals and beans thoroughly before
preparation with potable water. Boil milk in a clean container
as soon as possible after receipt and keep covered. Bottles of
milk need to be rinsed thoroughly with water and then
washed with soap and water.

3. Use potable water in food preparation.
4. Boil water used for drinking for preparation of cold

beverages, if the purity of water is not guaranteed.
5. Utensils and equipment used for preparation. Should be

scrupulously cleaned.

6. Cooked food should be stored covered, preferably in the
container in which it is cooked.

7. Left over foods such as rice, vegetables should be stored
either in a refrigerator kept in a pan of cold water. Reheating
before use is advisable.

Key Words
Effluents
Insecticides
Potable Water

Study Questions
1. What is potable water? List the sources of contamination of

water and how to prevent such contamination.
2. How does food get contaminated? List the steps to be taken

to prevent contamination of food”
3. List effective means of control of household pests.

Laboratory Work
1. Cleaning of work surfaces, storage space and floors.
2. Demonstration on cleaning of equipment.
3. Labelling of containers and their proper storage.
4. Use of proper apron, hair-net or head cover, etc.
5. Expose sterile nutrient agar to various contaminants and

observe the microbial growth.

Practical Work
a. To show slides of microorganisms causing food infections if

possible.
b. To make visual charts to emphasise Rules of Sanitation.
c. Visit municipal quality control laboratory if possible.
d. Simple tests to detect adulterants in various foods.
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UNIT III
INDIAN FOOD LAWS

AND FOOD STANDARDS
LESSON 7:

CONSUMER CHALLENGES

Learning Outcomes
• Consumer Challenges
• Food Laws
• Prevention of Food Adulteration Act
• Fruit Products Order
• Amendments, Enforcement, Interpretation
• Misbranding
I.S.I. Standards
Agmark Standard.
Export Inspection Council
Standards of Weights and Measures
Food Adulteration
• Common Adulterants and their ill-effects
• Incidental Adulterants
• Metallic Contamination
• Contamination by Pests and Pesticide residues
• Simple Physical Tests for Detection of Adulterants
• Simple Laboratory Chemical Tests
Consumer Protection
• Government Agencies, Municipal Laboratories
• Food and Drug Administration
• The Central Food Testing Laboratory
• Export Inspection Council Laboratory
• Central Grain Analysis Laboratory
Voluntary Agencies
• Quality Control Laboratories of Companies
• Laboratories of Consumer Co-operatives
• Private Testing Laboratories
• Consumer Guidance Society
Key Words
Study Questions

Most persons in India, spend more money for food than any
other item. Dieti-tians and nurses at work and in their social
contacts are constantly asked about the comparative merits of
foods available.
As food accounts for a large part of the family budget (expendi-
ture), the homemaker tries to be selective in her purchasing. She
would like to compare the available products not only in
quantity but also in its nutrient contribution. Many consumers
are also concerned about the additives in foods and would like
to know if these additives are safe and are necessary. Other
persons may need to follow a diet, which is modified in terms
of fat content, cholesterol content, etc.

These and many consumer problems are solved through
knowledge of laws that protect the quality of food supply as
well as the requirement that advertis-ers make no false claims for
their products. Finally, the consumers need information
concerning how to select food wisely within the available food
groups.
One of the most common problem of food marketed is
adulteration. The consumers like to get maximum quantity for
as Iowa price as possible. The sellers must meet the needs of
the buyers, to be able to sell. In addition, the sell-ers have to be
able to make a profit to be able to exist. This is a vicious cycle.
When the price of food production is higher, than the price,
which the consumer is prepared to pay, the seller is compelled to
supply a food product of inferior quality. Thus adulteration
occurs. Adulteration is defined as the process by which the
quality of the product is reduced through addition of baser
substance or removal of a vital element. For example, water may
be added to milk to in-crease its volume or fat may be removed
from it.
It was to check such malpractices that the first central act called
the Preven-tion of Food Adulteration Act was passed in 1954
and came into force from June 1, 1955. The PF A pertains to
food sold and defines what may be consid-ered as adulteration.
It requires that foods be pure, wholesome and honestly la-
beled.

Food Laws
The Government of India is fully alive to the possibilities of
food being adulter-ated. It has therefore, empowered several
agencies and promulgated a number of acts and orders to
counteract this menace. Agencies and institutions have also been
created to lay down standards for the quality of foods. The
manner in which the food is processed and packaged is also
covered by a number of regu-lations. A brief description of the
various government acts, agencies and institu-tions involved in
laying down the standards and their implementation is given
below:

Prevention of Food Adulteration Act
One of the early acts to be promulgated in this connection was
the Prevention of Food Adulteration Act of 1954, which has
been in force since June 1, 1955. The objective of this act was to
ensure that food articles sold to the consumers are pure and
wholesome. It is also intended to prevent fraud or deception
and en-courages fair trade practices. The act was amended in
1964 and again in 1976 in the light of experience gained, to plug
loopholes of escape in the Act and to en-sure stringent
punishment for those indulging in this nefarious practice.
The act defines in specific words what is meant by a food
adulterant and what shall be deemed to be an adulterated food.
According to the Act, food can be considered to be adulterated
when anyone of the following modes (acts) are resorted to:
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(i) Admixture of inferior or cheaper substance, (ii) extraction of
certain quality ingredients from the food, (iii) preparing or
packing under in sanitary conditions, (iv) sale of insect infested
food, (v) obtaining the food from a dis-eased animal, (vi)
incorporation of a poisonous component, (vii) entry of inju-
rious constituents from the container used, (viii) use of
colouring matter other than or in greater quantities than that
approved for the food, (ix) sale of sub-standard products
which mayor may not be injurious to health. These are all
prohibited practices under the Prevention of Food Adulteration
Act.
If persons are found guilty of selling such adulterated food, the
persons in-volved can be convicted. Severity of sentence would
depend on the gravity of the offence. For example, a vendor
found adulterating the food with ingredi-ents injurious to
health would be liable for a much heavier sentence than a ven-
dor involved in only mixing an inferior ingredient not injurious
to health.

The Fruit Products Order
The Government of India promulgated a Fruit Products order
in 1946. In 1955, the order was revised. The Fruit Products
Order (FPO) lays down statutory minimum standards in
respect of the quality of various fruits and vegetable products
and processing facilities. Packing fruits and vegetables of a
standard below the minimum prescribed standards is an
offence punishable by law. Periodic inspection by government
inspectors in registered establishments is carried out to ensure
conformity of standards by processors.

Meat Products Order
This makes it illegal to transport meat unless it has been
prepared and processed according to the provisions of the order
and carries the mark of inspection. It provides for means to:
• Detect arid destroy meat of diseased animals.
• Ensure that the preparation and handling of meat and meat

products be conducted in a clean and sanitary manner.
• Prevent the use of harmful substances in meat foods.
• See that every cut of meat is inspected before sale to ensure

its whole- someness.
The Order also lays down rules and conditions for procedures
to be adopted for the selection of disease-free animals, slaugh-
ter house practices and further treatment of the meat so as to
maintain the meat in a wholesome manner, de-void of
pathogens (disease producing organisms).

Amendments
The Fruit Product Order was revised in 1955. Prevention of
Food Adulteration
Act has been amended several times; the latest amendment was
made in 1975.

Enforcement
The FPO and PFA, are enforced by the Department of Health.
Under the law, slaughter houses, markets, factories, warehouses
and other establishments in-volved in food trade, may be
inspected to ascertain that the raw materials as well as process-
ing, packaging and storage facilities are sanitary and the
ingredi-ents meet “”the minimum standards prescribed by law.

Adulterated and misbranded products may be seized by
inspectors; destroyed or relabelled, and legal action be taken
depending upon the nature of the offence. Serious viola-tions
of the law may result in the imposition of fine or imprison-
ment or both by the court.

Interpretation of the Law
A food is adulterated if any foreign or baser material is added to
it or some vital element is removed from it; if it contains dirt,
filth, decomposed material or a substance harmful to health; if
it is prepared, packaged or stored under unhy-gienic conditions;
if it is made from diseased animals; if it contains additives
which conceal the poor quality of the food; if it contains
additives which are harmful, uncertified food colours, or
insecticide or pesticide residues in excess of tolerances, if the
packaging contains substances injurious to health.

Misbranding
It is also forbidden by law. A food may be considered as
misbranded if it has label, which gives false or misleading
information about the product. Failure to specify weight,
measure, names of additives (colour, flavourings, preserva-
tives), limitations in use of the product, name of the
manufacturer, as well misleading the consumer in terms of size
are all considered as misbranding of food.
In addition to the mandatory acts and orders cited above,
agencies such as Indian Standards Institution, the Directorate
of Marketing and Inspection have also laid down quality
standards for foods. These are, however voluntary.

ISI Standards
Various committees, including representatives from the
government, consum-ers and industry, formulate the Indian
Standards Institution (ISI) Standards for vegetable and fruit
products, spices and condiments, animal products and pro-
cessed foods. Once these standards are accepted, manufacturers
whose prod-ucts conform to these standards are allowed to use
an ISI label on each unit of their product. The products are
checked for quality by the ISI in their own net-work of testing
laboratories at Delhi, Bombay, Calcutta, Madras, Chandigarh
and Patna or in a number of public and private laboratories
recognised by them.

The Agmark Standard
This was set-up by the Directorate of Marketing and Inspection
of the Govern-ment of India by introducing an Agricultural
Produce Act in 1937. This act de-fines quality of cereals, spices,
oilseeds, oil, butter, ghee, legumes, eggs, etc., and provides for
the categorisation of commodities into various grades depend-
ing on the degree of purity in each case. The grades incorporated
are grades, 1, 2; 3, and 4 or special, good, fair and ordinary.
These standards also specify the types of packaging to be used
for different products. The physical and chemical characteristics
of products are kept in mind while formulating the Agmark
specification.
The ISI Standards and the Agmark Standards have benefited
both the pro-ducer and the consumer. It is possible for the
producer to realise better prices for the product with these
certification marks, as it ensures quality and guaran-tees the
wholesomeness of the product for the consumer.
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Export Inspection Council
The Council has been constituted to check the quality of a
number of food mate-rials meant for export. The Council has
powers to reject any food, which does not measure up to the
standards prescribed for the food. Canned food such as mango
juice, pineapple juice, frozen food such as shrimp, pomfrets are
subject to scrutiny by this body before export.

Standards of Weights and Measures
The Standards of Weights and Measures Act (1985) contains
provisions for ef-fective legal control on weights, measures and
weighing/measuring instru-ments used in industrial produc-
tion and protection of public health and human safety. Vendors
and manufacturers of food products can be prosecuted if their
weights and measures are not certified by the Inspector of
weights and mea-sures. This ensures that the consumer gets the
correct weight and measure of the food product bought in the
market.

Food Adulteration
Adulteration is defined as the process by which the quality or
the nature of a given substance is reduced through (i) the
addition of a foreign or an inferior substance, and (ii) the
removal of a vital element.
A good example of (i) is addition of water to milk and that of
(ii) is removal of fat from milk.
Adulteration may be intentional or incidental. The former is a
wilful act on the part of the adulterator intended to increase the
margin of profit. Incidental contamination is usually due to
ignorance, negligence or lack of proper facili-ties.
Adulteration of food may endanger health if the physiological
functions of the consumer are affected due to either addition of
a deleterious substance or the removal of a vital component.

Common Adulterants and Their III-effects
Addition of adulterants could either be intentional or incidental
(Table 27.1). Some of adulterants added intentionally to food
products so as to increase the margin of profit are:
Sand, marble chips, stones, earth and other filth: These are mostly
found in food grains, pulses, spices, etc. These can be removed
by sorting, picking and washing. Stones and sand if present
could have an adverse effect on the teeth and soft lining of the
digestive tract. Filth could be a carrier of disease producing
bacteria.
Talc and chalk powder: These could be added to wheat flour
powdered spices which are white and to other such foods. As
the) cannot be digested by the human system, they could affect
normal digestion.
Water: Water can be added to milk, and other milk products like
curd, etc. Addition of contaminated water could result in
gastrointestinal disturbances.
Mineral oil: Mineral oil may be added to edible oils, thus
adulterating it. This could be a health hazard as some mineral
oils are toxic.
Argemone seeds: These seeds look very much like mustard seeds
and are mixed with these as an adulterant. When such a mixture
is extracted for oil, it becomes dangerously toxic because

consumption of argemone oil can lead to loss of eyesight, heart
disease, and epidemic dropsy resembling wet beri-beri.
Kesari dal: This could be mixed with other dais as an adulterant.
This dal is able to grow even under adverse conditions and
adulteration is much more during famine. Further it is much
cheaper than other dal. When more than 30 per cent of the total
calories consumed is contributed by this dal, it can cause
lathyrism, a form of crippling paralysis mainly in boys and men
in the age group of 5 to 45 years.
Toxic colouring: Rhodamine B, lead chromate, matanil yellow,
Orange II, Blue VRS, Malachite green, and Congo red are some
of the colourings, which are used. All these dyes are toxic and
intake of them in excess could lead to abnormalities of eyes,
bone, skin, lungs, ovaries, testes, etc.

Incidental Adulterants
Use of pesticides has increased the possibility of metallic
contamination of foods. If proper care is not taken in using the
right kind of tin plate and lacquer for canning foods, metallic
contamination of the food could be a problem. Pests like
rodents and pesticide residues could also render food unfit for
human con-sumption. Indiscriminate use of all plastic
packaging material like polyvinyl and polyethylene material could
be a health hazard.

Metallic Contamination
If arsenic, lead or mercury get accumulated in the body they can
be harmful.
Arsenic: Arsenic pesticides are the main source of arsenic
contamination of foods. For example, fruits such as apples and
grapes sprayed with lead arse-nate, if eaten without washing,
could be harmful. The quantity of arsenic al-lowed in food
products varies from 0.1 p.p.m. (in milk) to 5.0 p.p.m. (in
pectins, spices) depending on the food. When arsenic concentra-
tion is higher than prescribed, it can cause dizziness, chills,
cramps and paralysis.
Lead: Lead could get into food through lead pipes carrying water
and from food colours containing lead salts. The quantity of
lead allowed in food prod-ucts varies from 0.5 p.p.m. (in
concentrated soft drinks) to 10.0 p.p.m. (in liq-uid pectin and
chemicals not otherwise specified) depending on the food
product. If the build-up of lead in blood increases beyond the
critical blood level of 40 to 80 mcg per 100 g of blood, mental
disturbances and behaviour disorders may be produced
followed by muscular paralysis, convulsions and permanent
brain damage.
Mercury: It is present in traces in the form of its compounds in
all water and food. The effluents from many chemical industries
nowadays have high con-centrations of mercury and human
beings and animals consuming crops grown with such water or
fish from such areas could develop mercury poisoning. In-take
of above 0.0033 mg/kg of mercury and methyl mercury per
person are harmful. Such intakes of mercury could affect the
brain with the patient be-coming blind or deaf. Convulsions
with intense pain are also one of the symp-toms of mercury
poisoning.
Tin: Canned food and beverages usually contain small quantities
of tin. The maximum tin content allowed in any canned
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foodstuff is 250 p.p.m. High tin content in foods (about two
to three grams) may cause severe headache, vomit-ing vertigo,
photophobia, abdominal pain, dehydration and retention of
urine.

