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ABSTRACT

Food contamination is the spoilage of food with contaminants such as microbes, toxins, heavy
metals, environmental contaminants etc and Food Microbiology is the study of microorganisms that
are present in foods and leads to contamination of food. This includes the study of microorganisms
causing food spoilage; as well as pathogens that may cause disease due to improper cooking or
storage of food. These microbes are also used to produce fermented foods like cheese, yogurt,
bread, beer, wine and are even used in probiotics. The primary focus of food microbiology is food
safety. There are many microbes like bacteria, viruses etc which gets transmitted through foods.
Food safety is the discipline that deals with the food preparation, handling, processing, storage,
distribution and its transportation in such a way that it does not gets contaminated during any of
these processes. The major role of food safety is the prevention of any food borne illness and
diseases. When food safety is neglected or care with food is not taken food borne disease
outbreaks can occur. Outbreak is defined as a situation in which more than two cases occur from a
common source and have same impacts on health. The consumption of contaminated food can
result in hazards (physical, chemical, biological and allergenic) and hence its prevention and
control is necessary. The process of food safety must be followed from the initial stage to its end
stage which means from its origin to its consumer. Food safety is also associated the quality of
water used for its irrigation, preparation and storage. This review paper discusses about the food
contamination through different stages (pre harvest, harvest and post harvest), the diseases and
illnesses caused by food contamination along with its prevention.
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1. INTRODUCTION 2016) Spoilage of food has always been a
Food is defined as any substance that is edible challenge to mankind and this is because food
and portable too, originating either from plant nutrients act as a great source to microbes for
or animal source. (David R. J. et al; 2012) Food is their growth. (Ajay Kumar V. J. & Mandal P. K;
ingested by each and every living being on the 2020) Food contamination is defined as the
planet Earthand that is why it poses a great spoilage of food due to bacterial growth or toxic
threat for disease transmission. Food sustains substances present in it. In simple words, any
life and helps in providing energy, growth and substance in food that reduces the safety or
maintenance of health of body. (David R. ]. et al; quality of food is called food contamination.
2012) Food acts as a vehicle for transmission of Food contamination can be intentional or
diseases specially when gets contaminated with accidental or even natural. Some may be able to
harmful microbes, microbial toxins and other see it with naked eyes like fungal or mould
environmental contaminants. (Alum, E. A. et al; growth but in general food contamination can’t
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be seen with naked eyes i.e. bacterial growth
mostly. The contamination can be due to
microbial toxins produced by bacteria, parasites
and virus. Some of their bacterial products may
be used to combat these pathogenic microbes.
Probiotic bacteria i.e., bacteriocins can kill and
inhibit  pathogens. Alternatively, purified
bacteriocins like nisin can be added directly to
food. The foods which are at high risk of
contamination includes poultry, eggs, dairy, sea
foods, green leafy vegetables & fruits, rice,
sprouts and deli meats. Proper cooking of food
also eliminates bacteria and viruses. However,
toxins produced by contaminants may not
change to non toxic ones by heating or cooking.
Foods such as meat and meat products have rich
nutrient content and are able to get
contaminated easily. (Arun K Das et al; 2019)
The contamination of these products can occur
at any stage of production. In some countries,
meat product’s slaughtering is done on
unhygienic equipments and environment
conditions which lead to contamination. (Arun K
Das et al; 2019) These microbes can also be
helpful in preserving the food items such as by
the process of fermentation. For most of the
people around world, meat and its products are
the first choice for protein source and hence the
consumption is increasing. (Ajay Kumar V. J. &
Mandal P. K; 2020) With this many products are
spoiled each and every year, with poultry and
meat weighed 3.5 billion kg wasted by people at
different levels and showed substantial impacts
environmentally and economically. Apart from
microbes being used for fermentation, they are a
great reservoir for disease transmission which
can also lead to death. Many of the developing
countries are the main victims of food borne
diseases and therefore food safety is emerged as
challenge globally. (Akhtar. S., et al;2014) The
microbes are capable to resist themselves
against antibiotics and that is when the major
concern starts. Developed countries can also
gets affected and their 1/3 population develops
food borne illnesses annually. Even several
efforts are being taken for food safety still food
borne diseases is major health concern because
it leads to significant morbidity and mortality.
(Baluka, S. A, et al; 2014) The bacteria such as

Esherichiacolli, Staphylococcusaureus,
Bacilluscereus, Pseudomonas, Coliforms,
Salmonellaspp., Listeriaspp., Shigellaspp.,

Clostridiumspp., Yersiniaspp., etc are capable to
contaminate food. The microbes are also capable
to grow when cooked food is reheated several
times. Not only bacteria can contaminate food,
but there are some other agents also. Some
chemicals like toxins, heavy metals etc can also
contaminate the food. The contamination can
occur any stage of food production from farm to
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table. Each and every step in food production is
crucial as well as vulnerable to contamination. It
is not necessary that food gets contaminated
during these stages but also cross contamination
can occur, therefore proper care should be taken
to prevent contamination. (Fig. 1)

