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ABSTRACT

Food spoilage can be defined as “any sensory chdtayile, visual, olfactory or flavour)” which theonsumer
considers to be unacceptable. Spoilage may occangtstage along food chain. Spoilage may arisenfiosect
damage, physical damage, indigenous enzyme adtivibe animal or plant tissue or by microbial infiens. Most
natural foods have a limited life. Perishable fo@igh as fish, meat and bread have a short lifensaher food
can be kept for a considerably longer time but deposes eventually. Enzymes can bring about déistnuof
polymers in some foods while chemical reaction$1 ;ag oxidation and rancidity decompose others hatrhain
single cause of food spoilage is invasion by migyanisms such as moulds, yeast and bacteria. e chsnould
spoilage a furry growth covers the food and it baes soft and often smells bad. Bacterial contarignas more
dangerous because very often food does not loolebean though severely infected, it may appear aquitenal. The
presence of highly dangerous toxins and bactenmires is often not detected until after an outbredlifood
poisoning, laboratory examination uncovers thedtifey agent.

Key words. Food spoilage, Enzymes, Bacterial contaminatie@odmpoisoning, Perishable foods.

INTRODUCTION

Food spoilage is a metabolic process that causesfto be undesirable or unacceptable for humasuroption
due to changes in sensory characteristics. Spfoleds may be safe to eat, i.e. they may not cdlmess because
there are no pathogens or a toxin present, butgesaim texture, smell, taste, or appearance cdesa to be
rejected. Some ecologists have suggested theseusogimells are produced by microbes to repulse langmals,
thereby keeping the food resource for themselvds Fbod loss, from farm to fork, causes considexabl
environmental and economic effects. The USDA Ecdndresearch Service estimated that more than nsigty
billion pounds of food in the U.S. were lost byaitdrs, foodservice and consumers in 1995. Frestiyze and fluid
milk each accounted for nearly 20% of this losslevidwer percentages were accounted for by graiodpicts
(15.2%), caloric sweeteners (12.4%), processetsfanid vegetables (8.6%), meat, poultry and fisb%3, and fat
and oils (7.1%) [2]. Some of this food would hawseb considered still edible but was discarded ksmc#tuwas
perishable, past its sell-by date, or in excesseaids. There are also environmental and resouste aesociated
with food spoilage and loss. If 20% of a crop istJahen 20% of the fertilizer and irrigation watesed to grow that
crop was also lost. Shelf life of a food is thedinuring which it remains stable and retains itsrdd qualities.

The wide array of available dairy foods challentfes microbiologist, engineer, and technologistital fthe best
ways to prevent the entry of microorganisms, dgstinose that do get in along with their enzymes, jarevent the
growth and activities of those that escape prongsBieatments. Troublesome spoilage microorganigiside
aerobic psychrotrophic Gram-negative bacteria, tgeanolds, heterofermentative lactobacilli, and regiorming
bacteria. Psychrotrophic bacteria can produce largeunts of extracellular hydrolytic enzymes, amel éxtent of
recontamination of pasteurized fluid milk produetgh these bacteria is a major determinant of tisbielf life.
Fungal spoilage of dairy foods is manifested by ghesence of a wide variety of metabolic by-producausing
off-odors and flavors, in addition to visible chasgn color or texture.

47

Pelagia Research Library



Seema Rawat Asian J. Plant Sci. Res., 2015, 5(4):47-56

Coliforms, yeasts, heterofermentative lactic acadtbria, and spore-forming bacteria can all caassigg defects
in cheeses. The rate of spoilage of many dairy aedslowed by the application of one or more @f fibllowing
treatments: reducing the pH by fermenting the ket lactic acid; adding acids or other approvesgrvatives;
introducing desirable microflora that restricts tp@wth of undesirable microorganisms; adding sugasalt to
reduce the water activity (# removing water; packaging to limit available gey; and freezing. The type of
spoilage microorganisms differs widely among déirgds because of the selective effects of pracfickésved in
production, formulation, processing, packagingrage, distribution, and handling [3].

Scenario of food spoilage wor ldwide

The issue of food losses is of high importancehia ¢fforts to combat hunger, raise income and ingrfood
security in the world’s poorest countries. Foodséms have an impact on food security for poor peamtefood
quality and safety, on economic development andthen environment. The exact causes of food losseg va
throughout the world and are very much dependenherspecific conditions and local situation iniaeg country.

In broad terms, food losses will be influenced bgpcproduction choices and patterns, internal siftecture and
capacity, marketing chains and channels for distidim, and consumer purchasing and food use pesctic
Irrespective of the level of economic development enaturity of systems in a country, food lossesughbe kept

to a minimum.

Food losses represent a waste of resources ugeddaction such as land, water, energy and inputsducing food
that will not be consumed leads to unnecessary €fiissions in addition to loss of economic valuehef food
produced. Economically avoidable food losses haslizext and negative impact on the income of batmérs and
consumers. Given that many smallholders live onntlaggins of food insecurity, a reduction in fooddes could
have an immediate and significant impact on thiielihoods. For poor consumers (food insecure eriskt
households), the priority is clearly to have acdedsod products that are nutritious, safe andrdtble.