Contamination by Pests and Pesticide Residues
Pests such as rodents and insects introduce into the food a high
degree of filth in the form of excreta, bodily secretions and
spoilage microorganisms. For exam-ple, rats can transfer
salmonella bacteria to the food so that humans consuming it
may suffer from salmonellosis
Pesticides like DDT, malathion could leave residues on the plant
product much more than what is considered safe. The maxi-
mum permissible residue allowed for DDT, malathion is 3
p.p.m. For pyrethrum it is 10 p.p.m. Many times, pesticides
residue could be much higher than this figure and could be
toxic. However, if precautions are taken to see that all vegetables
and-fruits are washed with potable water before they are
consumed, such cases of poisoning would be reduced.

Packaging Hazards

Polyethylene, polyvinyl chloride and allied compounds are used
to produce flexible packaging material. While this method of
packaging is very conve-nient, it must not contain any noxious
thermal breakdown products, which could be injurious to
health. Further, temperatures used for heat-sealing, or sterilisa-
tion should not result in formation of toxic residues. It has
been observed some-times that in foods like pickles the acid
and oil could attack the plastic packaging material and create a
health hazard. To avoid such incidences, it is essential that only
food grade plastic packaging material be used for packaging
foods.
Health Hazards due to Consuming Exposed Snacks
In view of school children being exposed to adulterated
products especially when buying snacks from hawkers who are
almost always present around every schools a list of usual items
for sale in such areas with the possible hazards involved due to
adulteration are given below.

Simple Physical Tests for Detection of Food
Adulterants

Consumers should be aware of common adulterants and
simple visual tests to detect them. A few are enumerated below:
1. Inorganic and organic matter may be present in rice, sugar,

pulses, mustards, cumin seeds; wheat, jowar, etc. Inorganic
matter consists of matter like sand, gravel, dirt, pebbles,
stones, lumps of earth, clay or mud. Organic matter could be
chaff, straw, foreign edible seeds. Such matter can be
observed and removed visually. Presence of these substances
is allowed to the extent of two to five per cent depending on
the food product.

2. Kesari dal in arhar (tur), masoor, chana dals. Kesari dal has a
characteristic wedge shape. There are two varieties. One is
small and resembles masoor dal. The larger is the size of arhar
(tur). The husked kesari dal is mixed with arhar (tur) and
chana dais. The unhusked one is mixed with black masoor or
bengal gram. Kesari dal can be separated by visual
examination.

3. Ergot seeds in Bajra: Ergot seeds are lighter than bajra seeds
and if a small quantity is placed in a glass of water the ergot
seeds will float.

4. Argemone seeds mixed with mustard seeds: Argemone seeds are
small and black in colour resembling mustard but not
uniformly smooth and round. They can be identified under a
magnifying glass.

5. Coal tar dye may be present in roasted gram and tealeaves:
Usually this can be detected by visual observation.
Depositing the tea on a moistened blotting paper will show
coal tar dye presence by the colour spreading into the blotting
paper.

6. Grit in sugar or salt: Dissolve a little of the sample in hot
water, sugar and salt will dissolve whereas grit will not.

7. Iron filings in suji (rava) or tea-leaves: By drawing a magnet
over the sample, iron filings will cling to the magnet, thus
revealing their presence.
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LESSON:8
CONSUMER PROTECTION

The ultimate aim of the enactment of all these acts and orders
described above is to protect the consumer from adulterated
foods. To do so, it would necessary to find out whether a
particular food has been adulterated. A number of laboratories
are authorised by the Central and State Governments to collect
samples of food suspected to be adulterated and analyse them.
They can prosecute the manufacturers of these foods if they
find the food to be adulterated. If found guilty the manufac-
turer is punished. This affords a great protection to the
con-sumer.

Government Agencies
The various laboratories engaged in the collection of samples
and analyses of such foods are:
1. Municipal laboratories in big cities.
2. Food and Drug Administration laboratories of States.
3. Central Food Testing Laboratory of the Government of

India.
4. Laboratories of the Export Inspection Council.
5. Central Grain Analysis Laboratory.
A brief description of these testing agencies follows.

Municipal Laboratories
All Municipalities of big cities like Bombay, Calcutta, Madras,
Delhi, etc., have their own testing laboratories headed by a
Municipal Analyst. The qualifications and experience, which the
Municipal Analyst must have, are prescribed by the Prevention
of Food Adulteration Act. He is expected to have good
knowledge of chemical and microbiological analyses of all kinds
of foods. The Municipal laboratories in big cities are equipped
for carrying out recognised methods of analysis of all types of
foods. For example, to name a few, they can determine the fat
content of milk, the pesticide residue in parts per million in
foods, the number of different types of bacteria present in
foods and whether there are any disease producing microorgan-
isms in water and food (Figure 27.1).
Usually the Municipal laboratory comes under the Department
of Health ‘of which the Health Officer, a qualified medical
practitioner, is the head. There are several inspectors working
under the Health officer. These inspectors make periodic rounds
of the various wards to which they have been posted and collect
all samples of food suspected to be adulterated. Samples are
sealed in the presence of the vendor and witness and sent to the
Municipal laboratory for analysis. If the food samples are found
to be adulterated on analysis, the Health Officer can prosecute
the manufacturer of the food. The manufacturer can de-fend
himself in the court of law- If found guilty, depending on the
severity of the crime, he can be punished by a fine or imprison-
ment or both. This acts as a deterrent and helps in preventing
manufacturers from adulterating foods.

Food and Drug Administration
Some State Governments like that of Maharashtra have
laboratories throughout the State. The Director of the Food &
Drug Administration is empowered through his staff to collect
samples, which are suspected to be adulterated and have them
analysed in the same way as the Health Officer of a Municipality.
The Food and Drug Administration has jurisdiction all over the
State as com-pared to Municipal laboratories, which work only
within city limits.
The Food and Drug Administration also puts up exhibitions
in all parts of the state in which the various ill effects caused by
food adulteration are high-lighted by posters, talks and
meetings. Examples of food adulteration such as the indis-
criminate use of banned colours in foods, the mixing of
argemone seeds with mustard, the mixing of papaya seeds with
pepper are all shown and explained with the help of actual
samples. The various reactions caused by the consumption of
such adulterated food are also described. Simple methods of
detection, form part of such exhibitions.

The Central Food Testing Laboratory
The Government of India has established a Central Food
Testing Laboratory in Calcutta for carrying out analyses of all
foods. These laboratories are very well equipped and can carry
out even sophisticated and sensitive analyses. These laboratories
are the ultimate authority in determining whether a food
sample is adulterated or not and in cases ofcont1icting reports
of analyses from two labo-ratories, the authorities concerned
usually refer the case to this laboratory. Usually analyses carried
out by these laboratories are accepted as the last word in analyses
of foods.

Export Inspection Council Laboratory
In view of substantial quantities of food exported, such as
frozen sea food and canned fruits and vegetables, the Govern-
ment of India has made it mandatory for all exporters to have
their products analysed. This ensures that the foods ex-ported
conform to the minimum requirements as laid down by the
Council. The Council has, therefore, laboratories in all the major
ports where samples are analysed. For example, the laboratory
in Cochin analyses mostly frozen sea food, which is the major
food item exported from that port. This is a protection given to
the importer in another country to whom the foods are to be
sent. With-out a certificate from the Export Inspection
Authority, no food can be exported.

Central Grain Analysis Laboratory
This laboratory undertakes analyses of the consignment
samples of imported grains besides those of indigenous
foodgrains and their products. This helps the government in
checking whether the foodgrains either imported or procured
in-digenously conform to the specifications laid down by the
Storage and Re-search Division of the Government of India.
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Voluntary Agencies
Several voluntary agencies have programmes of educating the
consumer so that he can safeguard himself from eating
adulterated food. Private food testing laboratories are also
available for carrying out food analyses. Most progressive
companies have their own quality control laboratory.

Quality Control Laboratories of Companies
Many companies manufacturing food products have well
equipped quality control laboratories to check both the ingredi-
ents and the final product to see that the product conforms to
prescribed standards. For example, in the manufacture of bread,
ingredients like flour, yeast, sugar, and hydrogenated oil are
examined physically, chemically and microbiologically. The bread
is tested for taste, weight, volume, colour of crust, formation
of crumb, proper slicing and packag-ing.
In the dairy industry, microbiological counts of the milk are
taken and the fat content determined; the former gives an idea
of the sanitary conditions un-der which the milk was collected,
the latter whether any cream had been re-moved. Checking for
destruction of the enzyme phosphates ensures that the milk
has been properly pasteurised
In canning fruits and vegetables, the fresh materials are visually
inspected and all the bruised and spoiled ones removed; acidity
of fruits like mangoes, cherries, tenderness of vegetables like
green peas are determined to estimate duration of processing
times; accelerated storage tests at higher temperature are
conducted to ensure keeping quality of canned food.
In freezing fish, quality control checks at various stages of
processing are carried out to see that the final frozen product
conforms to the prescribed mi-crobiological standards; drained
weights after thawing are taken to make sure that the customer
gets the right weight. Some companies have standards even
higher than that of the ISI and are thus very conscious of
quality. Some of the industries, which are quality conscious, are
the biscuit, dairy, fruit and vegeta-ble canning industries. Many
of them have well equipped laboratories to check standards
both of the raw material as well as the final product. Careful
quality control by a processor not only helps the consumer in
getting a high quality product but also benefits the processor by
projecting an image of quality, which increases profitability.

Quality Control laboratories of Consumer Co-
operatives
Consumer Co-operative Societies like Apna Bazar in Bombay,
Super Bazar in Delhi, Chintamani in South also have criteria for
selection of food items, which they sell, in their shops. If they
do not fulfill these criteria they are not accepted by the co-
operatives. Many times co-operatives maintain laboratory
faculties to check on the quality of food supplied to them. Most
of them nowadays supply packaged cleaned and weighed
foodstuffs to eliminate adulteration and cheat-ing in weighing.
There is room for improvement with respect to the procedures
adopted by these societies to accept or reject foods.

Private Testing Laboratories
There are a number of private testing laboratories, which carry
out tests of all food materials on payment. Manufacturers and
exporters take advantage of such facilities to have their products

checked to make sure that they conform to the standards
prescribed. Some private testing laboratories are recognised by
government and certificates given by them are valid for legal
purposes. Proces-sors and exporters who do not have their
own laboratories for quality control usually take advantage of
this facility.

Consumer Guidance Society
A Consumer Guidance Society has been formed in India with
Bombay as its headquarters and with branches in major cities.
This society tries to create con-sumer awareness of the various
forms of adulteration and develop consumer resistance to such
adulterated food products by giving talks over the radio and
using other such mass media and putting up exhibitions in
educational institu-tions. Enlightened consumers form part of
the executive of this Society. The Society tries to get food
samples tested in laboratories of educational institu-tions, as
they do not have facilities of their own. They bring out a
publication ‘Keemat’ in which consumers are kept informed
about measures taken to combat all malpractices in respect of
food. They also try to educate the consumer about simple
method for detecting adulteration in foods.
The Central Government has accorded a high priority to the
consumer pro-tection movement. Financial assistance is given
to consumer organisations in the protection of consumers.
Consumer Protection Advisory Council has been constituted,
which advises the government on all matters pertaining to the
interests of the consumer. The success of these measures
depends on the par-ticipation of consumers.

Key Words
Adulteration Agmark Consumer-protection
 Fruit Products Order (FPO) ISI FDA

Study Questions
1. List the laws promulgumated to protect the consumer.

Discuss their content.
2. What are food standards? Discuss the various food

standards and their nature.
3. What is food adulteration? List the adulterants commonly

found in foods.
4. How does adulteration affect the consumer?
5. List the adulterants in order of the seriousness of health

hazards caused by these.
6. List simple physical tests for detection of adulteration.
7. List simple chemical tests for detection of adulteration.
8. List the agencies engaged in consumer protection and their

scope of work.

Lab & Practical Work
Simple Laboratory Chemical Tests
Besides these visual tests certain simple laboratory tests could be
devised to de-tect adulteration in foods. However, it must be
stressed that these tests are very elementary and one should not
jump to conclusions about the food being adul-terated unless it
is confirmed by tests carried out in a recognised laboratory. The
tests are described briefly below:
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1. Metanil Yellow in haldi powders, haldi (whole) and in gur. To 2
g of the sample add 5 m of alcohol. Shake and add a few
drops of concentrated hydrochloric acid. A pink colouration
indicates the presence of metanil yellow.

2. Artificial Colour in Chillies: Rub the outside of a chili with a
piece of cotton soaked in liquid paraffin. If the cotton
extracts the colour and becomes red, it is an indication that
the sample has added colour.

3. Addition of Starch to Milk, Butter and Coffee:
a. Milk and Butter: Add a drop of iodine solution to a

small quan-tity of the sample. Formation of blue
colour could indicate adul-teration with starch.

b. Coffee Powder: Make a decoction of the coffee.
Decolorise it by adding potassium permanganate
solution. Then add a drop of iodine solution. Blue
colour formation indicates adulteration with starch.

4. Argemone Oil in Mustard Oil: Heat 5 ml of test sample with 5
ml of nitric acid for two to three minutes. A red colour will
appear if argemone oil is present.

5. Rancidity in Oils: To 5 ml of sample in a test tube add 5 ml
of hydrochloric acid. Stopper the test tube and shake
vigorously for 30 seconds. Add 5 ml of 0.1 per cent
phloroglucinol solution in ether. Shake for 30 seconds and
then allow to stand for 30 minutes. A pink or red colour in
the acid layer indicates that the oil sample is rancid.

6. Mineral Acids in Aerated Water: Prepare metanil yellow paper
by soaking filter paper strips in 0.1 per cent aqueous solution
of metanil yellow and drying the paper strips. Pour a drop or
two of aerated water on one of the paper strips. Mineral acid
would colour the paper violet. This is retained even on
drying the paper.
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UNIT IV
THE SRM PROGRAMME AND THE

HACCP SYSTEM
LESSON 9:

CONSUMER CHALLENGES

Learning Outcomes
• The fundamentals of the SRM program
• Responsibility for the SRM program
• Benefits of the SRM program
• Introduction to the HACCP system
• The seven HACCP Principles

Food Establishment Inspection
• Staff training,
• Conducting the inspection,
• Inspection documentation
• Inspection Report
• Food establishment Inspection report

Exhibits For Guidelines: 1.1 To 1.13
Hazard Analysis Critical Control Point (HACCP) is a common
sense technique to control food safety hazards. It is a preventive
system of hazard control rather than a reactive one. Food
establishments can use it to ensure safer food products for
consumers. It is not a zero risk system, but is designed to
minimize the risk of food safety hazards. HACCP is not a
stand alone program but is one part of a larger system of
control procedures that must be in place in order for HACCP to
function effectively. These control procedures are prerequisite
programs and are discussed more in Chapter 4.
The success of a HACCP program is dependent upon both
people and facilities. Management and employees must be
properly motivated and trained if a HACCP program is to
successfully reduce the risk of foodborne illness. Education and
training in the principles of food safety and management
commitment to the implementation of a HACCP system are
critical and must be continuously reinforced. Instilling food
worker commitment and dealing with problems such as high
employee turnover and communication barriers must be
considered when designing a HACCP plan.
Successful implementation of a HACCP plan is also dependent
upon the design and performance of facilities and equipment.
The likelihood of the occurrence of a hazard in a finished
product is definitely influenced by facility and equipment design,
construction, and installation which play a key role in any
preventive strategy.
“Both parts of HACCP - the hazard analysis and the critical
control points - are influenced by the design of equipment and
structures in retail food establishments.... Facility and process
designs can help a HACCP system be more effective by
preventing cross contamination and meeting Standard Operat-
ing Procedures (SOPs), therefore allowing the hazard analysis to
focus on significant hazards associated with the food itself.”