There are different types of food contamination
such as Physical Chemical and Biological. Many
strains of bacteria and viruses which have the
potential to cause illness in human comes under
biological contaminants. Some illnesses may
also caused by parasites and chemicals. (Fig.
2)According to Australian Institute of Food
Safety, The contaminants such as hairs, insects,
stem, etc,those are physical objects and are
capable of contaminating are called physical
contaminants and they cause physical hazards
and the contaminants such as heavy metals,
toxins, pesticides, fertilizers etc, or substances
that have some chemical composition and are
capable of inducing chemical toxicity and causes
chemical hazards. Biological contaminants
involve all the viruses, bacteria, and parasites.
For example: Esherichiacolli,
Staphylococcusaureus, Salmonellaspp.,
Clostridiumspp., etc. Each strain and species is
capable of causing toxicity and different diseases
in human beings. Environmental contaminants
are the chemicals that are present in
environment where food is grown or animals
are raised. The environment conditions that
causes contamination are air (pollutants like
lead, SOx, NOx, etc), water (metals like mercury,
arsenic, lead, chromium etc.), soil (cadmium,
nitrates, microorganisms etc), natural toxins like
mycotoxins, ciguateratoxins, scombrotoxins etc.,
packaging materials like BPA (BisPhenol A),
copper, processing equipments etc. In India,
most of the food diseases and illness are not
investigated and comes under notice when
damage to health and economic have been
caused, (Foodborne Diseases and Food Safety in
India.CD Alert, 2017) and identification of
causing factors is a difficult task in such
situations. However, the prevention of such
diseases is area of interest in food safety. Most of
these diseases are caused by bacteria and its
toxins and toxin formation takes place in food
before its consumption. (Ramesh V Bhat,
Nageswara Rao R. et al: 1987)

The following review paper is hence an attempt
to provide information about the food
contamination, diseases and illnesses,
contamination through varying stages, and its
prevention.

2. PATHOGENIC AGENTS AND ILLNESS

The consumption of food which is contaminated
leads to food borne illness. The contamination
can occur due to presence of microbes and
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pathogens in food. Most food borne diseases are
either infections or poisonings caused by
bacteria, viruses or parasites and harmful toxins
or chemicals respectively. Food borne
pathogens can also be acquired through
drinking water, consumption of food cooked
with contaminated water, contact with animals
or their environment or through person to
person spread. (Table: 1) Also, Food borne
illness is an infection caused by food or
beverages that contain harmful bacteria,
parasites, viruses, or chemicals. Most of the food
borne illness is acute, which means, they lasts
for short duration. Most people recover on their
own without any treatment simply by keeping
their body hydrated. These symptoms can last
from few hours to several days depending upon
its range of mild to serious. The agents for food
borne illnesscan be any physical, chemical,
biological and environmental contaminant but
the most common invisible agents for food
contamination is bacteria.Bacteria is present
everywhere and can grow wherever provided
with favourable environmental conditions.
However, some of the bacteria are non-
pathogenic that means they does not poses
virulence, they are usually enumerated not
detected because they are present almost
everywhere outside and within the body. Some
of the common illness caused by pathogenic
includes: Shigellosis, Salmonellosis, Listeriosis,
Camplylobacteriosis, Botulism, Esherichiacoli
infection etc.

Botulism: The disease is caused by bacteria
Clostridium spp., like Clostridiumbotulinum,
Clostridiumdifficile, Clostridiumperfringens and
Clostridiumtetani. (Akhtar. S., et al; 2014) The
ingestion of canned food items which are
prepared at home causes the disease. The heat
resistance spores are capable to survive in these
foods. The growth of Clostridium botulinum
results in formation of potent neurotoxin (in 7
different forms) which causes neuroparalytic
syndrome in living beings. (Skarin et al; 2011)
The disease may result in death. The organism
can thrive in favourable growth conditions like
temperature, acidity, oxygen, and water acidity.
The conditions whenever found in food poses
health risks and mortality rate.

Shigellosis: The disease is common in children.
Worldwide almost 600.000 children (under 5
years) die because of shigellosis. (Akhtar. S., et
al; 2014) The disease is caused by sera-groups
of Shigellaspp., like Shigellasonneli, Shigellaboydii,
Shigellaflexneri, Shigelladysenteriae. The
symptoms of disease involveabdominal pain,
vomiting, fever, diarrhoea (watery and bloody),
mucus and pus.

Campylobacteriosis: This is caused by bacteria
Campylobacterjejuni and is common worldwide.
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The disease is caused by bad food handling
practices and poor hygiene. The victims of
infection are mostly not priviledged or have
access to safe drinkingvwater and sanitary
conditions. (Soofi et al, 2011; WHO, 2002) In
developing countries there is lack of treatment
facilities which aggravates the disease. (Akhtar.
S., et al; 2014) Also, the infected people are at
risk of developing GullienBarre Syndrome or
GBS a neurological disease (Tam et al; 2007)
which starts with finger numbing.

Esherichiacoli infection: E. coli is a marker for
fecal contamination and is part of human,
mammals and bird’s gut. Many of the strains of
E. coli are not hazardous but they may cause
some intestinal disorders. The symptoms of all
infections depend upon the strain which has
caused the infection.

Salmonellosis: The disease is caused by group of
enteric bacteria which is gram negative. The
bacteria is poisoning in most of the developing
and developed country worldwide. (Akhtar. S.,
et al; 2014) The symptoms involves Fever,
headache, nausea, vomiting, abdominal pain,
diarrhoea. The disease causing agents could be
Salmonellaenteritidis, Salmonellatyphi,
Salmonellaparatyphi. The transmission of
disease is usually from poultry, eggs, and meats.
Salmonellatyphi, Salmonellaparatyphiare
commonly dangerous in developing nations and
societies due to lack of access to safe drinking
water and food.

Listeriosis: The disease is usually caused by a
spore forming bacteria called
Listeriamonocytogene. Although, there are many
different species and strains of Listeria capable
of causing listeriosis such as Listeriaivanovii,
Listeriainocua, etc. The disease is common in
people with immune-suppression. The source of
disease could be milk, cheese, fish, and
vegetables. The bacteria is capable to grow
under cooling temperatures also.
(Moretro&Langsrud, 2004)

3. STAGES OF FOOD CONTAMINATION

The food contamination can occur at any stage
from start to end i.e. from farm to fork. This is
very crucial to identify that what is the major
source of contamination. The food gets
contaminated very quickly and easily at any
stage, so proper care and sight is needed to
prevent and control it. There are no certain
stages of food contamination but it can be
classified under pre- harvest, harvest and post-
harvest.