It is important to note that food insecurity isesftmore a question of access than a supply prolteproving the
efficiency of the food supply chain could help tnlg down the cost of food to the consumer and ihusease
access. Given the magnitude of food losses, makiofitable investments in reducing losses couldbe way of
reducing the cost of food. But that would, of cayrsequire that financial gains from reduced losses not
outweighed by their costs. How much food is lost avasted in the world today and how can we prefeod
losses? Those are questions impossible to givaspremswers to, and there is not much ongoing refsea the
area. This is quite surprising as forecasts sughpastfood production must increase significantdynteet future
global demand [4].

Worldwide postharvest fruit and vegetables losses as high as 30 to 40% and even much higher inesom
developing countries. Reducing postharvest lossesgry important; ensuring that sufficient foodttbon quantity
and in quality is available to every inhabitantour planet. The prospects are also that the wasftulation will
grow from 5.7 billion inhabitants in 1995 to 8.3libih in 2025. World production of vegetables amtmghto 486
million ton, while that of fruits reached 392 i ton. Reduction of post-harvest losses reducgtsaé@roduction,
trade and distribution, lowers the price for thesimer and increases the farmer's income.

Fruits and vegetables are very important food codities not only in India but all over the world.dia, which is

the second most populated country of the worldstiis struggling to achieve self-sufficiency to teabout 800
million people. For this purpose, fruits and vebéta have got their specific importance to prowvadealance and
healthy diet to the people. India is the secongdstr producer of vegetables and fourth largestymedof fruits in

the world. Though India is producing adequate gtiaatof fruits and vegetables, yet on accountosseés in the
field as well as in storage, they become inadeq@dmerally, about 30 % fruits and vegetables engl@red unfit
for consumption due to spoilage after harvestindid annually produces fruits and vegetables of/ttiee of about
Rs. 7000 crores and wastage may be of the orde@s.02100 crores. This is a huge loss of valualde feven when
the mini- mum food requirement of the populatiomdg met. Therefore, it is important not only t@grmore, but
also to save what is grown at high cost.

Post harvest loss of fruits and vegetables has thefimed as "that weight of wholesome edible prodexclusive of
moisture content) that is normally consumed by huarad that has been separated from the mediumitesdos$ its
immediate growth and production by deliberate humetion with the intention of using it for humareting but
which for any reasons fails to be consumed by huidat only quantity and quality but even the appeae of
fruits and vegetables are affected and their marakte is reduced. Most 'skin deep' injuries suslfla speck’ in
apples do not affect the edible part. Some infestiare not harmful as they occur on inedible panid can be
trimmed off before.
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Fresh fruits and vegetables are perishable andyhjglone to these losses because they are compmdsadng
tissues. These tissues must be kept alive andhhénmtiughout the process of marketing. These amgposed of
thousands of living cells which require care andntesmance.Therefore, the reduction of post-harlasst of fruit
and vegetables is a complementary means for iriagepsoduction. It may not be necessary to consiolgrstep up
the production of fruits and vegetables with thevgng demand if the post-harvest loss is reducetlgeeat extent.
The cost of preventing losses after harvest in iggnie less than preventing a similar additionabant of fruit and
vegetable crop of the same quality. Attention te tdoncept of post-harvest food loss reduction, agymificant
means to increase food availability, was drawnhg/World Food Conference held in Rome in 1974.

The global dairy industry is impressive by large2D05, world milk production was estimated at &4i#lion tons,
of which 541 million tons was cows’ milk. The leadiproducers of milk were the European Union at tdlilon
tons, India at 88 million tons, the United State8@ million tons (20.9 billion gallons), and Russit 31 million
tons. Cheese production amounted to 8.6 milliors tonWestern Europe and 4.8 million tons in thetebhiStates
[5]. The vast array of products made from milk wovide leads to an equally impressive array of speil
microorganisms. A survey of dairy product consumptievealed that 6% of US consumers would eat rdanegy
products if they stayed fresher longer [6]. Produeinge from those that are readily spoiled by ooiggzanisms to
those that are shelf stable for many months, ardspovilage rate can be influenced by factors sschaisture
content, pH, processing parameters, and temperatsterage.

Scenario of food spoilagein India

India is the second major producer of fruits angetables and ranks next to Brazil and China resmdygt in the
world. It contributes 10 percent of world fruit jpiction and 14 per cent of world vegetable produmctFruits and
vegetables are more prone to spoilage than cedealso their nature and composition, and this ageiloccurs at
the time of harvesting, handling transportatiomrage, marketing and processing resulting in wastécient
management of these wastes can help in preserimignutrients of our foods and feeds, and bringitogvn the
cost of production of processed foods, besides mimnig pollution hazards. According to India Agritzual
Research Data Book 2004, the losses in fruits argktables are to the tune of 30 per cent. Takitighated
production of fruits and vegetables in India at h&illion tones, the total waste generated comégtmillion tones
per annum. The post-harvest technologies for paighhorticultural produce serve as an effective for getting
better return to the produce and also help in angidiastage both at production site and distributienters, which
will help in regulating the market infrastructure.

