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INTRODUCTION

The role of fresh fruits and vegetables in nutrition and healthy diet is well recognized and in
recent years, many countries have undertaken various initiatives to encourage consumers to
eat more of these products. Fruits and vegetables supply much needed vitamins, minerals and
fibers. These play an important role in health through the prevention of heart disease, cancer
and diabetes etc. The health aspect together with increasing consumer demands for variety
and availability, and the changing structure of global trade has led to an increase in trade
fruits and vegetables internationally. For many countries, particularly developing ones, such
products have become valuable, making a substantial contribution to the economy as well as
to the health of a country’s population. It is important that the consumption of fresh produce

continues to increase for nutritional health and economic reasons.

Contamination of fresh produce is of special concern, because such produce is likely to be
consumed raw, without any type of microbiologically lethal processing, thus posing a
potential food safety problem. Minimally processed vegetables, which are raw products that
are simply trimmed, peeled, sliced / shredded, washed and / or disinfected, are generally
considered safe to be eaten by consumers, since their surfaces have a micro biota population
composed mainly of microorganisms that are not of human health significance. The
availability of fresh produce has increased that now, these products are available at all
times/seasons during the year and this relies heavily on the import of goods from different
regions. Globalization of the food supply introduces hazards from these regions into other
areas and disseminates pathogens over wide geographical areas. In addition to that, increasing
popularity in consumption patterns, fresh fruits and vegetables have also become increasingly

important vehicles in food borne disease statistics.

Since fruits and vegetables are produced in a natural environment, they are vulnerable to
contamination by human pathogens. The increased consumption of fruits and vegetables may
have unintended consequences with an increase in number of outbreaks. Although most fruit
and vegetables contain the nutrients necessary to support the rapid and progressive growth of
infection or toxigenic microbes, they also posses a barrier that prevents microbes focus

entering and subsequently growing in the interior of the fruit and vegetables -the testae of



seeds, the peels, husks, skins (cuticle) or rinds of fruit and vegetables, and the intact shells of

nuts are such protective barriers.

CONTAMINATION OF FRESH FRUITS AND VEGETABLES

Fresh fruits and vegetables do not naturally contain pathogenic microorganisms (e.g.,
bacteria, viruses and parasites) that can cause food-borne illness. All green plants possess a
resident microflora which normally subsists on the minute traces of carbohydrates, proteins
and inorganic salts with dissolve in the H,O that exudes from the epidermis of the plant or
condenses from the atmosphere onto the plant. The normal microflora of fruit and vegetables
consists mainly of organisms commonly found in soil: coryneforms and sporeformer. Some
Gram negative microbes exist as normal inhabitants of fruit and vegetables; they may be
isolated from these foods regularly and may include coliforms, such as members or

Enterobacteriaceae.

However, fresh produce can become contaminated in the field through contact with soil,
contaminated water, wild or domestic animals, or improperly composted manure. Fresh
produce can also come in contact with harmful microorganisms during and after harvest, if it
is not properly handled, stored, and transported. In addition, fresh fruits and vegetables can
become contaminated through contact with raw food items such as meat, poultry, seafood,

and their juices. This can happen at the grocery store - in the shopping cart.

Potential preharvest sources of contamination include soil, faeces, irrigation water, water
used to apply fungicides and insecticides, dust, insects, inadequately composted manure, wild
and domestic animals and human handling. Soil by itself not generally regarded as an
important source of human pathogen on produce. But exceptions to this include a number of
bacteria that can be isolated from soil free from faecal contamination, namely Clostridium
botulinum, Clostridium perfringens and Bacillus cereus and to a lesser extent Listeria
monocytogenes. The majority of diseases associated with fresh fruits and vegetables are
primarily those transmitted by the faecal-oral route, and therefore, are a result of

contamination at some point in the process (De Roever ,1998).