3.1 Pre- harvest contamination

This is the stage which involves the growing of
food in field (plant source) and animals being
raised to slaughter in future (animal source).
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Some of the chemicals are already present in
food as a result of environmental contamination.
(Nerin, C., et al; 2016) Microorganisms,
pathogens, heavy metals, pesticides and other
harmful chemicals can contaminate the food
either by soil grown upon or the water used to
irrigation. This could also result due to excessive
use of fertilizers and pesticides. (Kobayashi. M.,
et al; 2011) The contamination can also occur
from the worker if poor hygiene is followed.
Water contaminated with microbes like E.coli,
fecal coliforms, heavy metals like lead, arsenic
etc used for irrigation and pesticide application
can lead to food borne diseases and illness. Also,
the animals being raised in animal houses given
contaminated water causes diseases in animals
and when these animals consumed as a part of
food affects human health. The vegetables like
lettuce, and carrots are susceptible to
salmonella and E.coli because of their water
holding capacity. Fishes and other sea foods get
contaminated by water they live in. Heavy
metals such as cadmium, lead, arsenic, mercury
etc, might be a part of environment like air,
water and soil on which food is grown
(Zukowska. ]., et al; 2008) and causes heavy
metal toxicity in humans. There are plenty of
toxins, heavy metals like lead, arsenic, PCBs etc,
and microbes present in water when absorbs
affects the health of fishes and other sea food
items. Studies have shown that manures used as
fertilizers may contain chemicals and other
compounds which can have effects on the crops
as well as on the health of living beings. The
pathogens like E.coli 0157:H7 present have the
tendency to gain acid resistance and surviving
low pH environments. E. coli 0157:H7 can
survive upto 21 months in animals like sheeps
and when manures from these animals are used
as fertilizers affects the crops and leads to
contamination. (Kudva. I, et al; 1998) Animal
origin food gets contaminated when feed with
contaminated water and food. Also, the
contamination begins while breeding processes
and the quality decreases with increase in
inhumane treatment. (Arun K Das et al; 2019)
When these animals are ingested raw can cause
illness in humans. Also the environmental
conditions under which the animals are raised
also affect the extent of contamination. For
example, if animals are raised in close proximity
of contaminated river or sewage system, the
chance of infections increases. Workers
following poor hygienic practices also lead to
contamination in pre harvest stages.

3.2 Harvest stages

The contamination in this stage can occur from
all the equipments used for harvesting such as
knifes, blades, sickles, boxes, chippers etc by
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workers (Alum. E., et al; 2016) and also the
containers used by workers to store the plant
produce. The unwashed equipments can be a
room for microbes and pathogens therefore it is
necessary to sanitize the equipments and
containers before use. Auto motors like tractors
with blades used for sowing can contaminate
the whole field if not sanitized and washed.
Workers personal hygiene plays a major role
here also because many items are harvested
using hands. (Alum. E., et al; 2016) The meat and
poultry can get contaminated in their pre
slaughter and slaughter stages from feed lots,
transport, lairiages etc. The feeding with
infected food can cause meat and poultry to
carry bacteria that can cause food poisoning.
Other items like cloth, footwearsetc and insects,
rodents, pets, animal and human feces can also
contribute to contamination of meat and
poultry. Use of contaminated equipments such
as knife used for slaughtering can cause cross
contamination. Fishes which are not grown via
aquaculture poses a great threat to human
health because the contamination goes
unknown. During aquaculture, the environment
of water affects the fish quality. Also, after fish
catching, the surfaces and clothes on which they
are kept, equipments used for their catching and
cuttings also causes contamination.

3.3 Post- harvest stages

This is the last stage for food. This involves four
more stages, which involves Food processing:
the first stage after harvesting which involves
the changing of plant or animal into edibles.
There are so many different steps of food
processing for each and every food item. For
example: washing or sorting can be a process of
food production. Other processes can involve
slicing, trimming, shredding etc. (Monteiro, C. A.;
2010) For animal origin, slaughtering is first
step of processing and these are chopped into
pieces. The meat and meat products including
poultry can be smoked, frozen or cooked and
sometimes are mixed with other ingredients like
potpie to make sausages. The contamination can
occur when washing, packing and chilling of
fruits and vegetables is done by using
contaminated water and ice. Also, if the surfaces
of processing units or storage bins are
contaminated, cross contamination to food can
occur in both plant and animal originated food.
Most of the times, there are chances of final
meat product getting contaminated with germs
originating from animal’s intestines. Another is
Food distribution and transportation: The
process of transferring food from farm to
consumer’s locations requires distribution and
transportation. Locations such as grocery shops,
restaurants, markets etc, which are far away
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makes the distribution and transportation
process complex. This is crucial step because the
safety of food is at high risk. The cross
contamination can occur from chemicals and
disinfectants used for long distance ships.
(Nerin. C., et al; 2007) The items are packed,
segregated and distributed according to the
demands of consumer. The packaging of food
involves addition of additives like stabilizers,
antioxidants, preservatives etc., in order to
increase material’s properties. (Nerin, C., et al;
2016) There are many points in this step which
can cause contamination. For example, if frozen
meats are meant to transport to consumer, it has
to be loaded in a transport directly from
processing units and are sent to supplier chain,
there they are stored in warehouses for a certain
period of time. This might provide the frozen
meat favorable conditions during some of point
of time and results in contamination before
reaching its final destination. Meat and meat
products should be packed in such a way to
prevent environmental contamination before its
consumption so as to bring meat safety. (Arun K
Das et al; 2019)Additives added during the
packaging of food might be migrants causing
cross contamination. (Paseiro-Cerrato, R., et al;
2010) Also when food is not kept as safe
temperature at the time of transport and
distribution, food gets spoiled. The packaging of
dry foods such as rice, flour, cereals etc involves
the use of paper and board, which also leads to
cross contamination. (Nerin, C, et al; 2016)
Transporting of edible items with animals or in
a van that just transported cattle (without
disinfection and cleaning) causes cross
contamination. For meat and meat products, if
any biological hazard occur at this stage it will
impact meat negatively. (Jenson, I, et al; 2014)
The final is Food preparation: The stage which
involves the cooking of food so that it is ready to
consume. The preparation of food can be done
anywhere in restaurant, home Kkitchens,
institutions, offices, schools etc. (Alum. E,, et al;
2016) The step involves the mixing of raw food
with ingredients and spices, other processes like
heating, boiling, baking, and finally serving. The
contamination can occur from the hands of cook
(if gloves are not worn), equipments (if not
washed or sanitized) used for preparation such
as knifes, chopping boards, spoons, and other
utensils. (Alum. E., et al; 2016)The plant and
animal origin food gets contaminated the same
way in food preparation. The proper hygiene
and sanitation should be followed by chef and
regular washing and cleaning of equipments,
surfaces should be done. The storage conditions
of prepared food can also leads to contamination
irrespective of refrigerator or freezer. If meat is
stored with raw items, the juices from meat can
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slip into raw food causing cross contamination
and this is more of a concern when that food is
meant to consume raw.