Like any other food, fruits and vegetables are glsme to microbial spoilage caused by fungi, béateeast and
moulds. A significant portion of losses of fruitacavegetables during post-harvest period is ateithtio diseases
caused by fungi and bacteria. The succulent natfifeuits and vegetables makes them easily invaoedhese
organisms. Besides attacking fresh fruits and \addes, these organisms also cause damage to camukd
processed products. Many serious post-harvest stiseaccur rapidly and cause extensive break dowtheof
commaodity, sometimes spoiling the entire packaps. éstimated that 36 % of the vegetable decagnused by soft
rot bacteria. Similarly fruit rot in aonla and otheoft fruits caused by fungi is also very destiet As far as
vegetables are concerned, naturally the sourcefe€tion is from the field, water used for cleanithg surface,
contact with equipment and storage environment. bst common pathogens causing rots in vegetahtéraits
are fungi such aslternaria, Botrytis, Diplodia, Monilinia, PhomopsisRhizopusPencillium Fusarium etc. Among
bacteriaErvinia, Pseudomonagtc. cause extensive damage.

High temperature and relative humidity favour tleeelopment of post-harvest decay organisms. MdBcatissue
is generally attacked by fungi, while fruits andygables having pH above 4.5 are more commonlglathby
bacteria, ego bacterial soft rot of potato causgdératocystis, fimbriatawater soft rot of carrot bgclerotinia
sclerotiorumetc.

In India, there is a vast scope for growing fruitlavegetable throughout the yearin one or othergfahe country
because the climatic conditions are highlysuitdblegrowing various types of fruits and vegetablEsuit and
vegetable are highly perishable but most importmmhmodity for human diet due to their high nutrid value.
They are the cheapest and other source of protedtivod supplied in fresh or processed or presefoech

throughout the year for human consumption. Heneadtional picture will improve significantly.

Fruit and vegetable are available in surplus onleértain seasons and availability in differentioag. In peak
season due to improper handling practices, maikestorage problems around 20-25% fruit and vedetale
spoilt in various stages. Fruit and vegetable aieg commodities as they respire. Hence, propest farvest
management handling and processing is requiredriichlture crops. A variety of fresh fruit and \etgble in India
can be made available in plenty due to favourapte-alimatic situations. Hence there is no derthréav material
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for processing. Product profile being developethiia at present is limited to few fruit and vedséalike mango,
pineapple, grapes etc. But there is a wider pdathtytifor processing of papaya, banana, jack, guamla,
carambola and other minor fruits. Similarly theseai greater scope for processing cauliflower, tahitter-gourd
onion, garlic, watermelon, muskmelon etc.

Proper handling, packaging, transportation andagmreduce the post-harvest losses of fruit anétabes. For
every one percent reduction in loss will save Slionil tons of fruit and vegetable per year. Processand
preservation technology helps. There are about 400dll and large scale processing units in the wpumhich

process only about 2.5% of the total fruit and valgle as against 40-85% in developed countries.

Food spoilage microor ganisms

Chemical reactions that cause offensive sensorgpgdsain foods are mediated by a variety of micrahes use
food as a carbon and energy source. These orgainislade prokaryotes (bacteria), single-celled argas lacking
defined nuclei and other organelles, and eukaryastagle-celled (yeasts) and multicellular (moldsjanisms with
nuclei and other organelles. Some microbes are @ntynfound in many types of spoiled foods while erthare
more selective in the foods they consume; multplecies are often identified in a single spoileatifdéem but there
may be one species (a specific spoilage organi$qQ) $rimarily responsible for production of the qmunds
causing offodors and flavors. Within a spoiling dothere is often a succession of different popastthat rise and
fall as different nutrients become available or exbausted. Some microbes, such as lactic aci@fi@meind molds,
secrete compounds that inhibit competitors [7].

Spoilage microbes are often common inhabitantsodf water, or the intestinal tracts of animals amdy be
dispersed through the air and water and by theiies of small animals, particularly insects. tibsild be noted that
with the development of new molecular typing methothe scientific names of some spoilage organisms,
particularly the bacteria, have changed in receatyand some older names are no longer in usey Ms@cts and
small mammals also cause deterioration of foodHrge will not be considered here.

Yeasts

Yeasts are a subset of a large group of organisitisdcfungi that also includes molds and mushroohiey are
generally single-celled organisms that are adafuiedife in specialized, usually liquid, environnmtsrand, unlike
some molds and mushrooms, do not produce toxinskecy metabolites. Yeasts can grow with or withoxggen

(facultative) and are well known for their benadiciermentations that produce bread and alcohailitks. They

often colonize foods with a high sugar or salt eohtand contribute to spoilage of maple syrup, Ipgkand

sauerkraut. Fruits and juices with a low pH aretla@otarget, and there are some yeasts that graweosurfaces of
meat and cheese.