(Comments made by FDA HACCP Policy Strategic Manager,
Dr. John Kvenberg, on June 24, 1996 to the Institute of Food
Technologists’ seminar on Legal Constraints in Facility/Process
Design).

Risks Associated with Foods
Because many foods are agricultural products and have started
their journey to your door as animals and plants, raised in the
environment, they may contain microscopic organisms. Many
foods contain nutrients that make them a place where microor-
ganisms can live and even grow. Some of these organisms are
pathogens, which means that under the right conditions and in
the right numbers, they can make someone who eats them ill.
Raw animal foods such as meat, poultry, fish, and eggs often
carry bacteria, viruses, or parasites that can be harmful to
humans.
Also because foods are from the environment, they can contain
objects such as stones that could cause injury. Food may be
contaminated naturally, for example from the soil in which it is
grown or because of harvest, storage, or transportation
practices. Some foods undergo further processing and at times,
despite best efforts, become contaminated. These inherent
hazards, along with the hazards that may occur in your estab-
lishment, such as metal fragments from grinding, can lead to
injury, illness, or death.

Hazards Include

• Biological concerns, such as:
• bacterial, parasitic, or viral contamination
• bacterial growth
• bacterial, parasitic, or viral survival
• bacterial toxin production
• bacterial, parasitic, or viral cross-contamination

• Physical objects
• stones
• glass
• metal fragments
• packaging materials

• Chemical contamination
• nonfood-grade lubricants
• cleaning compounds
• food additives
• insecticides

The main reasons for the outbreaks are:
• Improper holding temperatures,
• Poor personal hygiene,
• Improper cooking temperatures,
• Foods from unsafe sources, and
• Contaminated equipment.
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LESSON:10
SRM PROGRAM

Making Risks Manageable: The Sanitation
Risk Management Program
A food service organization can be thought of as a system of
basic operating activities or control points. Each control point is
a miniature system with its own recognizable structure and
functions The overall success of the operation depends upon
the success of each of these interrelated activities.
The SRM program described in this book focuses on managing
risks at each of the ten control points. This approach system-
atizes the otherwise overwhelming task of managing the
sanitation risks of the entire food establishment. The SRM
program inducing those risks in the course of daily operations.
By thus reducing risks at each control point, managers can
successful reduce the overall risks of operating a food establish-
ment. The end result is satisfaction for guest, staff members,
and owners.

The Control Points
Menu planning is the initial control point in the food service
system. Because the menu influences the remaining control
point, managers must understand all the control point before
developing the menu. For example the many affects purchasing
receiving storing, issuing preparing cooking and serving
procedures because these procedures vary with the food
products in question. The menu also affects and in some cases
may be affected by the facility’s design and layout equipment
requirements, and labor needs. A properly designed SRM
program must begin with the menu.
Purchasing is important for maintaining the value and quality
of products minimizing the investment in inventory and
strengthening the operation’s competitive position. Sound
purchasing techniques can protect profits, control costs, and
reduce risks. A sound purchasing system is essential to the
operation’s SRM program.
Receiving is a critical control point because at this point the
operation assumes ownership of the products. The receiving
function involves checking quality, quantity, and price. Proper
receiving practices, when combined with skillful purchasing can
maximize the benefits of a carefully planned menu.
Storing serves to prevent deterioration and theft of valuable
food products before the operation uses them. Food products
are valuable assets that must be protected from contamination
spoilage and theft in order to minimize costs and risks and
maximize profits. Standards for the different types of storage
(dry refrigerated, and frozen) provide this protection.
Issuing is the control point at which food products are released
from storage. The objective of issuing controls is to ensure that
product are only released to the production department with
proper authorization. A poorly designed issuing system can
undermine an operation’s sanitation efforts, increase risks and
jeopardize profits.

Preparing is the series of activities performed on food products
before cooking cleaning and peeling vegetables, trimming meat,
and assembling raw ingredients are examples of preparing
activities. Food is exposed to sanitation hazards during
preparing sanitation standards are therefore important at this
control point.
Cooking is the control point, particularly in food service
operations that prepare products well in advance of service.
Menu items may be held hot or cold. Holding times should be
as short as possible to maintain product quality and reduce
sanitation hazards. Holding temperatures must also be
monitored carefully.
Serving involves physically transferring finished menu items
from the production department to guests. This control point
should be designed to deliver quality products to guest quickly
and efficiently. Serving standards should focus on protecting
good safety and quality.
Cleaning and maintenance is the final control point it is also of
the most important. Cleanliness is intimately related to every
other basic operating activity. Many of the standards at the other
control point are standard of cleanliness and relate to sanitation
and maintenance.
These ten control points are the foundation of any food
establishment. A comprehensive sanitation program must
address each point. Specific standards and operating procedures
will vary among individual operations. However, and SRM
program based on these control point can be adapted to any
food establishment.

Reducing Risks at Each Control Point
The SRM program described in this book focuses on reducing
overall risks by identifying the risks at each control point in a
food service operation. This approach is a modified version of
the Hazards Analysis Critical Control Point (HACCP) approach
developed jointly by the Pillsbury Company the United States
Natick Laboratories and the national Aeronautics and Space
Administration in 1974. The HACCP approach seeks to
eliminate safety risks – primarily microbiological in food
processing by identifying the specific hazards (hazard analysis) at
each important point critical point  in a food production
system. A hazard is a biological, chemical or physical property
that may cause an unacceptable consumer health risk. A critical
control point is a point or procedure in a specific food system
where loss of control may result in an inacceptable health risk. A
HACCP plan is a written document that delineates the formal
procedures for following HACCP principles.
The Food and Drug Administration’s regulatory activities are
conducted using the HACCP approach, for example, the FDA
first applied HACCP to the low acid canned food industry.
Individual hospitality organization including Marriott, Red
Lobster and Dobbs International Services, have also instituted
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successful  HACCP programs. More details about HACCP is
provided later in this chapter.
The SRM program presented here is a HACCP based approach,
which focuses on essential the ten control points common to
most food establishments. Standards and procedures for each
control point are presented as they relate to the four resource
under a managers control inventory people equipment, and
facilities. A resource evaluation is necessary for each of the ten-
control point. The result is a systematic approach to managing
risks. Exhibit 1.2 presents an SRM diagram for baked chicken.
The left side of the diagram indicates the ingredients that are
added of the chicken. The left side to the diagram indicates the
ingredients that are added to the chicken as it passed the control
point. The right side of the diagram indicated the appropriate
SRM actions that reduce risks at each control point.
Inventory is an essential management resource because it is
converted into revenue and ultimately into profits. Inventory in
a food service operation normally consists of food products,
beverage and non-food items such as linens and cleaning
chemicals. Inventory control is a vital link in an operation cost
and quality control systems. Inventory items are assets which
must be protected from spoilage, contamination pilferage, and
waste.
Because the hospitality industry is labor-intensive that is it relies
on large staff people are an important resource. It is manage-
ments responsibility to train staff members in proper
sanitation practices. Failing to control this important resource
undermines the SRM program and jeopardizes the
establishment’s bottom line.
The food establishment equipment represents a substantial
investment. Equipment selection is important to the SRM
program, as is the proper cleaning and maintenance of each
piece of equipment . A food service operation’s facilities also
represent a sizable investment, and their design and layout have
a great impact on the success of the SRM program.

Benefits of the SRM Program
A formalized SRM program ensures a continuous effort toward
better sanitation. It guarantees that important points are not
overlooked or forgotten in the course of daily operations and
personnel changes. Naturally, a comprehensive SRM program
costs money. However, it provides an immediate payback to the
business by performing the following functions
• Meeting guest expectations upon which the establishment’s

success (and Every one’s job) depends
• Protecting guest and staff health thereby reducing staff

member absences
• Reducing the operations liability for accident injuries or death
• Increasing the useful life of the operation facilities and

equipment
• Increasing the effectiveness and reducing the cot of cleaning

and sanitization procedures with the proper use of
chemicals.

• Reducing the risks associated with the storage and
application of toxic chemical by standardizing products and
procedures.

• Simplifying supervision with the use of checklists
• Eliminating product waste and simplifying work methods

through the use of written cleaning procedures
• Establishing management objectives which can be used to

measure the progress of the business toward reducing risks.
• Providing an acceptable return on investment for the owners

for the business
• Reducing the risks of operating a food establishment.
As this list of benefit including, a comprehensive SRM program
does not cost as much as it pays. However, the return on this
investment depends on how well management communities
the SRM standards and how well everyone performs to uphold
these standards. Management must make sanitation part of
daily operation and make all staff members aware of its
importance.
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LESSON:11
THE SEVEN HACCP PRINCIPLES

The National Advisory Committee on Microbiological Criteria
for Foods. (NACMCF) consists of regulatory official, academi-
cians, consumer groups, state government, and the food
industry. NACMCF has developed seven widely accepted
HACCP principles. They are listed in Exhibit 1.3 and discussed
in the following section of the chapter.

Principle1: Hazard Analysis
The hazards analysis process identifies significant hazards,
estimates the likelihood that these hazards will occur and their
severity if they do occur, and develops preventive measures for a
process or product to ensure or improve food safety. HACCP’s
focus is high-risk hazards that are likely to occur. HACCP
includes an analysis of ingredients processing distribution and
the intended use of the product. Such an analysis would state
the sensitive ingredients (such as raw eggs) can create microbio-
logical chemical and or/physical hazards in food.
Hazards analysis includes a flow diagram that depicts the
control point or basic operating activities. The significant
hazards associated with each control point are listed, but more
important preventive measures to control the hazards should
be highlighted by management and staff members. In exhibit
1.2 for example preventive SRM actions are listed to the right of
the control point. SRM is more comprehensive than HACCP,
since its results transcend food safety and ultimately integrated
quality and cost control with safety concerns to achieve staff
guest and owner satisfaction. Each flow diagram should be
constructed by a HACCP team that has knowledge about all
control point on the product, the process and likely hazards

Hazards. Hazards can be categorized as biological, chemical,
and physical. Biological hazards include bacterial, vital and
parasitic organism. A summary of hazardous microorganism
and parasites grouped on the basis of risk severity. Chemical
hazards may be naturally occurring or may be added during
food processing. Exhibit 1.5 lists types of chemical hazards and
examples physical hazards are hard foreign objects found in
food sources are presented in Exhibit 1.6
Level of Risk . An assessment of the risk of the each hazard
must consider the likelihood of occurrences and severity. The
estimate is based on experience epidemiological data and
technical information. When hazard identification and risk
estimation are combined significant hazards can be highlighted
and addressed in the HACCP plan.
Hazards Analysis Process. In this step, management must
ask and answer a series of question for each control point in the
flow diagram. The questions are listed in Exhibit 1.7 Once these
question are answered preventive measures (which may be
physical or chemical) can be taken to control hazards. For
example cooking sufficiently to kill pathogens is a physical
preventive measure that can eliminate enteric pathogens.
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LESSON:12
FOOD ESTABLISHMENT INSPECTIONS

The overall desired result of food establishment inspections is
to prevent food borne illness. Inspections are the primary
means by which food establishment management and staff
members and the regulatory authority detect procedures and
practices that may be hazardous. Once deficiencies are found,
management and staff members can take action to correct them.
Food establishment inspections serve as educational sessions
regarding specific Food Code requirements as they apply to a
particular establishment. Inspections also convey new food
safety information and provide opportunities to ask questions.
In addition, inspections provide a written report to the permit-
holder or person in charge, so that the responsible person can
bring the establishment into compliance with the Food Code.
Using the HACCP system to refocus inspections is nothing
new. Some juris-dictions have done so since the early 1980s. .
Even though this discussion of food establishment inspec-
tions will focus at times on the role of the regulatory authority,
it can be applied directly to managers, staff members, and
owners. For example, jurisdictions must consider the number
of hours required to perform inspections when allocating
resources. So must a food establishment’s manage-ment team
consider resources (i.e., people, food, equipment, facilities, time,
and money) and the worth of activities in relation to the
amount of resources used. The FDA recom-mends that
approximately eight to ten hours be allocated per establishment
per year for regulatory inspections. Other factors affecting
resources are inspection frequency for each category of establish-
ment, any variations over time in inspection violations or
scores, and training provided to inspection staff.
Inspectors must have the correct equipment, including necessary
forms, thermo-couple or thermistor, alcohol swabs, flashlight,
sanitizer test kit, 160°F (73°C) maximum registering indicators
for verifying mechanical warewasher sanitization, pressure
gauge, and light meter. If the food process flow is complicated,
the inspector may also need a pH meter, aw meter, and time-
temperature data loggers.
Risk Categorization of Food Establishments. The establish-
ments with the highest risks are targeted for inspection by
regulatory authorities, based on the types of food served, the
process flow the foods require, the volume of food produced
and served, the popula-tion served, and the establishment’s
previous compliance history. All of these variables can affect the
probability of a foodborne illness outbreak in a food establish-
ment. Exhibit 1.11 presents the risk categorization of food
establishments.
Types of Inspections. The Food Code specifies that access to a
retail establishment for inspection is a condition of the
acceptance and retention of the food establishment per-mit.
(More information about permits is covered in LESSON -2.)
Inspections are generally unannounced to obtain a more

accurate assessment of normal operating conditions and
practices. Inspections determine compliance with the Food
Code, and are of five types: preoperational, routine, follow-up,
HACCP, and complaint.
Preoperational inspections are conducted to ensure that the
establishment is built or remodeled in accordance with the plans
and specifications approved by the regulatory authority. Routine
inspections are full reviews of operations and facilities and. their
impact on food safety. Follow-up inspections concentrate on
correction of critical viola-tions within ten days of the routine
inspection. HACCP inspections review critical limits, required
records, and corrective actions outlined in the establishment’s
HACCP plan. Complaint inspections follow consumer com-
plaints and may involve the regulatory agency’s medical staff.

Staff Training
Staff training is the key to reducing risks and increasing staff,
management, guest, and owner satisfaction. Food establish-
ments should begin with a well-defined training process and
use the resources of local, state, and national regulatory agencies.
The first phase of staff training should provide information on
program history and structure, and should emphasize specific
goals and objectives. The study of the epide-miology of
foodborne illness-including organisms, foods, contributing
factors, case studies, and all aspects of basic microbiology-is
critical for both the inspector as well as the inspected. The
second phase of training is on-site training conducted by
trainers fa-miliar with HACCP inspecting. The trainees should
demonstrate expertise in data gath-ering and analysis before
moving to the third phase of training, which is standardization.
In this phase, points of violation are fully discussed and
differentiated from similar conditions that are not violations.
The final phase of training-lifelong or continuing education-is
ongoing. Managers and staff members must remain current in
this rapidly changing world through seminars and workshops
offered by colleges and universities, professional associations,
regulatory agencies, and private companies. Food service
training programs offer excellent opportunities for acquiring,
reinforcing, and retaining food safety knowledge (see Appendix
D for more information).

