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CHAPTER I 



1. INI'RODUCI'ION 

The term 'psychrotrophs' is referred to those 

microorganisms which can multiply at a temperature o f 7°c o r 

1 ess irrespective of their optimal growth temperature 

(International Dairy Federation, 1974). Eddy ( 1960) r epo rted 

that psychrotrophs can grow well at s0 c or lower, but whose 

optimal growth temperature is 20-3o
0
c. 

Mo s tly the psychrotrophs are hea t sensitive an d are 

killed during pasteurization of milk hence, Cb not c a u s e 

dete rioration of milk if proper care is taken to avoid post-

processing contamination. But psychrotrophic spore forme r s 

can survive heat treatments much higher than commercial 

pasteurization or even UHT tre atment of milk. Psychrotro phic 

habitation is fOund in bacteria, actinomycetes, ye ast s , fungi, 

algae and protozoa. Till recent! y, psychrotrophic bacteria 

were believed to occur among the genera Pseucbmonas, 

Achromobacter, Al cal igenes, Fl avobacterium, Micrococcus, 

Aerobacte r and Bacillus {Lawrence, 1967 an d wn .BOckl e mann, 

1970), but more recent report indicates the p resence o f 

psychrotrophic l actic acid bacteria in p a steurized milk 

(sudarsanam and s rinivasa n, 1982) and psychrotrophic spore 

farme rs in p aste urize d milk {Upl acksh and s u darsanam, 1986) • 
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With the advent of UHT processing, asep tic pack aging 

and improve d methods to control po s t-p asteurization 

contamin ation, the psychrotrophic spore forme r s are eme r g i ng 

as the major spoil age organisms in he at p roce ssed mil k and 

other dairy foods. Earlier, psychrotrophic stra i ns of the 

geneus Bacillus were isolated from soil and wate r. But 

recent reports indicate psychrotrophic spore formers are 

found in both raw and pasteurized milk h el d for lo ng pe rio ds 

at refrigeration temperature of o to 7°c. spore s of 

psychrotrophic organisms resistant to pasteurization 

treatment and capable of subsequent outgrowth un de r 

refrigerated storage have been reporte d in p a steurized, 

sterilized, aseptically pack aged pro ducts and in raw milk. 

The psychrotrophs are v e ry important g roup of micro­

organisms in the dairy industry a s they are both p roteolytic 

and l ipol ytic in nature and the development of a 1 a rge 

pop ulation of the se microorganisms in milk or in milk 

products can lead to a serious deterioration of its quality 

(Thom a s, 1970; Thomas and Druce, 1971; Thom a s and Thomas, 1973 ; 

Growth of psychrotrophic b acteria in pasteurized 

milk c an cause flavour and colour de fects and c a n al so 

cause serious spoil age problems (L aw, 1979) • Mo s t gram­

ne gative psychrot.rophic bacteria are readily eliminated 

by pasteurization (Witter, 1961) • However, many spore 

fOrmers produce heat-resistant extracellular proteinases 

(Law, 1979; cousin, 1982; Fa irbairn and Law, 198 6) an d 

1 ipases (Stewart ~ al H 1975; Law, 1979; cousin, 1982) 
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and can withst and p a steuriza tion t empe r a ture s a n d r emain 

active in p roducts ma de from the heat treated mil k (J)'.) wne y, 

1980; cousin, 1982; Deeth a nd Fitz-Ge ral d, 1983; Fa irba irn 

and Law, 1986). Proteinases are a ssociated with gel a tio n 

of UHT, sterilized milk (L aw et al., 1977), where a s 1 i pases 

can produce flavour defects associ ated with f a t break d:>wn 

in UHT milk (L aw et al., 1976; L aw, 1979; rx:> wney, 1980 ; 

cousin, 1982) • 

During refrigeration the p sychrotroph ic spore forme r s 

inf! uence over the qual. ity of pasteurized mil k a nd c a u se d 

spoil age. Our present investig ation h a s b e e n toke n up with 

a view to study the action of different species of the 

psychrotrophic spore formers in the keeping q ual ity of 

pasteurized milk. Little inform ation is avail abl e o n the 

heat resistant p roteolytic psychrotrophic spore fo rm ing 

microorganism s isolated from pasteurized mil k . Hence , 

the present project deals with the follo wing obj e ctives: 

1. Isolation of proteolytic psychrotrophic spore forming 

Bacillus from pasteurized milk scrnp l es. 

2 Characterization and ide ntific atio n o f the is:>l a te s • • 

3. Their influence over the quality of t he steamed 

and ste rilized milks. 

' : s : : 

: I I 

. • 



CHAPTER 2 

REVI8W OF LITERATURE 



2. REVIEW OF LITERATURE 

2.1 Definition of Psychrot_!2phs 

More than a decade ago psychrotrophs in mil k were 

called psychrophiles and were reported to be destroyed 

by proper pasteurization (Andrews ~ ~., 1953; Witter, 1961) 

Fester in 1887, reported the existence of these bacteria 

0 
at 0 c. stokes ( 1963), stated th a t the psychrophil es 

0 
can be observed at O C within one week, al though the 

temperature where growth was most rapid was close r to 

0 
30 C or lower. Schmidt-Niel sen was the fir s t to n ame 

these organisms as psychrophil es in 1902. 

Most of the literature published befOre 1960 

probable refer to psychrotrophs rather than psych rophiles. 

The term psychrophile should be implied only t o those 

organisms whose optimum tempera ture of growth or minimum 

temperature of generation is achieved by low temperature 

(Eddy, 1960; Kandl.er, 1966) whereas, these bacteria 

actually grow better at higher temperature general! y above 

20° c (Muller, 1903). The organisms are in fact, cold 

tolerant rather tha.n cold loving. 
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Mosel! suggested that the ~rd 'p s ychrotrophic' 

should be used for microorganisms abl e to g row on sol i d 

0 
media at 5 c or below regardless of their o p timum growth 

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

Morita (1975) has defined psychrotrophic b acteria 

as microorganisms having an optimum growth temperature 

0 0 
of 15 c, a maximum growth temperature of 20 c an d a 

minimum growth temperature of o0 c or below. ~ itter (1961) 

reported that the psychrophiJ. ic bacteria grow at a 

0 0 
relatively rapid rate at or b elow 45 F (7. 2 C) • Eddy 

( 1960), defined the psychrotrop hic (cold thriving) for 

0 
microorganisms able to multiply at or below 5 c irresp ective 

of their optimum growth temperature s . Th is term · h a s oow 

come into general use. 

The term psychrophil e, p sychrotrophs snd cryophil e 

are still used interchangeably by Microb iolo gists; 

however, psychrotrophi~ will be used to i de nt i fy micro-

o 
organisms abl e to grow at 7 c or l ess, r e g a r dles s optimum 

temperature and psychro h iles will b e us e d for micro­

organisms that confOrm to Morita• s definitio n (Morita, 1975). 

