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CHAPTER I

INTRODUCTION




1. INTRODUCTION

The term 'psychrotrophs' is referred to those
microorganisms which can multiply at a tempersture of 7°c or
less irrespective of their optimal growth temperature
(International Dairy Federation, 1974). Eddy (1960) reported
that psychrotrophs can grow well at SOC or lower, but whose

optimal growth temperature is 20-30°¢c.

Mostly the psychrotrophs are heat sensitive and are
killed during pasteurization of milk hence, d not cause
deterioration of milk if proper care is tsken to avoid post-
processing contaminstion. But psychrotrophic spore formers
can survive heat treatments much higher than commercial
pasteurization or even UHT treatment of milk. Psychrotrophic
habitation is found in bacteria, actinomycetes, yeasts, fungi,
algae and protozoa. Till recently, psychrotrophic bacteria

were bel ieved to occur among the genera Pseudomonas,

Achromobacter, alcal igenes, Fl avobacterium, Micrococcus,

Aerobacter and Bacillus (Lawrence, 1967 and von Bocklemann,

1970), but more recent report indicates the presence of
psychrotrophic lactic acid bacteria in pasteurized milk
(sudarsanam and srinivesen, 1982) and psychrotrophic spore

formers in pasteurized milk (Upl acksh and sudarsanam, 1986),



With the advent of UHT processing, aseptic packaging
and improved methods to control post-pasteurization
contamination, the psychrotrophic spore formers are emerging
as the meajor spoil ege organisms in heat processed milk and
other dairy foods. Earlier, psychrotrophic strains of the
geneus Bacillus were isol eted from soil and water., But
recent reports indicate psychrotrophic spore formers are
found in both raw and pasteurized milk held for long periods
at refrigerastion temperzture of 0 to 7°c. Sspores of
psychrotrophic organisms resistant to pasteurization
treatment and cepable of subsequent outgrowth uncer
refrigerated storage have been reported in pasteurized,

steril ized, aseptically packaged products and in raw milk,

The psychrotrophs are very important group of micro-
organisms in the deiry industry as they are both proteolytic
and lipolytic in nature and the development of a large
popul ation of these microorganisms in milk or in milk
products can lead to & serious deteriorstion of its guality

(Thomas, 1970; Thomas and Druce, 1971; Thomas and Thomas, 1973

‘

Growth of psychrotrophic bacteria in pasteurized
milk can cause fl avour and colour defects and can &l so
cause serious spoil age problems (Law, 1979). Most gram-
nagative psychrotrophic bacteria are readily el iminated
by pasteurization (witter, 1961). However, many spore
formers produce heat-resistant extracellul ar proteinases
(Law, 1979; cousin, 1982; Fairbairn and Law, 1986) and

lipases (stewart et al., 1975; Law, 1979; Cousin, 1982)



and can withstand pasteurization temperstures znd remain
active in products made from the heat treated milk (Downey,
1980; Cousin, 1982; Deeth and Fitz-Gerald, 1983; Fairbairn
and Law, 1986), Proteinases are associated with gelation
of UHT, sterilized milk (Law et &l., 1977), whereas lipzses
can produce fl avour defects associated with fzt breskdown
in UHT milk (Law et al., 1976; Law, 1979; Downey, 1980;

Cousin, 1982),

During refrigeration the psychrotrophic spore formers
influence over the qual ity of pasteurized milk and caused
spoil age., Our present investigation has been tsk=2n up with
a view to study the action of different species of the
psychrotrophic spore formers in the keeping quality of
pasteurized milk. Little informestion is &svaileble on the
heat resistant proteolytic psychrotrophic spore forming
microorganisms isolated from pasteurized milk. Hence,

the present project deals with the following objectives:

1. Isol ation of proteolytic psychrotrophic sporeforming

Bacillus from pasteurized milk samples.
s Characterization and identification cf the 1is0l ates,

: Their influence over the quality of the steamed

and steril ized milks.

L1
.
e
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REVIEW OF LITERATURE




2. REVIEW OF LITERATURE

2.1 Definition of Psychrotrophs

More thean a decade ago psychrotrophs in milk were
called psychrophiles and were reported to be destroyed
by proper pasteurization (Andrews et al., 1953; witter, 1961)
Foster in 1887, reported the existence of these bacterisa
at 0°c. sStokes (1963), stated that the psychrophiles
can be observed at OOC within one week, although the
temperature where growth was most rspid was closer to
30°C or lower, Schmidt-Niel sen was the first to name

these organisms as psychrophiles in 1902,

Most of the literature publ ished before 1960
probable refer to psychrotrophs rather than psychrophiles,
The term psychrophile should be implied only to those
organisms whose optimum temperature of growth or minimum
temperature of generation is achieved by low temperature
(EQdy, 1960; Kandler, 1966) whereas, these bacteria
actually grow better at higher temperature generally above
20°C (Muller, 1903). The organisms are in fact, cold

tolerant rather than cold loving.



Mosell suggested that the word 'psychrotrophic!
should be used for microorgenisms zble to grow on solid
o
media at 5°C or below regardless of their optimum growth

temperature (Eddy, 1960; Otte et al., 1979).

Morita (1975) has defined psychrotrophic bacteria
as microorganisms having an optimum growth temperazture
of 15°c, & maximum growth temperature of 20°C znd =
minimum growth temperature of 0°C or below., witter (1961)
reported that the psychrophilic bacteria crow at a
rel atively rapid rate at or below 45°F (7.2°C). Eddy
(1960), defined the psychrotrophic (cold thriving) for
microorgsnisms able to multiply at or below 5°¢ irrespective
of their optimum growth temperatures., This term: has now

come 1into general use,

The term psychrophile, psychrotrophs &and cryophile
are still used interchangeably by Microbiologists;
howaver, psychrotrophi¢ will be used to identify micro-
organisms sble to grow at 7°c or less, regardless optimum
temperature and psychrophiles will be used for micro-
organisms that conform to Morita's definition (Morita, 1975).
Shehata et al. (1971) repcrited that psychrophil ic spore
formers grew well within 2 weeks &t 0°c but they grew

o
faster at 20 to 25 C.



2,2 Types of Psychrotrophic Microorgzanisms

Psychrotrophs are both ubiguitous and numerous
in nature and include yeasts, moldsand bacteria
(stokes, 1966). Psychrotrophic bacteria include long or
short rods, cocci or vibrio, gram positive or gram
negative bacteria. sSporeformers or non sporeformers and

aerobic, feacultative anserobic or anserobic organisms.

The main psychrotrophic microflora are gram negative

rods with Pseudomonas spp. comprising of 50% of the geners,

Ps. fluorescens predominates and other species include

Ps,_putids, Ps., fregi, Ps. aeroginoss (Cousin and Bramley,

1981)., Alcel icenes, Aeromonas, Acinetobacter, Flavo-

bacterium and coliform accounts for most of the remeining
genera of psychrotrophic gram negstive bacteris, although

psychrotrophic species of gram positive cenera, Micrococcus,

Lactobacillus, Bacillus and Arthrobacter have been reported

in rew milk usuzally in smezller numbers u:.id Jram-negative
bacteria (Cousin, 1982)., More recent reports indicate
the presence of psychrotrophic lactic acid bacteria in
pasteurized milk (Sudersenem and Sriniveasan, 1982).

gZarly litersture reported that the psychrotrophic micro-
organisms are predominatel y gram-negative, non-spore

forming, catal ése positive rods (Ingrsham, 1962;

stokes, 1963).

Early investigators concluded that psychrotrophic

bacteria d not survive laboratory or commercial



pasteurization (Thomas, 1958; witter, 1961; Thomas and Druce,
1969; Luck, 1972). However, presence of gram positive
bacteria has become more important in pasteurized milk and
dairy products because of the spore forming nature and
production of heat stzble extracellul ar enzyme, Witter (1961)
reported that the most of the psychrotrophs are hest sensitive
in nature, -éarglg_t al. (1972) reported that €49 of the
bacteria isol ated from commercially pasteurized milk held at

4.5°C for 20 days were belonging to genus Becillus and rest

belonging to genera Micrococcus, Microbeacterium, Achromobzcter

and alcal igenes,

Later on Stokes (1966) isol ated psychrotrophic
organisms from mud which were incredibly heaat resistant .
Because of the heat resistant nature of these microorganisms
they have been linked with the possible spoil age of the
dairy products (Grosskopf and Hearper, 1969; Credit et al., 1972;
Mikol ajecik, 1978). shehata and Collins (1273} reported the
psychrotrophic spore formers in raw milk. Grosskopf and
Harper (1974) reported psychrotrophic spore forming bacteria
rel ating Bacillus spp. in pasteurized milk. ~Sharme 2t zl.
(1984) reported psychrotrophic spore forming bacilli from
raw milk. Malik and Mathur (1983) reported proteolytic

psychrotrophs predominately Pseudomonas, Flavobacterium,

Al cal igenes, Micrococcus and Staphylococcus spp. from raw milk,

raw cream, ice cream mix, butter, f£lavoured milk and paneer,
Kroll et al. (1984) also identified proteolytic psychrotrophic

pacteria in raw milk as Ps. fluorescens, Elavobescterium,




Streptococcus faecalis subsp. liguefaciens and Serratia sp.

Chug and Cannon (1971) reported that 83.3% of raw milk
samples contained 2 to 900 spores/ml. Leter, Coghill
(1982) observed the thermoduric psychrotrophic organisms
isol ated in raw and pasteurized milk belong to generes

Bacillus, Pseudomonas and Corynebacterium which are probebly

due to post-pasteurization contamination, El-Bsssiony et zl.
(1985) reported thermoduric psychrotrophs from lzboretory

pasteurized milk as 81.2% Bacillus sp., 12.5% as Micrococcus

and 6,.2% Streptococcus spp. and distribution of psychrotrophs

in raw milk was 27.8%, Pseudomonas , 22,2% of Coliform,

14.4% Proteus, 13.3% Alcel igenes, 11.1% Bacillus, 5.6%

Fl avobacterium, 3.3% Micrococcus and 2.2% Streptococcus sp.

23 Temperature

2.,3.1 Growth Temperature

Ell iot and Michener (1965) reported that the optimum
growth temperesture for the psychrotrophs is 20 to 30°C,
al though they can grow &at low temperature close to O°C.
The minimum ¢rowth temperature for psychrotrophic bacteries
has been reported as -10°C (Ingreham and Stokes, 1959;
Thomas, 1966). Kraft and Ray (1979) stated minimum growth
temperatures as —10°C for most bacteria, -12°c for most
yeests and -18°c for most molds. The maximum growth
temperature for the psychrotrophs is reported as 30°c with
some having maxima of 37°c to 45°C (Ingraham and Stokes,

1959; Hi goshi et &l., 1975).



Normally growth at a low temperzsture is chearacterised
by a long lag phase &nd a slow logrithmic phase (Greene
and Jezeski, 1954). The lac phase is shortest at the
optimum temperature and becomes increzsingly longer as the
temparature is lowered. Some microorgenisms with longer
genarztion times at a given tempersture did not attain the
same popul ation levels as those for microorganisms with

longer generation times (Greene, 1959).

2.3.2 Response to Low Temperature

The sbility of microorgznisms to grow at low
temperature has been linked to cell preamiability and
substrate uptake (Inniss, 1975; Mortis, 1975; Inniss and
Ingrsham, 1978; Herbert and Bh&koo, 1979). Moderate
temperzture change can alter physiology of permezsbil ity

functions of microorganisms that grow at low temperatures,

Protein synthesis can be affected by tempersture,
The ability to carry out protein synthesis is linked to
the ribosomal content of the cell (Inniss, 1975; Morits,
1975) . Some researchers have postul ated that the micro-
organisms synthesise increased amounts of enzymes to adjust
to growth at low temperature in response to reduced enzyme

activity (Elliot and Michener, 1965). Lipese production

by Ps. fluorescens in broth cultures in the range 4-30°¢
was greatest at 8°C whereas optimal growth was at 20°C

(Anderson, 1980). Others have also reported that increasing
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the temperature azbove 8°c had a depressinc effect on 1lipase

production by Ps. fluorescens (21 ford and Elliot, 1960)

and by Ps. fragi (Nashif and Nelson, 1953).