Conducting the Inspection
The HACCP inspection views a food establishment and its
operations as a total pro-cess by identifying CCPs in an attempt
to prevent food safety hazards. Regulatory agen-cies take
individual program, personnel, establishment, and jurisdiction
differences into account when establishing procedures for
assigning food establishments and preparing for and conduct-
ing inspections.
The menu and food product flow are the place to start the
review for the inspection. Full food flow diagrams should be
reviewed by the regulatory authorities even though only a
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portion of the steps will take place during the inspection. The
focus during the inspection must be, first and foremost, the
food.
The sources of food, storage practices, and process flow steps
all should be noted. Risk assessment data guide the allocation
of time and focus during the inspection. Com-plex, higher-risk
food processes that involve multiple ingredients, potentially
hazardous foods, long holding times, foods to be cooled, and
reheating steps should be given a high priority. Foods that have
been implicated in foodborne illness should receive high prior-
ity, too. Other high-risk indicators are foods prepared in large
volumes and those requir-ing manual assembly and manipula-
tion during preparation or portioning.
Accurate measurements during inspections are essential.
Accuracy of measure-ments depends on at least two variables:
calibration of the equipment and procedures followed by the
person making the measurements. Critical limits to be mea-
sured in-clude temperature, pH, aw, food additive
concentrations, warewashing processes, wash/rinse/heat
sanitization, sanitizer concentrations, pressure and time
measure-ments, light distribution, and insect and rodent
infestations.
Temperature measurements. Food product internal temperatures
should be taken in the geometric center of the product.
Additional measurements (taken at points farthest from the
heat source) may be necessary when foods are held hot on
steam tables. Ambient temperature monitoring devices should
be used as indicators of where further tempera-ture investiga-
tions are warranted. Temperatures monitored between packages
of food, such as milk cartons or packages of meat, also indicate
the need for further examination. However, the temperature of
a potentially hazardous food itself, rather than the tempera-ture
between packages, is necessary for regulatory citations.
The three dimensions of bacterial load, temperature, and time
must be considered when inspecting the cooking process.
Temperature measurement should take into ac-count post-
cooking heat rise (which. allows the temperature to reach
equilibrium throughout the food), particularly for foods cooked
in a microwave oven. Product cook-ing temperatures and times
should be carefully evaluated during inspections.
Modern thermometers that measure temperature electrically,
rather than bimetal types that rely on thermal expansion of two
different metals, are recommended by regula-tory authorities.
Such modern thermometers yield faster responses and provide
greater overall accuracy. Before internal food temperatures are
taken, the probe must be cleaned and sanitized. Boiling water,
alcohol swabs, or sanitizers can destroy pathogens on the
probe. When a series of temperatures is taken, it is important
that the probe be thoroughly cleaned and sanitized between
uses to prevent cross-contamination.
pH measurements. The pH measurement is important in
determining if a food is po-tentially hazardous. The closer the
food approaches the critical limit of 4.6, the more pre-cise the
measurement should be

Water activity measurements. Water activity (aw) is another factor
used to determine if a food is considered potentially hazardous.
The aw is measured with a laboratory or field aw meter.
Food additive concentrations. Samples of food are sometimes
collected and sent to a laboratory for analysis.
Warewashing process evaluation. Because proper cleaning and
sanitization of food contact surfaces are important safeguards
of public health, the washing, rinsing, and sanitizing processes
must be verified to ensure that they meet Food Code provi-
sions.
Mechanical warewashers are required to have data plates that
indicate acceptable pa-rameters for temperatures and cycle times
for particular machines.
Wash/rinse/heat sanitization measurement. Devices used for
measuring food product temperature can also be used for
determining the critical limits of washing, rinsing, and sanitiza-
tion. Both a three-compartment sink and many mechanical
warewashers have vats for water that can be checked with a
probe thermometer and compared to the installed thermometer
readings.
Sanitizer concentration. Sanitizer test kits are used. (See Chapter 9
for more informa-tion about sanitization.)
Pressure measurements. The hot water sanitizing rinse pressure of
mechanical ware-washing machines is an important factor.
Time measurements. Time is significant in the evaluation of
warewashing operations, as are temperature and concentration.
Time should be measured with a watch that has a second hand
or readout.
Light distribution. Portable light meters are used to take measure-
ments of the amount of light. The measurements should be
taken 30 inches (76 cm) above the floor.
Insect and rodent infestation. Physical evidence of insect and rodent
infestation can take the form of dead vermin, droppings,
nesting, gnawings, and grease marks on the walls. A bright
flashlight, a magnifying lens, and an ultraviolet light to detect
rodent urine stains can reveal infestations.

Inspection Documentation
It is essential that accurate notes be taken during a HACCP
inspection. One accept-able format is the HACCP Inspection
Data form shown in Exhibit 1.12. This form consists of an
administrative section, a food flow section, a section for
recording temperatures that are spot-checked, and categorical
sections to record other data.
Note that the administrative section identifies the date and time
of the inspection. The food flow section is used to record
detailed information regarding as many as four food items
identified as having the most potential for presenting prob-
lems. Additional sheets can be used if more than four food
items are tracked. The foods are listed horizon-tally across the
top, and steps from source to reheat are listed down the left side
of the form. Under each food identified, space is provided for
recording information observed such as time and temperature
for each of the steps. A shaded column is provided for each of
the foods to identify any critical limits that exist for each of the
steps.
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The entire production and service cycle might not take place
while the food estab-lishment is being inspected. Therefore, it
should be clearly delineated on the form at which point the
observations began and ended.
The food temperature recording section can list both acceptable
and violative tem-peratures.
The back of the form asks for data relating to other areas of the
operation.
Many violations found during inspection can be corrected
immediately if the permit- holder or person in charge accompa-
nies the inspector. Immediate correction does not ne-gate the
original violation, but should be recognized as part of the
inspection documentation. The inspector will note violations
and corrections on the official inspec-tion report.

Inspection Report
The inspection report is the official regulatory agency document.
It is completed for rou-tine, follow-up, and complaint inspec-
tions. A copy should be kept in the food establish-ment’s files.
The inspection report can be prepared using either the Food
Establishment Inspec-tion Report or the FDA Electronic
Inspection System. The report is usually completed at the end
of the inspection. Not every item recorded on the HACCP
inspection Data form is included in the inspection report. The
HACCP Inspection Data form may include some information,
such as documentation of acceptable holding temperatures that
is not necessary for the final report.
The final score indicate how well an establishment is complying
with the regulatory agency’s food safety rules. Compliance with
provision of the Food Code is the basis for retaining the
permit to operate the food establishment. Certain food code
violation are called imminent health hazards and require
immediate or closure of the affected part of the food establish-
ment. Sewage backing up in a food preparation area is an
exam-ple of an imminent health hazard.
Critical items are Food Code violations that may contribute to
food contamination, illness, or environmental degradation and
represent substantial public health hazards. The Food Code
delineates critical items by the use of an asterisk (*) after the tag
line. A bold superscripted N (N) means an item is noncritical; a
bold superscripted S (5) designates an item that mayor may not
be critical, depending on the circumstances. In previous codes,
violations have always been designated as critical or noncritical.
Under the Food Code; the inspector can use professional
judgment regarding some of the viola-tions to determine how
serious the violations are-that is, how critical or noncritical -
based on the likelihood of food contamination, illness, or
environmental degradation.
The Food Code is based on citing violations in two categories:
critical and noncriti-cal. The final score, which is the number of
items in violation, is significant as an indica-tor of the food
establishment’s overall control of hazards; however, there is no
defined point at which a score translates into a significant health
hazard. A jurisdiction can choose the method it will use to score
its food establishments, including total quality management
(TQM), fixed categorization, or fixed without categorization
methods.

The TQM method employs statistical process control to focus on
continuous quality improvement. The method uses percentile
rank to judge compliance against a range of compliance levels of
similar establishments within the category. The fixed categoriza-
tion method uses a fixed number of critical violations selected for
each category of establish-ment. The fixed without categorization
method is the simplest method. It sets a single level of compli-
ance for all types and complexities of establishments.

Food Establishment Inspection Report

Exhibit 1.13 shows the Food Establishment Inspection
Report. The introduction and administrative data clearly ask for
key information, including inspection type and time.
It is essential that regulatory officials standardize the inspection
process within an agency. Inspectors mark violations on the
inspection report when they clearly exist in the food establish-
ment. A violation represents a deviation from a Food Code
provision. Each violation is recorded as a separate item on the
report.
Critical violations are indicated with an X in the first column.
Critical violations are always listed first for emphasis. Repeat
items are those that were in violation on the pre-vious inspec-
tion and are indicated in the second column, Repeat, with an X.
Specific Food Code section references are recorded in the third
column, Code References. Inspectors use the fourth column,
Violation Description/Remarks/Corrections, to briefly record
the specifics of the observed violation. Any additional informa-
tion or explanation should be recorded here, including, if
appropriate, that the establishment permit-holder or person in
charge corrected a violation during the inspection.
Once the inspection form has been completed, a closing
conference is held to give the inspector the opportunity to clearly
and firmly convey the compliance status to the permit-holder or
person in charge. It may be beneficial to include other members
of the food establishment management team in the closing
conference. The written report is the focus of the closing
conference. The listing of the results with the critical violations
listed first helps focus the discussion on violations that could
directly lead to a food-borne illness.
The closing conference gives establishment management the
opportunity to ask questions of the inspector. A detailed
discussion of the establishment’s plans for correct-ing viola-
tions revealed during the inspection must be included in the
closing conference. Timely follow-ups are mandated under the
Food Code. Some jurisdictions require estab-lishments to
return a notice to the agency that violations cited during the
inspection have been corrected.
The FDA Electronic Inspection System (FDA EIS) is an
alternative to the inspection form. It is a powerful tool for
regulatory agencies to use in managing important program data.
FDA EIS software is provided to state and local regulatory
agencies. It can be used to integrate data management between
existing agency database management systems and the food
protection program. It can also consolidate inspection data
collection and reporting between different levels of food
protection programs within a state.
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9. How does a HACCP inspection differ from a food
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10.What are critical violations? How can they be reduced?
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Learning Outcomes:
• Food Spoilage
• Food Preservation:
• Low- temperature food Preservation.
• High-temperature Food Preservation.
• Food preservation by Dehydration.
• Chemical Food Preservation
• Food preservation by Radiation.
• Methods of preservation.

A discussion of food service sanitation would be incomplete if
it failed to include food spoilage and food preservation.
Microorganisms are responsible for much of the food spoilage
that occurs in the channels of distribution and in food service
operations. This chapter focuses on how food products spoil
and the short- and long-term methods used to minimize this
spoilage.
Almost all food products are composed largely of organic
material (material containing carbon compounds). Once the
food is harvested or slaughtered, the organic material in it
begins to break down chemically. Two distinct processes occur
during food breakdown: autolysis and spoilage.
Autolysis is the chemical breakdown of food products caused
by substances (primarily enzymes) within the food. Enzymes
are proteins that catalyze this chemical reaction; that is, they
speed up the rate of autolysis. In living cells, enzyme activity is
held in check by various processes. The enzymatic autolysis of
some foods is desirable; for example, meat tenderization and
the ripening of fruits and vegetables are the results of autolysis.
Autolysis destroys the cell walls of food products. This physical
change in turn facilitates food spoilage.
Food spoilage occurs primarily through the action of bacteria,
molds, and yeasts. Spoilage organisms break down the complex
organic substances in foods into their simple, inorganic
components. This process is responsible for the changes in the
odor, color, texture, appearance, and taste of food products,
which indicate spoilage. Spoiled food is unfit for human
consumption.
Many factors contribute to food spoilage. A variety of microor-
ganisms are often involved in the breakdown of organic
substances. Enzymatic autolysis accelerates the rate of spoilage.
Insects and rodents also damage food products and make them
unfit for human consumption. Physical changes (exposure to
extreme temperatures or excessive pressure) and careless
handling cause bruising. Chemical reactions other than autolysis
can also be responsible for food spoilage. This chapter deals
primarily with food spoilage caused by microorganisms.

UNIT V
FOOD SPOILAGE AND

PRESERVATION
LESSON 13:

FOOD SPOILAGE

The spoilage of food products in a food establishment is often
linked to one or more of the following causes:
• Improper storage temperatures
• Incorrect or excessive storage times
• Unacceptable levels of ventilation in storage areas
• Failure to segregate foods in storage
• Excessive delays between receiving and storing of food

products
• Inadequate or unacceptable sanitation standards resulting in

exposure of food products to contaminants
As this list suggests, most food spoilage occurs when foods are
at the storing control point. Storage area standards must be
designed to prevent or minimize food spoilage and exposure
of food products to pathogenic organisms.
In general, raw food products can be placed in one of three
broad categories-perishable, semi-perishable, non-perishable-
based on their susceptibility to microbial spoilage. Perishable
food products spoil readily without special processing or
preservation techniques. This category includes most products
used daily in a food service facility: meats, poultry, fish, shellfish,
eggs, dairy products, and most fruits and vegetables. Semi-
perishable food products have a longer shelf life than perishable
foods. These products spoil more slowly when stored under
recommended time-temperature combinations. Included in this
category are nuts, apples, potatoes, and waxed vegetables such
as cucumbers. Non-perishable food products are the most
resistant to spoilage unless they are improperly handled and
stored. This category includes most dry grocery items, such as
sugar, flour, spices, and dry beans. Food preservation methods
are designed to increase the shelf life and maintain the desirable
physical and chemical properties of food.

Food Preservation
The United States was once an agricultural society. Most people
lived and worked on or close to farms, so a wide variety of fresh
food products were readily available. This pattern of rural living
changed with the Industrial Revolution. Americans began
moving from farms to industrialized cities, and this migration
radically altered the food supply needs of the population.
Americans no longer had easy access to a supply of fresh food
products; as cities absorbed more of what was once farmland,
the sources of fresh food grew increasingly distant.
The food processing industry responded to this challenge by
improving methods of food preservation. Food processors
discovered that one of the best ways to preserve food was to
practice strict microbiological control. Along with controlling
pathogenic organisms, food processors and manufacturers
learned to control organisms responsible for food spoilage.
They succeeded in increasing the shelf life and availability of
food products for the growing number of city dwellers. In
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time, processed food products even became popular with farm
families. Today food-processing plants use a variety of methods
to provide wholesome food products to industrialized
America.
In recent years, several self-proclaimed “food experts” have tried
to persuade the American public that the food supply is loaded
with unnecessary levels of food additives. But these food
additives control undesirable microbes and increase the
availability of food. To condemn food additives without
acknowledging their benefits does a disservice to the unin-
formed consumer. Without such additives, we would be
buying food products like those in turn-of-the-century general
stores. Few of us would be willing to give up the convenience
of modern supermarkets just to avoid additives.
Nevertheless, recent studies indicate that many consumers are
increasingly concerned with the safety of the food supply. Many
are worried about residues from agricultural chemicals, herbi-
cides, and pesticides. A few red grapes tainted with minute
traces of cyanide caused a national scare. A substance called alar,
a growth regulator that helps maintain the red color of apples
during storage, also raised concern: several cities temporarily