Sheh ata et al. ( 1971) r epo rted th a t psychrophiJ. ic spore --
0 

formers grew well within 2 weeks a t 0 c but they grew 

0 
faster at 20 to 25 c. 



6 

2. 2 Types of Psychrotrophic Microorg ani~ 

Psychrotrophs are both ubiquitous a nd nume rous 

in nature and include ye asts, moldSand bacteria 

(stokes, 1966). Psychrotrophic bacte ri a i nc l ude long or 

short rods, cocci or vibrio, gram positive or g r am 

negative bacteria. SpOreforrners or non spo r eforme rs and 

aerobic, f acul tative anaerobic or anaerobic org e.nism s . 

The main psychrotrophic micro flora a r e gram negativ e 

rods with Pseucbmonas spp . comp rising of SO'Yc o f t he genera , 

f£• fl uorescens pre cbminates an d othe r species include 

P s . putida, Ps. fr agi, Ps. ae rogino s a (Cou s in and Bramley , 

1981) • Al cal ige~E.1 Aeromonas, Acinetobacter, Fl avo­

b acterium a nd col iforrn account s for mo s t o f t he rem a ining 

genera of psychrotrophic gram ne g ative b acteria , al though 

psychrotrophic spe cies of g ram positive c e ne r a , Micrococcus, 

Lactobacill us, Bacillus a nd Arthrob acter have been r e ported 

in r aw milk usually in smaller numbers :_ , ,_ ·~ g ram-neg ative 

bacteria (cousin, 1982). More recent reports indicate 

the presence of psychrotrophic l actic acid bacteria in 

pasteurized milk (Suders a ncm and Sriniva san, 1982). 

r..arly literature r eported th a t the psychrotrophic micro­

organisms are precbminately gram-negative , non-spore 

forming, cat al a se positive rods (Ingraham, 19621 

stokes, 1963) • 

Early investigators concluded that p sychrotrophic 

bacteria Cb not survive 1 abora tory or comme rcial. 
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pasteurization (Thomas, 1958 7 Witter, 1961; Thom a s an d Dr uc e , 

1969; Luck, 1972). However, presence of gram positive 

bacteria has beoome more important in pasteurized milk an d 

dairy products because of the spore funning nature and 

pro duct ion of heat stable extracellular enzyme. i1itter (1961 ) 

reported that the most of the psychrotx:ophs are heat sen s itive 
..,.eJ 'l \ 

in nature. -Ce~ ~ al. (1972) reported th at 8 4, .. of the 

bacteria isolated from conunerciall y p a steurized milk hel d at 

0 
4.5 C for 30 days were belonging to genus Bacill us an d r e st 

belonging to genera Micrococcus, Micx:obacterium, Achx:omobacter 

and Al.caligenes. 

Later on stokes ( 1966) i solated psychrotroph ic 

organisms from mud which were incredibly heat r esistant • 

Because of the heat re s istant nature o f these microorgan i sms 

they have been linked with the poss ible spoil ge of the 

dairy products (Gx:osskopf and Harper, 1969; credit e t al., 197 2; 

Mikol ajcik, 1978). Shehata an d coll ins ( l '.:"< -:"~ ) =epo rted the 

psychrotx:ophic spore fonners in raw milk. Grosskopf and 

Harper (1974) reported psychx:otrophic spore forming bacte ria 

relating Bacillus spp. in pasteurized milk. /Sh arm a ~ al. 

( 1984) r eported psychrotrophic spore forming bacilli from 

raw milk. Malik and Mathur {1983) reported p roteolytic 

psychrotrophs pred:>minatel y Pseud:>monas, Fl avob acterium, 

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

raw cream, ice cream mix, butter, flavoured milk and paneer. 

Kroll et al. ( 1984) al so identified proteolytic psychrotrophic --
bacteria in raw milk as ~· fl uorescens, Fl avob acte rium, 
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strep tococcus faecalis s ubsp . liguefacie~ end serratia s p . 

Chug and cannon (1971) reported that 83. 3% of raw milk 

samples contained 2 to 900 spores/ml. Later, Coghill 

( 1982) observed the thermoduric psych.rotrophic organisms 

isolated in raw and pasteurized mil k belong to ge ne r c. 

Bacillus, PseuCbmonas and co rynebacterium which are p ro babl y 

due to post-pasteurization contamination. El-Bassiony et al . 

(1985) reported thenroduric psychrotrophs fro m 1 aboratory 

p a steurized milk as 8l.2'7o Bacillus sp ., 12.5CX as Microa:>cc us 

and 6. 2% Strep tococcus spp . and distribution o f p sych .ro tro ph s 

in raw milk was 27 .sr., PseuCbmonas , 22. 2% of COl iform, 

14.4% Proteus, 13.3% A.lcaligenes, 11.1% Bacillus, 5.6' " 

Flavobacterium, 3.3% Micrococcus an d 2.~~ Strep tococcus s p . 

2.3 Temperature 

2.3.1 Growth Temperature 

Elliot and Michener ( 1965) reported t hat the o p timum 

0 growth temperature for the psychrotrophs is 20 to 30 c, 
0 

al though they can grow at low tempera ture close to O c. 

The minimum growth temperature for psychrotrophic b acteria 

0 
has been reported as -10 C (Ingraham and Stokes, 1959; 

Thomas, 1966) • Kraft and Ray ( 1979) stated minimum g rowth 

temperatures as -10°c for most bacteria, -12°c for most 

0 
ye asts and -18 C for most rnol ds. The maximum growth 

temperature for the psychrotrophs is reported as 3o
0

c with 

some h aving maxima of 37°c to 4S
0

c {Ingraham and Stokes, 

1959; Hi~goshi et .§!_., 1975). 



9 

~~rmall y growth at a low temperature is ch2r acteris e d 

by a long 1 ag phase and a slow logrithmic ph a se {Greene 

and Jezeski, 1954). The lag phase is shortes t a t the 

optimum temperature and b e comes increa sing! y longe r as the 

tempe rature is lowered. some microorg a nism s with longer 

gene r a tion times at a given tempera ture 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 ability of microorganisms to grow at low 

temperature has been 1 inked to cell preamiabil ity and 

substrate uptake (Inniss, 19751 ~~rtis, 1975; Inniss and 

Ingraham, 1978; Herbert and Bhakoo, 1979) • Moderate 

temperature change can alter physiology of permeability 

functions of microorganisms that grow at low temperatures. 

Protein synthesis can b e affected by tempe rature. 