There are four main groups of spoilage yeagygjosaccharomyceand related genera tolerate high sugar and high
salt concentrations and are the usual spoilagenenga in foods such as honey, dried fruit, jams sog sauce.
They usually grow slowly, producing off-odors andvbrs and carbon dioxide that may cause food auats to
swell and burstDebaryomyces hansermian grow at salt concentrations as high as 24%usting for its frequent
isolation from salt brines used for cured meatgesks, and olives. This group also includes thea mgsortant
spoilage organisms in salad dressings $&ccharomycespp.are best known for their role in production of litea
and wine but some strains also spoil wines andr@lweholic beverages by producing gassiness,ditybéand off-
flavors associated with hydrogen sulfide and acatid. Some species grow on fruits, including yogontaining
fruit, and some are resistant to heat processihg [9

Candidaand related geneme a heterogeneogsoup of yeasts, some of which also cause huimfactions. They
are involved in spoilage of fruitsome vegetables and dairy products [I§kkera/Brettanomycese principally
involved in spoilage of fermented foods, includadgoholic beverages and some dairy products. Thaypcoduce
volatile phenolic compounds responsible for off+fies [11].

Molds

Molds are filamentous fungi that do not producgdsairuiting bodies like mushrooms. Molds are venportant for

recycling dead plant and animal remains in natuitealso attack a wide variety of foods and othetemals useful

to humans. They are well adapted for growth ontarmugh solid substrates, generally produce aifspores, and
require oxygen for their metabolic processes.

Most molds grow at a pH range of 3 to 8 and sonmegraw at very low water activity levels (0.7-0@) dried
foods. Spores can tolerate harsh environmentalitonsl but most are sensitive to heat treatmentereeption is
Byssochlammysyhose spores have a D value of 1-12 minutes at.9DHt&rent mold species have different
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optimal growth temperatures, with some able to gmowefrigerators. They have a diverse secondartalbadism
producing a number of toxic and carcinogenic mygioi® Some spoilage molds are toxigenic while atlae not
[12].

Spoilage molds can be categorized into four madugs: Zygomycetes are considered relatively primifungi but
are widespread in nature, growing rapidly on simgaebon sources in soil and plant debris, and tires are
commonly present in indoor air. Generally they iegjthigh water activities for growth and are novois for
causing rots in a variety of stored fruits and ‘egkes, including strawberries and sweet potatBemie common
bread molds also are zygomycetes. Some zygomyaegealso utilized for production of fermented sogducts,
enzymes, and organic chemicals. The most commalagpaspecies afglucor andRhizopusZygomycetes are not
known for producing mycotoxins but there are soeports of toxic compounds produced by a few species

Penicilliumand related genera are present in soils and p&brisdfrom both tropical and Antarctic conditionst b
tend to dominate spoilage in temperate regionsy Hne distinguished by their reproductive strucéuteat produce
chains of conidia. Although they can be usefulumhins in producing antibiotics and blue cheeseyrspacies are
important spoilage organisms, and some producenpatgcotoxins (patulin, ochratoxin, citreoviridipenitrem).
Penicillium spp. cause visible rots on citrus, pear, and afppiss and cause enormous losses in these crogy. Th
also spoil other fruits and vegetables, includiegeals. Some species can attack refrigerated awgsed foods
such as jams and margarine. A related geByssochlamysis the most important organism causing spoilage o
pasteurized juices because of the high heat rasistaf its spores.

Aspergillusand related molds generally grow faster and areemnesistant to high temperatures and low water
activity than Penicillium spp. and tend to dominate spoilage in warmer cématMany aspergilla produce
mycotoxins: aflatoxins, ochratoxin, territrems, logiazonic acid. Aspergilli spoil a wide variety fifod and non-
food items (paper, leather, etc.) but are probaklst known for spoilage of grains, dried beansnpes tree nuts,
and some spices.

Other molds, belonging to several genera, have lmdated from spoiled food. These generally are major
causes of spoilage but can be a problem for som@sfé-usariumspp. cause plant diseases and produce several
important mycotoxins but are not important spoilaayganisms. However, their mycotoxins may be pregen
harvested grains and pose a health risk.

Bacteria

Spore-forming bacteriare usually associated with spoilage of heat-tte&deds because their spores can survive
high processing temperatures. These Gram-positageha may be strict anaerobes or facultative ok of
growth with or without oxygen). Some spore-formars thermophilic, preferring growth at high temperes (as
high as 55°C). Some anaerobic thermophiles protiydeogen sulphideQesulfotomaculuinand others produce
hydrogen and carbon dioxid€Hermoanaerobacteriuntduring growth on canned/ hermetically sealed fokept at
high temperatures, for example, soups sold in vendiachines.

Other thermophilesBacillus and Geobacillusspp.) cause a flat sour spoilage of high or lowagatdined foods with
little or no gas production, and one species caugpiess in bread held at high ambient temperat{t8].
Mesophilic anaerobes, growing at ambient tempegatucause several types of spoilage of vegetaBlasilius
spp.); putrefaction of canned products, early bimndf cheeses, and butyric acid production in cdnregetables
and fruits Clostridiumspp.); and "medicinal” flavors in canned low-aabds @Alicyclobacillug (Chang & Kang,
2003). Psychrotolerant sporeformers produce gas sckly odors in chilled meats and brine-cured hams
(Clostridiumspp.) while others produce off-odors and gas suuan-packed, chilled foods and milRgcillusspp.).