2.3.3 Tempersture Adsptability

Azuma et al. (1962) reported that adaptability of
bacteris to low temperesture was poor, It was reported
earlier that the ability of microorganisms to grow at low
tempersture is a specific property and are not zble to
adapt the low temperature. There is genetic evidence that
a mesophile can be converted to a psychrotrophs by trans-
duction or exposure to ultraviolet 1light and that a
psychrotroph can be converted to a mesophile by exposure to
ultravioclet 1ight. However, Morita (1975) concluded that
a true psychrophile cannot be made by these methods. Since
psychrophiles contain more than one thermol abile enzyme,
temperature adaptebility of psychrotrophic pseudomonas species
were studied using thermal gradient incubator and change
observed suggested that adaptation depended on the micro-
organisms sbility to metabol ize substrate nommally (Zachariah

and Liston, 1973).
2.4 Source

Foster in 1892 isol eted psychrotrophic bacteria in
fresh and salt water in and on fish, in meat, milk, garden,

soil, canal water, meadow water (Ingrsham and stokes, 1969).
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Hence many investigators have confirmed that psychrotrophs

are ubiguitous in nature. Most psychrotrophic organisms |
in milk and dairy products usually come from soil, water

and vegetation (Thomas et al.,1966). wWater is also a source

of psychrotrophs, contaminating in milk &and dairy products

Pseudomonas, Achromobacter, 2lczligenes znd Fl avobacterium

dominated the psychrotrophic flores in water with Chromobacteriuy

Bacillus and Coliforms in lesser number (Thomas, 1958; Thomas, |
1966; Thomas et al.,1966). Morse et al. (1968) reported that |

|

the psychrotrophic count of water ranged from less than 10

to more than 10,000 m.o0./ml.

very few of the psychrotrophs found in milk have been
isol ated from air in clean milking pearlors or dairies (Thomas
et al.,1966), Poorly cleaned dairy farm and processing plant
equipment probably constitute major source of microorganisms
of raw milk with psychrotrophs (Thomas, 1958; Thomeas, 1966).
Thomas and Thomas (1977) reported that gram negetive rods

were dominant in rinses from equipment in milk plants.

Post pasteurization contamination of milk and dairy
products generally results from improperly cleened and
sanitized equipments as well as from airborne contamination

(Thomas and Druce, 1969) .
e Incidence

Milk produced under sanitary conditions usually contains

10% of the toteal microflora as psychrotrophs but milk produced




12

under unsahitary conditions can contzin more than 75%
psychrotrophs (Thomas and Thomas, 1973). Johnston and
Bruce (1982) reported that 83.8% Bacillus 9.9% coryneform

group as thermoduric psychrotrophs in milk.,

Muir et al. (1978) observed that safe refrigerated
storage was sbout 72 h at less than 8°C. But Crosskopf and
Harper (1974) isolated B. cereus, B. circul ans, B. coagul ans,

B. lentus, B. licheniforms, B. macerans, §.vmeg§terium,

B. subtilis, B. pumilus in milk stored at 4°c/21-25 days.
Ledford et al. (1980) anclysed 24 fresh (43 hr old) and
24 aged (held until sell by dste) pasteurized milk samples
and found correl ation of log SPC with fl esvour score was

(r = 0.80) when evaluated by tresined penel.

Early researcher concluded that psychrotrophic
bacteria do not survive leboratory or commercial pasteurization
(Luck, 1972; Thomas, 1958; Thomas and Druce, 1969; witter, 1961),
Thomas and Druce (1969) reported that none of the psychro-
trophic cultures isolated from milk and milk products
refrigerated at 7°C or below survived pasteurization treatments,
but some cultures isol ated from milk and dairy products held
at 8 to 10°C were heat resistant. washam et al. (1977)
isol ated hest resistant microorganisms from pasteurized milk.,
The sporeformers were identified as sp. 0f Bacillus and non-

sporeformers were identified as sp. 0f Corynebacterium and

Arthrobacter, Sudarsanam et al. (1982) isolated and

identified heat resistant psychrotrophic S. lactis-121,



13

S. cremoris-40 and S. lactis subsp. diacetyl actis-128 from

pasteurized milk. Devies (1975) reported survival of spore
forming bacteria in! th2 heat processing of milk. Motter
(1984) al so studied heat resistance of psychrotrophic

bacteria (Pseudomonas and Fl avobscterium) with hich extra-

cellul ar proteinase activity. Coghill and Juffs (1979)
reported that pasteurization probebly promotes spore germination
end vegetative cell multipl icastion proceeds. Hest treatment
of the spores stimul ates germination and subsequant outgrowth
whereas, heet treztment of the milk affected the initial rzt=
of active cell mul tipl icetion (Mikol ajcik =znd kKoke, 1968),
Maxcy (1979) reported that freshly pesteurized milk did not
contain grem negative bacteria and their presence in milk

was a result of post pasteurization contaminetion. Thomas

et al, (1960) also found that occurrence of psychrotrophs in
pasteurized milk is due to post-pasteurization contaminetion.
Later research had indiceted that some gram negative bacteris
may survive pasteurization tempersture (Stadhouders, 1975).

vama et al. (1981) showed thet Fseudomonas sp. secure most

frequently in holding method of heat treatment. ,6liverin,
and Parmelee (1976) found at least 20 psychrotrophs /ml in
freshly pasteurized commercial and leboratory milk samples

in United states.

since most growth appeared after 7 days, the psychrotrorh
may have been injured and needed time to recover before mul ti-

plicstion began or to meke adjustment to new heat treated
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environment, Higher temperzture for short times were less

effective in destroying the Pseudomonas sp. than were lower

tempersture for longer times beczuse condition crested in
the milk et high temperzture may fevour recovery of injured
cell. whereas, Whang and Cho (1981) found that no psychro-
trophs were present in UHT milk (treated at 135°c/2 sec) .

A double heeting of milk at 80°C/10 min separeted by aerobic
incubation of 1 t0o 24 h did not reduce the spore loads of

B. cereus and B. subtilis, beczuse the germinstion rates

varied for these species (Brown et al., 1979).

2.6 Significance

Milk produced under hygienic conditions does not
often show a repid increase in psychrotrophic becterial
content when held at temperature [SOC. but milk produced
under unhygienic condition or heevily contaminated with
psychrotrophs from poorly cleaned dairy and eqguipment
usually shows a much more rapid increase (Thomes, 1960).
The spoil age aspects of these organisms in pasteurized
milk depends upon the types present, cell number, product
shel f-1 ife, storage temperature etc. (Washam et &l.,1971).
The levels of contamination by the psychrotrophic bacilli
range from 25-35% (Grosskopf and Harper, 1969; shehata and
collins, 1971; Johnston and Bruce, 1982) although contami-

nation levels as high as 83% have been reported (Chug and

cannon, 1971).
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Many investigators have shown that the temperzture
of cold storage is important than the initiasl concentration
of psychrotrophic bacteria in determining the rapidity

of off~fl evour development,

Bacilllus cereus is considered to be the most

important of the sporeforming spp. found in milk. It
produce 'bitty cream' defect in pasteurized milk (Cox, 1975;

Davies, 1975), cause poisoning (Gilbert and Taylor, 1976),

Psychrotrophic Bacillus sp. isolated by Johnston
and Bruce (1980) exhibited biochemicel capebil ities which
would be of significence in milk spoil age, 84% hydrolysed
casein, 77% were lecithinase positive, 83% were proteolytic

in litmus milk, 57% hydrolysed cream and 8% fermented 1lactose

2.7 Enumeration of Psychrotrophs

Many methods which have been proposed for enumerating
psychrotrophic microorganisms indicate a lack of agreement
on the subject, since no precise definition for psychro-
trophic bacteria exists enumeration procedures are difficult
to establish (Donald et al.,1963). Presently, standard
methods for the examination of dairy products recommends
incubating pl ates at 7°c for 10 deys (Marth, 1978). Hartley
et al. (1969) concluded that no single method can determine
everything that necessary to assess the microbial qual ity
of milk and dairy products., Johnes (1971) concluded that

a temperature of 32°c was too high for some psychrotrophs
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to grow and 7°c for 10 days was too long to wait for a count.
Eleventh edition of Standard Method for Enumeration sanctioned
optimal use of incubation time temperzsture (5-7°C/7-10 days) .
Baumann et al. (1963) stated that 2 degrees difference in
incubation temperzsture, 3 days difference in incubation time
can cause significant difference in psychrotrophic counts.
However, higher counts were obtained at 7°C/10 days than

at 5°C/7 days. Thomas (1969) proposed 25°c for 5 days for

the total colony count of bacteria in refrigerated milk but
28-30°C for 3-4 days for routine purposes. Waes (1966)
suggested holding the plates at 17°c for 16 hours followed

by incubation at 7°c for 3 days. Luck (1972) reported that
studies made by his coworkers with plate incubation at 27 or
32°C for 2 days gave & good indication of psychrotrophic
count, Juffs (1970) noted a four day count for psychrotrophs
(24 hours at 15°C followed by 72 hours at 5-7°C) and gave
resul ts comparable to the standard method of incubation plates
at 7°C for 10 days. Luck and Hopkins (1975) recommended the
following methods: 3 deys at 15°C, 2 days at 15°C plus 1 day

at 7°C and 1 day at 17°C plus 3 days at c.

Lund and sogaurd (1980) compared three methods of
enumerating psychrotrophic counts using incubation periods
of (i) 17°C for 17 h + 7°C for 3 days, (ii) 21°c for 25 h
or (4iii) 7°C for 10 days. He suggested that results of

(1) are similar to the standard method (iii) Oliveria and
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Parmelle (1976) suggested a rapid method for enumeration

of psychrotrophs using incubation at 21°C for 25 h and

found a good correlation (0.996) of this method with the
standard psychrotrophic count method (7°c/1o days),

Griffiths et al, (1980) used this rapid method (21°c/25 h)

for enumerating psychrotrophs in double cresam znd compared

the two methods of enumerstion (6°C/14 days and Zloc/25 hours) .
A very high correl ation (r = 0.9) was obtained between

the methods.

Prel iminary incubation of milk at temperature czbove
10°C for 18-24 hrs has been recommended as a modification
to various methods (Druce, 1975). Johns (1271) recommended
preincubation of 16 h at 17°c before microbiologicel testing
of raw milk., O©Ocelho and Coelho (1979) studied influence of
cul tures medium on accounting of psychrotrophic bacteria in
milk and pasteurized liquid derivatives., They used standard
pl ate, heart infusion, tryptone glucose extract, tripticase
soya and Rogosa agar followed by tripticase soya, rogosa,

tryptone glucose extract and standard plate agars.

Kathleen and Donvon (1958) described & selective medium

for Bacillus cereus in milk without the prior use of a heat

treatment., Medium having egg-yolk citrate, lithium chloride
and polymyxin in the nutrient agar, Rowe and Gilmour (1983)

used 3 media having minimal szlt medium (1% NH,Cl, 1% Na HPO

2 4°

0.42% KH2PO40 0 .05% CaCo3 and 0.05% MgSo4). Suppl emented

with 3% spray-dried sweet whey, 1% casein or three % whey +
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1% casein, incubated at 7°C for 14 days and observed extra-
cellul ar protesse and lipase asctivities, sSignificant amounts
of both enzymes were produced in medium containing whey +
casein, but was low in medium supplemented with whey and

absent from the medium supplement with casein.