The ability to carry out protein s ynthe sis is 1 inked to 

the ribosomal conte nt of the cell (Inniss, 1975; Mer i t s, 

1975) • some researchers have po stul. ated th - t the micro-

organisms synthesise increased amounts of enzymes to adjust 

to growth at low temperature in response t o reduce d enzyme 

activity (Elliot and Michener, 1965). Lipase p roduction 

by ~. fl uorescens in broth cultures in the range 4-30° c 

was greatest at a0 c whereas optimal growth was at 20°c 

(Anderson, 1980). Others have al so reported that increasing 
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0 
the temperature above 8 c had a depressin~ e ffect on lipase 

production by Ps. fl uorescens (1'.l ford and :a1 iot, 1960) 

and by Ps. fragi ( Nash if and Nelson, 1953) • 

2.3.3 Temperature Adaptability 

Azuma et al. (1962) reported that adap tability of 

bacteria to low temperature was poor. It wa s repo rted 

earlier that the ability of microorganisms to grow at low 

temperature is a specific property and are not abl e to 

adapt the low temperature. The re is gene tic evide nce that 

a mesophile can be converted to a psychrotrophs by tra ns-

auction or exposure to ultraviolet light a nd t hat a 

psychrotroph can be converted to a mesophile by exposure to 

u1 traviolet light. However, Morita ( 1975) conclu ded that 

a true psychrophile cannot be made by these methods . Since 

psychrophil es contain more than one thermol abil e enzyme, 

temperature adaptability of psychrotrophic pseud:>rnonas species 

were studied using thermal gradient incubator a nd change 

observed suggested that adaptation depended on the micro-

organisms ability to metabolize substrate normal! y (Zach ariah 

and Liston, 1973) • 

2.4 source --
FOster in 1892 isol ated psychrotrophic bacteria in 

fresh and sal. t water in and on fish, in me at, milk, garden, 

soil, canal water, mead:>w ·water {Ingraham and stokes, 1969). 
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Hence many investigators have confirme d that psychrotroph s 

are ubiquitou s in n ature. MO s t psychrotrophic o r gani sms 

in milk and d airy products usually come from soil, water 

and vegetation (Thomas ~ al., 1966) • water i s al so a source 

of psychrotrophs, a:>ntaminating in milk an d dairy p ro ducts 

Pseucbmonas, Achromob acte r. 1.1 cal i ge ne s an d Fl 2vobacterium 

dominate d the psychrotrophic flora in water with chromobacteriw 

Bacil l us and col iforms in 1 esser numbe r (Thomas , 19581 Thomas, 

19661 Thomas et al.,1966). Morse et al. (1968) repo rted th a t 

the psychrotrophic count o f wate r r a nged from l ess t h a n 10 

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

very few of t h e psychrotrophs f o und i n milk h av e bee n 

isolated from air in clean milking pc.rlo rs or dairies (Thom as 

et al., 1966). POorly cl e ane d d a iry f a rm a nd p roce s s ing pl a n t 

equipment probably C'Onstitute major source of microorg a nism s 

of raw milk with psychrotrophs (Thomas, 1958; Thomas , 1966) • 

Thomas and Thomas (1977) reported th a t gram neg 2tive rods 

were Cbminant in rinses from equipment in milk plants. 

Po s t pasteurization C'Ontaminatio n of mil k an d dairy 

pro ducts general! y results from imprope rly cl eaned and 

sanitized equipments as well a s from a irl:orne co ntamination 

(Thomas and nruce, 1969). 

2.s Incidence 

Milk pro duce d unde r sanitary conditions usually cont a ins 

10% of the total micro flora as psychrotroph s but milk p roduce d 
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under unsanitary conditions can contain nore 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 th a t safe refrige rated 

storage was about 72 h at less than s0 c. But Grosskopf and 

Harper ( 197 4) isOl ated B. ~~, B. circul ans, B. co agul ans, 

B. lentus, ~· lichenifOrms, B. macerans, ~· meg aterium, 

B. subtilis, ~· pumil~ ~n milk store d at 4°c/21-25 days. 

Le d: rd et al • ( 1980) a n cl ysed 24 fresh ( 43 hr old) and 

24 aged (held until sell by date) pasteurized milk samples 

and fOund carrel ation of log SPC with fl c.vour score was 

(r = O .80) when evaluated by trained panel. 

Early researcher concluded that psychrotrophic 

bacteria do not survive 1 aboratory 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 treatme nts, 

but some cultures isolated from milk and dairy pro ducts held 

0 
at 8 to 10 c were heat resistant. washam et &· ( 1977) 

isolated hec.t resistant microorganisms from pasteurized milk. 

The sporeformers were identified as sp. of Bacillus and non­

sporefOrmers were identified as sp. of corynebacterium and 

Arthrobacter. sudarsanam et al. ( 1982) isolated and 

identified heat re s istant psychrotrophic .§. 1 actis-121, 
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s. cremoris-40 and s. l actis subsp. diacetyl actis-128 from 