4. PRECAUTIONS

The need to take precautions is necessary for
mitigation of several diseases and loses. (Alum.
E. et al; 2016) The loses are more costly then
prevention and an economic analysis for costs
related to food safety showed that the
investment for prevention is a lot more cheaper
than that of an after event. (Ribera, L. A,, et al;
2012) The precautions of food safety can be
involve proper sterile conditions should be
maintained for food processing and storage,
proper cooking should be done for raw foods,
sterile packaging should be followed for
packaged ready to eat food items, adequate
temperature and humidity should be maintained
in working environment of food, HVAC i.e.
Heating, Ventilation and Air Conditioning
systems should be installed in all the premises
of food facility, storage and preparation area for
both raw and cooked foods must be separated to
avoid cross contamination, proper washing and
cleaning of equipments wused in food
preparation, storage, transport and distribution
should be done, regular food testing from
random lots should be done for monitoring of
hygiene qualities, quality Management System
followed should comply with ISO 9000, proper
cooking guidelines should be followed, swab
collection from equipments and workers and its
testing to monitor hygiene quality, awareness
programs organized by professionals of
companies to educate workers, proper
sanitation, hygiene and quality checks done by
officials, proper handling of food by workers
should be done, the environmental should be
maintained as such that no bacterial growth can
occur. For example: storage of unused food
items must be stored in refrigerator at 4°C-8°C
and frozen meats and seas foods must be stored
in deep freezers etc. The precautions can be
taken on the basis of hazards such as physical,
chemical and biological hazards. For physical
hazards, elimination systems can be used such
as detectors detecting metals, X-rays machines
in case of animal foods. (Arun K Das et al; 2019)
Similarly, for chemical hazards, removal of using
fertilizers, pesticides, insecticides etc in the
agricultural field can minimize the food
contamination and all these are potent
contaminants of environment as well and food
contamination starts from milk, eggs, meat.
(Smith, D. ], & Kim, M.; 2017 and Tilahun, A., et
al; 2016)The discharge from industries includes
heavy metals, toxins, waste and pollutes the field
and water bodies which can act as a source of
contamination for food. To overcome this,
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enforcements by food safety regulations are to
be followed. Biological hazards are very critical
to control because this hazard can occur at any
stage of food form farm to plate. To control
microbial growth, controlling temperature, pH,
humidity and moisture is necessary and ionizing
radiations are used sometimes in case of animal
food. (Sofos, J. N. 2008)

5. PREVENTIVE MEASURES

To regulate chemical levels in food, there are
many legislations and regulating bodies. Food
adulteration and unhealthy additives are not
allowed legally. Therefore, for chemical hazard
prevention, effective surveillance and response
systems are necessary. The limits of chemicals
such as pesticide concentration are assigned by
FDA which are allowed to add in food. (Bajwa,
U., & Sandhu, K. S, 2011) However, there are
countries which depend upon agriculture and
pesticides are seeped into ground water having
food and water in high levels. (Rather, I. A, et al;
2017) The government has taken appropriate
steps that minimizes individual exposure
against food contaminants, however, there are
many measures that that are still to be taken to
reduce the diseases and health risks. (Rather, 1.
A, et al; 2017) During preharvest &
preslaughter in order to remove pathogens
adoption of GAP i.e. Good Agricultural Practices
during crop development & harvesting must be
done. (David, R. ], et al; 2012) The measures
such as microbial testing of farm & water,
fencing buildup to restrict animals, manure
application, regular cleaning etc can be taken to
prevent contamination at preharvest stage. For
animal originated food, antibodies measurement
should be done to know the status of infection.
The more slaughtering methods are
industrialized, the more risk is to infection.
However, meat animals and carcasses are easily
to get contaminated with bacteria. So,
improvement of slaughter hygiene is necessary
to prevent contamination. (Behravesh, C. B, et
al; 2012) At harvest stage, contamination can be
prevented by potable hand-wash station,
equipment sanitization, etc. Some of the
otherpreventive measures can include regular
cleaning and sanitation of working premises and
equipments should be followed with a detailed
cleanliness program/ chart which details about
frequency, procedure, area, material and
method of cleaning and sanitation, cleaning in
place (CIP) should be adopted in premises for all
equipments, instruments, etc. Good hygiene
practices should be followed and maintained,
containers filled with chemicals should be
properly labelled and stored away from food
items. Food containers should never come in use
to mix or transport chemicals and chemicals
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related products and lubricants used for
equipments should be food safe, proper use of
PPE like gloves, caps, glasses, apron etc, should
be followed during the process. The health of
personnel working in the food production,
processing, storing, distribution and preparation
must be diagnosed on regular basis, practice of
hand washing with soaps & disinfectants and
clean water should followed by personnel
during entry and exit of food handling premises
and after using toilets. Practices like smoking,
chewing, spitting, coughing and sneezing should
be prohibited in premises, outside footwear
should be prohibited in working environment
and long nails should be restricted in working
environment and the design of facility should be
designed in a way to avoid cross contamination
with adequate cleanliness and avoidance of pest
access and accumulation, storage conditions
should be maintained to avoid favourable
conditions for microbial growth. Conditions like
temperature and humidity should be
maintained, the items should be properly
labelled and sealed packaged before sending it
for transportation to avoid any leakage, spillage
or spoilage of food items. The containers used
must be in good quality and shape, also the
vehicle used should be cleaned before loading
packages into it. The workers handling the
transportation  process should maintain
personal hygiene and sanitation to avoid cross
contamination. The transport that is used for
food delivery must be different from non food
items. Transporting petroleum and hazardous
chemicals with food items is restricted.