Lactic acid bacteria (LAB) are a group of Gram-pigsi bacteria, including species lbdctobacillus,Pediococcus,
Leuconosto@nd Oenococcussome of which are useful in producing fermentealds such as yogurt and pickles.
However, under low oxygen, low temperature, andliactonditions, these bacteria become the predarina
spoilage organisms on a variety of foods. Undekirabanges caused by LAB include greening of madtgas
formation in cheeses (blowing), pickles (bloatemdge), and canned or packaged meat and veget@ltétavors
described as mousy, cheesy, malty, acidic, butberiiver-like may be detected in wine, meats, mibk, juices
spoiled by these bacteria. LAB may also produogelamounts of an exopolysaccharide that causes simmeats
and ropy spoilage in some beverages.

Pseudomonaand related genera are aerobic, gram-negativdacieria, some of which can degrade a wide variety
of unusual compounds. They generally require a higter activity for growth (0.95 or higher) and amhibited by
pH values less than 5.4. Some species grow ageeation temperatures (psychrophilic) while other adapted for
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growth at warmer, ambient temperatures. Four spamfieseudomonaéP. fluorescens, P. fragi, Pundensisand

P. viridiflava), Shewanella putrefacienandXanthomonas campesti@ge the main food spoilage organisms in this
group. Soft rots of plant-derived foods occur wipeetins that hold adjacent plant cells togetherdagraded by
pectic lyase enzymes secreted KWy campestris, P. fluorescersnd P. viridiflava. These two species of
Pseudomonasomprise up to 40% of the naturally occurring baaten the surface of fruits and vegetables and
cause nearly half of post-harvest rot of fresh poedstored at cold temperaturds. fluorescens, P. fragi, P.
lundensis and S. putrefacies cause spoilage @hnimal-derived foods (meat, fish, milk) by secrgtiipases and
proteases that cause formation of sulfides andettigiamine (off-odors) and by forming biofilms (ak) on
surfaces$5;73. Some strains are adapted for growth at cold &zatpres and spoil these foods in the refrigerator.

Enterobacteriaceae are gram-negative, facultatimaberobic bacteria that include a number of hupa&hogens
(Salmonella, E. coli, Shigellayersinig and also a large number of spoilage organism&sdhbacteria are
widespread in nature in soil, on plant surfaces iandigestive tracts of animals and are therefgesent in many
foods.Erwinia carotovorais one of the most important bacteria causing xfof vegetables in the field or stored
at ambient temperatures.

Biogenic amines are produced in meat and fish bgra¢ members of this group while others produdeodbrs or
colors in beer @besumbacteriujn bacon and other cured mea®sdteus, Serratig cheeses (several genera), cole
slaw Klebsiellg), and shell eggsPfoteus, Enterobacteerratig. Temperature, salt concentration, and pH are the
most important factors determining which, if anf/tteese microbes spoil foods.

Many Gram-negative bacteria, including pseudomoraatth enterobacteriaceae, secrete acyl homoseGtmnés
(AHLs) to regulate the expression of certain gesesh as virulence factors, as a function of celisity. These
AHL quorum-sensing signals may regulate proteolgtizyme production and iron chelation during spelaf
some foods [14] although the role of these sigimatgher spoilage systems is not clear [15].

Other bacteria are associated with spoilage ofechilhigh protein foods such as meat, fish, andydaioducts.
They may not be the predominant spoilage organmmsontribute to the breakdown of food componanid may
produce off-odors.Most species are aerobic althcsmhe grow at lowoxygen levels and may survive uatu
packaging,and one B¢ochothriy is a facultative anaerobe. Some examples inclulleinetobacter and
Psychrobacterwhich are predominant bacteria on poultry carcaesethe processing line and have been isolated
from a variety of spoiled meat and fighcinetobactegrows at a pH as low as 3.3 and has been detecgmbiled
soft drinks. These two genera do not produce esflidar lipases, hydrogen sulfide, or trimethylamiffishy odor)
and so are considered to have a low spoilage paltent

Alcaligeneds a potential contaminant of dairy products anéinaad has been isolated from rancid butter ankl mil
with an off-odor. These bacteria occur naturallythe digestive tract of some animals and also ihasa water.
Flavobacteriumis found widely in the environment and in chillexbéls, particularly dairy products, fish, and meat.
It uses both lipases and proteases to producerdisaigje odors in butter, margarine, cheese, craach,other
products with dairy ingredient®Moraxellaand Photobacteriumare important constituents of the microflora on the
surface of fish.Photobacteriumcan grow and produce trimethylamine in ice-storea¢cuum-packaged fish.
Brochothrixhas been isolated from meat, fish, dairy produnts faozen vegetables. During spoilage, it produces
odors described as sour, musty, and sweaty [16].