2,8 Biochemicazal Changes

Milk serves as a complete and unsupplemented nutrient
medium for growth and activity of psychrotrophic bacterisz.
Psychrotrophic organisms are important in milk because they
are spoil age orcanisms in milk and milk products under
prolonged storzge at low temperature. These microorgznisms
biochemically alter the milk constituents (Ingraham and

stokes, 1959). Beacillus cereus was the dominating spoil ege

bacteriz in market milk and milk products (Chopra et al.,1980)

Microbial enzymes produced by psychrotrophic bacteries
cause undesirable changes in milk and milk products includes
discoloration, fermentation of lactose, glucose and other

sugars, proteolysis causing off-fl avour and lipolysis
(Bigalke, 1985).

Yan et &l. (1985) and Gordon (1982) studied extra-
cellul ar protease isol ated from psychrotrophic spore formers

which hydrolyse protein and fat,.

Slight biochemical changes occur in early growth phase

of psychrotrophs resulting in a lack of freshness or a stale
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taste and on subsequent cold storage, a veriety of defects
appears, development of off-fl avour and odors due to

proteolysis and lipolysis by psychrotrophs (Thomas, 1966;

Thomas and Druce, 1969),

Psychrotrophic bacteria producing hezst resistant
lipsse and proteinase cause an incresse in free-fastty acids
and free amino acids on storage at low temperature,

Marshal (1982) studied the degradastion on milk and milk
products caused mainly by the ection of bacterial enzymes
1 ike phosphol ipases, heat stable proteinases, hydrol ase

in milk,

Proteinzse components are more importznt than lipase
components on the flavor guality of milk (Christen et &al.,
1985)., Psychrotrophic bacteris cause changes in stesbility
of milk coagul ation (Cousin and Marth, 1977). Psychrotrophic
sporeformers cause blowing or sweet curdling of milk
(skrebkova, 1979). Phillips et al. (1981) found that the
spoil age of cream on prolonged storage st low temperature
was mainly due to Bacillus spp. 63% of the isol ates showed
enzymatic action on milk proteins and fat and 46% showed
pho sphol ipase activity. B. subtilis cause repid proteolysis

in pasteurized and boiled milk (Jayachandran et al., 1985).

Chenges in milk proteins as a result of psychro-
trophic growth or enzymatic action are important in the

keeping quality of milk and milk products at refrigerzstion
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temperature, Jonzthanp et al. (1984) found changes in
casein micelles size by growth of psychrotrophic bacteria
in raw skim milkx, Relezse of various nitrogen components
or degradation of individual protein fractions have bean
observed when studying proteolysis czused by psychrotrophic

enzyme (McCaskey, 1967).

Ikonomoy et al. (1970) found that at low temperature

(7-10°C) Streptococcus lactis exhibited greater proteolytic

activity than other cultures of lactic acid bacteris.
Vanderzant and Moore (1955) found no correl ation between
psychrotrophic popul ation and proteolytic activity,

Juffs et al. (1968) reported that the proteolytic activity
was not proportional to growth since the proteoclytic
activity pesk was more pronounced at 3°C than 20°C.

Pseudomonas asroginosa was the most prolific producer of

proteolytic enzyme. A large popul ation was not required
for production of significant smounts of heat resistant
proteases (Adam et al.,1975). williamson et al. (1962)

and Maksimova (1970) observed a direct rel ztionship between

coagul ation rate and proteolytic activity.

2.9 Control

Psychrotrophic spore formers are very important in
the dairy industry. The control must focus on destruction
of psychrotrophs or prevention of their growth in milk,

Since proper cleaning and sanitizing of dairy equipments



are important for production of milk with acceptable microbial
quality. Control of psychrotrophic sporeformers shoul d begin
at farm level., Low temperature reduces thz rete of microbial
growth (Bodyfelt and Devidson, 1975) sporeformers in
pasteurized milk have become more important beczuse they are
heat resistant and grown at refrigeration temperature,

Mikol ajcik and Koka (1968) demonstrated that the hest resistant
Bacillus spores increased the rate of germination and out-
growth in milk. Spores of B. cereus were activated by
pasteurization of milk and outgrowth was observed within a
short time (Wilkinson and Davies, 1974). However, spores of

B. subtilis and B. licheniformis demonstrzsted no outgrowth

in pasteurized milk within 3 h., Fitz-Gerald et al. (1982)
concluded that low temperature treatment are not the effective
means of overcoming problem in deiry industry casused by heat-

resiistant bsacteriel lipases.

Frenklin (1970) observed that the temparature co-
efficient for change in a relestion rate was grester for
bacterial spore destruction than for chemical chenge,
therefore, heating to & higher temperature for & shorter time
should result in bacterial spore destruc:ion . This principle

is used for UHT processing of milk.

Brown 2t al. (1979) suggested variations of the

tyndé?lization process as a means of destroying spore formers
3
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in milk. sShehata and Collins (1972) suggested e process
in which milk wss heated st 87.8°C for 20 sec, stored at
32°c for 4 h and reheated at 76.7°C for 20 sec, Since

the number of spores was reduced by two or more log cycles,
the shel f-1ife of milk could be increased by 2 to 3 days.
Brown et al. (1979) observed no effect on B. cereus and

B. subtilis by a double heat trestment of 10 min at 80°¢c
separated by anserobic incubation of 1 to 24 h at 30%¢.
Fairbairn and Law (1986) studied the different ways of
controll ing psychrotrophs in raw milk (refrigerstion
thermization, addition of preservatives, activation of
inhibitory systems in milk, seeding with lactic acid
bacteria) and concluded that low temperature storage (£4OC)
and good hygienic practices are the best way of controll ing
numbers of psychrotrophs in raw milk. Hesting milk at the
farm for 10 sec. at 165°F and seeding the milk with lactic
acid bacteria prior to refrigerated storage was suggested
to control psychrotrophic bacteria (Honer, 1981). Bjork
(1978), Bjork et al. (1979) observed that the lacto-
peroxidase system is natureally occurring inhibitory system
in raw milk that can reduce the bacteriasl content. The

1 actoperoxidase system which consists of 1actoperoxidase,
thiocyasnate and hydrogen peroxide, inhibited lactic

streptococci and gram negative rods, especially Pseudomonas

(Bjork et al.,1975). Mistry and Kosikowsky (1985) studiead
the influence of potassium sorbate and hydrogan peroxide

on psychrotrophic bacteria in milk &nd observed that the
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bacterial growth was retarded and the shelf life was

increased with 0.2% potassium sorbate,

Verious additives heave been examined for their
effectiveness in inhibitory psychrotrophic bacteria
(Moustafa and Collins, 1969). Moustzfas and Collins (1969)
researched selected food additives for their bactericidal
effect on Ps. fragi and found that only potessium sorbzte
was effective at a suitable concentration (0.3%) at pH 5.5.

Simil ar results were reported for Ps. fluorescens, however,

the concentration of sorbate and pH of the medium determined

ul timate growth,

Shehata et al. (1985) studied the influence of
sublethal shocks, L-cyetine, L-asparagine and nisin on
generztion of psychrophilic bacillus spores in milk. The
sporicidal effect of Nisin was enhanced when L-cystein
was added prior to nisin, but reduced when L-asparagine

was added. The sporicidsl effect of nisin + L-cystein

was in order B. basidus, B. licheniforms, B. pumil-us,

\

Be. cereus.

2.10 Keeping Quality

since mul tipl ication rate and activity of bacteria
are reduced at low temperature. Keeping quality of milk
is improved by refrigerated storage. However, psychrotrophs
multiply and become active at refrigeration temperature,

causing spoilage of milk and dairy products. Many researchers
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have concluded that psychrotrophic contaminetion and keeping

qual ity are closely rel ated,

Off flavour have been detected organoleptically in
milk in less than 5 days at 1 to 4.4°c. The most common
defect observed were fruity and rancid flavor (Thomas et z&l,
1961; Thomas, 1966), B. circul ens produces fruit,and rancid

fl avor and B. coagul ans and B. laterospora produced fruity

and unclean flavor (shehata et al.,1971). Raw and pasteurized
milk usually spoil when held at refrigerated temperature
because of the action of psychrotrophs contaminaticn (El1iot

et al.,1974). The popul ations needed to cause detectable
changes in milk varies among genera, among speciess and within

a genus, but levels at which flavor changes occurred were
similar at 6° and 20°C (Punch et al., 1965). Milk spoileage

by psychrotrophs was reported in & range of populetion of

1x102 to 1x107/ma (Tekinson and Rothwell, 1974). Most
psychrotrophs will produce & detectable flavor change when

the popul ation exceeds 1 million/ml according to Richter (1979).
Patel and Bl ankenagel (1972) observed that milk still was
acceptable 14 days after pasteurization with a count of 5x107
organisms/ml. LOW temperature has been an important control
for prolonging the shel f 1ife of pasteurized milk. Smith

et al. (1972) observed that milk with high psychrotrophic
counts usually had shorter shelf life than milk with low counts.

But Lausten (1978) found that Pseudomonas, Acinetobascter
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and Bacillus spp. still remain dominant in milk at 7°C/

10 days, Boyd et al. (1955) found that when storage
temperature wes lowered from 40°F to 33°F the kezping

gual ity was found to be extended 11 to 14 days. BElank

et al. (1984) studied the effect of cold storage and
enrichment with psychrotrophic bacteria on quality of UHT
milk. They concluded that the enrichment with psychrotrophs
showad slight higher values of NPN, somz free amino acids,
HMF and viscosity due to proteolysis. However, microbieal
spoil age was dependent on the number of microorgenisms
contaminating the milk, length of 1lag phase of growth, rate
of growth at storage temperature and type of microorganisms
present, Lipolysis in stored milk was not closely rel ated
to the total concentration of psychrotroohic bacteriz but
lipolytic rancidity was not observed when pseudomonas counts
was below 5x10° c.f.u./ml (Muir et al.,1978). Finley et al.
(1968) noted that as storage temperature increased, the
kesping qual ity decreased, 81% of milk held at 0°C remained
acceptable for over 3 weaks, but only 157 of that held at

7.2°C was acceptable for more than one week.

Jackson (1978) reported thet in addition to micro-
biological deterioration which affect the shelf life of
milk are enzymatic and physicel deterioration., white et al.
(1979) inocul ated raw milk with 1x105 proteolytic psychro-
troprhs/ml and incubated the milks at 5 to 25°C for 24 h

o
pbefore pasteurization and storage at 4 C. After 14 days,
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this milk was unaccepteble on the bzsis of flavor scores
and high proteolysis values., Proteolytic velue and
acceptability do not always correl ate well with the
microbial popul ation (Elliot et al., 1974). aggarwal and

Srinivasan (1986) studied the influence of Bacillus cereus

on the keeping quality of pasteurized milk. Bacillus spp.
are the potential spoilage organisms in milk and milk
products (Magdoub et al., 1983). Leangeveld et al. (1965)
reported that some milk was spoiled by aerobic sporeformers

strains of Bacillus circul ans which fermented 1lactose,

B. cereus strains have been impl icated in bkitty cream and
sweet curdl ing defects of pasteurized milk (Choudhary and
Mikol ajecik, 1971; Cox, 1975). Overcast et al. (1974)

al so studied Bacillus cereus is the cesusative orgenism

exhibiting sweet curdling within 10 days on refrigerstion .
The curd usually develops only on the bottom of the
container of milk and may result from casein degradstion

(Choudhary and Mikol ajcik, 1971).

"
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L [ MATERIALS AND MiTHODS

3.1 Collection and analysis of Pasteurized Milk sgeamples

One hundred and ten samples of pesteurized toned milk
in pouches were collected from Experimental Dairy of National
Dairy Research Institute, Karnsl. They were divided into
two batches and stored st two different temperatures 7°C
and 22°C respectively., The samples were anlaysed for
psychrotrophic spore count, proteclytic psychrotrophic spors

count.,

Twenty buffalo milk samples were collected from the
Cattle vYard and asnelysed for acidity, pH, COB, &lcohol &nd
proteolytic activity tests to study the action of isol ates

on steamed and steril ized milk.