CONCLUSION

Food safety is the discipline that deals with the
food preparation, handling, processing, storage,
distribution and its transportation in such a way
that it does not gets contaminated during any of
these processes. The major role of food safety is
the prevention of any food borne illness and
diseases. When food safety is neglected or care
with food is not taken food borne disease
outbreaks can occur. The consumption of
contaminated food can result in hazards
(physical, chemical, biological and allergenic)
and hence its prevention and control is
necessary. The  consumption of food
contaminated with pathogens results in diseases
and poisoning like Salmonellosis, Shigellosis,
Campylobacteriosis, E. coli infection, etc and can
lead to outbreaks and deaths in both developing
and developed countries worldwide. The
contamination of food can occur by improper
hygiene and poor sanitation practices followed
by workers. Also, each and every stage of food
preparation is crucial to contamination and
proper care is to be taken at every stage. To
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minimize these incidents and contamination,
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contamination. Other than this, regular medical
check-ups of staff and workers should be done.
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Table 1: Common food borne illnesses and symptoms

(Source: Centre for disease control & prevention, April 16, 2004)

S.No. Disease Causative agent Source Incubation period Symptoms Transmission
Domestic .
animals Fever, chills, Ingestion of raw milk, poultry
1. Campylopac- Campylobacte.r]e]um& livestock, Varying from days hea.dache, . (undercooked), beef, pork, cross
teriosis C. coli . to weeks prostration malaise, .
birds, polluted contamination
swollen lymph nodes
water
- . Enteropatho-genic 12-36 hours Vomltl_ng, dla.rrhoea, Ingestion of contaminated food &
2. E. coli infection . Humans abdominal pain fever, .
E.coli or 1-6 days water with fecal matter
adheres mucosa
Diarrhoea, cholera
L. . . . . 10-12 hours like s.yndrome, Ingestion of contaminated food &
3. E.coli infection Enterotoxige-nicE.coli Humans abdominal cramps, .
or 1-3 days L water with fecal matter
vomiting, dehydra-
tion& shock
Inflammation disease
of mucosa & sub
.. . . . . 10-18 hours mucosa, fever, Ingestion of contaminated food &
4. E.coli infection Entero-invasive E.coli Humans - . .
or 1-3 days abdominal pain, water with fecal matter
vomiting watery
stools, diarrhoea
Abdominal cramps, Consumption of raw or
. . Entero- watery and bloody undercooked meat products, raw
5. E.coli infection haemorrhagicE.coli Cattles 3-8 days diarrhoea, fever, milk from contaminated animals,
vomiting fecal and cross contamination
.POU]try. Fever, headache, . . .
. animals, pig, L Ingestion of contaminated milk,
. Non- typhoid 6-48 hours nausea, vomiting, -
6. Salmonel-losis cattles, . . meat, poultry, water, spices, salads
salmonella serotypes or upto 4 days abdominal pain,
rodents, pets, . and chocolates
. diarrhoea
chicks, turtles
High fever,
abdominal pain, . . .
Typhoid and Salmonellatyphi& S. headache, vomiting, Ingestion of contamma}ted milk,
7. . . Humans 10-20 days - meat, poultry, water, spices, salads
paratyphi fever paratyphi diarrhoea followed
. . and chocolates
by constipa-tion,
rashes
. . Abdo.n.nnal pain, Ingestion of contaminated raw
Shigellosis vomiting, fever, .
; . . chicken, meat, undercooked
8. (Bacillary Shigella spp. Humans 1-3 days diarrhoea (watery
vegetables, fecal matter, beef, pork,
dysentery) and bloody), mucus .
milk, salads
and pus
Coastal sea .
water Consumption of raw or
Vibrio parahaemo- _ . Profuse diarrhoea, undercooked fish or fishery
. Vibrioparahaemoly- estuarine 9-25 hours or upto . - .
9. lyticus gastro- . ; abdominal pain, products, cooked foods with
> ticus brackish water, 3 days . ) .
enterititis ; vomiting and fever subjects to cross contamination
marine fish from raw fish
and shellfish
Animals like Abdominal pain, Ingestion of pork products (tongue
10. Yersiniosis Yersiniaenterocolitica . 24-26 hours diarrhoea, mild feces, 8 . p X p . kg
pigs L tonsils, gut), milk and milk products
vomiting
REFERENCES Quality Analysis. 2020;335-349.