Cultivation of trees/plants for fruits and vegetables to be consumed fresh in areas near to
places with a presence of potentially harmful substances like sewage , sludge, heavy metals,
dangerous chemicals , animal faeces , toxic weeds , aerial contamination. Also, the places
where operations with livestock or birds are made or with unusual quantity of wild life can
cause the contamination. The untreated organic fertilizers those originated from organic
sludge and urban organic residues can contaminate the product or the environment that
surrounds it. Fertilizers contaminated with heavy metals or with other chemicals whose
maximum limits are not certain can contaminate the product. Breaking the protective
epidermal barrier of fruits and vegetables by shredding or slicing increase areas nutrient
availability and provides large surface areas that facilitate microbial growth and decrease

product shelf life

Post harvest sources of contamination include faeces , human handling (workers ,
consumers), harvesting equipment, transport containers (field to packaging shed),wild and
domestic animals, air(dust),wash and rinse water, sorting , packing , cutting and further
processing equipment, ice, transport vehicles, improper storage (temperature, physical
environment), improper packaging , cross contamination via other foods in storage ,
preparation and display areas , improper display temperature , improper handling after

wholesale or retail purchase (Beuchat, 1995).

Table showing routes of microbial contamination of fruits and vegetables

Common Routes of Contamination

e Contaminated irrigation water
e Human handling

e Contaminated containers

e Animal waste fertilizers

e Wild and domestic animals

e Postharvest washing

e Improper cooking and /or improper holding temperature after
cooking

e Improper storage

e New packaging technologies




e Improper packaging

e Contamination from other foods in food preparation area

Wholesale and retail sector is also one that can vary substantially in terms of fresh produce.
Retail outlets can range from wet markets, where there is the potential of cross-contamination
from other produce or non- produce commodities, to greengrocers, to supermarkets, where
some produce may be cut and re- packaged. Handling can again become a source of
contamination here, with the potential for the introduction of viruses and bacteria

(Salmonella, enterohaemorrhagic Escherichia coli, Shigella).

PATHOGENS ASSOCIATED WITH FRESH PRODUCE

The dominant micro flora on fruits and vegetables consists of decomposed molds and yeasts;
however pathogens leading to bacterial, viral and parasitic human infections are also reported.
Bacteria are the greatest concern in terms of serious illness and number of persons at risk of
infection on an international scale. Enteric pathogens can be found in soil, manure, urban
wastes and in irrigation water, depending on relative moisture, microbial adhesion, rainfall
and sunlight (Mehmet and Ayden, 2008).

The numerous genera of spoilage bacteria, yeasts and molds in fresh produce are
Staphylococcus, Escherichia, Salmonella, Shigella, Pseudomonas, Campylobacter, Listeria,

Bacillus, Aeromonas ; Aspergillus, Penicillium, Fusarium, Toxoplasma, etc.

Table 2 showing pathogens associated with fresh produce

FOOD BORNE PATHOGENS | FRUITS AND VEGETABLES

BACTERIA

e Aeromonas spp. €.9. Lettuce, salad vegetables , spinach, carrot

A. hydrophylia

e Campylobacter spp.e.g. Cabbage , leafy vegetables, lettuce, salad
vegetables , spinach
C. jejuni

e Clostridium perfringes Vegetables




o E. coli (0157: H7)

Cabbage , coriander, celery, spinach |,
salads

e Listeria monocytogenes

Cabbage, cucumber, tomato, salad
vegetables , leafy vegetables

o Salmonella spp., e.g.
S. enteriditis

S. heidelberg

S. muenchen

S. saintpaul

Cabbage celery, lettuce, spinach,

strawberry, tomato

o Shigella spp.,e.q

S. sonnei

Salad vegetables

o  Staphylococcus aureus

Banana, carrot, lettuce , salad vegetables

e Yersinia spp., €.9.

Y. enterolytica

Cabbage , carrot, cucumber, lettuce , salad
vegetables

PROTOZOANS

Cryptosporidium spp.