3.1.1 Psychrotrophic spore count

cemples were hesated to 80°C for 10 min in weter bath
and suiteble dilutions of heeat treated milk samples were
plsted on TDYA (Tryptone dextrose yeast extract agar). The
1 ates were incubested at 22°c for 25 hrs (Lausten, 1981

P
and Luck et &l., 1984) and 7°C for 10 days (I.D.F.,1981).
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o adad Proteolytic psychrotrophic spore count

Heat treated milk samples pl ated on TDYA fortified
with reconstituted skim milk gave the proteolytic psychro-
trophic spore count. The plates w2re incubazted =zt 22°c for
25 hrs and at 7°C for 10 days (I.C.F., 1981; Lausten, 1981
and Luck et al., 1984). The colonies showinc discrete

zone o0f clearance around them were counted.

Jel Isoletion of Psychrotrophic Spore Formers

Typical colonies showing comperatively bigger zone of
clearance on milk agar pletes (TDYA fortified with 109 RsSM)
were selected, Spore formers were picked up randomly from
other psychrotrophic bacteris by microscopic examinstion.
Selected isol ates were inocul ated into BHI broth (Brain
Heart Infusion Broth) for their enrichment., The tubes were
incubzted at 37°C for 24 hrs., Representzstive colonies of
proteolytic spore formers were purified by repested strezking
on milk agar. 1Isol asted colonies that appeared on incubation
at 22°c for 48 hrs were transferred on to TDYA slants and
maintained at 5°c in a refrigerator. The cultures were

subcul tured at monthly intervals.

3.3 screening the Isolates for Protease Activity

The proteolytic psychrotrophic spore forming isolastes

were screened for the quentitative production of extracellular
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protease in a broth medium containing 1% tryptone and 0.25°
yeast extract (pH 7.0) which supported both growth as well
@s enzyme production. Medium was inoculested at 2 level
from 24 hr old broth cultures and incubated at 22°C for

48 hr., The cell free supernatant was obtained by centri-
fugation at 7000 rpm for 30 min and the proteese activity

in the supernatant was assayed.

3.4 Assay of Protease Jctivity

The protease activity was determined according to

method of Keay and wildi (1970) with some modificestions.

3.4.1 Procedure

To one ml of the substrete (1% casein in 0,05M
phosphate buffer, pH 7.0), equil iberated for 5 min at 37°C.
added 1.0 ml of suitesbly diluted (1:5) culture supernestant
previously equil iberated at the same temperature and after
mixing, the reaction mixture was incubsted at 37°C for 1 hr.,
The reaction was terminated by adding 2.0 ml of 0.4M tri-
chloroacetic acid (TCA) and the mixture wss further incubated
at the same temperature for 10 min. The precipitated proteins
were then filtered through whatman No.l filter paper and the
tyrosine content in the filterate was determined colorimetri-
celly., For blank, the substrate was precipitated with TCa

pefore adding the enzyme solution &nd then treated as

described above,
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3.4.2 Determination of free tyrosine

Tyrosine content of TCA soluble filterate was determined
by developing color with Folin's phenol reagent sccording to

the method of Lowry et &l. (1951) with some modificztions,

3.4.2,1 Reagents:

A. Folin's phenol resgent: 1t was freshly prepered

according to the method of Folin-Cioczl tesu (1927) &and diluted

1;1 with distilled water before use.

B. Sodium carbonzte solution: & 0.4M solution of sodium

carkonate wes prepered in distilled weater.

3.4.2.2 Procedure:

To one ml of filteraste obteined from TCaA precipitstion,
5.0 ml of 0.4M sodium cearbonate solution was added followed
by 1.0 ml of 1N Folin's reagent and incubated at 37°% for
20 min for color development. The intensity of blue color

was measured at 660 nm in Elico Spectrocol Colorimeter.

3.4.3 standard curve for tyrosine

A stock solution of L-tyrosine (BDH) was prepared by
dissolving 100 mg in minimum quentity of 0.1N sodium hydroxide
and meking the volume to 100 ml with glass distilled water,
thereby getting a concentration of 1000 g per ml. A series
of dilutions were then prepered from stock solution to have
solutions with tyrosine concentration ranging from 10 to 100

pg/ml . one ml aliquots of the tyrosine solutions were treated



Fig.l: <ctandard curve for tyrosine
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as in 3.4.2.2 for developing color. The standard curve
(Fig. 1) was drawn by plotting the opticel density v alues

against the tyrosine concentration.

3.%,4 Unit of activity

The proteesse activity of the enzyme on casein was
expressed in terms of units, where & unit is defined as the
amount of enzyme required to releasse TCa soluble fregments
giving blue color equivalent to one pg of tyrosine under

the conditions of the asseay.

JeH Identificetion of Psychrotrophic Spore Forming Isol atas

2ll the selected isol ates were identified according
to Bergey's Mznual of Determinative Bacteriology (Buchanen

and Gibkons, 1974).

JeDal Media and rezgents

The various cultures media and reagents used in
characterization of the isolates and their composition ere
given below. All medis, unless otherwise stataqg, were

steril ized by autoclaving at 121°C ezna 15 psi for 20 min,

3.5.1.1 Tryptone dextrose yeast extrect agar:

Tryptone 5.0 g
Yeast extract 2.5 ¢
Dextrose 1.0 g
Agar 20.0 ¢
Distilled water 1000 ml

pH 7.2_i O+1



3.5.102 Peptone brOth:

Peptone

Potassium dihydrogen
phosphate

Clucose

Distilled water

pH

3.5.1.3 Nitrate broths

Peptone
Potassium nitrate

Distilled water

pH

3.,5.1.4 Nutrient broths;

Peptone

Yeast extract
NaCl

Beef extract

Distilled water

PH

305:1.5 Gelatin agar:

Peptone

peef extract
Gel etin

Agar

Distilled water

pH

15.0
1000

32

5.0 ¢

5.0 @

5.0 g
1000 ml

7.0

5.C ¢
Dsd §
1000 ml
7.0

5.0 g
2.0 g
5.0 g
1.0 g
1000 ml
7.4

5.0

3.0
3.0

a 0 9 au O

7.0
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3.5.1.6 Acid mercuric chloride;

Mercuric chloride 12.0 g
Distilled water 80,0 ml
Conc, HCl1 16,0 ml

3.5.1.7 Rutrient gel atin:

Gel atin 150.0 g
Peptone 10.0 g
Beef extract 10.0 g
Sodium chloride 5.0 ¢
Distilled water 1000 ml
pH 7wl

3.5.1.8 Koser's citrate medium:

Sodium ammonium phosphate 1.5 ¢g
KI-12P04 1.0 ¢
MgSO4 0.2 g
sodium citrate 2:5 g
Bromothymol blue 0.016
PH 6.8

3.,5.1.9 Basal medium for sugar fermentation:

Peptone 10.0 g
sodium chloride 5.0 g
Bromothymol blue 12.0 g
(0.2% agueous solutions)

Distilled water 1000 ml

pH 7.2-7.4
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Ten per cent solution of different sugars were
separately sterilized by millipore filter and added

esepticelly to the basal medium at 1% level before use.

351,10 Starch agar:

Peptone 10,0 g
Beef extract 10.0 g
sodium chloride 5.0 g
Agar 16,0 g
Solubl= sterch 2,0 g
Distilled water 1000 ml
pH 7.5 = 7.6
3.5.1.11 Lugol's iodine:
Iodine 5.0 g
potassium iodide 10.0 ¢
Distilled water 1000 ml

The solution was diluted 135 with distilled weter before

use.

3.5.1.12 Ures agar:

peptone 1.0 g
sodium chloride 5.0 g
potassium dihydrogen 2.0 g
phosphate

Agar 20,0 g

pistilled water 1000 ml
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The ingredients of the medium were dissolved by
heating and the pH adjusted to 6.8, After filteration,
1.0 g glucose and 6 ml of 0.2 phenol red solutions were
added to the molten base which was then steamed for 1 hr
and cooled to 50 to 55°C. +dqgueous solution of urea wes
separcztely steril ized by membrane filterztion and added
asepticelly to the basal medium at 20% level, It was then

distributed aseptically into sterile tubes.,

365e1.13 Tryptone broth;

Tryptone 10.0 ¢
Beef extract 3,0 g
Distilled water 1000 ml
PH 7.4

3.5.1.14 Kovac's reagent:

p-Dimethyl amino- 5.0 ¢
benzal dehyde

amyl alcohol 75.0 ml
Conc. HCl 25.0 ml

The al dehyde was dissolved in alcohol by gently warming
in a water bath about 56-5500 and then acid was added after

3 o
cooling the solution. It was stored at 4°C in an amber

colored bottle,

3.5.1.15 Hydrogen peroxide:

H.O 3% aqueous solution
272




36

3.5.1.16 Nitrate test reagent;

i) solution Asxsul fenilic acid 0.4 g
5N Acetic acid 50 ml

ii) solution B: L-Nephthyl amine 0.25 g
SN Acetic acid S0 ml

Equal volumes of solution A and B were mixed before use,

3¢5.1.17 sgkim milk agar:

Tryptone 5.0 g
Yeast extract 2.5 g
Gl ucose 1.0 g
Agar 20,0 g
Distilled water 1000 ml
PH 7.5 4+ 0.1

Skim milk powder (SMP) at 10% level was reconstituted and
steril ized, the agar was cooled to 50°c, added reconstituted

sterile skim milk at the rate of 10% v/v before pleating.

3.5.1.18 Physiological saline (dilution bl ank):

sodium chloride 9.0 g

Distilled water 1000 ml

3.5.1.19 0.1N NaOH:
sodium hydroxide 4.0 g

Distilled water 1000 ml



3.5.1.,20

3:561,21

3.5.1.22

3,5.1,23

Phenolphthalein solution:

Phenolphthalein

Ethyl &alcohol

Brain heart infusion broth:

Ready made BHI media(HI)

Distilled water

Litmus milk:

skim milk

Litmus solution

Kligler iron agar:

Beef extract
Yeest extract
Peptone

NaCl

Lactose

sucrose
Dextrose

Ferric citrate
sodium thiosulphate
Phenol red
Agar

Distilled water

pPH

37

1.0 ¢

100 ml

37.0 ¢

1000 ml

100 ml

3.0
3.0
20.0
5.0

g
g
¢
S
1.0 ¢
10.0 ¢
)

g

S



38

3562 Morphological characterization

The cultures of selected isolates were studied g5
shepe of cells, motility, gram rezction and spore position

by microscopic examination,

3.5.3 Cultural and biochemiceal characterizstion

The following tests were conducted for cul tural znd

biochemical characterization of the selected isol ates.

3.5.3.1 Catalase test;

Forty eight hr old TDYA slant cultures of the isolates

incubated at 22°C were taken and 2-3 drops of 3% H202 solution

was poured over the growth, Liberstion of ges bubbles due

to decomposition of H202 was taken as the positive catal ase

reaction.,

3.5.3.,2 Reaction in litmus milk;

Litmus milk tubes inocul ated with the isol ates were
incubated at 22°C for 24 hr and observed for acid production,

reduction of litmus, curdling and peptonization.

3.5.3.3 Acetyl methyl carbinol production:

The cultures were inocul ated into glucose phosphate
peptone water and incubated at 22°Cc for 24 hr. Three milli-
litres of 40% potassium hydroxide solution (KoH) and pinch
of creatine was added to the tubes, mixed and kept for 30 min.