pasteurized milk. navies ( 1975) reported survival of spore 

forming bacteria in' the hee.t processing of milk. Motte.r 

( 1984) al st:> studied heat resistance of psychrotrophic 

bacteria (Pseucbm:>nas and Flavob cteriurn) with hiah extra-
~~~~---~ J 

cellular proteinase activity. COgh ill and Juf fs ( 1979) 

reported that pasteurization probably promotes spore germination 

and vegetative call mul tipl !cation proceeds. He c t trec.tmen t 

of the spores stimulates germination and subseque .t outgrowth 

whereas, hee.t treatment of the milk affected the initial r2te 

of active cell mul tipl ice.ti.on (Mikol aj cik and Kok a , 1968) • 

Maxcy ( 1979) reported that freshly pasteurized milk d i d not 

contain grcm neg a tive bacteria and their presence in milk 

was a result of :i;:iost pasteurization cont2ITiine.tion. Thomas 

~ al. ( 1960) al so fOund that occurrence of psychrotrophs in 

pasteurized milk is due to post-pasteurizatio n contcrninatio n. 

Later research had indicated that some gram negative bacteria 

may survive pasteurization tempera ture (Stadhouders, 1975). 

Yama et al. (1981) showed that PseuCbmonas sp . secure m:>st 

frequently in holding method of heat treatment. l iverio.., 

and Parmelee (1976) found at least 20 psychrotrophs /ml in 

freshly pasteurized commercial and laboratory milk samples 

in united states. 

since most growth appear d after 7 days, the psychrotroph 

may have been injured and needed time to recover before multi­

p! !ca tion began or to make adjustme nt to new heat treated 
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environment. Higher temp erc.ture for short times were le ss 

effective in destroying the Pseud:>monas sp . th an were lo we r 

temperature for longer times bec a use condition cre a t ed in 

the milk at high temperature may f avour recove ry of injured 

cell. Whereas, v.hang and Cho (1981) found that no psychro-

0 trophs were present in UHT milk (treated at 135 C/2 sec) • 

A cbuble he c.ting of milk at 80°c/10 min separated by ae robic 

incubation of 1 to 24 h did not reduce the spore loads of 

B. cereus and~· subtilis_ because the germinatio n rates 

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

2.6 Significance 

Milk produced under hygienic conditions cb e s not 

often show a rapid increase in psychrotrophic b ccterial 

0 
conte nt when held at temperature LS c, but milk p roduce d 

under unhygienic condition or heavily contaminated with 

psychrotrophs from poorly cleaned dairy and equipment 

usually shows a much mo re rapid increase (Thom a s, 1960) • 

The spoil age aspects of these organisms in pasteurized 

milk depends upon the types present, cell number, pro duct 

shelf-life, storage temperature etc. ( Wa sham et al., 1971). 

The levels of contamination by the psychrotrophic bacilli 

range from 25-35% (Grosskopf and Harper, 1969; Shehata and 

coll ins, 1971; JOhnston and Bruce, 1982) al though contami­

nation levels as high as 83~' have been reported (Chug and 

cannon, 1971) • 
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Many investigators have sho wn that t he t empe r a t u r e 

of cold storage is important th an the initial conc entr atio n 

of psychrotrophic bacteria in dete rmining t he r ap i dity 

of off-flavour development. 

Bacillus cereus is considered to be the most 

important of the sporeforming spp. found in milk. It 

produce 'bitty cream• de fect in pasteurized milk (cox, 1975; 

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

Psychrotrophic Bacillus sp . isolated by Johnsto n 

and Bruce ( 1980) exhibited biochemicel. cap abilities which 

would be of signific a nce in mil k spoil age , 84°0 hydrolyse d 

c a sein, 77"/o were l ecithinase positive, 83% we r e p roteol ytic 

in litmus milk, 57«y. hydrolysed cream and 8% f e nnent ed l acto s e 

2. 7 ~umeration of Psychrotrophs 

Many me thods which have bee n propose d for enumerating 

psychrotrophic microorganisms indicate a lack o f agree me nt 

on the subject, since no precise definition for psychro-

trophic bacteria exist s enumeration proce dure s are di f ficult 

to establish (IX>nal d ~ al., 1963). Pre s entl y , st a ndar d 

methods for the exsmination of da iry pro ducts reconune nds 

0 
incubating pl ates at 7 C for 10 days (Marth, 1978). Hartley 

et al. ( 1969) concluded tha t no single method can determine --
eyerything that necessary to assess the microbial quality 

of milk and dairy products. JOhnes (1971) concluded that 

0 
a temperature of 3 2 C was too high for some psychrotrophs 
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to grow and 7°c for 10 days was too long to we.it fOr a count. 

Eleventh edition of standard Method for Enumeration sanctioned 

optimal use of incubation time temperature (5-?°c/7-10 days) . 

Baumann et al. (1963) stated that 2 degrees difference in 

incubation temperature, 3 days difference in incubation time 

can cause significant difference in psychrotroph ic count$. 

0 
However, higher counts were obtained at 7 C/10 d a y s than 

at 5°c/7 days. 
0 

Thomas (1969) proposed 25 c for 5 d a y s for 

the total colony count of bacteria in refrige rated milk but 

0 28-30 c for 3-4 days tor routine purposes. waes ( 19 66) 

0 
suggested holding the pl ates at 17 c for 16 hours followed 

0 by incubation at 7 C for 3 days. Luck (1972) r eporte d that 

studies made by his CO'\l.Orkers with plate incubation at 27 or 

32°c for 2 days gave a good indication of psychrotrophic 

count. Juffs (1970) noted a tour d a y count for psychrotrophs 

0 0 
(24 hours at 15 c followed by 72 hours at 5-7 C) and gave 

re s ults comparable to the standard method of incubation p l ates 

at 1°c for 10 days. Luck and Hopkins ( 1975) r e comme nded the 

0 0 
following methods: 3 days at 15 c, 2 days at 15 C pl us 1 day 

0 0 0 
at 7 c and 1 day at 17 C plus 3 days at 7 c. 

Lund and s:>gaurd (1980) compar ed three me t hods of 

enumerating psychrotrophic counts u s ing incubation pe r iods 

of (i) 11°c for 17 h + 7°c for 3 days, (ii) 21°c for 25 h 

or (iii) 1°c for 10 days. He suggested that re s ults of 

(i) are similar to the standard method (iii) Oliveria and 
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Parmelle (1976) suggested a rapid me tho d for enumeration 

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

found a good correlation {0.996) o f this method with the 

standard psychrotrophic count method (7°c/10 days), 

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

for enumerating psychrotrophs in <Duble cream and comp ared 

the two methods of enumeration {6°c/14 days an d 21°c/25 hours ) . 

A very high correlation (r = o.9) was obtai ed between 