Spoilage of fruits and vegetables

The main sources of microorganisms in vegetablessail, water, air, and other environmental soyre@sl can
include some plant pathogens. Fresh vegetabldsidserich in carbohydrates (5% or more), low irofeins (about
1 to 2%), and, except for tomatoes, have high pldradrganisms grow more rapidly in damaged or @getables.
The presence of air, high humidity, and higher terapure during storage increases the chances dagpoThe
common spoilage defects are caused by molds belgrigigenerdenicillium, Phytophthora, Alternaria, Botrytis,
and Aspergillus Among the bacterial genera, species fieseudomonas, Erwinia, Bacilluand Clostridium are
important. Microbial vegetable spoilage is gergrdescribed by the common term rot, along with ¢hanges in
the appearance, such as black rot, gray rot, piflsoft rot, stem-end rot [17].

Vegetables are another tempting source of nutrfentspoilage organisms because of their near akpitt and high
water activity. Although vegetables are exposed moultitude of soil microbes, not all of these adtiack plants and
some spoilage microbes are not common in soilek@mple, lactic acid bacteria. Most spoilage losgesnot due
to microorganisms that cause plant diseases theréd bacteria and molds that take advantage chamgcal and
chilling damage to plant surfaces.
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Some microbes are found in only a few types of tadgles while others are widespre&awinia carotovorais the
most common spoilage bacterium and has been détactértually every kind of vegetable. It can evgrow at
refrigeration temperatures [18]. Bacterial spoildiget causes softening of tissues as pectins ageadled and the
whole vegetable may eventually degenerate intoirmyshmass. Starches and sugars are metabolized amekt
unpleasant odors and flavors develop along witltidaacid and ethanol. Besides. carotovora several
Pseudomonaspp. and lactic acid bacteria are important speilhgcteria.Molds belonging to several genera,
including Rhizopus, AlternariaandBotrytis cause a number of vegetable rots described liyadblor, texture, or
acidic products. The higher moisture content ofetaljles as compared to grains allows different ifung
proliferate, but some speciesAdpergillusattack onions.

Intact, healthy fruits have many microbes on tiseirfaces but can usually inhibit their growth uatfiler harvest.

Ripening weakens cell walls and decreases the amamfnantifungal chemicals in fruits, and physicamage

during harvesting causes breaks in outer protedsiyers of fruits that spoilage organisms can exphlolds are

tolerant of acidic conditions and low water activéind are involved in spoilage of citrus fruitspbgs, pears, and
other fruits.Penicillium, Botrytis,and Rhizopusare frequently isolated from spoiled fruits [19]eaéts and some
bacteria, includinderwinia andXanthomonascan also spoil some fruits and these may paatiube a problem for
fresh cut packaged fruits [20].

Fruits juices generally have relatively high levelsugar and a low pH and this favors growth aists, molds and
some acid-tolerant bacteria. Spoilage may be msteifeas surface pellicles or fibrous mats of modttsidiness,
and off-flavors. Lack of oxygen in bottled and cadndrinks limits mold growth.Saccharomycesand
Zygosaccharomycesre resistant to thermal processing and are fonrsbine spoiled juices [21Alicyclobacillus
spp., an acidophilic and thermophilic spore-formibacteria, has emerged as an important spoilageobg¢
causing a smoky taint and other off-flavors in pasted juices [22Propionibacterium cyclohexanicyran acid-
tolerant non-sporeforming bacterium also surviveatimg and grows in a variety of fruit juices [2Bhctic acid
bacteria can spoil orange and tomato juices, am guseudomonads and enterobacteriaceae alsowspes.jThese
bacteria are not as heat tolerant but may be pseprization contaminants colonization by manyt, rimt all,
microbes and are the most important first stepellaying the spoilage process. Microbes requireagerdonditions
for growth, and therefore management of the enwiremt of foods can change these factors and detilagp:

Many, but not all, microbes grow slowly or not dit & low temperatures, and refrigeration can pmngldahe lag
phase and decrease growth rate of microbes. Mangobgs require a high water activity and theretkeeping
foods such as grains and cereal products dry ®ifl to preserve them.

Some microbes require oxygen, others are killedolygen, and still others are facultative. Managihg
atmosphere during storage in packaging can retargrevent the growth of some microbes. Several sype
modified atmosphere packaging (MAP) have been deeel to retard growth of pathogenic and spoilage
organisms. However, microbes are endlessly inneeahd eventually seem to circumvent the barrietsagainst
them. Therefore further strategies and multipledias are utilized to extend shelf life. These pdures must be
assessed for compatibility with different foodsthat there are no significant organoleptic charigethe foods
caused by the treatment or preservative. Theseoaeflor food preservation will not be covered iptiehere.

Spoilage of dairy products

Milk is an excellent medium for growth for a vayietf bacteria [24]. Spoilage bacteria may originatethe farm
from the environment or milking equipment or in pessing plants from equipment, employees, or the.AB are
usually the predominant microbes in raw milk andlifgrate if milk is not cooled adequately. Wherpptations
reach about 106 cfu/ml, off-flavors develop in mikie to production of lactic acid and other compmizun
Refrigeration suppresses growth of LAB and withireaday psychrophilic bacteri@geudomonas, Enterobacter,
Alcaligenesand some spore-formers) grow and can eventyeibguce rancid odors through the action of lipases
and bitter peptides from protease action [25].