A red coloration was indicative of acetyl methyl carbinol

production.
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3.5.3.4 Nitrate reduction tests

The isolates were inocul ated into nitrzte broth
end incubated at 22°C for 24 hr, Reduction of nitrate to
nitrite was indicated by the development of red color within
a few minutes after the addition of 1,0 ml of nitrate test

resgent to the cul ture,

3.5.3.5 Gelatin hydrolysis:

Hydrolysis of gelatin was examined both on gel stin

agar and in nutrient gel atin tubes,

3.5.3.5.1 Gelstin Agar:- Th2 cul tures were streaked

on the gelatin sgar and incubated at 22°c for 24 nr.
Observations were made for the clearing around the line of

growth when scidified mercuric chloride solution was poured

over the pleates,

3.5.3.5.2 Nutrient gelstin;- sStab inoculation of the

isol ates were made in nutrient gelatin tubes and incubsasted
at 22°c. At different intervals during incubstion, the tubes
were removed from incubator, held at 4°C for 30 min and

observed for the liquefaction of gelatin.

3.5.3.5 Tolerance to sodium chloride:

The isol ates were inocul ated in nutrient broth
containing 5% sodium chloride. The tubes were incubated at

22°c for 24 hr and observed for growth,
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3.5.3,7 Citrate utilization:

A loépful of the culture was inocul eted into Koser's
citrate medium and incubzted zt 22°C for 24 hr., Growth in
medium was irdicative of the utilization of citrat= as the
sole carbon source by the organism and color chzngas from

lighter green to blue,

3.5.3.8 Fermmentation of sugars

The cultures were inocul ated into different tubes
of the basel medium conteining 1% of the following sugears:
fructose, mannitol, arsbinose, xylose, reffinose, sucrose,
mel tose, lactose, dextrose, salicin., After incubation
at 22°c for 24 hr, the tubes were examined for acid and
gas production as indicated by the change in color of the
indicator from blue to yellow and accumul ation of gas in

Durham tube.

3.5.3.9 Hydrolysis of starchs

The isol ates were stresked on starch ager plates and
after incubation &t 2200 for 24 hr., The plates were flooded
with Lugol's Iodine. Appesrance of clesr ares around the

colonies against a blue bl ack background were observed.

3.5.3.10 Urease production:

The production of urease by the isol stes was examined
using ures agar. The slants were streaked with the cul ture

and incubated at 22°c for 24 hr. Presence of red color

indicated hydrolysis of urea.
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3.5.3.11 Indole production;

The cul tures were inocul ated into tryptone broth
tubes and incubated at 22°C for 24 hr, Development of
@ pink color in amyl alcohol 1ayer on addition of Kovac's

reagent was taken as positive test,

3.5.3.12 H2S production:

The production of H,S by the isol ates was examined
using Kligler iron agar. The slants were stresked with
the cultures and incubated at 22°C for 24 hr, Presence
of black color indicated production of H,oS. Red slope
and yellow butt shows sdc';gg('fennentation and yellow slope

ar.C sellow butt shows lactose hydrolysis.

3,6 Keeping Qual ity Test

Following keeping qual ity tests were performed on
steamed milk (steamed for 1 hr) and sterilized milk
(autocl eved at 121°C and 15 psi for 20 minutes),

inocul ated the isol ates in the above milks and incubated

(@]
at 22°c and at 7 c.

SaBal Clot-on-Boiling test (COB):

Five ml milk was taken in test tube and heated in
water bath at boiling temperature for 5 to 6 min, Removed
the tubes from the water bath and rotated them in an almost

horizontal position, examined the film on the sides of the
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tube for any precipitated particles., The formation of

clot constitutes a positive COB test.

3.,6.2 Al cohol test

Five ml of milk was teken in a test tube and 5 ml
Of 95% ethyl alcohol was added, shasken well and examined
the film of milk on the sides of the tube for zny fl zkes.

The formetion of flskes indicate a positive alcohol test,

3.6.3 Acidity tests

Titratable acidity of milk is due to the growth of
orgenisms, incressed with the el apse of time was determined
by titrating 10 ml of milk sample with /10 NaOH using
pherolphthalein as indicator., The resul ts were expressed

as per lactic acid (IsI, 1960).

3.6.4 pH

pH was determined by Global Digital pH meter.

3.6.5 Proteolytic activity

The protease activity was determined according to
method of Keay and Wildi (1970) with some modification,

The method is same as used in 3.4.,1 Assay of protease

activity.
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4, RESULTS ALD DISCUSSION

The data obtained in the present study shows the
isol ation, identificestion and chareacterizstion of psychro-
trophic sporeformers from pasteurized toned milk and their
effect on keeping quality of sterilized and steamed milks.
The data presented are in the form of tsbles 1 to 16 and

figures 1 to 5,

4,1 Bacteriological Examinstion of Pasteurized Milk

The deta obtesined from the analysis of 110 samzles of
pasteurized toned milk for psychrotrophic spore count and
proteol ytic psychrotrophic spore count are presented in
summarized form in Tables 1 and 2, Pasteurized toned milk
samples in pouches were stored &t 7°c for 10 days and &t

22°C for 24 hrs prior to analysis.

4.1.1 Psychrotrophic sporz count

when the pasteurized toned milk was anclysed after
storage at 7°C for 10 deays, on further incubetion of pletes
at 22°c for 24 hrs, 43 samples showa2d the psychrotrophic
spore count in the range of 500-1000/ml, in 4 semrles renged
from 100-500/ml, 8 samples renged from 1000-1500/ml and
11 samples falls in the range of 1500/ml to 2000/ml &and 44

samples indiceted the psychrotrophic spore count>2000/ml.



Table 1; Distribution of psychrotrophic spore count and proteolytic psychrotrophic

spore count in pasteurized toned milk

Type of Psychrotrophic spore count Proteol ytic psychrotrophic spore count
sample Incubation Temperature Incubation Tempersture
220C* TOC* * 220C* TOCw»
Range/ml No. of Range/ml No. of Range/ml N, of Range/ml MNo. of
samples samples samples samples
Pasteurized 1-500 ! 1-1000 6 Nil 0 Nil 0
toned milk
stored at 501-1000 12 1001-5000 29 1-25 14 1-50 S
[}
22°C for 10011500 17  5001-10000 28 26-50 a7 51-100 39
1501-2000 22 »10000 47 51-75 9 101-200 57
2001-5000 48 76=-100 39 201-300 9
~5000 11 ‘100 1 -300 6

®* Pl ates incubated for 24 hr;
#% P]l ates incubated for 10 days
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Table 2: Distribution of psychrotrophic spore count and proteolytic psychrotrophic
spore count in pasteurized toned milk

Type of sample Psychrotrophic spore count Proteol ytic psychrotrophic spore count
Incubation temperature Incubation temperature
22°cw 70w 22°Cw 7% *
Range/ml No, of Range/ml No. of Range/ml No. of Range/ml No. df
samples samples sampl es sampl es
Pasteurized Nil 0 Nil 0 Nil 11 Nil 0
toned milk
stored at 1 - 50 0 l1 - 50 0 1l - 25 87 1- 25 3
7°c/10 days
50 «100 0 51 -100 0 26 - 50 17 26— 50 52
101-500 4 101-500 0 51 - 75 12 51- 75 25
501-1000 43 501-1000 1 76 =100 9 76=100 30
1000-~1500 8 1001-1500 24 -~100 4 100 0
1501-2000 11 1501-2000 37
~2000 44 ~2000 48

* Plates incubated for 24 hr;

** Pl ates incubated for 10 days

Sy
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when seme milk was incubated at 7°C for 10 days, 48 samples
showed the psychrotrophic spore count-2000/ml. 1In 37
samples counts renged from 1501-2000/ml, in 24 szmples

from 1001 to 1500/ml and in one szniple ranged from 501-
1000/ml (Table 1).

During pasteurization trezstment most of the cells
were destroyed and the cell fragments might recupe during
preincubeation period and those cells need time to repeir
themsel ves and mul tiply hence at 7°C/10 deys, counts were
more (Sudarsanam and Srinivasan, 1982; Uplacksh and
Sudarsanam, 1986). These findings were tellyinc with the
findings of the above authors. when the pasteurized toned
milk was analysed, after storage at 22°C for 24 hrs, on
incubation at 22°c for 24 hrs, 12 samples show2d spore count
ranged from 501-1000/ml, 17 had counts ranged from 1001-
1500/ml, 22 samples indicated spore count ranged from 1300
to 2000/ml and 48 sasmples ranged from 2001-5000/ml and
11 semples showed even more than 5000/ml. On incubation
at 7°c for 10 days, when ssme milk was analysed for
psychrotIOphic spore counts, counts were higher as compared
to the count of 22°c for 24 hrs. 47 samples showed spore
counts > 1000yand in 28 semples data renged from 5001-10,000
29 samples count ranged from 1001 to 5000 per ml

spore count,

and 6 samples showed counts ranged from 1-1000/ml .

pishop and white (1985) reported thet & preincubation

at 21°¢c for 14 hrs was best, Chug and cannon (1971) stated
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that 83.3% of the raw milk samples contained 2 to 900
spores/ml, El-Bassiony et zl. (1985) reported that counts
obtained with incubation at 21°c for 25 hrs were sl ightly
higher than those obtained with incubzstion at 7°c for

10 days ranged from 42,000 to 24 mill ions/ml (mean 9,52,000/ml)

for psychrotrophs.

Mikol ajcik and simon (1978) examined 109 raw milk
samples and noted that 13% of the milk hested =t 80°C
for 12 units contained psychrotrophic spore count of 10 or
more/ml, After storage at 7°c/7 days 58% of the sample
had psychrotrophic spore count 10 or more/ml and zn averzge
of 340 psychrotrophic spore/ml. Johns (1971) reported
that psychrotrophic bacterial count ranged from 40 to
4,00,000/ml of milk. Lausten (1978) compared incubation
for 25 hr at 21°C with incubation for 10 days at 7°C znd
there was & high correl ation 0.968 (7°C) &nd 0.984 (22°C)
betwean shelf life and increase in psychrotrophic spore

count (Luck et al., 1980).

Bnda i Proteol ytic psychrotrophic spore count

Pasteurized toned milk when stored st 7°C for 10 days
and then analysed for proteolytic psychrotrophic spore count
on incubation at 7°c for 10 days and 21°C for 24 hr showed
differente in counts at both the temperatures. 14 samples
have proteolytic psychrotrophic spore counts in the range

of 1-25 per ml, 47 samples ranged from 26«50, 9 ranged from
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51-75, 39 ranged from 76-100 and 1 sample had counts more
than 100. same sample when incubated at 7°c for 10 days
showed spore counts ranged from 1-50 in 5 samples, 51-100
in 39 samples, 101-200 in 51 samples, 201-203 in 9 samples
and more than 300 in 6 samples. Some proteolytic spore
formers grew well at 22°c and some need longer time to
grow., At low temperature the proteolytic counts increased

as compared to the temperature &t 22°C for 24 hrs,

Proteol ytic psychrotrophic spore count in milk stored
at 7°c for 10 days was inocul ated with the isol sted spores
and incubated at 22°C for 24 hr, 11 samples showed no count,
57 samples ranged from 1-25 counts/ml, 17 samples showed
range from 26-50 counts/ml, 12 samples showed 51-75 counts/ml
and 9 samples denoted 76-100 counts/ml and only 4 samples
showed counts more than 100, But when incubated at 7°C for
10 days, proteolytic psychrotrophic spore count ranged from
1-25 in 3 samples, ranged from 26-50 in 52 samples and from

51-75 in 30 samples and none have more than 100 counts/ml.

4,2 Isol ation of Psychrotrophic Sporeformers

Typical colonies of psychrotrophic sporeforming
bacteria exhibiting clear zone around them on tryptone
dextrose milk agar plates and other sporeforming colonies
on tryptone dextrose yeast agar were randomly selected and

purified by repeatedly stresking on the same agar (Fig.1l, 2).