Apple, berries, , carrot, cucumber, lettuce
, tomato

Cyclospora spp.

Lettuce, raspberries

Giardia spp. Mixed raw vegetables
ENTERIC VIRUSES

Hepatitis A Lettuce, strawberry, tomato
Norwalk Carrot, green salads
FUNGI

Aspergillus
Penicillium

Fusarium

Fruits

(Beuchat, 1995 )




With a few exceptions, an outbreak is defined as an incident in which two or more persons
experience a similar illness and food is implicated. Consumption of fresh and fresh -cut fruits
and vegetables has increased every year in the past decade, because of their convenience and
nutritional benefits. Unfortunately, the increasing consumption of fresh produce has been
accompanied with an increase in the number of outbreaks and recalls due to contamination
with human pathogens. Problems linked with pathogens in fresh produce, including the
associated public health and trade implications have been reported in a number of countries

worldwide.

Changes in production, processing and distribution patterns have led to some of these
outbreaks, but it is also the case that pathogens, such as E.coli O157:H7 are now more
prevalent in the environment than they used to. The recent Escherichia coli O157:H7 illness
outbreaks and product recalls of spinach, lettuce, and other leafy greens, most notably in 2006
and 2007, have gained much media attention and raised public concerns over produce safety.
The fresh produce industry is in need of a kill step to ensure the safety of produce. Eating
contaminated fresh fruits and vegetables can lead to food-borne illness. In Canada, there have
been outbreaks of food-borne illness tied to eating cantaloupes, tomatoes, leafy greens (i.e.,
iceberg lettuce, spinach, and precut ready-to-eat salad) and fresh herbs, such as basil. The
fruits and vegetables associated with various outbreaks reported are lettuce, spinach, carrot,
cabbage, coriander, cellary, tomato, strawberry, banana, cucumber, apple and berries. Even
Staphylococcus aureus was found on fresh produce and ready-to-eat vegetable salads and is

known to be carried by food handlers.

Among these, leafy green vegetables pose the greatest concern in terms of microbiological
hazards. Leafy greens are grown and exported in large volume, have been associated with
multiple outbreaks. There have been some notable outbreaks of illness in recent years that
demonstrate the increasingly important role of fresh fruits and vegetables in the food borne

disease.



Outbreaks of E.coli in lettuce due to contaminated soil, irrigation water or improperly
composted manure have contributed to the possibility of amplification of food borne
pathogens. Commodities like carrots, cucumbers, almonds, baby corn, sesame seeds, onions
and garlic, mango, paw, celery and maimai have been implicated in cases or outbreaks of

food borne illness, the public health impact.

REMEDIES TO PREVENT CONTAMINATION

While every effort should be made to prevent contamination of fruits and vegetables during
production, transport, processing and handling, many microbial contaminants are part of the
environment and fruits and vegetables may be inadvertently contaminated. Unless measures
are taken to decontaminate them, their safety may not be assured. The lack of effective
antimicrobial treatment at any step from planting to consumption means that pathogens

introduced at any point may be present on the final food product.

Washing and rinsing of some type of fruits and vegetables prolong shelf-life by reducing the
number of micro organisms on the surfaces. However, only a portion of pathogenic micro
organisms may be removed with this simple treatment. Methods of cleaning and sanitizing
produce surfaces usually involve the application of water, cleaning chemicals and mechanical
treatment of surface by spray washers, followed by rinsing with potable water. Use of a
disinfectant can enhance efficiency of removal up to 100 fold, but chemical treatments
administered to whole and cut produce typically will not reduce populations of pathogens by
more than 2 to 3 log;o CFU/g. The general lack of efficacy of sanitizers on raw fruits and
vegetables can be attributed, in part, to their inaccessibility to locations within structures and

tissues that harbor pathogens (Beuchat, 1999).

e Chlorine gas, hypochlorite and chloramines are chlorine based chemicals, often
employed to sanitize the produce and surfaces within produce, processing facilities as

well as to reduce the microbial populations in water used for cleaning packing
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operations. Washing with chlorine at 50-200 ppm concentration range results in a 2-
log reduction of microbial populations. Chlorine dioxide is antimicrobial agent for
produce washing. Acidified sodium chlorite has been approved for use on certain raw

fruits & vegetables as either a spray or dip in the range 500-1200ppm.