Pasteurization kills the psychrophiles and mesaphtiacteria (LAB), but heat-tolerant speciesicéligenes
Microbacterium,and the sporeformeiacillus and Clostridiunm) survive and may later cause spoilage in milk or
other dairy products. Immediately following pasteation, bacterial counts are usually <1000 cfu/khbwever,
post-pasteurization contamination of milk, parteoily with Pseudomonaand some Gram-positive psychrophiles
does occur [26, 27]. Spoilage problems in cheesesoaetimes b&aced to low quality milk but may also result
from unhygienic conditions in the processing plant. Hardl semi-hard cheeses have a low moisture content
(<50%) and a pH ~5.0, which limits the growth ofreomicrobes. Some coliforms a@dostridiumspp. that cause
late gas blowing can grow under these conditionsams several species of molds. Other psychrotrgpbduce
biogenic amines, particularly tyramine, during atge of cheese (Noviclet al, 2003). Soft cheeses with a higher
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pH of 5.0-6.5 and a moisture content of 50-80% nhey spoiled byPseudomonasAlcaligenes, and
Flavobacterium Clostridium sporogenebas been found in spoiled processed cheese, \ither@duces gas holes
and off-flavors [28].Yeasts and molds are the nsgiailage organisms found in cultured milks (yogadr cream
and buttermilk) because the higher acidity in theseducts inhibits many bacteria [2#]seudomonasyeasts and
molds can spoil butter and “light” butters. Sinbe tight butters have higher moisture content thatter, they can
support more microbial growth. Cream may becomeidawhen populations oPseudomonaand Enterobacter
proliferate.

Prevention from food spoilage micr oorganism

Many food products are perishable by nature andiregprotection from spoilage during their prepanmat storage
and distribution to give them desired shelf-lifedduse food products are now often sold in arediseofvorld far

distant from their production sites, the need fxtierded safe shelf-life for these products has elqEanded. The
development of food preservation processes has théeen by the need to extend the shelf-life ofdsoFood
preservation is a continuous fight against micraaigms spoiling the food or making it unsafe. Salvéood

preservation systems such as heating, refrigeratimhaddition of antimicrobial compounds can bedusereduce
the risk of outbreaks of food poisoning; howevéese techniques frequently have associated adebes®es in
organoleptic characteristics and loss of nutrients.

Within the disposable arsenal of preservation teples, the food industry investigates more and mbee
replacement of traditional food preservation teghes by new preservation techniques due to thesdsed
consumer demand for tasty, nutritious, natural aady-to-handle food products. Improvements in thkl c
distribution chain have made international trade@efishable foods possible, but refrigeration aloaenot assure
the quality and safety of all perishable foods.

The most common classical preservative agentsharevéak organic acids, for example acetic, latiinzoic and
sorbic acid. These molecules inhibit the outgroeftbhoth bacterial and fungal cells and sorbic asidlso reported
to inhibit the germination and outgrowth of baaérspores. In the production of food it is crudiht proper
measures are taken to ensure the safety and stalfithe product during its whole shelf-life. liagicular, modern
consumer trends and food legislation have madestleeessful attainment of this objective much mofreao
challenge to the food industry. Firstly, consume¥guire more high quality, preservative-free, safg mildly
processed foods with extended shelf-life. For exanthis may mean that foods have to be preservédybher pH
values and have to be treated at mild-pasteurizatither than sterilization temperatures. As agiditd sterilization
treatments are two crucial factors in the contrbloatgrowth of pathogenic spore-forming bacteriacts as
Clostridium botulinum addressing this consumer need calls for innogatipproaches to ensure preservation of
products. Secondly, legislation has restrictedube and permitted levels of some currently acceptedervatives
in different foods. This has created problems far industry because the susceptibility of some anigganisms to
most currently used preservatives is falling.

An increasing number of consumers prefer minimaligcessed foods, prepared without chemical preseega
Many of these ready-to-eat and novel food typesessnt new food systems with respect to healths reshd
spoilage association. Against this background, egiging on improved understanding and knowledgethef
complexity of microbial interactions, recent approas are increasingly directed towards possilslibéered by
biological preservation [30].

The high salt concentration in the serum-in-lipiduésion of butter limits the growth of contaminagibacteria to
the small amount of nutrients trapped within thepliets that contain the microbes. However, psycbpbic
bacteria can grow and produce lipases in refrigdratilted butter if the moisture and salt are wehly distributed
[31]. When used in the bulk form, concentrated @mmsed) milk must be kept refrigerated until uded¢an be
preserved by addition of about 44% sucrose andlmoge to lower the water activity below that atishhviable
spores will germinatea(, 0.95) [32]. Lactose, which constitutes about 53%he non fat milk solids, contributes to
the lowered water activity. When canned as evapdrailk or sweetened condensed milk, these produes
commercially sterilized in the cans, and spoilagéd@m occurs. Microbial growth and enzyme activitse
prevented by freezing. Therefore, microbial degtiadaof frozen desserts occurs only in the ingretiiised or in
the mixes prior to freezing.