banned apples and apple products in their school districts. In a
public opinion survey released by the Food Marketing Institute
(FMI), nine out of ten respondents described food additives
and preservatives as hazardous.
Food additives are already closely regulated in the United States.
Unsafe or unapproved food or color additives may not be
incorporated into food products. However, consumer interest
in this area is unlikely to diminish. The best protection that a
food service operation has is to be informed and to obtain
food products only from approved sources.
There are four main objectives of food preservation. As noted
in Chapter, some preservation methods are designed to
lengthen the lag phase of bacterial growth. Another objective of
food preservation is to delay undesirable autolysis. This is
achieved by destroying enzymes or preventing enzymatic action.
The third objective is to minimize the damage caused by insects,
rodents, and physical trauma. The fourth objective, the
prevention of microbiological breakdown of food, is probably
the most important. All methods of food preservation are
designed to achieve one or more of these objectives.
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Low temperatures preserve food products during their flow
through the control points of a food service operation. They
slow the growth of spoilage organisms and decrease the rate of
chemical reactions and enzyme activity. The rate of microbial
reproduction decreases as the temperature drops, and eventually
stops altogether. Some organisms may survive the low
temperatures and form spores which, when temperatures again
become favorable, can germinate to form vegetative cells capable
of reproduction. Some psychrophiles remain active at refrigera-
tor temperatures, and some spores can even survive freezer
temperatures.
Thus, low-temperature preservation cannot be expected to
thoroughly destroy spoilage or pathogenic microorganisms in
food. However, a reduction in the rate of microbial reproduc-
tion (along with a decrease in the number of cells) can be
expected if correct time-temperature combinations are followed.
The number of microorganisms killed, deactivated, or unaf-
fected by low-temperature food preservation methods depends
on the type and number of microbes present, the rate of
cooling, the time temperature combinations, the characteristics
of the food, and other variables. Low temperature food
preservation is effective in many applications, particularly in
controlling thermophiles and mesophiles.
There are three kinds of low-temperature food preservation:
chilled storage, refrigerated storage, and freezer storage.
Chilled Storage. Temperatures for chilled storage are lower
than room temperature but higher than those for refrigerated
temperatures. A typical range for chilled storage is between 50 F
(10°C) and 59°P (15°C). Some fruits and vegetables (potatoes
and cucumbers, for example) should be stored in this range.
Chilled storage may not be used for potentially hazardous
foods.
Refrigerated Storage. Temperatures for refrigerated storage
range from 32°P (O°C) to 45F (7°C). Some jurisdictions specify
41F (5°C) as the highest refrigerated temperature; check your
local regulations. Most food products that are classified as
perishable are best stored at refrigerator temperatures. Storage at
these temperatures slows the growth rate of spoilage organisms
and most pathogenic bacteria (with the exception of some
strains of Clostridium botulinum and certain psychrophiles).
Enzymatic and chemical reactions are also significantly reduced
at refrigerator temperatures.
Several factors affect the ability of refrigerator temperatures to
control spoilage organisms. One factor is the relative humidity-
the ratio of water vapor present in the air to the quantity of
water vapor that would be present if the air were saturated at
the same temperature. In other words, the relative humidity
reports the amount of moisture in the air as a percentage. The
relative humidity of a storage area affects microbial growth and,
therefore, storage times. Excessive moisture encourages the

growth of microorganisms. If the relative humidity is too low,
food in storage loses moisture to the environment. Moisture
loss in fresh fruits and vegetables is characterized by wilting,
softening, shrinkage, and reduced weight.
Ventilation or air flow maintains a uniform level of relative
humidity. Ventilation in storage areas also helps maintain an
optimum storage environment by removing undesirable odors.
In some cases, ventilation systems are used to alter the storage
area atmosphere. The use of carbon dioxide gas or nitrogen gas
makes it possible to maintain higher storage temperatures and
relative humidities. It also prolongs the shelf life of food
products. Such controlled-atmosphere storage methods are
useful in maintaining the quality of fresh fruits and vegetables.
Freezer Storage. Freezer storage temperatures are generally 0 F
(-18°C) and below. As one would expect, these very low
temperatures reduce the growth rate of microorganisms even
further. But some spores can survive freezer storage tempera-
tures. One advantage of freezing over refrigeration is that
freezing also reduces the aw (water activity) of food products:
when water is converted from liquid to solid form, microbes
can no longer use it. Only high-quality food products should be
selected for freezer storage because most food products lose
quality after being frozen.
Any physical evidence of food spoilage or damage should be
removed before freezing food products. All inedible parts of
the food should also be removed. Fruit and vegetable products
must be sorted, washed, and blanched before freezing. Blanch-
ing, the process of exposing the product to either steam or hot
water for a short time sets the color of green vegetables and
renders enzymes inactive. The blanching process also destroys
some microorganisms, forces trapped air out of the plant cells,
and causes leafy vegetables to wilt, making them easier to pack.
Chemicals may be added to food products prior to freezing.
Antioxidants are incorporated into some bakery products to
prevent rancidity, a chemical change or decomposition in fats
and oils, which produces a disagreeable taste or odor in foods.
Ascorbic acid (vitamin C) is added to some fruits and vegetables
to minimize browning during frozen storage.
Many people are surprised to learn that frozen fruits and
vegetables may have a higher nutritive value than their” fresh”
counterparts. Consider fresh grapefruit harvested in Florida and
shipped to Michigan. The citrus fruit might take one or two
days to reach the northern state. Once it is received by the food
distributor in Michigan, it could be stored under refrigeration
for a couple of weeks until a food service operation places an
order. Upon delivery, it could be stored for as long as a week
before it is actually used. Throughout this period, the fruit loses
vitamin C. On the other hand, grapefruit to be commercially
frozen is processed much more quickly, sometimes immediately
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after harvest. Therefore, the vitamin C content of frozen
grapefruit is often higher than that of “fresh” grapefruit.
Quick freezing reduces the temperature of a product to -4 of (-
20°C) in 30 minutes or less, while slow freezing takes 3 to 72
hours. Quick freezing is more desirable than slow freezing for a
number of reasons. First, quick freezing better preserves
product quality. Quick freezing causes small ice crystals to form
within food, which minimizes damage to the food’s cell
structure, thus preserving its flavor and texture. Second, when
thawed, products that have been quick-frozen exhibit less drip
loss than similar products that have been slow-frozen. (Drip
loss is the moisture eliminated from frozen foods when they
are thawed.) Third, quick freezing slows enzymatic and micro-
bial activity more promptly. However, the specialized equipment
needed for quick freezing is seldom present in a food establish-
ment, so slow-freezing methods are often used. In fact, most
food service freezers are storage freezers designed to hold
already-frozen products-not to freeze them.
A variety of quick-freezing methods are used for food products,
depending on the individual characteristics of the product type.
Immersion freezing entails dipping food products (such as fish
fillets) directly into a low-temperature coolant. Liquid nitrogen,
brine, or sugar solutions are used in this technique. Plate
freezing is used for boxes and packages of food, such as 2 or 2
1/2 pound (0.91 or 1.14 kg) boxes of frozen vegetables: each
package is placed between two plates that have a low-tempera-
ture coolant passing through them. Blast freezing requires
exposure of food to temperatures as low as 0F (-18°C) to -30°F
(-34°C). This technique is used for freezing meats, fish, poultry,
fruits, and vegetables.
Even when a food product is frozen and stored at freezer
temperatures, several changes that adversely affect quality can still
take place. Freezer burn is a dehydration that occurs when
frozen products are not wrapped or packaged properly. This
loss of moisture takes place on the surface of fruits, vegetables,
meats, fish, and poultry. Unfortunately, freezer burn is irrevers-
ible. It is a form of food spoilage because it renders food
products unusable. Furthermore, the texture, color, odor,
appearance, and taste of foods are slowly altered under freezer
storage conditions. Maximum storage times for various types
of food are discussed later in this chapter.
Low-temperature preservation needs in food service operations
have changed dramatically over the past several years. Operations
that once relied heavily on dry storage areas for canned goods
and frozen storage areas for frozen products have experienced a
number of changes. The demand for fresh produce and fresh
fish has created the need for more refrigerated storage space.
Also, the move by some food distributors to minimize daily
deliveries has led to bulk sale incentives and larger inventories
of refrigerated items in food service operations.
Unfortunately, many older food service facilities were not
designed with adequate refrigerated storage space for today’s
menu items. However, when replacement refrigeration equip-
ment is purchased or when new facilities are constructed, many
operators now install a single unit called a refrigerator-freezer or
dual temperature unit.

Thawing. Frozen food products may be cooked directly from
the frozen state or thawed prior to cooking. But frozen food
thawing is potentially hazardous if food products are exposed
to the temperature danger zone-the range of temperatures from
41°F (S°C) to 140°F (60°C). Remember, the TDZ may be
different in your locality. The defrosting method selected should
minimize contact with the TDZ. Never thaw frozen foods at room
temperature. The risks are too great.
Recall that some frozen foods undergo a process known as
slacking that allows the temperature of the food to gradually
increase from -10°F (-23°C) to 2SOF (-4°C). Slacking is done in
preparation for deep fat frying or to facilitate even heat penetra-
tion during the cooking of previously block-frozen food such
as spinach.
Thawing under refrigeration at temperatures of 41°F (S°C) or
less is recommended since it minimizes contact with the TDZ.
This method also minimizes product quality loss and exposure
to contamination. It works well for frozen fruit, poultry, fish,
shellfish, and large cuts of meat. There is an added advantage to
thawing under refrigeration: frozen food placed in a refrigerator
to thaw will draw heat from the other refrigerated products.
‘This heat exchange saves energy by reducing the amount of
time the refrigerator’s cooling equipment has to run. Today’s
food establishments are often designed with back-to-back walk-
in freezer and refrigerator combinations. This design allows the
(outer) refrigerator to serve as a buffer zone between the heat of
the kitchen and the freezer, thus reducing the amount of cold
air lost from the freezer.
Thawing under cold running water (70°F [21°C] or less) is also
acceptable. Items thawed in this manner must be protected
from water damage by being tightly wrapped or placed in
watertight containers. This method works well with frozen
fruit. Some jurisdictions do not recommend thawing poten-
tially hazardous foods under cold running water.
With some food products, defrosting as part of the cooking
process can save time and still is safe. Small cuts of meat,
poultry, fish, and frozen vegetables are usually defrosted and
cooked simultaneously. Breaded vegetables, fish, and shellfish
are actually better when they are cooked directly from the frozen
state.
Microwave oven thawing may be used for some food products,
although there are limitations. Microwave thawing is acceptable
only when it is part of the cooking process or when it is
followed immediately by cooking. Bread and rolls are tough-
ened when heated in a microwave oven, and large pieces of
meat may not fit into the chamber.
It is important to remember that since foods are not pure
water, they are not frozen at 32°F (0°C) as water is. Foods freeze
and thaw at temperatures between 25°F (-4°C) and 32°F (D°C).
Frozen foods have several opportunities to defrost during
handling, transportation, and storing. If the food is thawed
and then refrozen, large ice crystals will form and will reduce the
produce s quality.
Another low-temperature food preservation technique uses
reduced oxygen packaging and is rapidly emerging due to
technological advances. Sous vide (literally under vacuum) was
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invented by French chef George Pralus. The method consists
of packaging food items into plastic bags or pouches, vacuum-
sealing the pouches, and cooking the pouches of food while
carefully controlling both moisture and temperature. The food
is then immediately chilled to stop the cooking and stored
refrigerated. The pouches may be reheated in hot water for
service, or the fully cooked food may be served chilled.
Initially, the FDA banned on-premises sous vide preparation in
restaurants, citing the section of the 1976 Model Ordinance that
refers to home-canned foods. The concern was due to the
possibility of inadequate heat treatment, followed by the
growth of Clostridium botulinum and the psychrophilic patho-
gens such as Listeria monocytogenes and Yersinia enterocolitica.
Because of strict processing controls, sous vide preparation was
only permitted in food processing plants and sold to food
service operations.
In January 1989, the FDA outlined control steps that, if strictly
followed, would permit on-premises sous vide preparation.
However, many states do not permit vacuum packaging in any
facility except a food processing plant. The control steps are:
1. A food establishment that packages food using a reduced

oxygen packaging method shall have a HACCP plan that:
2. Identifies the food to be packaged;
3. Limits the food packaged to a food that does not support

the growth of Clostridium botulinum because it:
a. Has an aw of 0.91 or less,
b. Has a pH of 4.6 or less,
c. Is a meat product cured at a processing plant regulated by the

USDA using a combination of nitrites, nitrates, and salt that
at the time of processing, consists of 120 mg/L or higher
concentration of at least 3.50% and is received in an intact
package, or

d. Is a food with a high level of competing organisms such as
raw meat or raw poultry;

• Specifies methods for maintaining food at 41°F (S°C) or
below;

• Describes how the packages shall be prominently and
conspicuously labeled on the principal display panel in bold
type on a contrasting background, with instructions to:

6. maintain the food at 41°F (S°C) or below, and
7. Discard the food if, within 14 calendar days of its packaging,

it is not served for on-premises consumption, or consumed
if served or sold for off premises consumption,

· Limits the shelf life to no more than 14 calendar days from
packaging to consumption or the original manufacturer’s II
sell by” or II use by” date, whichever occurs first;

• Includes operational procedures that:
10.Prohibit contacting food with bare hands,
11.Identify a designated area and the method by which:
a. Physical barriers or methods of preparing raw foods and

ready-to-eat foods minimize cross-contamination, and

b. Access to the processing equipment is restricted to
responsible trained personnel familiar with the potential
hazards of the operation, and

c. Delineate cleaning and sanitization procedures for food-
contact surfaces; and

• Describes the training program that ensures that the
individual responsible for the reduced oxygen packaging
operation understands the:

2. Concepts required for safe operation,
3. Equipment and facilities, and
4. Procedures specified.
• Except for fish that is frozen before, during, and after

packaging, a food establishment may not package fish using
a reduced oxygen packaging method.

Many food service operators have explored the benefits of sous
vide preparation techniques. Some of the benefits frequently
mentioned are:
• Retention and enhancement of taste and odor
• Reduced amounts of seasonings, including salt, needed since

the essences do not evaporate during cooking
• Extended shelf life (up to 10 days in some products)
• Reduced labor needs
• Batch production and increased consistency
• Reduced food costs due to extended shelf life
• Increased menu variety
Expect to see greater applications of sous vide techniques in the
future as labor becomes more scarce and food service operators
continue to focus on quality.
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High temperatures are effective in food preservation because
they control the growth of microorganisms. When most
microbial cells are heated, they are either injured and deactivated
or destroyed. The exceptions are thermophiles, which prefer
higher temperatures, and other microorganisms, which have the
ability to form heat -resistant spores. The heat stability of
vegetative cells and spores varies considerably among species.
Several variables affect the survival rate of cells and spores
exposed to high temperatures. First, the time-temperature
relationship is critical to controlling the growth of microorgan-
isms. With sufficiently high temperatures, the time required for
microbial deactivation or destruction is reduced as the tempera-
ture is increased. Second, the initial colony size influences the
rate of deactivation or destruction. Everything being equal, as
the number of cells or spores initially presents increases, the
amount of heat needed to accomplish deactivation or destruc-
tion also rises.
Finally, the composition of a food product also determines the
effectiveness of high temperature food preservation. In general,
carbohydrates, proteins, and fats in food protect some organ-
isms from destruction by heat. When the aw is reduced, some
microbes become more heat-resistant. A pH near 7.0 (neutral)
also makes microorganisms more heat-resistant. Some food
products may require added chemicals such as nitrites or
preservatives to overcome microbial resistance to heat.
There are two methods of high-temperature food preservation:
pasteurization and sterilization.
Pasteurization. Pasteurization temperatures are used either to
extend the shelf life of food by reducing spoilage organisms or
to destroy all pathogenic microorganisms present in the food.
Pasteurization may be done in one of two ways. The holder
process of pasteurization involves heating the food product to
145°F (63°C) for 30 minutes. In the high temperature-short
time (HTST) method of pasteurization, the product is heated
to 161°F (72°C) for 15 seconds. Both techniques require the
heated food to be immediately cooled to 50°F (l0°e) or less.
The most common example of pasteurized food is fluid milk.
Either pasteurization method can be used for milk and milk
products, although the HTST process is preferred since it is so
rapid. In either case, the time-temperature combination is
sufficient to eliminate the possible presence of two pathogens:
Mycobacterium tuberculosis and Coxiella burnetti. These non-spore-
forming pathogens cannot survive either pasteurization
method. The importance of the pasteurization process is readily
apparent when one considers that more than 17 billion gallons
of milk are produced annually in the United States.
In addition to milk, the government requires that ice cream
mixes and liquid egg products (such as shelled whole eggs) be
pasteurized. This process minimizes the risk of Salmonella spp.
microorganisms. Canned hams are also pasteurized. Pasteuriza-