the methods. 

Preliminary incubation of milk at tempera ture abov e 

10°c for 18-24 hrs h a s bee n recommen deci as a mo dific ation 

to various methods {Druce, 1975). Joh ns (19 71) r eco mmende d 

preincubation of 16 h at 17°c before microbiolo g iccl t es ting 

of raw milk. coelho and Coelho (1979) studi_ d in fl ue nce o f 

cultures medium on accounting of psychrotrophic bacte ria i n 

milk and pasteurized l iqu:kl derivatives. They used standard 

pl ate, heart infusion, tryptone glucose extract, tripticase 

soya and Rogosa agar followed by triptica se soya, rogosa, 

tryptone glucose extract and standard plate a g ars. 

Kathleen and ronvon (1958) described a selective medium 

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

tre a tment. Medium having egg-yolk citrate , lithium chloride 

and polymyxin in the nutrient agar. Rowe and Gilmour (1983) 

used 3 media having minimal se.lt medium (l~ m 4Cl, 1% Na 2HP04, 

o.23
0 

KH
2
Po

4
, 0.05% Caco 3 and 0.05% MgS0 4). Supplemented 

with 3,. spray-dried sweet whey, 13 casein or thra e ~ whey + 
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0 
13 casein, incubated at 7 c for 14 days and observe d extra-

cell u1 ar protea se and 1 ipase activities. Sign ificant amounts 

of both enzymes were produced in medium containing whey + 

casein, but was low in me d ium supplemented with whey and 

absent from the medium supplement with casein. 

2.8 Biochemical Changes 

Milk serves as a complete and unsuppleme nted nutrient 

medium for growth and activity of psychrotrophic bacteria. 

Psychrotrophic organisms are important in milk because they 

are spoil age organisms in milk and milk products under 

prolonged storage at low temperature. These microorganisms 

biochemically alter the milk constituents (Ingraham and 

stokes, 1959). Bacillus c e reus was the cbminating spoilage 

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

Microbial enzymes produced by psychrotrophic bacteria 

cause undesirable changes in milk an d milk products includes 

discoloration, fermentation of 1 actose, glucose and other 

sugars, proteolysis causing off-flavour and lipolysis 

(Bigalke, 1985) • 

Yan ~ al. (1985) and Gord:>n (1982) stud i ed extra­

cellular protease isolated from psychrotrophic spore formers 

which hydrolyse protein and fat. 

Slight biochamical ch anges occur in e arly g rowth phase 

0 f psychrotrophs resulting in a lack of freshness or a stale 
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tas te an d on subsequent cold storage, a v a riety o f defect s 

appears, development of off-fl avour c.nd oCbrs due to 

p roteolysis and 1 ipolysis by psychrotrophs (Tho mas , 1966; 

Thomas and Druce, 1969) • 

Psychrotrophic bacteria producing he at re s istant 

lipase and proteinase cause an increas e in fre e -fa tty aci ds 

and free amino acids on storage at low temperature . 

Marshal (1982) studied the de gradation on mil k an d milk 

pro ducts caused mainly by the action of b acte rial e nzyme s 

1 ike pho sphol ipase s , heat stabl e p rotein a se s, hy dr o l a se 

in milk. 

Protein a s e compone nt s a re mo r e impo rta nt th an lipa s e 

components on the fl aver quality of milk (Christen et al., 

1985). Psych rotrophic bacte ri a c a use ch ange s i n stability 

of milk coagulation (Cousin an d Marth, 1977 ) . Psychrotrophic 

sporefox:mers cause blowing or swee t curdling o f milk 

(Skrebkova, 1979). Phillips et .2:!_. ( 198 1) foun d that the 

spo il age of cream on p rolonge d storage a t lo w t emp erature 

wa s mainly due to Bacill us s pp . 63'1a of the isol ates showed 

e nzymatic action on milk p roteins a nd f a t and 46° showed 

phospholipase ac t ivity. ~· subtili s cause r ap i d p roteolysis 

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

Changes in milk prote ins a s a result of p sychro­

trophic growth or enzym atic action a r e impo rt ant in the 

k e e i ng qual ity of milk and milk p roduct s a t r efrigeration 
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temperature. Jo n a thanp et al. (1984) found ch a nges in 

casein micelles size by growth of psychrotroph ic bacteria 

in raw skim mil ._ . Rele a se of various nitroge n compo nent s 

or degradation of individual protein fractions have bee n 

observed whe n studying proteolysis cause d b y p sychrotrophic 

enzyme (Mccaskey, 1967) • 

Ikonomo~ ~ al. ( 1970) fou nd th at at low temperature 

0 
(7-10 C) streptococcus l actis exhibited gre ater p roteolytic 

activity than other cultures of l actic acid b acteria. 

Vanderzant an d Moore (195 5 ) fou nd no correlat ion b e tween 

psychrotrophic population and proteolytic activity. 

Juffs et al. (1968) r eported th a t the proteol ytic activity 

was not proportional to growth since t he p ro teolytic 

activity peak was more pronounced at 3°c th an 20°c. 

Pseucbmonas .2!:roginosa was the most prolific p ro ducer of 

proteolytic enzyme. A large population was not r e quired 

for pro duction of significant amount s of heat resistant 

proteases (Adam et al., 1975) • Williamson et al. ( 196 2) 

a nd Maksimova (1970) observed a direct rel ationship between 

coagulation rate and proteolytic activity. 

2.9 control 

Psychrotrophic spore formers are very important in 

the dairy indu try. The co ntrol mu s t focu s on de s truction 

of p sychrotrophs or pre v e ntion o f the ir growt h in milk. 

Since prop e r cl eaning and sanitizing of dairy equipments 
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are important for pro duction of milk with acceptc.ble microbial 

quality. control of psychrotrophic sporeforrners should begin 

at farm level. Low temperature reduce s the r a te of microbial 

growth (Bodyfelt and oc:vidson, 1975) sporeformers in 

pasteurized milk have become more important beca use they are 

he a t resistant and grown at refrigeration temperature. 

Mikolajcik and Koka (1968) demonstrate d that the he-t resis tant 

Bacillus spores increased the rate of germination and out-

gro wth in milk. Spores of B. cereus were activate d by 

pasteurization of milk and outgrowth was observed within a 

short time (Wilkinson and Davies, 1974). nowever, spores of 

B. subtil is and B. l icheniformis demonstre:ted no outgrowth 

in pasteurized milk within 3 h. Fitz-Gerald et al. ( 1982) 

concluded th a t low temperature tre a tme nt are not t he effe ctive 

means o f overo:::>ming prob! em in dairy industry cc.used by heat-

resi:l.stant bacterial l ipases. 

Franklin (1970) observed that the tempe rature co-

efficient for ch a nge in a rel a tion rate was greater for 

bacterial spore destruction thc.n fOr chemical change, 