Chemical preservatives

Chemical preservatives are substances which aredatin food just to retard, inhibit or arrest theiaty of
microorganisms such as fermentation, putrefactiash decomposition of the food. Commonly used pregeres
include, common salt, sugar, dextrose, spicesgaineascorbic acid, benzoic acid and its salt; &l the salts of
sulphuric acid, nitrates, sorbic acid and its sgltepionic acid and its salts, lactic acid andsifts. The features of
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potassium metabisulphate are: (1) It release thed®@ it is unstable; (2) It is used for the fruitieh have non
water solvent pigment (colourless); (3) It can betused in naturally coloured juices such as phasaun because
they have the anthocynin pigment; (4) It can notged in the product which are packed in contadieeause it acts
on the tin containers and oil; (5) Hydrogen Sulgh{#,S) which has an unpleasant smell and also formaekbl
compound with the base plate of containers; (6} Besontrol moulds than bacteria; (7) 350 ppm KidSnostly
used in fruit juice products. Features of sodiumzoate are: (1) It is salt of benzoic acid and lslelin water; (2) It
delays the fermentation in the juices; (3) It isntoonly used in the product which are having natooédur such as
anthocynin pigment; (4) It is more effective agaithe yeast; (5) 750 ppm Sodium benzoate is masthd in fruit
juices, squashes and cordials.

Use of food additives

Food additives are substances or mixture of substaather than basic foodstuffs, which are preisethte foods as
reagent of any aspects of production, processiogage, packaging et&ood additives are (i) sugar, (ii) salt, (iii)
acids, (iv) spices. In case of sugar and salts; theerts osmotic pressure by water is diffuses ftbeproduct
through a semi-permeable membrane until the corat@amt reached equilibrium. They kills the microangsms or
do not allow them to multiplication.

(i) Sugar: The concentration of 68-70% is used gogparation of jam, jelly, marmalades estigar act as a
preservative by osmosis and not as a true poisomiftro organisms. It absorbs most of the availaidéer, so little
water available for the growth of micro organisms.

(i) Salt: 15-20% concentration is used for thepamation such as pickles. Salt inhibits enzymatimwmning and
discolouration and also acts as an anti-oxidargxétrts its preservative action by: a. Causing loigiimotic pressure
resulting in the plasmolysis of microbial cells;Dehydrating food and micro organisms by tying lup toisture; c.
lonizing to yield the chloride ion which is harmfia micro organisms, and d. Reducing the solubdityxygen in
water, sensitizing the cells against £O

(i) Acids: Many processed foods and beveragesisidéke addition of acids to impart their charastariflavour
and taste in the final product because acids pesvitbsired flavour and taste. They adjust the saighacid ratio in
the food. They give proper balance flavour of tbed: They also play the role for controlling thecipe-gel
formation. Acetic acid (Vinegar), Citric acid (Limgice), Lactic acid (Lactose) etc. are used. Aceicid is
commonly used for pickles, chutney, sauce and kigtcjust to inhibit the growth of microorganismstric acid is
used for preparation of jam, jelly, squash, neetar just to increase the acidity. Lactic acid: It isedsfor the
formation of curd from milk, raw flavour, specifio pickles. Spices are plant products, are usdthwouring the
foods and beverages to enhance the food flavolauicand palatability, act as antibacterial andfangal activity.

Weak carboxylic acids, such as acetic, sorbic amdzdbicacids, are generally regarded as safe antbhial

additives, and have wide application as presereatin foods and beverages [33]. However, many geastable to
survive, adapt and even grow in the presence ohtAgrimum levels of these preservatives permittedute in

foods. When compared with other fungi and bactgeast are more resistant to weak carboxylic acids.

The elucidation of the cytotoxic effects inducedvisgak acids in yeast, which may compromise cebilitg and
ultimately result in cell death, can provide furthmsights into the mechanisms that determine wfie
susceptibilities of yeast to weak carboxylic acidsmpared to other microorganisms, and will allove th
improvement or design of new strategies for foodl la@verage preservation.

Zygosaccharomyces bailé a food and beverage spoilage yeast that isacteised by a high tolerance to weak
carboxylic acids at low pH [34], whei®accharomyces cerevisi@annot survive. Thus, these two yeast species
have frequently been selected as models for thly stfiyeast response to acid stressSlrcerevisia¢35] and inZ.
bailii [36] acetic acid induced cell death. However, asds widely known, ifZ. bailii this effect was observed at
much higher concentrations of the acid. Althougtiviidual cells ofS. cerevisia@andZ. bailii exhibited different
short term intracellular pH responses to acetid adn both species the induction of cell death vedated with an
intracellular acidic action [37]. I1Z. bailii, the mechanism of death due to exposure to weials aemains to be
clarified.

Acetic acid in concentrations between 20 and 120 mdlices in exponentially growin§. cerevisiaecells a
programmed cell death (PCD) process that displagsmiost common apoptotic hallmarks, such as chiomat
condensation along the nuclear envelope, expostirphosphatidylserine on the surface of the cytaplas
membrane, and occurrence of internucleosomal DNeA [3
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