tion eliminates pathogens, but since it does not destroy all
microorganisms present in the food products, pasteurized
foods must still be stored under refrigeration.
Sterilization. Sterilization destroys virtually all microorganisms
and their spores. Once the food is batch-sterilized, or before it is
individually sterilized, it must be stored in a hermetically sealed
container, such as a can, glass bottle, or jar. With advances in
food technology, flexible plastic containers can now be used for
sterilized food products as well. Because the food is sterilized
and hermetically sealed, it need not be refrigerated until the
containers are opened.
The canning process is designed to achieve commercial steriliza-
tion of food products. The process has improved greatly since
Nicolas Appert did his pioneer work in canning in the late 1700s
and early 1800s. The modern canning process begins with the
arrival of the freshly harvested or slaughtered food. The food is
cleaned and all inedible parts are removed. Some vegetables are
blanched prior to being placed in cans. The food is placed in
washed cans, and brine (salt water) is added to vegetables. (The
exception is pickled vegetables, which are preserved by the acetic
acid formed during fermentation.) Fish products such as tuna
may be packed in either brine or oil. A sugar-water solution is
usually added to fruits during filling, although fruits packed in
their own juices have gained popularity among consumers in
recent years.
Once they are filled, the containers are evacuated; that is, a partial
vacuum is created in the container. During the sealing stage, the
lids are added and sealed to the body of the containers to form
an airtight or hermetic seal. After the containers are sealed, they
are heated to sterilization temperatures for carefully controlled
time periods.
A number of variables affect the amount of heat required for
sterilization. First, the size, shape, and material of the container
affect the l1eat transfer rate. Smaller cans permit a faster heat
transfer than larger cans or glass bottles. Second, the contents of
the container have a tremendous effect on the heat transfer rate.
Extremely viscous food products (for example, tomato paste)
have a slower heat transfer rate than food products that are
largely liquid (tomato puree). The pH of the food also influ-
ences the amount of heat necessary for sterilization. In general,
food products can be placed in one of three categories based on
their pH:
1. Low-acid foods (pH above 4.5) include meats, fish, poultry,

milk, spinach, asparagus, pumpkin, corn, and lima beans.
Because of their low acid content, these products require a
relatively severe heat treatment to guard against the growth
of Clostridium botulinum. The sterilization process is
frequently used to achieve a desirable level of microbial
destruction, while minimizing the negative effects on the
product’s texture, taste, odor, color, and appearance.

LESSON:15
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2. Medium-acid foods (pH of 3.7 to 4.5) include some
tomatoes, pineapples, and pears. The acidity in this group of
food products inhibits the growth of Clostridium botulinum.
However, spoilage organisms can grow at this level of acidity,
so the heat treatment must be severe enough to destroy
these undesirable microbes.

3. High-acid foods (pH below 3.7) include sauerkraut and
berries. Few pathogenic or spoilage organisms can survive in
such high acidity. A relatively mild heat treatment is required
for this group.

Heating for sterilization usually takes place in a large container,
which is pressurized according to the food product and its
ability to withstand heat. Food products that are particularly
sensitive to heat are processed using a variation of the normal

canning process known as aseptic canning. This process involves
the separate sterilization of containers (using hydrogen
peroxide) and contents, and uses more heat for substantially
shorter periods of time than conventional canning. Once
sterilized, the contents are placed into the containers and packed
in a sterile environment. This process conserves nutrients, color,
taste, odor, and texture but is relatively expensive.
After the heating process is completed, the containers are
cooled. The cooling process must be gradual to prevent cans
from bending and bottles from cracking. Once they have cooled,
the containers are labeled and placed in boxes or bottles for later
shipment. Modern technology has made commercial canning a
highly automated, continuous process.
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Food dehydration may be the oldest method of food preserva-
tion. Primitive people probably discovered this method when
they accidentally left food out in the sun. Dehydration is an
effective method of preservation because it reduces the aw of
food and thus inhibits microbial activity. There are four
methods of drying food: sun drying, mechanical drying, freeze-
drying, and drying during smoking.
Sun Drying.  This is effective in areas with low humidity and
high temperatures. Fruits and vegetables have been dehydrated
this way for centuries. Today, grapes, plums, currants, and
apricots are dehydrated by this method.
Mechanical Drying. This is the drying method of primary
commercial importance. Food products are prepared for
mechanical drying by trimming, washing, and removing the
inedible parts. Then heat is applied, usually in combination
with moving air. The three mechanical drying methods are spray
drying, tunnel drying, and drum drying.
Spray drying is used for liquid foods. The liquid is sprayed
continuously into the top of a drying chamber that may be
several stories high. Hot air mixes with the falling food and
evaporates the moisture. The result is a fine powder of dried
food, which exits at the bottom of the chamber. Milk, tea, eggs,
coffee, and fruit purees are spray dried.
Tunnel drying uses a conveyor belt to move the food products
into and out of a drying chamber. Like spray drying, tunnel
drying is a continuous process. Once in the chamber, the food is
exposed to blasts of hot air that evaporate moisture. Tunnel
drying is used for vegetables, fruits, nuts, confectionery
products, and breakfast cereals.
Drum drying uses a large rotating drum heated from within by
steam. Liquid food is applied to the drum in a thin film as it
rotates. A scraper is used to remove the dried food from the
drum in this continuous process. Potatoes, breakfast cereals,
infant foods, soups, and sauces are dried using this mechanical
process.

Freeze-Drying.  This technique uses a process known as
sublimation-the direct conversion of solid water (ice) to water
vapor without the usual intermediate step of melting into a
liquid. To freeze-dry a product, the product must first be
frozen. Sublimation takes place in a drying chamber where a
vacuum and a small amount of heat are applied. This process
results in a dried product that is porous and easy to rehydrate.
The food product suffers minimal damage because only a small
amount of heat is required for this process. However, freeze-
drying is relatively expensive. Freeze-drying has been used for
meat, fish, shellfish, poultry, vegetables, fruits, and coffee.
Drying During Smoking.  This method is quite slow com-
pared to other means of drying, but its results are unique.
Smoking alters the odor, color, appearance, texture, and taste of
food products. It also has a tenderizing effect on proteins. Since
colonial times, Americans have enjoyed the taste of foods hung
up to dry in closed sheds filled with the smoke of hardwoods,
especially hickory. This method of drying is used for meats,
fish, and cheese.
Drying is an effective preservation method because it reduces
the aw of foods and destroys some, but not all, of the
organisms present. To achieve the desired results, strict time-
temperature combinations must be adhered to during drying.
In addition, the relative humidity and the air speed must be
carefully controlled.
Once a food product is dried, its storage stability varies accord-
ing to the natural components of the food. Dried foods that
contain a relatively high percentage of fats or oils (meats, for
example) are more susceptible to rancidity reactions. Some food
products such as apricots brown when dried. However, chemical
additives can be incorporated before drying to prevent this
undesirable oxidation. Regardless of their ingredients, dried
food products must be stored in airtight containers to prevent
them from absorbing moisture from the environment. Many
dried foods must be reconstituted before they can be served.
Once they are reconstituted (recombined with water or other
liquids), these foods should be handled carefully.
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In the United States, several chemical food additives have been
approved by the Food and Drug Administration for, food
preservation applications. These chemical preservatives inhibit
the activity of selected pathogens and spoilage organisms. The
FDA strictly monitors the use of chemical preservatives. The
categories of chemical preservatives are nitrites and nitrates,
sugar and salt, sulfur dioxides and sulfites, ethylene and
propylene oxides, alcohol, organic acids and their salts, and
spices and other condiments.
Nitrites, nitrates, and their salts are used in the preservation of
meat products. They inhibit the activity of Clostridium botulinum,
give cured meats their typical color, and contribute to flavor.
Nitrites and nitrates are added to bacon, lunch meats, ham, and
other cured meats. Recently, the USDA approved a reduction in
the amount of nitrite preservatives added to bacon, from 120
parts per million (ppm) to 100 ppm. Note that milligrams/liter
(mg/L) is the metric equivalent. An alternative approved
method is to use lactic acid starter cultures and sugar in a curing
solution, with 40 mg/L to 80 mg/L of sodium nitrite. This
will result in savings for food service operations while maintain-
ing safety.
Sugar and salt bind water and lower a food product’s aw. Salt is
used in brines in which canned fish, meats, and vegetables are
packed, and enhances their flavor. Sugar is found in the syrups
in which canned fruits are packed; it also contributes to their
flavor. Salt and sugar are added to a wide variety of processed
foods as preservatives.
Sulfiting agents (sulfur dioxide, sodium sulfite, sodium and
potassium bisulfite, and sodium and potassium metabisulfite)
have been used to retard oxidative or enzymatic browning of
fruits and vegetables, to inhibit “black spot” on shrimp, and to
control gray mold on table grapes. Since sulfites bind to food
constituents, they remain in or on food in spite of washing.
Cooking, particularly the high heat of frying reduces sulfite
residues but does not eliminate them.
The FDA has banned the use of sulfites in raw fruits and
vegetables intended to be served or sold raw. The FDA has also
proposed to ban sulfites in fresh potato products and limit
sulfite levels in beer, wine, baked goods, tea, and fruit juices.
Sulfites have been known to cause severe reactions and even
death in asthmatics. The FDA has reminded food service
operators that the federal rules do not replace state and local
rules. Some states (for example, Michigan) have banned the
application of sulfites in food establishments. It is a good idea
to be certain that your food and beverage operation complies
with regulations issued by local health authorities.
Ethylene and propylene oxides are used to sterilize containers in
which food is packaged. For example, wine bottles and juice
packages are sterilized with these oxides before the beverages are
added.

Ethanol (ethyl alcohol), which functions as a preservative, is
produced by fermentation in wine, beer, and spirits. The natural
flavorings in these beverages are dissolved in the ethanol.
Ethanol is also the main flavor carrier in extracts used for
cooking (for example, almond and vanilla extracts).
Organic acids and their salts are sometimes added to food
products as preservatives. Salts are formed when organic acids
and metals (for example, sodium, calcium, and potassium) are
combined. However, in some foods, these acids and salts form
naturally during normal fermentation. Benzoates are salts
derived from benzoic acid and are added to carbonated bever-
ages, pickled vegetables, fruit jams and jellies, and margarine.
Propionates are salts made from propionic acid. They control
mold growth in baked products and cheeses. Sorbates, derived
from sorbic acid, inhibit mold and yeast activity. Sorbates are
added to cheeses, beverages, fruits, margarine, pickled veg-
etables, and jams and jellies. Acetates are derivatives of acetic
acid, better known as vinegar. Acetates are used in pickled
vegetables, condiments, pickled sausages, and mayonnaise.
Ascorbic acid, erythorbic acid, citric acid, sodium ascorbate, and
sodium citrate are used to maintain the color and overall
appearance of fresh pork.
One major advance in chemical food preservation is the use of
organic acids to lower the pH of food products. Certain
operations (commissaries and chain operations, for example)”
can afford the equipment, technology, and monitoring systems
to use pH adjustments as a complement to correct time-
temperature combinations. Standard recipes can be adjusted by
the addition of organic acids and high-acid food ingredients to
produce a product with a lower pH. While pH adjustments are
currently not suitable for every food item or operation, this
method of preservation has the potential for widespread
application in the future.
Spices and other condiments constitute the last class of chemical
preservatives. Not all spices and condiments have the effect of
inhibiting bacterial activity in food products, but some have
been valued for centuries as flavor enhancers and preservatives.
Cinnamon and cloves have anti-microbial properties. Condi-
ments that contain vinegar also discourage the growth of
pathogens and spoilage organisms. Mayonnaise, which is often
wrongly blamed for foodborne illness outbreaks traced to
salads, kills Staphylococcus aureus, Escherichia coli, and Salmonella
spp. However, high protein foods (such as meat, poultry, fish,
and eggs), when added to mayonnaise, raise the product’s pH
and increase the likelihood of microbial growth. Holding salads
in the temperature danger zone (41 ° to 1400P [5° to 60°C])
compounds the risks.

LESSON:17
CHEMICAL FOOD PRESERVATION
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The use of radiation in food preservation is presently limited,
although further research may reveal new applications. This
method of preservation, called irradiation, involves exposing
food to ultraviolet light, gamma rays, or X rays to destroy
harmful organisms. Ultraviolet light acts only on the surface of
food products. In the past, it was used in the aging (tenderiza-
tion) of meats at relatively high temperatures. Ultraviolet light is
now used to reduce bacterial activity on the surface of fruitcakes
before they are wrapped.
Gamma rays are produced by radioactive elements such as
cobalt. These short length waves disrupt cell components and
kill harmful microorganisms and insects.
They can be used to sterilize or pasteurize food products such
as meat and poultry. In some instances, they are used to reduce
insect infestation in newly harvested grains.
Low doses of gamma rays add little heat to food while allowing
flavors to remain intact and extending shelf life significantly.
High doses of gamma rays negatively alter the color, odor, taste,
and appearance of foods. Current research and development of
low dosage gamma radiation may result in a preservation
technique that will not significantly alter either the appearance or
taste of food. Fruits, vegetables, fish, and poultry are some of
the products that could be preserved by low dosage gamma
radiation in the future. X rays are essentially the same as gamma
rays.
Food irradiation can help extend shelf life by keeping grains
from sprouting, deactivating molds, and killing spoilage
bacteria. It can also make food safer. At low to medium doses,
radiation kills Salmonella spp. and other pathogens, including the
parasite Trichinella spiralis.
Consumer concerns have been raised that irradiation will
produce new chemical compounds in foods. However,
researchers have concluded that the changes in food resulting
from irradiation are too small to affect the safety of the food
product. Irradiated foods contain chemicals identical to those
found in baked or broiled foods, and contain fewer altered
chemicals than barbecued steak. Consumers are not exposed to
radiation by eating irradiated food, since the process of
irradiation is low in intensity and the energy passes through the
food leaving no radioactivity. One scientist has said that
consumers run no more risk of being exposed to radiation
from irradiated food than they do from a briefcase that has been
X-rayed by a machine at an airport. Nevertheless, consumers
and health groups concerned with the effects of food irradiation
petitioned the FDA to require warnings on menus and on the
doors of restaurants offering irradiated foods for sale. The
groups asked the FDA to require the word “picowaved” and the
international symbol for food irradiation. In a survey conducted
by the Food Marketing Institute (FMI), over 70% of the
respondents characterized irradiated foods as a hazard. Fewer

than 30% of the respondents indicated that they had even
heard of food irradiation two years earlier. The FDA has ruled
that even though foods preserved through irradiation must be
labeled to show this fact at both the wholesale and retail levels,
“multiple-ingredient foods” such as restaurant meals are
exempt from this requirement. The FDA’s ruling stated that the
effects of radiation on individual ingredients would likely have
no significant effect on the final product. Further changes can be
expected as technology improves and consumer groups become
more active and vocal.
One additional method of preserving foods is known as
pulsed-power. This method uses tens of thousands of volts
of electricity in bursts as brief as millionths of a second to kill
bacteria and extend shelf life. Other technological advances may
permit the use of pulsed electromagnetic fields to do the same
thing.
Having explored the causes of food spoilage and the methods
of commercial preservation, we can now consider specific
recommendations for preserving various types of food. The
recommendations which follow should be valuable to food
service and lodging businesses, considering the large sums of
money they spend on food products. These recommendations
can help eliminate the risk of serving spoiled food products to
guests.