therefore, heating to a higher temperature for a shorter time 

should result in bacterial spore destruc.:ion • This principle 

is used for UHT processing of milk. 

Brown et al. ( 1979) suggested variations of the --
tyndafl ization process as a means of destroying spore formers 

v 
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in milk. Shehata and Collins (1972) suggested e process 

in which milk was heated at 87.s
0

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 cycle s , 

the shel f-1 ife of milk could be increased by 2 to 3 days. 

Brown et al. (1979) observed no effect on B. cereus and 

B. subtil is by a Cbuble heat treatment of 10 min at 80°c 

separated by anaerobic incubation of 1 to 24 h at 30°c. 

Fairbairn and Law (1986) studied the different ways of 

controlling psychrotrophs in raw milk (refrige rati n 

therrnization, addition of preservatives, activation of 

inhibitory systems in milk, seeding with lactic acid 

bacteria) and concluded that low temperature s torage CL4°c ) 

and good hygienic practices are the best way of controlling 

numbers of psychrotrophs in raw milk. Heating milk at the 

0 
fann for 10 sec. at 165 F and seeding the milk with lactic 

acid bacteria prior to refrigerated s torage was suggested 

to control psychrotrophic bacteria (Honer, 1981). Bjork 

(1978), Bjork ~ &• (1979) observed that the lacto-

peroxidase system is naturally occurring inhibitory system 

in raw milk that can reduce the bacterial content. The 

1 actoperoxidase system which consists of l actoperoxidase, 

thiocyanate and hydrogen peroxide, inhibited lactic 

streptococci and gram negative rods, especially Pseud:J!!E~ 

(Bjork~ ~.,1975). Mistry and Kosikowsky (1985) studied 

the influence of potassium sorbate and hydrogen peroxide 

on psychrotrophic bacteria in milk and observed that the 
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bacterial growth was retarded and the shelf 1 ife was 

increased with o.~~ potassium sorbate. 

Va rious additives h eve been examined for the ir 

effectiveness in inhibitory psychrotrophic bacteria 

(Moustafa and COllins, 1969). Moustafa an d COllins (1 96 9) 

researched selected food additives for their b actericidal 

effect on ~· fragi and found that only pot e.s siurn sorbate 

was effective at a suitable concentratio n (0 .3}. ) at pH s.s. 

Sirnil ar results were reported for Ps. fl uorescens, however, 

the concentration of sorbate and pH of the me dium determine d 

u1 timate growth. 

Shehata et al. ( 1985) studied the influence of 

sublethal shocks, L-cyetine, L-asparac;ine and nisin on 

generation of psychrophil ic bacillus spore s 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. ef f eet of nisin + L-cys tein 

wa s in order B. basidus, B. licheniforms, B. p urnil t us, 

B. cereus. 

2.10 Keeping Quality 

since multiplication 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 t emperature, 

causing spoil age of milk and dairy products. Many re s earche rs 
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have concluded th a t p sychrotrophic contaminatio n a n d k eep i ng 

quality are closely related. 

Off flavour h ave b e en detected orgaool eptically in 

milk in less than 5 days at 1 to 4.4°c. The mo s t common 

defect observed we re fruity and rancid flavor (Thomas !:t al, 

1961; Thomas , 19 66), B. circulans p ro d uces fruit 1an d r a ncid 
- I 

flavor and B. coagul ans and B. l aterospora pro duced f r uity 

and unclean flavor (Shehata e t & • , 1971) • Raw an d paste urized 

milk usually spoil when held at refrigerated temp e r a ture 

b e cause of the action of psychrotrophs contorninatio n (~11 iot 

et al • , 197 4) • The populations needed to cause detectable 

changes in milk varies among genera, among species an d within 

a genus, but levels at which flavor ch a nge s occurred were 

similar at 6° and 20°c (Punch et~., 1965). Milk spo ilage 

by psychrotrophs was reported in a range of popul ation o f 

1x10 2 to 1x10
7
/ml (Tekinson and Rothwell, 1974). IvlO s t 

psychrotrophs will produce a detectable flavor change when 

the population exceeds 1 million/ml according to Richter (1 9 79 ) . 

Patel and Bl ankenagel ( 1972) observed that milk still was 

7 
accep table 14 days after pasteurization with a cou nt of SxlO 

organisms/ml. Low temperature has bee n an important C'Ontrol 

for prolonging the shelf 1 ife of pasteurized mil k . Smith 

et al. ( 1972) observed that milk with high psychrotrophic --
counts usually had shorter shelf 1 ife than milk with low count s . 

But Lausten (1978) fOund that Pseud:>monas, Acinetobacter 
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and Baell~ spp. still rem a in Cbmin ant in milk a t 7°c; 

10 days, Boyd et al. ( 1955) found that when s tor age 

temperature wa s lowered fro m 40°F to 33°F t he ke 2p ing 

quality wa s found to be extended 11 to 14 days. Bl ank 

et al. (1984) studied the effect of col d s torage and 

enrichment with psychrotrophic bacteria on q uality of UHT 

milk. They concluded that the enrichme nt with p sychrotrophs 

showed slight higher values of NPN, some free amino acids, 

HMF and viscosity due to proteolysis. Howeve r, microbial 

spoil age was dependent on the number of microo rgc.nism s 

contaminating the milk, length o f lag phase of growth, r ate 

of growth at storage temperature and type o f microorganism s 

present. Lipolysis in stored milk was not clo sely rel ated 

to the total concentration of psychrotroph ic bacte ri a but 

l ipol ytic rancidity was not obse rve d when pseudomo nas counts 

6 
was below SxlO c. f.u./ml (Muir et al., 1978). Finley et al. 

(1968) noted that as storage temperature increased, the 

ke ep ing quality decreased, 81~ of milk held a t o° C rem a i ne d 

a ccep table for ove r 3 weeks, but only 15'h o f that held at 

7. 2° c was accep table for mo re than one week. 

Jackson (1 9 78) r eport ed th a t in addition to micro-

biological deterioration which affect the shel f 1 ife of 

Wh ite et al. --milk are enzymatic and physical de teriora tion. 

5 
( 1979) inoculated raw milk with lxlO proteolytic psychro-

trophs/ml and incubated the milks et 5 to 25°c for 24 h 

betore pasteurization a n d storage at 4°c. After 14 days , 
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this milk wa s unaccep table o n t h e bas i s of flavo r s cores 

and high proteolysis values. Proteolytic v c.l ue and 

accep tability d::> not al ways correl ate well with t h e 

microbial population ( ~lliot~ al., 1974). Agg a rwal and 

Srinivasan (1986) studie d the i n flue nce o f Bacill us cereus 

on the keep ing quality of pasteurized milk . Bacillus s pp . 