Purification of selected
psychrotrophic spore forming
isol stes

A. Stresk plate technique
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Table 3; Protease activity of psychrotrophic
spore forming isolates

Isol ate Enzyme Isol ate Enzyme Isol ate ZEnzyme
Number activity Number activity Number activity
(units/ml) (units/ml) (units/ml)
1 245 23 150 45 30C
2 200 24 160 46 200
3 160 25 150 47 195
4 150 26 145 48 170
5 130 27 145 49 160
6 160 28 150 50 180
T 120 29 150 51 160
8 120 30 150 52 200
9 120 3l 150 53 180
10 110 32 145 54 150
11 170 33 180 - P
12 160 34 180 56 200
13 100 35 160 57 i
14 145 36 230 58 150
15 130 37 210 =2 =
- 220 38 170 60 195
17 160 39 160 61 R
18 180 40 170 62 195
- 145 41 145 63 200
20 150 42 120 64 180
21 150 43 $40 - .

22 120 44 220 66 110
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Table 4; Distribution of psychrotrophic spore forming
isol ates according to their enzyme activity

Enzyme activity Mo, of Totzl
(units/ml) is0l ates icol ates
(%)
/50 0 0
51-100 1 105
101-150 25 38
151-200 33 50
201-250 6 9
251-300 1 1.5

>300 0 0
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Proteolytic changes brought zbout by the
psychrotrophs sporeformers in milk have been reported by
several workers (Ysn et al., 1985 and Gordon, 1982) .
Sharma et al. (1984) reported thest the protease activity
of 50 psychrotrophic sporeforming isol ates ranged from
20 to 480 units/ml. 24% of the total isol ates exhibited
enzyme activity in the rance of 51-100 units/ml while 23

had proteesse activity of more than 300 units/ml.

4,4 Identification of the Isol ates

4,4,1 Microscopic examination

All the sixty six isol ates were found to be motile,
rod shaped, sporeforming bacilli with &bility to fomm

central spores (Table 5),

4.,4.2 Cultural and biochemiczl characteristics

All the cultural and biochemiczl charecteristics
of all the 66 isol ates are presented in Table 5. &ll the
isol etes grew well at 22°C when grown on tryptone dextrose
yeast agar. All the isolates were aerobic, catalese positive
and were negative for indole, H,S and AMC production.
Forty-eight percent of the isol etes showad proteolysis
when incubated in 1litmus milk, 80% of isolstes liquified
gel atin, 48% hydrolysed starch, 55% reduced nitrate to

nitrite and 88% could grow in basal medium containing



Fig.3: Selected psychrotrophic spore
forming isolates showiag protease
activity






Table 5:

Morphologicel,

cul turel

S

and biochemicel cheareactericstics of psychrotrophic

poreiorming isol ctes

Iso- Shawe lroti- Colony cpore Cete- Ure- z2MC 1,8 Mit- In-

1l ate lity chearacterictics Posi= lese ase rate dole

1O . tion
1 2 3 4 5 6 ¥ s & 9 10 11
1 Rodc + Large round white @ 4 = - - - =
2 kods + Lorge smooth yellow  C 4 - - - - -
3 RoOAQs + small rounc smooth - + - - - - -
4 RoOC:c + Large yellow sprzading C " - - - - -
5 kods -+ LLarg2 round ‘ + - - - d -
6 kods + spreeding irrecgul er C 4 - - - - -

yellow

7 hkods + Lerge round bend + - - - 4 -
8 kods 1 Larce round C 4 - - = Ere =
9 Roa: < cmzl11l sround snooth € 4 - - - - -
10 RocC: + Lerge spreeding yellow C 4 - - = 4 -
11 Roa: 4 Lerg2 round white e 4 - - - 1 -
12 kod: + Lerge round white C 1 3 - - - -
13 Road: + Larce spreeding C + - - - + -
18 RoOds + LLexge round C 1 - = = = 5
16 Rods + Small round - 1 - - - 4 -
17 Rodrs 4 Large spreeding 4 - - - 1 -
19 Rods + Large spreeding yellow C + - - - - -

Star- Cele- Cele NaCl Cit- Litmus
ch tin -tin 5 rate milk
Stek. ager

2 13 14 15 16 17
= + _ p
- K + + - ~
" - - = = =
- 4 + + - +
- - + + +

<+ - - 4 4 +
4 - El et - -
< i + 4 N -
= - = + - -
- - Kl - - +
X 4 i > . +
- + 1 4 = =
- - 1 + 1 -
] - + 4 - 4
- - = % = =
- Bl 4 < B 1
- - + 8 4 -

B i b ol O



«esCONtd... Table 5
1 a 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
20 rRod + Small round Cc + + - - - - - = - + - -
21 rRod + Small round C < + - - - - - - - + + -
22 Road + Smeall yound yellow C + + - - - - - + - ~+ - -~
23 Rod + Large thin round C + * - - - * & - + + -
24 Rod + Large spreading c + - - - + - - + + + - -
irregul ar
25 Rod + Large round @ + - - - + - + -+ + - - +
26 Rod + Smzall round e . + - - + - - + - + + +
27 rod + Large round C & * - - * - - * + + + +
28 Rod + Large round smooth C + - - - + - + + + + - -
yellow
29 Rod + Large irregular c + + - - + - - + - + - -
spreading
30 Rod + Large round yellow c + - - - + - + + + + - +
31 Rrod + Lerge round creamish C + - - - + - ¢ & + $ - +
32 Rod + Large round white c + + - - - + - + + - - +
33 Rod + Large irregular yeloow C + - - - - - - o+ o+ - - -
34 Rod + Lerge spreading e + " - - - - - + + + + -
35 Rod + Large spreading c + - - - - - + + + - + +
36 Rod + Large round c + - - - - - +* + 4 - - -
37 Rod 4 Small round c + - - - - - + & 4 - - -
38 Rod 4+ Smell round orange c + + - - - -+ 1 % 4 + - -
39 Rod + Large smooth yellow C + + - - - 4 - + - + @& -
40 Rod + Large smooth white C + + - - - - % % & + -
41 Rod 4+ Large spreeding white C + + - - - + - + - - .



eesCoOntd... Table
1 2 3 4 5 6 7 8 9 10 i1 12 13 14 15 16 17
42 Rod + Large spreading white C + - - - - - o + + - - -
43 Rod + Large spresding white c + + - - - - - + + - - +
48 Rod + Large smooth yellow e + - - - - + - - + - + -
46 Rod + Large smooth creamish C + - - - - + - + + + - -
47 Rod 4+ Large spreading white C + + - - - - - = = + - -
48 Rod + Large round yellow C + - - - - - + + + - - -
49 Rod + ©Small spreading white c + - - - - + - - + - - +
50 Rod + Large starl ike white C + - - - - - + + i - - -
52 Rod + Large smooth round white c + - - - - - - + + + + -
54 Rod + Pin point white & + + - - - + - + + - + -
55 Rod + Large spreading yellow c + + - - - + - + + + + +
56 Rod + Learge spreading C + + - - - + + + & + # +
57 Rod + Pin point white C + - - - -~ + - + + + + +
58 Rod + Smell round c + - - - - + - + * + = -
59 Rod + Small round c + + - - - + - + + + - +
60 Rod + Small round c + - - - - + » + + + - $
61 Rod + Small round o 3 - - - - o4 & + i PR +
62 Rod + Large smooth yellow = + - - - - + + ~ & + & -
63 Rod + Small round 3 + - - - - + + + - + - +
64 Rod + Small round c + - - - - - + + + + - +
65 Rod + S8mall round C + - - - - - - + 4 - +
66 Rod + ©Small rod C + - - - - - + + - - - +




Table S5as Biochemical characteristics of psychrotrophic sporeforming isol ates:
carbohydrate util ization

Isol ate Fructose Miannitol Arabinose Xylose Raffinose Sucrose Maltose Lactose Dextrose Sal icin
Number

1 2 3 4 5 6 P 4 8 9 10 11
1 + + * E - - - - + -
2 + + + + - - - - 4+ -
3 X X b 4 x X X X x X X
4 + + + + - - - + - -
5 + . -+ - - 4 + - + -
6 + 4 + + + - - + - -
7 - + 4 + - + - + - -
8 - 4 4 - - - - + - >
9 - * ¥ - = - + - ks -
10 L < = + + - + + + - -
11 ~ + + - + - - - + -
12 - + +* - - - - - e -
13 - x + + - ~ + + 4 -
15 %+ - + =+ - - + - - -
16 + + + + - - - + + -
i S + + = = - + + + -
19 + + + - - - - = " " §

contd. ...



sestonktd, «e Table 5a

Isol ate Fructose Mannitol Arabinose Xylose Raffinose Sucrose Mal tose Lactose Dextrose Sal icin
Number

20 — 4+ + + - - - - + -
21 - + + + = - - = & =
22 - * + £ - - - + - -
23 - + + + o - " - & =
24 o - 2 + - - - - + - -
- + S + + 1 - + - + -
26 - + + + - - ~ ~ 4 -
27 - + + + - - - - + -
28 - B 4 + + - - + ~ -
29 - + - & " = N N N
30 + <4 + =+ - + - + - -
31 + - o - + + + - + -
32 - - + - + 4 - - + -
33 - - + 4+ @ - & - + &
34 + + - - - 4 - - + -
35 - 4 + + - - - - + -
36 + - - + - - - - + -
37 - - .. X - " " ” é ”
38 + + + + 2 + - + - -
39 + + + 2 - + + + -
40 - - - + - + - # -
41 = K. + + k. - - + + - -

Contd- . e -



«.sContd,. Table 5a

Isol ate Fructose Mannitol Arabinose Xylose Raffinose Sucrose Maltose Lactose Dextrose Salicin
Number

42 - * - + B + + - + -
43 ~ - - - - + - + - -
45 - + + + - + - + - -
46 - + + + - + - + - -
47 - + + + - + - + - -
48 - =+ - - - - - + - -
49 + + + 4 - 4 - 4 + -
50 - - - + - - - + - -
52 + + + - - + + - + -
54 - + + + - - + + + -
56 + - - - - - - - + -
58 + - - - - - - - + -
57 - - - + - + ~ + - -
58 “ + + + + + + + - -
59 + + + B 4 + + + + -
60 + + + 4 4 + + + - -
61 ks + - + - + + + - -
62 + ¥ + 4 + + + - + -
63 + + + + + + - + - -
64 + + + 4 - + - + - -
65 + 4 + + - + - + - -
66 - - - - .

1

t

!
+
{
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5% salts., Of the various carbohydrates tested for the
utilization by the isolates, glucose was utilized by 58%
and arzbinose by 73% xylose by 73%, mannitol by 75%,
fructose by 50%, raffinose by 23%, sucrose by 45%,
lactose by 52% znd meltose by 28%. 28% of the isol ates
utilized citrete as the sole source of carbon and 28%

produced urea,

The spore producing types were pleced in the genus
Bacillus becsuse they were all eserobic sporeforming, rod
shaped orgenisms showed catal ase positive characters,

On the basis of the results of various morphological,
cultural and biochemical tests (Table 5), all the isol ates
were assigned into 12 groups of Bacillus spp. (Table 6).,
Out of 60 isolztes, 9 isolates were identified as

B. marcerans, B. megaterium, and B. brevis, 8 were

B. circulans, 7 were B, firmus, 6 were B. badius, 5 were

B. cereus, 2 were B. polymyXa and one each B. ©0o&agul ans,

B. subtilis, B. spheaericus and B. laterospora.

Coghill and Juffs (1979) isolated 23 Bacillus spp.
from pasteurized milk and identified 15 as B. cereus,

cosgul ens, 2 B. licheniformis and

3 B, megateriumo 2 B.

1 . firmus. credit et &l. (1972) isolated 84% of the
=0 c——

pacteria belonging to genus Bacillus from pasteurized milk.

overcast and Atmaram (1974) &l so isol ated psychrotrophic

strain of B. cereus from pasteurized milk. Shehata et al.