Ozone (O3) is a strong antimicrobial agent. Relatively low concentrations of ozone
and short contact time are sufficient to inactivate bacteria, molds, yeasts, parasites and
viruses. Ozone is effective in reducing bacterial population influence and wash water

at 0.1pg/ml and 0.5 to 4.0 pg/ml respectively.

Acid based sanitizers such as lactic acid, citric acid, ascorbic acid and acetic acid are
used to prevent microbial proliferation, as many pathogens cannot grow at pH values
below 4.5.

Alkaline based sanitizers such as sodium hydroxide, potassium hydroxide, sodium
bicarbonate and / or sodium orthophenylphenate reduced the populations of E.coli on
orange surfaces. Trisodium phosphate has been shown to be effective against E.coli
and Salmonella. Treatment with 8% trisodium phosphate decreased the populations of

Listeria monocytogenes by 1 log cycle.

Ionizing radiations from Cobalt 60, Cesium 137, alone or in combination with
treatments such as hot water is used as means of extending the shelflife of produce. At
2 KGy, numbers of bacteria were usually reduced by 3-4 log cycles and yeast by 1-2
log cycles. lonizing radiation is known to effectively eliminate human pathogens such
as E. coli O157:H7 on fresh produce.

UV light is a non chemical disinfectant system that uses an extremely rapid physical
light energy of a specific wavelength to destroy micro organisms. To achieve
microbial inactivation, the UV radiant exposure must be atleast 400 joule/m? in all

parts of product.

Controlled and modified atmospheres; CO, has benefits reducing total micro
organisms in fresh cut produce because of its fungistatic and bacteriostatic

characteristics. (Jennylynd James)
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Understanding the contribution of these factors to the risk from consuming fresh produce is
complex. Codex has outlined an approach to risk assessment that is now commonly used in
the assessment of risk posed by microbiological pathogens. These risk assessments are
usually focused on a single hazard / commodity combination or, for risk ranking, a single
hazard and multiple commodities. The nature of fresh fruits and vegetable production and
consumption leads to a wider range of potential hazards of concerns being identified. Risk
assessments for fresh fruits and vegetables would therefore ideally cover multiple hazards /
multiple commodities; however, owing to the complexity of such a task and possibly the

visibility of disease burden, there is a lack of risk assessment of these commodities.

GAPs, GMPs and GHPs are management practices aimed at controlling and reducing
microbial food safety hazards. There has been seen a significant difference in number of
coliforms, aerobic plate count, yeasts and molds in a variety of foods between ready to eat
food stores classified according to GMPs behaviors observed. Good agricultural and
management practices common to growing, harvesting, washing, sorting, packing and
transporting, together with improved safe food handling by consumers, may help ensure the

safety of most unprocessed or minimally processed (raw) fruit and vegetables.

A hazard analysis of data from incidence and outbreaks of human illness would clearly show
that fresh produce represents a potential health risk. Individual or companies that derive their
economic well being from processing or marketing fresh produce, in whatever form, may
have much influence or control over conditions to which the produce is exposed before
reaching their processing , distribution , retail or wholesale facilities. However, interventions
can and should be made where possible to eliminate or control the growth of pathogenic
bacteria on fresh produce. The International fresh cut Produce Association (IFPA), a
professional organization serving the fresh cut produce industry in the United States and
internationally, has taken the lead on developing a model Hazard Analysis Critical Control
Point (HACCP) plan, which provides recommended voluntary guidelines on procedures to
achieve and maintain high levels of microbiological safety in fresh produce(Beuchat, 1995).
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STATUS OF FRUITS AND VEGETABLES INDUSTRY IN INDIA