Preservation Methods for Various Types of Foods
The characteristics of each category of food provide insight into
the spoilage problems food service companies might encounter.
This section covers the characteristics, spoilage potential, and
preservation methods for each group o f food products. Since
most of the food preservation methods have already been
described in the previous section, the details are not repeated
here. The two main categories are foods from animal sources and
foods from plant sources, although fats and oils overlap these
categories somewhat. Within each main category, some foods
have their own unique preservation methods.

Preservation of Foods from Animal Sources

Foods from animal sources include meat, poultry, fish and
shellfish, eggs, dairy products, and fats. These foods represent a
large portion of the food dollars spent by the average food
service operation, so their preservation is important.
Meat. Meat is generally defined as the flesh of any animal used
for food. For purposes of this discussion, meat includes beef,
lamb, veal, and pork. The USDA includes all edible parts of
skeletal muscles, variety meats (tongue, diaphragm, esophagus,
heart) and glandular meats (liver, kidney, brain, spleen, pancreas,
thymus, and stomach linings) in this category. However, lean
muscle is what most Americans think of as meat. The com-
ponents of lean muscle tissue are listed in Exhibit 4. L In light
of the fact that lean muscle is mostly moisture, it is not
surprising that meat is capable of supporting rapid bacterial

LESSON:18
FOOD PRESERVATION BY RADIATION
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growth. Because meat and meat products have a relatively high
aw and are not highly acidic, they are considered potentially
hazardous foods.
Several pathogenic bacteria have been detected in fresh meat
products. Among the most prominent are Staphylococcus aureus,
Salmonella spp., Clostridium perfringens, Listeria monocytogenes,
Yersinia enterocolitica, Campylobacter jejuni, and the parasite
Trichinella spiral is. Spoilage organisms have also been detected in
fresh meat products. (These organisms are discussed in detail
later in this section.)
Generally, the normal muscle tissue of healthy living animals
does not harbor pathogenic microorganisms. However,
spoilage organisms and pathogens can invade the muscle tissue
from the animal’s intestinal tract when the animal is slaugh-
tered. The extent of the invasion depends on the following
factors:
• The microbial content of the animal’s intestines
• The physiological condition of the animal before slaughter
• The method of slaughter
• The method of carcass cooling
The microbial content of the animal’s intestines probably exerts
the greatest influence over potential contamination. For this
reason, meat animals are usually starved for 24 hours before
they are slaughtered.
The animal’s physiological condition determines its internal
body chemistry to some extent. Normally, after an animal is
slaughtered, its muscles become stiff-a condition known as
rigor mortis. Rigor mortis takes place in meat animals about 6
to 12 hours after slaughter, depending on the carcass size. As
rigor mortis sets in, a chemical reaction called anaerobic glycolysis
takes place, during which glycogen (a chemical form of energy
stored in muscle tissue) is converted to lactic acid. Calm, rested
animals have more glycogen in their muscle tissues; thus, the
production of lactic acid after slaughter causes a dramatic pH
drop (from 7.0 to 5.6). An animal that is excited or fatigued
before slaughtering will have used up its stored glycogen, and
thus less lactic acid will be produced and the pH drop will not
be as dramatic. The result is dark cutting meat, which is less
tender and more susceptible to microbial attack.
The method of slaughter should be quick and efficient. Besides
being more humane, quick slaughtering can accomplish the
objective of rapid bleeding in a relatively sanitary environment.
The method of carcass cooling is also important to meat
preservation. Carcasses must be cooled quickly to reduce contact
with the temperature danger zone.
Additional microorganisms might be introduced after an
animal is slaughtered. Contaminants might enter the meat
tissue from the animal’s hide when it is skinned. When meat
products are cut up or boned, further contamination might be
introduced through knives and cutting surfaces. Ground
(comminuted) meats and finely chopped meats are most
susceptible to contamination because of their large surface areas,
due to a reduction in size by chopping, flaking, grinding, or
mincing, and the additional handling they receive.

Nevertheless, most meat contamination comes from the
penetration of pathogens from the intestinal tract of the
animal.
The survival and growth of microorganisms in meat are
influenced by the kinds of organisms present, the physical and
chemical characteristics of the meat, the storage temperature,
and the amount of available oxygen. Besides being subject to
contamination with pathogens, which has already been
discussed, meats are susceptible to two broad types of spoilage:
anaerobic and aerobic.
Anaerobic spoilage of meat tissue takes place under conditions
with a limited amount of oxygen. Putrefaction is a bacterial
splitting of meat proteins, resulting in the formation of foul
odors. Pseudomonas spp. is the bacteria responsible for this type
of spoilage. Souring is a form of anaerobic spoilage caused by
the production of acids. This process results in a sour odor and
taste in meats.
Aerobic spoilage of meat tissue is likelier to occur since fresh
meat is rarely stored in an oxygen-free environment. Bacteria are
responsible for the greatest amount of aerobic meat spoilage.
Some bacteria form slimy capsules and surface slime on meat.
Other bacteria change the color of meat to gray, green, and
shades of brown. Still others cause fat rancidity in meats.
Finally, surface colors on meat can be changed to red, green,
blue, or yellow by bacteria that produce pigments.
Molds are aerobic organisms that cause fuzziness or stickiness
on meats. Color changes (green, black, and white) are caused by
molds. Other molds can decompose fats and proteins in meats
because they have enzymes that accelerate the breakdown. This
results in an unacceptable odor, color, taste, texture, and
appearance. The genus of molds called Penicillium is often
responsible for meat spoilage.
Food preservation methods for meat products are designed to
prevent the activity of pathogenic and spoilage microorganisms.
Meat products may be rendered commercially sterile by the
canning process. Meat products may also be pasteurized and
then stored under refrigeration. Low-temperature preservation
is the commonest method of preserving fresh meats. Freezing
and refrigerating are preferable to canning in that they do not
significantly alter the taste and texture of meat. However, some
psychrophilic spoilage organisms (Pseudomonas spp.) can grow on
meats stored at refrigerator temperatures. Whenever meat
products are chilled or frozen, they should be carefully wrapped
to minimize contamination and dehydration. Recommended
temperatures, times, and relative humidities for storage of fresh
and frozen meats are presented in Exhibit 4.2.
Some meat products are preserved by drying. This was a
common practice among the pioneers who settled the western
part of the United States: they made jerky by cutting meat into
strips and drying it in the sun. Modern-day adventurers who
backpack in the wilderness often take foil-packaged freeze-dried
meat products, which are easy to carry and prepare. Freeze dried
meat products are shelf stable as long as they are stored
properly and their packages are not opened. Other dried meat
products are often cured and/or smoked. Curing is the addition
of common table salt, sugar, nitrites, or nitrates to meats.
Smoking provides additional flavor to crude meats and helps to



40

tenderize beef and pork products. Meat can also be dried by
smoking alone.
The USDA has developed a simple, fast, and inexpensive test to
measure potential spoilage in ground beef. The test measures
lactic acid; high levels of this organic acid indicate that the beef
will spoil quickly and develop a sour odor. The test is being
used by food service distributors and may find its way into
food service operations.
An increasing number of food service operations are offering”
exotic meats” on their menus. Wild game, for example, may be
served in a food service operation provided the food products
have been obtained from an approved and safe source. Since
these food products are not usually raised commercially, extra
caution is necessary.
Poultry. This category includes chicken, turkey, duck, goose, and
game birds. Like meats, poultry products are classified as
potentially hazardous foods. Pathogenic and spoilage organ-
isms prefer poultry products because they have a favorable pH,
high moisture content, and high nitrogen content. The
intestinal tract and skin of poultry may contain a variety of
pathogenic bacteria, including Staphylococcus aureus, Salmonella
spp., and Escherichia coli. Recall the USDA’s estimate that over a
third of all chicken carcasses carry Salmonella spp). Other patho-
gens that have been associated with poultry products include
Clostridium perfringens, Listeria monocytogenes, and Campylobacter
jejuni. The frequent identification of poultry products with cases
of human salmonellosis makes it especially important to
properly handle and preserve poultry products.
Spoilage is apparent when poultry is sticky, slimy, and has an
objectionable odor. Generally, two types of spoilage affect
poultry products. Enzymes, present within the poultry cell, can
cause chemical changes and deterioration. Fortunately, enzymatic
changes are significantly slowed by refrigeration or freezing.
Bacteria are responsible for even more poultry spoilage. Bacterial
spoilage is usually traceable to the Pseudomonas and Flavobacterium
genera. As with meat, most spoilage bacteria come from the live
animal’s skin and intestinal tract. Bacteria reproduce on the skin
of slaughtered birds, in the cavity of whole carcasses, and on
any cut tissue. Slowly, these spoilage organisms penetrate into
the poultry tissue. Molds also accelerate the spoilage of poultry
products.
Many precautionary measures are taken to properly process
poultry products. After the birds are slaughtered, the carcasses
are washed with chlorinated water to kill germs. Then the
carcasses are immediately chilled by cold air, ice, or iced water.
The cold air method is preferred because it rapidly brings the
temperature down to 32°F (O°C) and does not add extra
moisture to the carcass. If the poultry is cut up, additional steps
must be taken to ensure that contamination is not added.
Low-temperature preservation is frequently used for poultry
products. Poultry products can be refrigerated or frozen
successfully if they are carefully wrapped to minimize dehydra-
tion, contamination, and quality deterioration. Rapid freezing is
desirable for the reasons previously discussed. Recommended
temperatures, times, and relative humidities for storage of fresh
and frozen poultry are presented in Exhibit 4.3.

Poultry products may also be preserved with the addition of
heat. Poultry may be canned whole, in pieces, or completely
boned. Some canned poultry products have a chemical preserva-
tive added. Organic acids, such as acetic acid, lengthen the shelf
life of poultry products by lowering the pH. Some turkey
products are cured; others are cured and then smoked.
Fish. Consumption of fish is on the rise in the United States.
Fish products may be subdivided into a number of categories,
the most common being finfish and shellfish.
Finfish come from freshwater lakes and rivers and from the
ocean. Finfish can be classified as either fatty or lean. Fatty
finfish include bluefish, bonito, mackerel, pompano, salmon,
shark, smelt, swordfish, trout, tuna, and whitefish. Other
species of finfish are generally classified as lean. Bass, cod,
flounder, grouper, haddock, halibut, monkfish, ocean perch,
snapper, sole, tilefish, turbot, and whiting fall into this category.
Shellfish are also considered lean. Shellfish are classified as
crustaceans, which include crab, lobster, and shrimp, or mol-
lusks, which include abalone, clams, octopus, oysters, scallops,
snails, and squid.
Finfish and shellfish have less connective tissue and a relatively
high moisture content compared with meat and poultry.
Therefore, finfish and shellfish are more susceptible than meats
and poultry to enzymatic autolysis and microbial spoilage.
Unlike meat and poultry processors, fish processors have no
mandatory government inspections for quality or wholesome-
ness. However, there is increasing pressure to move toward
mandatory government inspections because of the number of
foodborne illness outbreaks associated with fish. The industry
is fragmented; East Coast fish are primarily harvested wild,
while West Coast fish are usually farmed. Inspections are
currently made at the supplier’s discretion and cost. Fish
inspection is further complicated by the absence of any safe
sensory method for differentiating between toxic and nontoxic
seafood. It is therefore very important for food service opera-
tors to get to know their fish suppliers and be assured that they
are safe sources.
One of the trends in the production of fish and shellfish is
cultivation, or aquaculture. After starting with trout farming,
processors are now commercially raising catfish, clams, shrimp,
oysters, mussels, crayfish, striped bass, and salmon. Research is
ongoing in the aquaculture of lobsters, scallops, redfish, and
sturgeon. Fish cultivation provides readily renewable supplies,
and the size, flavor, and nutrients can be tailored to market
needs. In addition, the freedom from contact with pollutants
and pathogenic organisms in the natural habitat is a major
advantage. Aquaculture, along with more rigorous inspection
procedures, will go a long way toward reducing the potential
hazards of serving these products.
Contamination of fish can come from the natural slime present
on the skin of fish. Most of this natural coating is harmless,
but if the fish are taken from contaminated waters, their slime
covering may be expected to contain contaminants. Typical
pathogens on the skin of fish are Vibrio parahaemolyticus,
Clostridium botulinum, Salmonella spp., and the virus of infectious
hepatitis. Further contamination can be introduced during
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processing and handling. The intestinal tract of fish could
contain pathogens of the genera Escherichia, Clostridium, and
Bacillus. Other pathogens that could be associated with fish are
Staphylococcus aureus, the Norwalk virus, and the parasites
Diphyllobothrium latum (freshwater fish) and Anisakis spp. (cod
and herring). Spoilage organisms responsible for an
ammonia4ike odor are Pseudomonas spp. and Proteus spp., while
Acinetobacter spp. and Aeromonas spp. produce unpleasant fruity or
sweet odors in spoiled fish.
During receiving of fish or shellfish, a trained representative of
the food service operation should check product temperature,
condition of the cases the products are received in, freshness,
wholesomeness, and integrity. These inspections should be
completed before storing the products.
The products should be well iced or solidly frozen when
received. Use a probe thermometer to determine product
temperature, which should then be checked against the follow-
ing temperature guidelines:
• 32° to 38°F (0° to 3°C) for fresh fish
• 0° to 10°F (-18° to -12°C) for frozen fish
• 41°F (S°C) or less for ,live mollusks
• 40°F (4°C) for live _crabs and lobsters
• 38°F (3°C) or less for vacuum-packed, modified atmosphere-

packed, and pasteurized products
Any damaged cases should be opened, and any moisture or
signs of dried moisture should be investigated.
Dairy Products. These products constitute the fifth category
of foods from animal sources. This large category encompasses
milk, cream, butter, cheese, frozen deserts, and fermented milk
products. Most of these products begin with cows milk.
The milk of healthy cows contains few pathogens or spoilage
organisms. However, contamination has been traced to
equipment and handlers. Equipment may harbor Staphylococcus
aureus and Salmonella spp. organisms. Other pathogens respon-
sible for foodborne outbreaks with dairy products include
Listeria monocytogenes, Campylobacter jejuni, and Yersinia
enterocolitica. Because milk and milk products are highly
perishable, they are classified as potentially hazardous foods.
Dairy products may spoil in a variety of ways. Fresh milk may
sour by the action of Streptococcus lactis, Lactobacillus bulgaricus,
or Lactobacillus thermophilus, depending on its temperature.
While this souring is undesirable in milk and most other dairy
products, it adds to the characteristic flavor of yogurt. When
Bacillus, Clostridium, and Pseudomonas organisms are present in
milk, a protein breakdown results. Other organisms are
responsible for the rancidity of milk fat, flavor changes, and
color changes in milk.
Dairy products are primarily preserved by pasteurization,
because the fresh milk used to make them is pasteurized. The
USDA also requires that ice cream mixes be pasteurized.
A comparison of the components of the four basic types of
milk-fresh whole, evaporated, condensed, and dried-is given in
Exhibit 4.6.
Fresh milk is potentially hazardous and must be stored under
exact time-temperature combinations. In the United States,