1. Alum EA, Urom SMOC and Ben CMA.

Microbiological contamination of food:
the mechanisms, impacts and
prevention.Int ] Sci Technol Res.
2016;5(3):65-78.

Adedeji OB, Okerentugba PO, Innocent-
Adiele HC, Okonko 10, Ojeniyi SO,
Adejoro SA and Mohamed SA. Benefits,
public health hazards and risks
associated with fish consumption. New
York Science Journal. 2012;5(9):33-61.
Ajaykumar V] and Mandal PK. Modern
concept and detection of spoilage in
meat and meat products. In Meat

124

Academic Press.

Akhtar S, Sarker MR and Hossain A.
Microbiological food safety: a dilemma
of developing societies. Critical reviews
in microbiology. 2014;40(4):348-359.
Ahmad MUD, Sarwar A, Najeeb MI,
Nawaz M, Anjum AA, Ali MA and
Mansur N. Assessment of microbial
load of raw meat at abattoirs and retail
outlets. Journal of Animal and Plant
Sciences. 2013;23(3):745-748.

Anon. Improving food safety in Latin
America and the Caribbean. Available
at: http://www.fao.org/newsroom/en/



IJPCBS 2020, 10(4), 116-128

10.

11.

12.

13.

14.

15.

16.

news/2005/1000187 /index.html.
2012.

Ansari-Lari M, Soodbakhsh S and
Lakzadeh L. Knowledge, attitudes and
practices of workers on food hygienic
practices in meat processing plants in
Fars, Iran. Food control.
2010;21(3):260-263.

Barbuddhe SB, Malik SVS, Kumar JA,
Kalorey DR and Chakraborty T.
Epidemiology and risk management of
listeriosis in India. International journal
of food microbiology. 2012;154(3):113-
118.

Baluka SA, Miller R and Kaneene ]B.
Hygiene practices and food
contamination in managed food service
facilities in Uganda. African Journal of
food science. 2015;9(1):31-42.

Beuchat LR. Surface decontamination
of fruits and vegetables eaten raw: a
review. Food Safety Unit, World Health
Organization. 1998.

Begum M, Ahmed AT A, Das M and
Parveen S. A comparative
microbiological assessment of five types
of selected fishes collected from two

different markets. Advances in
Biological Research. 2010;4(5):259-
265.

Barari M and Kalantar E. An outbreak
of type A and B botulism associated
with traditional vegetable pickle in
Sanandaj. 2010.

Betancor L, Pereira M, Martinez A,
Giossa G, Fookes M, Flores K, Barrios P,
Repiso V, Vignoli R, Cordeiro N, Algorta
G, Thomson N, Maskell D, Schelotto F
and Chabalgoity JA. Prevalence of
Salmonella enterica in poultry and eggs
in Uruguay during an epidemic due to
Salmonella enterica serovar Enteritidis.
] ClinMicrobiol. 2010;48:2413-2423.
Bajwa U and Sandhu KS. Effect of
handling and processing on pesticide
residues in food-a review.Journal of
food science and technology.
2014;51(2):201-220.

Behravesh CB, Williams IT and Tauxe
RV. Emerging foodborne pathogens and
problems: expanding prevention efforts
before slaughter or harvest.
In Improving food safety through a one
health approach: workshop summary.
National Academies Press (US). 2012.
Centers for Disease Control and
Prevention (CDC). Three outbreaks of
salmonellosis associated with baby
poultry from three hatcheries--United
States, 2006. MMWR. Morbidity and

Smriti Shukla et al.

125

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

ISSN: 2249-9504

mortality
2007;56(12):273.
Cho SK, Moon BY and Park JH.
Microbial contamination analysis to
assess the safety of marketplace
sushi. Korean Journal of Food Science
and Technology. 2009;41(3):334-338.
Coker AO, Isokpehi RD, Thomas BN,

weekly report.

Amisu KO and Obi CL. Human
campylobacteriosis in  developing
countries.  Emerging Infect Dis.

2002;8:237-244.

Das AK, Nanda PK, Das A and Biswas S.
Hazards and Safety Issues of Meat and
Meat Products. InFood Safety and
Human Health. Academic Press.
2019;145-168.

Datta S, Akter A, Shah IG, Fatema K,
Islam TH, Bandyopadhyay A and Biswas
D. Microbiological quality assessment
of raw meat and meat products, and

antibiotic susceptibility of isolated
Staphylococcus aureus. Agriculture,
Food and Analytical Bacteriology.

2012;2(3):187-194.

David R], Jaako M and Katie AM. The
importance of food. Arch Pediatr.
Adolesc Med. 2012;166(2):187-188.
Elsaidy N, Abouelenien F and Kirrella
GA. Impact of using raw or fermented
manure as fish feed on microbial quality
of water and fish. The Egyptian Journal
of Aquatic Research. 2015;41(1):93-
100.

Estrada CSL, del Carmen Velazquez L,
Favier GI, Di Genaro MS and Escudero
ME. Detection of Yersinia spp. in meat
products by enrichment culture,
immunomagnetic separation and nested
PCR. Food microbiology.
2012;30(1):157-163.

Etcheverria Al, Padola NL, Sanz ME,
Polifroni R, Kriiger A, Passucci ] and
Parma AE. Occurrence of Shiga toxin-
producing E. coli (STEC) on carcasses
and retail beef cuts in the marketing
chain of beef in Argentina. Meat science.
2010;86(2):418-421.

Food borne Diseases and Food Safety in
India.CD Alert. 2017;1-16.

Feglo P and Saky K. Bacterial
contamination of street vending food in
Kumasi. Ghana ] Med Biomed Sci.
2012;1:1-8.