are the potential spoil age orga ni sms in mil k an d mil k 

products (Magd:>ub et al • , 1983) • La ngeve l d e t al • ( 1965 ) 

reported th a t some milk was spoiled by aerob ic spo r e forme r s 

strains of Bacillus circul a ns which ferment e d 1 acto se , 

~· cereus strains have been implica t ed i n b itty cre am and 

sweet curdling defects of p asteurized milk (Choudh a r y and 

Mikolajcik, 1971; cox, 1975). Ov e rcast e t al. (1974) 

al so studied Bacillus c e r e us i s t he cc.us ative o rganism 

exhibiting sweet curdling with i n 10 d ays on r efrige r ation • 

The curd usually develops only on the oottom of the 

container of milk and may result from case i n degradatio n 

(Choudhary and Mikol ajcik, 1971) • 

. . . : . . • • . 
. . • • • . 

• . 
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MATE IAL S A:>.TD ETHODS 



3. MAT~R I>LS AND M~THODS 

3 .1 Collection and Anal ysi s of Pasteurized Milk Sampl es 

One hundred and ten sc.mples of p aste urize d tone d mil k 

in pouche s were collected from Experime ntal Deiry of Natio nal 

Dairy Research Institute, Karncl. The y were divide d into 

two batches and stored ct two different temp r ature s 7°c 

0 and 22 c respectively. The samples we re anlay sed for 

psychrotrophic spore count, proteolytic psychrotrophic spore 

count. 

Twenty buffalo milk samples were coll ected from the 

c attle Yard and an2lysed for acidity, pH, COB, alcohol a nd 

proteolytic activity tests to st udy the cction of isolates 

on steamed and steril !zed milk. 

3 .1.1 Psychrotrophic spore count 

0 
samples were heated to 80 c for 10 min in water b a t h 

and suitable dilutions of he a t treate d milk sampl es were 

plated on TDYA (Tryptone dextrose yeast extract agar). The 

incubated at 22°c for 25 hrs (Lausten, 1981 pl ates were 
0 

and Luck ~ al:., 1984) and 7 C for 10 days (I. D.F., 1981). 
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3.1.2 Proteolytic psychrotrophic spore count 

Heat tre ated milk samp le s plated on TDYA fortified 

with r e cons tituted skim milk gave the proteolytic psychro­

trophic spore count. The pl a t e s we re incub2ted c.t 22°c fo r 

25 hrs 2nd at 7°c for 10 days (I. D.F., 1981; Laus ten, 1981 

and Luck et al., 1984). The colonie s showing d i ccre t e 

zone of clearance around them were counte d. 

3. 2 Isolation of Psychrotrophic spore Forme r s 

Typical colonie s sho wing compar a tively b i gger zone o f 

clearance on milk agar p l a t e s (T DYA fortified with 1 0~- RSM ) 

were selecte d. Spore formers were p ick e d up r ancbml y f rom 

other psychrotrophic b acteri a by microscop ic e x 2ITl i nation. 

selected isolates were inoculate d into BH I broth (Br a in 

Heart Infus ion Broth) for th e ir enrichme nt. The t ub es we re 

incub ated at 37°c fer 24 hrs . Rep r ese nt a tive colo ni es o f 

proteolytic spore farmers we re p urified by r epec.t e d s tre ak i ng 

on milk agar. I sol a t e d... colonie s th at appear ed o n incubation 

at 22°c tor 48 hrs were transferred on to TDYA sl ants and 

maintained at s0 c in a refrigerator. The cultures were 

subcultured at monthly intervals. 

3.3 s creening the Isolates for Proteas e Activit~ 

The proteolytic psychrotrophic spore farming isol ates 

we re screened tor the quantitative production of extracell ul 2r 
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protease in a broth medium containing 1~- tryp tone a nd O. 25~ 

ye 2st extr2ct (pH 7.0) which supported both g ro wth a s well 

as enzyme p roduction. Medium was inocul a t ed a t 2'}, l ev el 

from 24 hr old broth cultures and incubat ed a t 2 2°c fo r 

48 hr. The cell free supernatant was obtained b y c entri­

fugation at 7000 rpm for 30 min an d the p rote2se activity 

in the supernatant was assayed. 

3.4 Assay of Protease Ac tivity 

The protease activity wa s dete rmine d acco rding to 

method of Keay and Wil di ( 1970 ) with some modi fic atio ns . 

3. 4. 1 Procedure 

TO one ml of the substrc:te ( 1'} .. c ase in i n 0 . OSM 

0 
phosphate buffer, pH 7.0), e qu ilibera te d fo r 5 min at 37 c, 

added 1.0 ml of suit ably diluted ( 1: 5) c ul ture s upernc.t a nt 

previously equil iberat e d at the same t empe r at ure and afte r 

mixing, the reaction mixture was incubat e d a t 37°c for 1 h r . 

Th e reaction wa s termina ted by addi ng 2. 0 ml of 0 . 4M tri-

chloroacetic acid (TCA) and the mixture was furthe r incubat ed 

at the same temper ature for 10 min. The precip itated prote ins 

were the n filtere d through Whatman NJ .1 filte r pape r and the 

tyrosine conte nt in the filterat e wa s determine d colorirne tri­

cally. FOr blank, the substr2te was p recip itated with TCA 

before adding the enzyme solution an d t h en trea t e d as 

describe d above. 
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3.4.2 Determination of free tyro s ine 

Tyro s ine conte nt of TCA solubl e fil terate was dete rmine d 

by developing color with Fol in' s phenol r eagent accord ing to 

the method of wwry et al. (1951) with some modific atio ns. 

3.4.2.1 Reagents: 

A. FOl in' s phenol reagent: It was freshly prep a r ed 

according to the method of FOlin-Cioccltea u (1 9 27) and dilute d 

1:1 with distilled wate r before use. 

B. sodium c a rbOn a te solution: A 0 .4M solution o f sodium 

c a rbon a te was prep are d in distill e d wat er . 

3.4.2.2 Procedure : 

To one ml of fil tera te o bte.ined f rom TCA precip it c. tion, 

5.0 ml of 0.4M so d ium c a r bonate solution was ad e d fo llowe d 

b y 1.0 ml of l N FOlin's reage nt an d incubated at 37°c for 

20 min for color development. The inten_ity of blue color 

was me asured a t 660 nm in ill ico Spe ctrocol Colorime t e r. 

3.4.3 ~ndard curve for t y rosine 

A s tock solution of L-tyrosine (BD-!) was p r e p ared b y 

di s solving 100 mg in minimum q u ant ity of O.lN sodium hydroxide 

an d mak ing the volume t o 100 ml with gl ass d i s till ed water, 

the r eby getting a concentration o f 1000 g per ml. A series 

0 
f dilutions were then prep a red from stock solution to h ave 

solutions with tyrosine concentrc:tio n r a nging from 10 to 100 

pg/ml. one ml aliquots of the t y ro s ine solutio ns were tree.tea 
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a s in 3 . 4 . 2 . 2 for dev elop ing color . The s t anda r d c urve 

(Fig • 1) wa s drawn by pl otting the o p tic al dens ity v alues 

a ga inst the t y ro s ine co nc entra tio n . 

3 . 4 . 4 Unit o f activi!_y 

Th e protease ac tiv ity of the enzyme on case i n was 

expresse d in terms of unit s , where a unit i s d fin d as t he 

amount of enzyme required to r e l e2se TCA sol ubl e fr 2grnen t s 