(1983) isoleted 756 Bacillus from rew milk as: B. subtilis
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Table 6; Identificstion of psychrotrophic spore forming

isol ates

Isol ate Identity Total
Number isol ates
38, 47, 58, 59, 66, B. macerans -
61, 63, 64, 65
1, 2, 4, 28, 30, B. megaterium 9
32, 45, 49, 54
12, 13, 19, 20, 21, B. brevis 9
33, 34, 40, 52
6, 10, 11, 24, 35, B. circul ans 8
41, 42, 43 S
7, 8, 16, 25, 26, B. firmus 7
31, 46
9, 15, 36, 37, 48, 66 B. bedius 6
5, 27, 55; 56, 37 B. cereus 5
23, 39, 62 E. polymyxs 3
22 B. cO&cul ans 1
50 Be sphaericus 1

B. laterospora 1

29




Fic.4: Distribution of psychrotrophic
spore forming Bacilli
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(42.5%), B. megzterium (34.8%), B. circul ans (4.9%),
E. cereus (4.6%) and only 47% isol astes were psychrotrophic
belonging to B. cereus (20), B. pumilus (15), B. badius (6),

B. licheniformis (5) and B. firmus (1). Chug and C&nnon

(1971) isol ated psychrotrophic sporeforming bacteria from

raw milk and identified as B. firmus (46.3%), B. megeterium

(23%), B. brevis (15.7%) and the remainder belonged to

B. coagul ans, B. polymyxXa, B. macerans, B. circulans &nd

B. cereus, sharma et al. (1984) isolated 50 streains from
raw milk of which 36% were B. cereus, 20% E. polymyxe, 14%

each B. laterospora and B. circul ans, 10% B. pumilus, 4%

B. subtilis and 2% were B. cOagul ans.

4,5 Keeping Qual ity Tects

Twelve isol ates, one from each group of Bzcillus
were studied in deteil for their effect on the kesping quality
of steamed and sterilized whole milk samples., One whole
milk lot was steamed for one hour and other lot was sterilized
by autocl aving at 121°c, 15 psi for 20 minutes., Data
presented in Table 7 to 16. Regarding the keeping qual ity
the samples were inocul ated with the selected isol ates stored
<t 7°C for 10 days at 22°C for 24 to 36 hrs. The quality
assessment was dne on the basis of stebility test: hezst

stebility test (coB) and alcohol stability test,
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4.5.1 stability test

4.5,1:1 Clot-on-Boiling test (COB):

In czse of sterilized whole milk due to faster growth
B. cereus, B. firmus, B. circul ens znd B. macerans at 220C
showed COB test positive only after 10 hrs of incubation
while their growth at 7°C was slow and showed COE test
positive only after 10 deys. But B. coagul ans, E. pol ymyxa,
B. brevis, B. megaterium and B. badius showed COEL test
negative at 22°C after 24 hr storage and at 7°c for 10 days.
More or less simil ar results were obtained in case of
steamed whole milk with the exception of B. pol ymyxa and
B. brevis which grew faster at 7°C and gave COB positive

after 3 days (Table 7 and 8).

B. cereus, B. firmus, E. circul ens and B. mecerans
are the important spoil ege organisms at 22°C and B. pol ymyxe
is important spoil age organism at 7°C. The above results
correl ate with the findings of Accarwal and Srinivasan (1986).
Aggarwal and srinivesan (1986) reported that pasteurized
milk inocul ated with B. cereus show COB positive after 14 hrs.
cimil arly, Jayachendran et gl. (1985) reported thet COB
test was positive for B. subtil is after 12 hr incubated at

22°c in boiled and pasteurized milk.,



Table 7: Heat stability tests for selected isol ates of

gsychrothphic spore

formers in steril ized whole milk% stored at 22°C and 7°C (COB)

Isol ates

Storage temperature ( 22°C)

Storage temperature (7°C)

Period of incubation (hrs)

Period of incubation (days)

0 10 18 24 (0] | 3 5 7 10
BE. cereus - + + & - - - - - 4
B. firmus - + + A - - - - - -
B. circulans - + + + - - - - o+ +
B. brevis - - - - - - - - - -
B. subtilis =~ - + + - - - - + +
B. coagulans - - - - - - - - - -
B, laterospora - - - + - - - + + +
B. polymyxa - - - . - nd . - - -
B. megaterium - - - - - - - - - -
B. badius - - - - - - - - - -
B. sphaericus - - + + - - - - - -
B. macerans - + + # - - - - - +
* sSterilized by autoclaving at 121°C, 15 psi for 20 minutes,

8S



Table 8; Heat stability tests for selected igolates 8f psychrotrophic spore formers
in steamed whole milk#%* stored at 22°C and 7 C (COB)
Isol ate Storage tempersture (22°¢) Storage temperature (7°%c)
Period of incubation (hrs) Period of incubation (days)
0 24 36 0 : 3 5 7 10
B. cereus - + + - - - - - +
B. firmus - + + - - - - - -
B. circul ans - + + - - - - - -
B. brevis ~ - + - - <+ + + +
B. subtilis -~ - - - - - - - -
B. coagul ans - - + - - - - - -
B. laterospora - + & - - - . - -
B. polymyxa - - - ~ + + + + +
B. megaterium - + + - - - - - -
B. badius - - + - - - - - -
B. sphaericus - + - - - - - - -
B. macerans - + + - - - - -

* Steamed for one hour

6S
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4,5.,1,2 Alcohol tests

Alcohol test was positive for most of the isol ztes
within 24 hr of storage at 22°C (Table 9 znd 10)., In czse
of sterilized milk zlcohol test was positive for B. cereus,
B. circulans, B. subtilis even within 24 hr of storage at
7°c. It was probsbly due to the formation of acid and
activation of metebol ites by psychrotrophic bacteria in
milk which disturbs the salt balance &nd leads to fl ake
formation while tresting with alcohol. ¢Similar results
were obtained in case of steamed milk but E. pol ymyxs and

B. _sphaericus could not disturb the salt bal ance when it

was stored at 22°C for 36 hrs.
&.5.2 Acidity

Data presented in Table 11 and 12 showed the effect
of selected isolates on development of acidity in steamed
and steril ized milks when stored at 7°C for 10 days, showed
a slow increase in acidity. Meximum acidity was shown by

o
B. macerans (0.44%) at 7°C after storage for 10 days and

minimum was shown by B. coagul ans (0.275.) at the same

(o}
temperature of storage. But on storage at 22°C there was

rapid increase in scidity. Maximum attained by B. macerans
a

(0<54% as L.A.) &nd minimum (0.29% L.A.) by B. badius and

B. polymyxs.

o
put when steamed milk was stored at 7 ¢ for 10 days
u

jmum acidity (0.67%) attained by B. polymyxs and minimum
maximum



Table 9:

in steril ized whole milk* stored at 22°C and 7°cC

Al cohol stability tests for selected isol ates of psychrotrophic spore formers

Isol ates Storace temperature (22°C) storage temperature (7°C)
Period of incubation (hrs) Period of incubation (days)
0 10 18 24 0 1 3 5 7 10
B. cereus - + + + - + + + + +
B. firmus - + + & - - - - - -
B. circul ans - + + + - + + + <+ <+
B. brevis - - - + - - - - + +
 B. subtilis - + + + - + + + + +
B. coagul ans - - - - - - - - - .
EB. laterospora - + + + - -~ - + + *
B. polymyxa - - + + - - - - . -
B. meggterium. - - - - - - - = + +
B. badius - - + 4 » - - ~ - .
B. spheericus - + $ + - 5 = - - -
E. macerans -~ + & + a i + + + +

* Sterilized by autoclaving at 121°C, 15

19

psi for 20 minutes



Table 10: Alcohol stability tests for selected isol ates of psgchmtrophic spore
formers in steamed whole milk* stored at 22°C and 7°C

Isol ates Storage temperature( 22°¢) Storage temperature (7°C)
Period of incubation (hrs) Period of incubation (days)
0 24 36 0 i 3 5 7 10

B. cereus -

+ + - + + + + +
B. firmus - + + - - + + + <
B. circul ans - + + - - - - - +
E. brevis - + + - 4 + + + +
B. subtilis - - + - - - - + +
B. coagul ans - - + - - - - + +
B. laterospora - + + - - - - - -
B. pol ymyxa - - - - - - - - &
B. megaterium - + + - 4 <+ + & &
B. badius - 4 + - + + + + +
B. sphaericus - - - - - - - - -
B. macerans - + + - - - - - -

% Steamed for one hour

Z9



Teble 11:

sporeformers in sterile whole milk* stored at 22°C and =

Developed acidity exhibited by selected isol ates of psychOtIOphiC

Isol ates

Storage temperature (22%¢)

Storage temperature (7°C)

Period of incubsation (hrs)

Feriod of incubation (days)
7

0 10 18 24 0 i | 3 5 10
B. cereus 0.18 0.37 0.38 0.42 0.18 0.28 0.29 0.30 0,30 0,32
EB. firmus 0.18 0.38 0.43 0.45 0.18 0,23 0.24 0.25 0.29 0.30
B, circulans 0.18 0,38 0.41 0.44 0.18 0,23 0.26 0.28 0.29 0,36
B. brevis 0.18 0.36 0.39 0.41 0.18 0.21 0.23 0.24 0.27 0.31
B. subtilis 0.18 0.30 0.40 0.42 0.18 0.21 0.27 0,27 0.27 0.30
B. coagulans 0.18 0.32 0,33 0.36 0.18 0e23 (0.23 0,23 0.24 0,27
B. laterospora 0.18 0.27 0.29 0.32 0.18 0.24 0.27 0.27 0.27 0.28
B. polymyxa 0,18 0.27 0.29 0.29 0.18 0.23 0.26 0.26 0.30 0.36
P. megaterium 0.18 0.29 0.29 0.33 0.18 023 0,23 0.29 0.29 0.30
P. basidus 0.18 0.27 0.27 0.29 0.18 0.22 0,26 0426 0+29 0,31
B. sphaericus 0,18 0,32 0.36 0.40 0318 0.24 0.28 0«31 0,32 04,33
EB. macerans 0.18 0.34 0.45 0.54 0.18 0.27 0.29 0.29 0.35 0.44

* Sterilized by esutocl aving at 121OC. 15 psi for 20 minutes

€9



Table 12:; Developed acidity exhibited by selected isol ates of psychrotrophic

sporeformers in steamed whole milk* stored at 22°c and ; C

Storage temperature (22°C)

e}
storage temperature (7 C)

Isol ates
pPeriod of incubation (hrs) Period of incubation (days)
0 24 36 0 1 3 5 7 10
B. cereus 0.18 0.26 0.34 0.18 0.26 0.29 0.31 0.34 0.37
B. firmus 0.18 0.45 0.61 0.18 0.31 0.31 0.32 0.34 0.40
B. circul ans 0.18 0.32 0.34 0.18 0.29 030 0,30 0,31 0,31
B. brevis 0.18 0.27 0.29 0.18 0.24 0632 0432 0.37 0,55
B. subtilis 0.18 0.32 0.34 0.18 0.27 030 0.31 0.31 0.34
B. coagul ans 0.18 0.30 0.32 0.18 0.28 0.31 0.31 0.34 0.37
B. laterospora 0.18 0.27 0.29 0.18 0e22 029 0.29 0.32 0.34
B. pol ymyXa 0.18 0.27 0,32 0.18 0.32 0.36 0,40 0.41 0,67
B. megaterium 0.18 0.40 0.45 0.18 0.29 0.31 0.31 0,34 0.36
B. badius 0.18 0.30 0.34 0.18 0.30 0632 0,33 0,33 0.34
B. sphaeericus 0.18 0.27 0.30 0.18 0.28 0.32 0.32 0.34 0.34
B. macerans 0.18 0.45 0.59 0.18 0.29 0631 0.32 0.34 0.35

*Steamed for one hour

vo



by B. circulens (0.31%) but storage at 22°C for 36 hrs

maximum acidity (0.,61%) attained by B. firmus and minimum

Jayachandran et zl., (1985) reported that acidity
of boiled milk inocul ated with B. subtilis increased from