The fruit and vegetable processing industry in India is highly decentralized having wide
capacities. The diverse agro- climatic zones make it possible to grow almost all varieties of
fresh fruits and green vegetables in India. India is the second largest producer of fresh
vegetables in the world (ranks next to China) and accounts for about 15% of the world’s

production of vegetables.
Production area

Vegetables are typically grown in India in field conditions; the concept is opposed to the
cultivation of vegetables in green houses as practiced in developed countries for high yields.
The fruits and vegetables considered important by the horticulture board of India are mostly
grown in the areas of Jammu & Kashmir, Himachal Pradesh, hilly regions of North Uttar
Pradesh, Tamil Nadu, Maharashtra, Karnataka, Gujarat, Andhra Pradesh, Assam, Madhya
Pradesh, Rajasthan, Punjab, Tripura, West Bengal and Orissa.

Growth promotional activities

Since liberalization and withdrawal of excise duty on fruit and vegetable products there has
been significant rise in the growth rate of the industry Out of 370 million tons of fruit
production in the world, India accounts for 30 million tons. No industrial license is required
for setting up Fruit and vegetable processing industries, setting-up 100% EOUs require
specific Govt. approvals. Many subsidies, irrigation plans, loans, pre and post harvesting

schemes led to the following figures of production.

Fruit & | Total production M.T | India's production status
vegetable

Mango 10 million tons World's largest producer
Banana 7 million tons World's largest producer
Pineapple 12.6% of world World's 4th largest producer

production
Oranges 6.3% of world | World's 5th largest producer
production
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Grapes - World record in productivity

Onion - World's 2nd largest producer

Cauliflower - World's 3rd largest producer

Of the 456 million tons of vegetable produced in the world, India’s share is 59 million tons.
All taken together, India’s share of the world’s vegetable market is 17 per cent. Presently, the
horticultural crops cover 13.6 million hectares, i.e. roughly 7 per cent of the gross cropped

area and contributes 18-20 per cent of the gross value of India’s agricultural output.
Vegetable and Fruit Types

According to national horticulture board the main fruits and vegetables grown in India are
Apple, Banana, Lime / Lemon, Mosambi, Orange (Mandarin), Grapes, Mango, Papaya,
Brinjal, Cabbage, Cauliflower, Okra, Onion, Peas, Potato and Tomato. In case of vegetables,
potato, tomato, onion, cabbage and cauliflower account for around 60% of the total vegetable

production in the country.

In India, there is limited information available regarding the microbiological quality of fruit
and vegetables. There is no baseline microbiological data for these commodities at the point
of sale(local /retail) or any data to differentiate the microbiological quality of imported and
domestic fresh produce .The aim of this study is to establish data on the microbiological

quality of a range of raw fruits and vegetables sold in Delhi and NCR region.
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OBJECTIVES

The objectives of this study were as follows:

1. To monitor the microbiological quality of selected fresh produce from

local and retail markets by enumerating various microbial populations.

2. To evaluate the prevalance of common food pathogens on the surface of

the samples.

3. To suggest suitable and cost effective antimicrobial dips to reduce the

microbial load in the fresh produce.

PLAN OF WORK

Step1: Collection of information with the help of surveys about the incoming
fresh produce into NCR (local markets and retail markets). Collection of
samples from-

e Zone | — South (Okhla Mandi)

e Zone Il — North (Azadpur Mandi)

e Zone Il -West ( Keshopur Mandi)

e Zone IV- East (Shahdra Mandi)

e Zone V- NCR (Ghaziabad, Noida, Gurgaon, Faridabad)
Apart from the main mandi, samples will also be collected from a
prominent local market and retail outlets from each zone.Thus samples

will be collected from three locations in each zone. (Selection of local
markets and retail outlets will be based on the initial surveys to ascertain

incoming produce into the area.)
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