fresh whole milk is usually homogenized, although this does
not contribute to its preservation. Homogenization is a process
that uses pressure to force milk through tiny openings. This
breaks up the fat globules present in whole milk so that they are
permanently suspended in the whey (liquid portion of the
milk). There the fat globules cannot recombine and rise to the
top as cream. Before the process of homogenization was widely
used, consumers had to vigorously shake bottles of
unhomogenized milk to distribute the milk fat-which recom-
bined quickly. Many people prefer to drink low fat or skim milk;
these products have some of the fat skimmed off before
homogenization.
In addition to being pasteurized, condensed milk and evapo-
rated milk are canned, so they last much longer than fresh milk.
Few spoilage problems arise as long as their containers have
been properly sealed and heat processed. The high sugar content
of condensed milk also helps to preserve it.
Dried milk is made by heating milk and then spray-drying it.
The combination of heat and drying usually results in low
bacterial counts. Dried milk is relatively safe as long as it is
properly stored to prevent the addition of moisture.
Ice cream is generally free of bacteria. It benefits from the
combination of pasteurization and freezer temperatures, which
kill most organisms and prevent the reproduction of survivors.
Butter is made from pasteurized cream.. Once butter is
produced, it is held at freezer temperatures. Butter containing
salt is more inhibiting to bacteria than salt-free butter. The low
moisture content of butter provides favorable conditions for
mold growth.
Cheese is manufactured from pasteurized milk. Some cheeses,
such as Romano and Parmesan, are so low in moisture that
they may not support the normal growth of bacteria. However,
molds frequently attack cheeses. Cheese may be salted or
smoked during processing.
Selected temperatures, times, and relative humidities for storing
various dairy products are presented in Exhibit 4.7.
Fats and Oils. Fats and oils constitute an important food
category because they are part of a wide variety of food prod-
ucts, including cookies, crackers, butter, cheese, breakfast cereals,
salad dressings, milk, nuts, snack foods, meats, poultry, some
fish, and some fruits and vegetables. Fats and oils in their pure
form may be differentiated in three ways. Fats come from
animal sources, are solid at room temperature, and are usually
saturated. Oils are generally from plant sources, are liquid at
room temperature, and are unsaturated. Saturated fats contain
the maximum amount of hydrogen in the molecule and are
therefore less susceptible to breakdown than unsaturated oils.
Foods containing fats and oils can undergo three types of
breakdown reactions: autoxidation, hydrolytic rancidity, and
flavor reversion. Autoxidation is a form of oxidative rancidity
caused by the exposure of the fat or oil to oxygen. The reaction
is accelerated by the presence of heat, metals, salt, and light.
Unsaturated oils are more susceptible to autoxidation than
saturated fats. Oxidative rancidity gives off-odors and
Flavors to food products. It is controlled by the addition of
antioxidants such as BHA (butylated hydroxyanisole) and BHT
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(butylated hydroxy toluene). BHA and BHT are added to many
bakery products to control autoxidation.
Hydrolytic rancidity is responsible for flavor, odor, and taste
changes in butter and products containing milk fat. It is caused
by an enzyme called lipase. Lipase breaks down milk fat into its
components. Since the fatty acids in milk fat are saturated, they
possess a noticeable odor at room temperature. This reaction is
controlled by heating the milk fat to destroy the lipase enzyme.
Flavor reversion is another form of oxidative rancidity. It occurs
in vegetable oils that are highly unsaturated and contain
linolenic acid, a polyunsaturated fatty acid. The result of flavor
reversion is an unacceptable beany, fishy, or paint-like odor.
Flavor reversion is controlled by a process known as partial
hydrogenation. Hydrogen gas is added so that the polyunsatu-
rated linolenic fatty acid becomes saturated and the problem is
eliminated. Soybean oils used in the manufacture of salad
dressings are partially hydrogenated to control flavor reversion,
as are other oils found in many processed foods.
Fats and oils generally contain few, if any, pathogenic organ-
isms. Recall that Chapter 3 referred to commercially processed
garlic in soybean oil as a source of botulism. The Clostridium
botulinum organisms survived due to inadequate heat treatment
and then were able to produce their toxin under the anaerobic
conditions inside the container. The outbreak had little to do
with the soybean oil.
The reasons for the proper preservation of foods obtained
from animal sources are obvious. First, proper preservation
controls pathogenic microorganisms, which could cause a
foodborne disease outbreak. Thus, it contributes to the
operation’s sanitation risk management program. Second,
effective control of spoilage reduces food waste. Because foods
from animal sources constitute the majority of purchases made
by most food establishments, proper preservation of these
products is essential to any operation’s cost control program.
Finally, proper storage of foods preserves their desirable
qualities and thus contributes to overall guest satisfaction.

Preservation of Foods from Plant Sources
Foods from plant sources have increased in popularity over the
last several years; per capita consumption is up by nearly 30%
since 1970.5 Fresh vegetables are preferred to frozen and canned
by almost 2 to 1.6 In keeping with the trends toward physical
fitness, weight consciousness, and nutritious, high-fiber diets,
food service guests are demanding more fruits, vegetables,
grains, cereals, and nuts.
Fresh Fruits and Vegetables. These products generally
continue respiring (living) after they are harvested. As they pass
through the distribution channels, their respiration is counter-
acted by autolysis and microbial spoilage. The rate of enzymatic
autolysis in fruits and vegetables varies directly with the
temperature. Autolysis is substantially reduced when tempera-
tures are decreased.
A number of microorganisms may be present on the exteriors
of fresh fruits and vegetables. The microbes include Pseudomonas
spp., Shigella spp., Bacillus spp., Streptococcus faecalis, Staphylococcus
aureus, Clostridium botulinum, and a variety of molds. Most of

these are spoilage organisms, although a few are pathogenic to
humans.
Bacteria, are responsible for several types of vegetable spoilage.
Psuedomonas spp. cause a mushy, soft, malodorous spoilage called
soft rot. Other bacteria cause vegetables to rot and develop sour
odors. Botrytis cinerea is a mold which causes gray rot on
vegetables. Other molds can cause soft rot, black rot, and sour
rot.
Most fruit spoilage is the result of mold growth. Molds may
produce gray, green, blue, and white pigments on fruit. For
example, Botrytis cinerea causes a gray rot, while Penicillium spp.
are responsible for a blue-colored rot. The activity of molds can
also cause softening, souring, and the development of bitter
flavors in fresh fruits.
Fresh fruits and vegetables acquire their microbial populations
from the water and the soil as they grow. Since plants consist
largely of moisture and carbohydrates, organisms, which prefer
these nutrient sources, are most frequently found on fruits and
vegetables. Surface washing reduces the exterior microbial
population.
Fresh fruits and vegetables are preserved by the use of low
temperatures. When they are harvested, their temperature is
immediately dropped for preservation purposes. Many fruits
and vegetables can be frozen, as described earlier in this chapter.
Others are refrigerated as they move to fresh produce markets.
However, some fruits (such as bananas) are susceptible to chill
shock and must be stored at higher temperatures. Some
recommended temperatures, times, and relative humidities for
storage of fresh, canned, and frozen fruits and vegetables are
presented in Exhibits 4.8 and 4.9.
The year-round availability of fruits and vegetables throughout
the United States is largely due to freezing and canning. Of
course, some canned foods still spoil due to can corrosion,
leakage, or insufficient heating during the canning process.
Three types of canned food spoilage are flat sour spoilage,
thermophilic gas spoilage, and carbon dioxide gas spoilage.
Flat sour spoilage of canned foods is caused by the anaerobic
growth of heat resistant, spore-forming bacteria. Bacillus
coagulans is responsible for this kind of spoilage in tomatoes
and tomato juice. These organisms change the flavor (but not
the appearance) of canned foods.
Thermophilic gas spoilage is also caused by heat-resistant
microbes that form spores. However, when these microorgan-
isms survive the heating process (due to insufficient
time-temperature combinations), they produce gas. Examples
are Clostridium sporogenes, Clostridium putrefaciens, and Clostridium
thermosaccharolyticum. These organisms cause food cans to swell
and become distorted. A “flipper” is a can with flat ends that
bulge when the can is warm. A “springer” is a can with moder-
ate bulges on both top and bottom. .A “soft swell” is similar
to a springer; however, the bulges can be pushed back with
finger pressure. A “hard swell” has bulges at both ends, which
cannot be pushed back with finger pressure. In general, if the
top and the bottom of a can are flat, it is a safe product.
Carbon dioxide gas spoilage occurs when non-spore-forming
bacteria enter the product after processing. These spoilage
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organisms get into the can through faulty seals or leaks. For
example, Micrococcus spp. and Streptococcus thermophilus can make
the contents of a can frothy and slimy. Carbon dioxide gas
spoilage produces flippers, springers, soft swells, and hard
swells.
Of course, there is always the possibility that the deadly toxin
of the pathogen Clostridium botulinum may be present in a
swollen can. If you ever observe any abnormal conditions in
canned products, throw them out. Do not take a chance with your
own life or the lives of your guests and staff members.
Canned foods, with the exception of ethnic products and
boxed fruit juices, are losing popularity in the United States.
This is due largely to the increasing popularity of fresh fruits
and vegetables.
In addition to, freezing and canning, drying is used to preserve
some fruits and vegetables. This process destroys molds and
yeasts, as well as non-spore-forming bacteria. Freeze-drying is
very effective with fruits and vegetables. Regardless of how
fruits and vegetables are preserved, care must be taken to avoid
introducing pathogenic and spoilage organisms during
processing and handling.
With advances in technology, hydroponics might one-day help
meet the food service industry’s demand for fresh vegetables,
fruits, and herbs. Hydroponics is the growing of fresh produce
in a nutrient-enriched water solution. No soil is used, and
nutrient levels are controlled by computer. A major advantage
of this method is that it produces cleaner, less contaminated
products. Even though it is relatively expensive at this time,
hydroponics might be the wave of the future.
Cereals, Grains, and Flours. These products are various forms
of wheat, oats, rice, barley, corn, rye, and chicory plants. They can
be grouped together because they have similar contamination
problems. The exterior of these products can be contaminated
by soil, insects, and equipment. Bacillus cereus is an organism
frequently found on cereal grains. Most microbial contamina-
tion is removed from grains during milling; thus flours are
relatively free of pathogens and spoilage organisms. However,
if the moisture content of flour is raised, certain bacteria can
cause a fermentation, which results in spoilage. Molds fre-
quently attack baked products made from flours.
Among the most familiar spoiled foods in this category are
bakery products, which exhibit Rhizopus nigricans (a black mold)
or Penicillium expansum (a green mold). Mold growth can be
controlled in baked products by fast cooling, followed by
prompt wrapping. The addition of chemicals (for example,
calcium propionate or sodium propionate) to doughs and
batters prior to baking also inhibits mold activity.
The formation of rope in bakery products is characterized by an
odor of ripe melons, yellow crumb color, sticky crumbs, and a
slimy, thread-like material evident when the product is sliced.
Rope is caused by a spore-forming group of Bacillus organisms.
It is controlled by the addition of acid prior to baking fast
cooling and freezing.
Spices. Spices are normally not prone to spoilage, although they
may have molds present. Some spices exhibit bacterial spoilage
if their water content is excessively increased.

Nuts. Nuts do not normally spoil by the action of bacteria
because their moisture content is too low and their fat content
too high. They are susceptible to rancidity reactions, however.
Molds can also cause some problems if the water content of
the nuts is raised. Aspergillus flavus molds produce aflatoxins in
peanuts.
Carbonated beverages. These products generally do not spoil
if stored properly. The trapped carbon dioxide gas lowers the
pH, and added acids (for example, citric and benzoic acids)
inhibit microbial activity. Because yeasts can spoil carbonated
beverages containing sugar, beverage canners and bottlers
carefully control the yeast content of their products.
Beer should be stored where it is not exposed to heat or light.
Most bottled and canned beer is pasteurized and, if stored
below 70°F (21°C), will not spoil if used within 90 to 120 days
of packaging. Keg beer is more delicate since it is usually not
pasteurized. Table wine may be attacked by yeasts and bacteria;
the result is the formation of acetic acid. Alcoholic spirits and
liqueurs contain so much alcohol they are virtually free from all
forms of spoilage.
New packaging called bag-in-box is expanding the offerings of
carbonated soft drinks in food service operations. This packaging
system consists of a strong, flexible bag with a dispensing
spout inside a rigid container. This system would replace the
need to store the heavy, reusable metal tanks currently used by
most operations.

Summary
Food spoilage and food contamination are intimately related in
that they are caused largely by the action of bacteria and molds.
One major difference separates the pathogens from the spoilage
organisms. Pathogens, which cause foodborne disease, are often
undetectable until after the food products are consumed; whereas
spoilage organisms, which are not responsible for foodborne
disease outbreaks, are usually readily detectable by sight and
smell.
Many food preservation techniques can lengthen the lag phase of
bacterial growth. Food products are preserved by techniques
that fall into five categories: high temperatures, low tempera-
tures, dehydration, chemical preservatives, and irradiation. Each
preservation process has its own advantages in food processing.
Foods from animal sources spoil readily through the action of
spoilage bacteria and molds. These potentially hazardous foods
also harbor a variety of pathogenic microorganisms. Foods
from plant sources can be attacked by spoilage bacteria, though
mold spoilage is more frequent.
Recommended storage temperatures, times, and relative
humidities for various food types presented in the chapter
show how food service operations can minimize food contami-
nation and spoilage. A reduction in food waste alone can have a
positive impact on a hospitality operation’s bottom line.

Key Words
• Aerobic spoilage.
• Anaerobic glycolysis
• Anaerobic spoilage
• Aseptic canning
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• Autolysis
• Blanching
• Dehydration
• Enzyme
• High temperature-short time (HTST) pasteurization
• Homogenization
• Non-perishable
• Partial hydrogenation
• Pasteurization
• Perishable
• Putrefaction
• Reconstitute
• Semi-perishable
• Sous vide
• Sterilization

Study Questions
1. What are the common causes of food spoilage in a food

establishment?
2. How do perishable, semi-perishable, and non-perishable

food products differ? Suggest examples of each type.
3. What are the four objectives of food preservation?
4. Low-temperature food preservation comprises what three

types of storage?
5. What thawing procedures are acceptable for a food

establishment?
6. What are the two methods of high-temperature food

preservation?
7. Why is dehydration an effective method of food

preservation? What are the four methods of dehydration?
8. What are some common chemical food preservatives and

how are they used?
9. How would you describe the advantages of food

preservation by irradiation in relation to consumer concerns
about the effects of irradiation on food products?

Laboratory Work

Mini Case Study:1

You are the manager of a Chinese restaurant. One of your
regularly featured vegetarian menu items is Veggie Bo, A fresh
vegetable and tofu stir-fry. This menu item was served every day
last week as a daily special.
This morning, you have received several phone calls from guests
complaining of diarrhea, fever, and digestive upset. One guest
said that her child is in so much pain she fears an attack of
appendicitis.
1. What microorganism was probably responsible for this

outbreak of food borne illness?
2. What factors could have contributed to this outbreak?
3. What would you recommend to prevent further outbreaks

from occurring?

Mini Case Study: 2

The manager of a hotel food and beverage operation was
expecting a large party for breakfast the next morning. He
instructed production personnel to prepare several gallons of
frozen orange juice in a clean, galvanized iron container. The
frozen orange juice was reconstituted according to the manager’s
instructions, covered, and stored overnight in a walk-in
refridgerator.
The next morning, the breakfast servers ladled the orange juice
into individual glasses and served it to the group. The guests
became ill after drinking the juice, and many complained to the
hotel’s management. Further investigation revealed that the acid
in the orange juice had dissolved the metal of the container in
which it had been stored.
1. What microorganism was probably responsible for this

outbreak of food borne illness?
2. What factors could have contributed to this outbreak?
3. What would you recommend to prevent further outbreaks

from occurring?

Practical Work
1.1 Sketch the Microscopic appearance of the Bacterial cells,

indicating the names and their shapes.
1.2 Draw the pH scale and some representative Foods.
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