0.14 to 0.31 (% L.A.) when incubated at 30°C for 24 hrs

4.5.,3 pH

Changes of pH in steamed and sterilized milk on
storage at 7°C ana 22°C due to the imocul ation of selected
isol etes of psychrotrophic sporeformers are presented in
Teble 13 and 14. There was & slight change in pH at 7°c
after 10 days storage of both steamed end steril ized milk.
In sterilized milk decrease in oH from 6.7 to 6.2 by

B. laterospors and from 6.7 to 6.4 by B. megaterium were

noted. In steamed milk there was & slow decrease in pH
from 6.7 to 6.6 and 6,7 to 6,3 in B. brevis and B. firmus
respectively at 7°c after 10 days. The isolates caused
a rapid decrease in pH at 22°C in both steamed and

steril ized milk. 1In case of sterilized milk, B. macerans
exhibited maximum reduction in pH at 22°%c after 24 hr

ranged from 6 6 to 5.2 and in the cese of steamed milk
a .

aximum reduction in pH W&Ss from 6.7 to 5.25 by B. firmus.
ma

4.5.4 proteolytic activity

pata presented in Table 15 and 16 show the effect

of selected isolates on proteolytic changes in steamed
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Table 13: Changes in pH exhibited by selected isol ates of psychrBtrOphic spore
formers in steril ized whole milk* stored at 22°C and 7

Isol ates Storage temperature (22°C) Storace temperature (7°C)

Period of incubation (hrs) Period of incubation (days)

0 10 18 24 0 1 3 5 7 10
B. cereus 6.6 6437 6.33 6.30 6.7 6.44 6,40 6.40 6.95 6.40
B. firmus 6.6 6,20 6.03 5.64 647 6.48 6,45 6.41 6.40 6.40
B. circul ans 6.6 65.31 6.20 6:15 6.7 6.47 6,46 6 .40 6.40 6.40
B. brevis 6.6 6,43 6.29 6.29 6.7 6.51 6,50 6 .45 6 .40 6.38
B. subtilis 65 6.30 6,20 6,16 Gl 6.,46 6,46 6.44 6.40 6.38
B. coagul ans 6.6 6.43 6,30 6.28 6.7 6,50 6,50 6 .46 6.40 6 .40
B. laterospora 6.6 6.44 6.42 6.39 6.7 6.50 6,47 6.40 6.39 6.20
E. polymyxa 6.6 6.53  6.50 6.50 6.7 6.51 6.44 6,43 6.42 6,34
B. megaterigm 6.6 6.53 6.50 6.50 6.7 6,52 6,51 6.50 6.50 6.44
B. badius 6.6 6.47 6.40 6,35 P 6.50 6,48 6,45 6.44 6.40
B. sphaericus 6.6 6,38 632 6,30 6.7 6,48 6,47 6.43 6.43 6.40
B. macerans 6.6 6,29 6.68 D+ 20 047 6.54 6,41 6,28 6.30 6.30

* Sterilized by sutoclaving at 1210C, 15 psi for 20 minutes
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Table 143 Changes in pH exhibited by selected isol ates of gsychrotrophic
sporeformers in steamed whole milk® stored at 22°C and ™¢

1s0l ates Storage temperature(zzoc) Storage temperature (7°c)
Period of incubation (hrs) Period of incubation (days)
0 24 36 0 1 3 5 7 10
B. cereus 6.7 6.43 6.42 BTl 6.6 646 6.6 6.5 6.
B. firmus 6.7 5.60 5e 2D 6.7 6.6 6.6 6.5 6.3 6.
B. circul ans 6.7 6.27 6.13 6.7 6.6 6,6 6,5 6.5 6.
B. brevis 6,7 6.47 6,37 6.7 67 6.6 6.6 6.6 6.,
B. subtilis 6.7 6.43 6.31 6.7 6.6 6.6 6.6 6.6 6.
B. coagul ans 6.7 6.45 6.34 6.7 6.7 6.6 6.6 6.6 6.
B. laterospora 6.7 6.50 6.46 6.7 6,6 6,6 6.6 6,6 6,
B. pol ymyxa 6.7 6.57 6.40 6.7 6.7 6.6 6.6 6.6 6.
B. megaterium 6.7 5.80 5.40 6.7 6.6 6.6 6.6 6. 6.
B. badius 6.7 6.39 6.00 6.7 6.6 6.5 5 6.5 .
B. sphasericus 6.7 6.48 6,25 6,7 6.6 6, 6.5 6.5 6.
B. macerans 6.7 5.54 5,27 6.7 6.5 6, 6.5 6.5 6,

«geamed for one hour
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Table 15; Proteolytic activity exhibited by selected isolatesoof psychrotrOphic
sporeformers in steril ized whole milk* stored at 22°C and 7°¢

Isol ates storage temperature (22°C) Storage temgerature;j7°C)
Period of incubation (hrs) Period of incubation (days)
0 10 18 24 0 1 . 2 7 10

Proteolytic activity (units/ml)

B. cereus 0 57 107 282 0 40 42 48 57 64
B. firmus 0 70 85 182 0 42 43 46 50 52
B. circul ans 0 70 317 282 0 43 46 54 70 92
B. brevis 0 57 65 74 0 29 29 34 42 68
B. subtilis 0 68 115 282 0 35 43 50 60 68
B. coagul ens 0 60 64 85 0 33 41 45 54 68
B. laterospora O 64 77 83 0 42 43 46 57 68
B. polymyXs 0 64 64 65 0 45 48 54 62 68
B. megaterium 0 68 70 83 0 42 40 45 57 62
B. badius 0 70 77 85 0 40 43 50 85 88
B. sphaericus 0 70 88 97 0 43 43 48 65 74
B. macerans 0 85 129 282 0 35 50 55 74 78

* Sterilized by autocl aving at 121°C, 15 psi for 20 min.
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Table 16: Proteolytic activity exhibited by selected isol ates of pgychrotrOphic
sporeformers in steamed whole milk* stored at 22°C and 7°C

Isol ates Storage temperature (22°C) Storage Temperature (7oc)
pPeriod of incubation (hrs) Period of incubation (days)
0 24 36 0 1 3 5 7 10

Proteolytic activity (units/ml)

B. cereus 0 70 315 0 42 42 45 48 50
B. firmus 0 85 115 0 28 45 46 50 64
B. circul ans 0 115 120 0 45 48 50 57 60
B. brevis 0 45 50 0 42 42 45 52 62
B. subtilis 0 78 129 0 45 50 55 56 57
B. coagul ans 0 46 50 0 42 45 50 87 67
B. laterospora 0 46 64 0 40 40 45 57 62
B. polymyxa 0 42 60 0 62 62 65 68 72
B. megaterium 0 48 84 0 54 56 61 64 64
B. badius 0 45 50 0 57 58 60 62 62
B. sphaericus 0 46 54 0 43 48 48 50 50
B. macerans 0 100 100 0 28 31 50 54 54

69

*Steamed for one hour
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and sterilized milks on storege at 7°C end 22°C. At low
tempercture there was a slow proteolytic chenge in both
steamed and sterilized milk stored st 7°C znd 22°C.
Maximum enzyme activity of 92 units/ml was exhibited

by B. circul ans after 10 days of storage at 7°c. But
the proteolytic changes were fast at 22°Cc after 24 hr,
Maximum enzyme activity exhibited by B. cereus,

Be. circulens and 3. subtilis (282 units/ml) and minimum
by B. brevis (72 units/ml) and B. polymyxes (65 units/ml)

in sterile milk,

Changes in milk protein &s & result of psychrotrophic
growth due to enzymatic action showed importance in the
keeping quality of milk at refrigeration tempercture,
Release of various nitrogen components or degresdation of
individuesl proteins fractions were observed when studying
proteol ysis caused by enzymes produced by psychrotrorhs
(McCaskay, 1967). The enzyme protease attack on czsein

and whey protein leading to bitter flavour and coagul ation

of milk.



CHAPTER 5

SUMMARY AND CONCLUSION




S. SUMMARY AND CONCLUSION

5.1 The present investigation deals with the isol ation,
identification and charzcterization of psychrotrophic
sporeforming bacteria from pasteurized milk and their
effect on keeping quality of steamed and steril ized

milk stored at 22°Cc and 7°C for 24 hr and 10 deys.

Bed On incubation at 22°C for 24 hr the psychrotrophic
count and proteolytic spore count ranged from 2001
to 5000/ml in 44% semples and 26-50/ml in 43% samples
respectively, when the milk was stored at 22°c for
24 hr., However, on storing the milk at 7°c for 10 days,

the respective counts were found to be 4000 in 40%

samples and 1-25 in 52% samples.

5.3 On incubation at 7°c for 10 days the psychrotrophic
spore count and proteolytic psychrotrophic spore count
ranged from 10,000 in 42 samples and 101 to 200 in
46% samples when milk was stored at 22°C for 24 hr,.
However, on storing at 7°c for 10 days, the respective

counts in milk were found to be >2,000 in 43% sample,

26=50 in 47% samples,

5.4 From the 110 samples of milk 66 psychrotrophic

sporeforming colonies showing discrete zone of clearance
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around them on the milk agar and on TDYA were

selected for further studies.

The protease activity of the isol ates ranged from

100 to 300 units/ml, 50% of the isol ates have enzyme

activity ranged from 151-300 units/ml while 38%

exhibited enzyme activity in the range of 101-150

units/ml.

Based on morphological, cultural and biochemical

characteristics all the psychrotrophic spore forming

isol ates were grouped into twelve Bacillus spp.

Out of 60 isol ates 15% were B. macerans,

B.

%

\ (’)‘ 't -
megaterium, B. brevis, é. badius, 8% were B. cereus,

. were B. polymyxa and 2% were B. coagul ans,
subtil is, B. laterospora and B. sphaericus. !\ /. v
ST ———" re— i i % — 4
4 T\Y\.\\—,-' :l'(A/r W L iy o P

On incubation of these isol ates in steril ized milk

medium at 7°C for 10 days the acidity of milk samples

were increased maximum in case of B. macerans

(0.44% as L.A.) and at 22°C for 24 hr storage, maximum

acidity was attained by B. macerans (0.54% L.A.).

On storage of the milk at 7°c for 10 days after

inocul ated with the isol ates, maximum acidity was

exhibited by B. polymyxa (0.67% L.A.) &and on

storage at 22°C meximum acidity was attained by

Bs

firmus (0061% )o
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Change in pH weas very little at 7OC for 1C days

storage in both steamed and sterilized milk. But
on storage at 22°c for 24 hr the meximum cecrease
in pH was 6.7 to 5,25 by B. firmus in steamed milk

and 6.6 to 5.2 by B. macerans in sterilized milk.,

B. cereus, B. firmus, B. circul ans and B. macerans
showed positive heat stability test in both the milks
and alcohol stability test was positive for all the

isol ates stored for 24 hr at 22°C.

A significant increese in proteolytic activity was
found in case of B. cereus, B. circul ans and

B. subtilis (282 units/ml) at 22°C after 24 hr
storage in the case of sterile milk whereas in the
case of stesmed milk increasse in proteolytic
activity was comparatively less. Maximum enzyme
activity was attained by B. subtilis (129 units/ml)
at 22°c after 24 hr. whereas the increase in
proteolytic activity at 7°C for 10 days storage
was very less compared to storage at 22°¢c for

24 hr in both the milks.

This investigation clearly reveals that the

occurrence of psychrotrophic spore forming bacilli
'

in pasteurized milk is of grest importance to the

dairy industry. The proteolytic activity of these
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bacilli causes the spoilage of milk and milk
products, From the above observations it is
observed that these isol ates B. cereus,

B. circul ans and B, subtilis are the most
important strains zmong the psychrotrophic
sporeformers which cause the change in chemical

quality of the steamed and sterilized milk,
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