Flor MS, Maisam AA and Oscar GG.
Salmonella infections: An update on
epidemiology, management and
prevention. Travel Med Infect Dis.
2011;9:263-277.



IJPCBS 2020,10(4), 116-128 Smriti Shukla et al. ISSN: 2249-9504
______________________________________________________________________________________________________________________________________________________|
28. Fuenzalida L, Hernadndez C, Toro ], 40. Kumar R and Prasad A. Detection of E.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Rioseco ML, Romero ] and Espejo RT.
Vibrio parahaemolyticus in shellfish and
clinical samples during two large
epidemics of diarrhoea in southern
Chile. Environ Microbiol. 2006;8:675-
683.

Ferrari RG, Rosario DK, Cunha-Neto A,
Mano SB, Figueiredo EE and Conte-
Junior CA. Worldwide epidemiology of
Salmonella serovars in animal-based
foods: a meta-analysis. Applied and
environmental microbiology.
2019;85(14):e00591-19.

FDA, Food and Drug Administration.
2010 Retail meat report - National
Antimicrobial Resistance monitoring
system. Rockville, MD: Food and Drug
Administration. 2011.

Gao QY, Huang YF, Wu ]G, Liu HD and
Xia HQ. A review of botulism in China.
Biomed Environ Sci, 1990;3:326-336.
Heetun I, Goburdhun D and Neetoo H.
Comparative microbiological evaluation
of raw chicken from markets and chilled
outlets of Mauritius. ] Worlds Poul Res.
2015;5(1):10-18.
https://www.foodsafety.com.au/blog/f
ood-safety-and-the-different-types-of-
food-contamination accessed on: 09-06-
2020
https://www.cdc.gov/foodsafety/foodb
orne-germs.html accessed on: 09-06-
2020
https://www.cdc.gov/mmwr/preview/
mmwrhtml/rr5304al.htm accessed on:
27-07-2020

Jenson I, Vanderlinde P, Langbridge ]
and Sumner J. Safety of Meat and Meat

Products in the Twenty-first
Century. Practical Food Safety:
Contemporary Issues and Future

Directions. 2014;553-575.

Khare S, Tonk A and Rawat A.
Foodborne diseases outbreak in India: A
Review.Int ] Food Sci Nutrition.
2018;3(3): 9-10.

Khan JA, Rathore RS, Khan S and Ahmad
I. Prevalence, characterization and
detection of Salmonella spp. from
various meat sources. Adv. Anim. Vet.
Sci. 2013;1(1S):4-8.

Kumar SC, Ramesh N, Sreevatsan §,
Joseph B, Alle P, Belani KG and
Osterholm MT. Knowledge, attitudes,
and poultry-handling practices of
poultry workers in relation to avian
influenza in India. Indian journal of
occupational and environmental
medicine. 2013;17(1):16.

126

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

coli and staphylococcus in milk and
milk products in and around Pantnagar.
Vet World. 2010;3:495-496.

Kennedy ], Gibney S, Nolan A, O'Brien S,
McMahon M, McDowell D and Wall PG.
Identification of critical points during
domestic  food  preparation: an
observational study. British Food
Journal. 2011;113(6):766-783.
Kobayashi M, Otsuka K, Tamura Y,
Tomizawa S, Kamijo K, Iwakoshi K and
Takano I. Study on rapid analysis
method of pesticide contamination in
processed foods by GC-MS and GC-
FPD. Shokuhineiseigakuzasshi. Journal
of the Food Hygienic Society of Japan.
2011;52(4):226-236.

Kudva I, Blanch K and Hovde C(]J.
Analysis of Eschericis coli 0157: H&
survival in Ovine or bovine manure and
manure shury. Appl Emnron M crobidol.
1998;64:3166-3174.

Lawley 2nd PD. In Chemical
Carcinogens, ; Searle, CE (Ed.); ACS
Monograph 182, 1984.

Mailoa MN and St Sabahannur IH.
Analysis total microbial and detection of
salmonella on smoked fish. Aster.
2013;3(A4):A5.

Miya S, Takahashi H, Ishikawa T, Fujii T
and Kimura B. Risk of Listeria
monocytogenes contamination of raw
ready-to-eat seafood products available
at retail outlets in Japan. Appl. Environ.
Microbiol. 2010;76(10):3383-3386.
Medeiros MA, Oliveira DC, Rodrigues
Ddos P and Freitas DR. Prevalence and
antimicrobial resistance of Salmonella
in chicken carcasses at retail in 15
Brazilian cities. Rev  PanamSalud
Publica. 2011;30:555-560.

Mhone TA, Matope G and Saidi PT.
Aerobic bacterial, coliform, Escherichia
coli and Staphylococcus aureus counts
of raw and processed milk from
selected smallholder dairy farms of
Zimbabwe. Int ] Food Microbiol.
2011;151:223-228.

Moretro T and Langsrud S. Listeria
monocytogenes: biofilm formation and

persistence in food-processing
environments. Biofilms. 2004;1:107-
121.

Monteiro CA. Nutrition and Health. The
issue is not food, nor nutrients, so much
as processing. Public Health Nutrition.
2010;12(5):729-316.

Nerin C, Aznar M and Carrizo D. Food
contamination during food


https://www.foodsafety.com.au/blog/food-safety-and-the-different-types-of-food-contamination
https://www.foodsafety.com.au/blog/food-safety-and-the-different-types-of-food-contamination
https://www.foodsafety.com.au/blog/food-safety-and-the-different-types-of-food-contamination
https://www.cdc.gov/foodsafety/foodborne-germs.html
https://www.cdc.gov/foodsafety/foodborne-germs.html
https://www.cdc.gov/mmwr/preview/mmwrhtml/rr5304a1.htm
https://www.cdc.gov/mmwr/preview/mmwrhtml/rr5304a1.htm

IJPCBS 2020,10(4), 116-128 Smriti Shukla et al. ISSN: 2249-9504
I — ——
process. Trends in food science & 62. Sharma [. Microbial analysis of raw

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

technology. 2016;48:63-68.
Novoslavskij A, Terentjeva M,
Eizenberga 1, Valcina O, Bartkevi¢s V
and Beérzins A. Major foodborne
pathogens in fish and fish products: a
review. Annals of microbiology.
2016;66(1):1-15.

Nerin C, Canellas E, Romero ] and
Rodriguez A. A clever strategy for
permeability studies of methyl bromide
and some organic compounds through
high-barrier plastic films. International
Journal of Environmental and Analytical
Chemistry. 2007;87(12):863-874.
Oberhelman RA and Taylor D.
Campylobacter infections in developing
countries. In: Blaser M], Nachamkin I,
eds. Campylobacter. Washington, DC:
ASM Press. 1999;139-154.

Patyal A, Gangil R, Singh PK, Mathur KN
and Sudan V. Bacteriological quality of
market chicken meat in Jaipur city. ] Vet
Pub Health. 2012;10(1):45-48.
Paseiro-Cerrato R, De Quirés ARB,
Sendén R, Bustos ], Santillana MI, Cruz
M and aseiro-Losada, P.
Chromatographic Methods for the
Determination of Polyfunctional Amines
and Related Compounds Used as
Monomers and Additives in Food
Packaging Materials: A State-of-the-Art
Review. Comprehensive Reviews in
Food Science and Food Safety.
2010;9(6):676-694.

Ruban SW and Fairoze N. Effect of

processing conditions on
microbiological quality of market
poultry meats in Bangalore,

India. Journal of Animal and Veterinary
Advances. 2011;10(2):188-191.

Ramesh V Bhat and Nageswara Rao R.
Foodborne diseases in India. The Indian
Journal of Pediatrics.
1987;54(4):553562.

Ribera LA, Palma MA, Paggi M, Knutson
R, Masabni ]G and Anciso J. Economic
analysis of food safety compliance costs
and foodborne illness outbreaks in the
United States. HortTechnology.
2012;22(2):150-156.

Rather IA, Koh WY, Paek WK and Lim J.
The sources of chemical contaminants
in food and their health
implications. Frontiers in
pharmacology. 2017;8: 830.

Sharma N. Indian Based Foodborne
Diseases-A Discussion. EC Microbiology.
2019;15:771-776.

127

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

meat and its environment in retail
shops in Cachar district, Assam, North-
East India. 2013.

Singh VK, Jain U, Yadav ]JK and Bist B.
Assessment of bacterial quality of raw
meat samples (Cara beef, Chevon, Pork
and Poultry) from retail meat outlets
and local slaughterhouses of Agra
region, India. Journal of Food-borne and
Zoonotic Diseases. 2014;2(1):15-18.
Skarin H, Hafstrom T, Westerberg ] and
Segerman B. Clostridium botulinum
group III: a group with dual identity
shaped by plasmids, phages and mobile
elements. BMC Genomics. 2011;12: 185.
Soofi SB, Habib MA, von Seidlein L, Khan
M], Muhammad S, Bhutto N, Khan MI,
Rasool S, Zafar A, Clemens |D, Nizami Q
and Bhutta ZA. A comparison of disease
caused by Shigella and Campylobacter
species: 24 months community based
surveillance in 4 slums of Karachi,

Pakistan. ] Infect Public Health.
2011;4:12-21.
Smith D] and Kim M. Chemical

Contamination of Red Meat. In Chemical
Contaminants and Residues in Food (pp.
451-489). Woodhead Publishing. 2017.

Sofos JN. Challenges to meat safety in

the 21st  century. Meat science.
2008;78(1-2):3-13.

Tewari A and Abdullah S. Bacillus
cereus food poisoning: international

and Indian perspective. Journal of food

science and technology.
2015;52(5):2500-2511.
Tuneer K and Madhavi T. A

comparative study of Hygienic status of
Butcher s and Identifybacteria among
the Slaughters of Meat, Chicken and Fish
markets of Jagdalpur city. Intl Res ] Biol
Sci. 2015;4(1):16-24.

Thorsen L, Abdelgadir WS, Rgnsbo MH,
Abban S, Hamad SH, Nielsen DS and
Jakobsen M. Identification and safety
evaluation of Bacillus species occurring
in high numbers during spontaneous
fermentations to produce Gergoush, a
traditional Sudanese bread snack. Int ]
Food Microbiol. 2011;146:244-252.
Tam CC, O’Brien SJ, Petersen I, Islam A,
Hayward A and Rodrigues LC. Guillain-
Barré syndrome and preceding
infection with campylobacter, influenza
and Epstein-Barr virus in the general
practice research database. PLoS ONE.
2007;2:e344.

Tilahun A, Jambare L, Teshale A and
Getachew A. Review on chemical and



IJPCBS 2020, 10(4), 116-128 Smriti Shukla et al. ISSN: 2249-9504

drug residue in meat. World J. Agric. Sci. borne pathogens in market samples of
2016;12:196-204. chicken meat in Bangalore. 2012.

73. Vemula SR, Kumar RN and Polasa K. . 75. Zukowska ] and Biziuk M.
Foodborne  diseases in India-a Methodological evaluation of method
review. British Food Journal. 2012. for dietary heavy metal intake. Journal

74. Wilfred Ruban S, Nithin Prabhu K and of food science. 2008;73(2):R21-R29.

Naveen Kumar GS. Prevalence of food

128