givi ng bl ue color equival ent to one pg of t y r os i ne un der 

the conditions of the assay . 

3.5 I dentification of Psychrotro oh ic SpO r e Forming I sol a t es 

All the sel e c ted isol at~ were i dentified acco r d i n 

to Bergey ' s Manual of Determinative Bacte riology ( Buch anan 

and Gibbon s , 197 4) . 

3 . 5 . 1 Media and re agents 

Th e v a riou s cul tures m=di a and re agen t s u sed in 

ch a rac terization of the isol a t es a n d t he ir compositio n e r e 

given below. All medi a , unl ess otherwise s t a t ed, were 

0 
sterilized by autoclaving at 121 C a nd 15 ps i for 20 min . 

3 5 1 1 Tryp tone dextrose yeast extract agar: . . . - - -

Tryp tone s .o g 

yeast extract 2 . 5 g 

.Dextrose 1 . 0 g 

Ag a r 20 . 0 g 

Distilled water 1000 ml 

pH 7.2 .± 0 . 1 
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3.5.1.2 Peptone broth: 

Peptone 5.0 g 

Potassium dihydrogen 5.0 g 
phosphate 

Glucose 5.0 g 

Distilled water 1000 ml 

pH 7.0 

3.5.1.3 Nitrate broth: 

Peptone s.o g 

Potassium nitrate 0.2 g 

Distilled water 100 0 ml 

pH 7.0 

3.5.1.4 Nutrient bro~: 

Peptone 5.0 g 

Yeast extract 2.0 g 

NaCl 5.0 g 

Beef extract 1.0 g 

Distilled water 1000 ml 

pH 7. 4 

3.5.1.5 Gelatin agar: 

Pep tone s.o g 

Beef extract 3.0 g 

Gelatin 3.0 9 

Agar 15.0 g 

Distilled water 1000 ml 

pH 7.0 



3.5.1.6 Acid mercuric chloride: 

Mercuric chloride 

Distilled water 

Cone. HCl 

3 .s .1. 7 Nutrient gelatin: 

Gelatin 

Peptone 

Beef extract 

sodium chloride 

Distilled water 

pH 

3.5.1.8 Koser•s citrate me dium: 

sodium ammonium phosphate 

KH 2Po 4 

MgS04 

sodium citrate 

Bromothymol blue 

pH 

3.5.1.9 Basal medium for sug a r fermentation: 

Peptone 

S>dium chloride 

Brome thymol blue 
(O. 2'C aqueous solutions) 

Distilled water 

pH 

33 

12. 0 g 

so.a ml 

16. 0 ml 

150 .o g 

10 .o g 

10 . 0 g 

5 .o g 

1000 ml 

7.0 

1.5 g 

1.0 g 

0.2 g 

2.5 g 

0 .016 

6.8 

10 .o g 

s.o g 

12.0 g 

1000 ml 

7.2-7.4 
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Ten per c ent solution of dif fe r e nt suga r s we r e 

separate! y sterilized by mill ipore filte r a n d adde d 

aseptically to the b a sal medium at 1% l e vel b e fore use . 

3 . 5 . 1 . 10 Starch agars 

Pep tone 

Beef extract 

sodium chloride 

Agar 

soluble starch 

Distilled water 

pH 

3 . 5 . 1 . 11 Lugol ' s iodine: 

Iodine 

FOtassium iodide 

Distilled water 

10 .o g 

10 . 0 g 

5. 0 g 

16. 0 g 

2 . 0 g 

1000 ml 

7 . 5 - 7 . 6 

s. o g 

10 .o g 

1000 ml 

The solution was diluted li5 with distilled w- t e r before 

use . 

3.5.1 . 12 urea agar: 

peptone 1 . 0 g 

sodium chloride 5.0 g 

petassium dihydrogen 2 . 0 g 

phosphate 

Agar 20 .o g 

Distilled water 1000 ml 
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The ingredients of the medium were dissolve d by 

heating and the pH adjuste d to 6 .8. Afte r f il t e r a tion, 

1.0 g glucose and 6 ml of O. 2°/o phenol r e d solution s were 

added to the molten b a se which was then steamed for 1 hr 

and cooled to 50 to 55° c. queous solution of ur e a wc:s 

separately sterilized by membrane fil tera tio n an d a dde d 

aseptically to the basal medium at 20CJ. level. It was then 

distributed asepticol.ly into sterile tubes. 

3 .S.1.13 Try~one broth: 

Tryptone 

Beef extract 

Distilled water 

pH 

3.5.1.14 Kovac's reagent: 

p -Dimethyl amino­
benzal dehyde 

Amyl alcohol 

cone. HCl 

10 .o g 

3.0 g 

10 00 ml 

7.4 

5.0 g 

75.0 ml 

25 . o ml 

The aldehyde was dissolved in alcohol by genU y warmi ng 

in a water bath about se-ss0 c an d then acid was a d ded aft e r 

cooling the solution. It was stored at 4°c in a n amber 

colored bottle. 

3 • 5 • l. l5 Hydrogen peroxide: 

3CJo aqueous solution 



3.S . 1.16 Nitrate test reagent: 

i) SOl ution A: o< Sul f anil ic acid 

S N Acetic acid 

ii) SOl ution B: L- Naphthyl amine 

SN Acetic acid 

0 . 4 g 

so ml 

0.2S g 

s o ml 
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Equal volume s of solution A a nd B were mixed before use . 

3 • S • 1 • 17 Skim milk ag ar: 

Tryptone s . o g 

Yeast e xtract 2. 5 g 

Glucose 1. 0 g 

Agar 20 .o g 

Distilled water 100 0 ml 

pH 7. 5 ± 0 .1 

skim milk powde r ( SMP) at 10% l e v el wc: s reco nsti t uted an d 

0 
sterilizea, the agar was cooled to SO c, a dde d r e co nsti t uted 

sterile skim milk at the rate of 1oc . v/ v before plating . 

3 . S.1.18 Physiological saline ( dilutio n blank): 

sodium chloride 

Distilled water 

3.S . 1.19 O. lN NaOH: 

sodium hydroxide 

Dis tilled water 

9 . 0 g 

10 0 0 ml 

4.0 g 

1000 ml 



3. 5 .1. 20 Phenolphthalein ool ution: 

Ph e nol ph th ale in 

Ethyl alcohol 

3.s.1.21 Brain heart infusion broth: 

Ready made BHI media(HI) 

Distilled water 

3.5.1.22 Litmus milk: 

Skim milk 

Litmus ool ution 

3. 5. 1. 23 Kl igl er iron agar: 

Beef extract 

Yecst extract 

Peptone 

NaCl 

Lactose 

sucrose 

nextrose 

Ferric citrate 

s:>dium thiosulphate 

Phenol red 

Agar 

Distilled water 

pH 

37 

1.0 g 

100 ml 

37. o g 

1000 ml 

100 ml 

10 ~ .. 

3.0 g 

3.0 g 

20 . o g 

s.o g 

10.0 g 

10 .o g 

1.0 g 

o.3 g 

0.3 g 

o.os g 

12.0 g 

1000 ml 

7.4 .± 0.2 
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3.5.2 Morphological characte rization 

The cultures of selected isol a tes we re s tud1.ed for 

shape of cells, motility, gram r e actio n an d sp0 r e position 

by microscopic examination. 

3. 5. 3 Cultural and biochemical characte rization 

The following te s t s were conducted fOr cultural en d 

biochemical characterization of the selected isolate s. 

3 .5 .3 .1 Catal ase testi 

FO rty eight hr old TDYA slant cultures o f the irol a t e s 

incubated at 22°c we re taken and 2-3 drops of 3, c H
2
o

2 
s::>lution 

was poured over the growth. Libera tion o f g as bubbles due 

to decomposition of H
2
o

2 
was taken as the positive catal ase 

reaction. 

3.5.3.2 Reaction in litmus milk: 

Litmus milk tube s inoculate d with the isol a t e s we re 

incubated at 22° c £or 24 hr and observed for acid p roduction, 

reduction of 1 itrnus, curdling and peptonization. 

3.5.3.3 Acetyl methyl carbinol production: 

The cultures we r e inocul a t e d into glucose phosphate 

0 
peptone wa ter and incubated at 22 C for 24 hr. Three mill i-

1 it res of 404'1 potassium hydroxide solution (KoH) an d pinch 

of creatine wa s added to the tube s , mixed and kept for 30 min. 

A red coloration was indicative of acetyl me thyl carbinol 

pro duct ion. 
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3.5.3.4 Nitrate reduction t~: 

The isolates were inoculated into ni t r a t e broth 

snd incubat~d at 22°c for 24 hr. Reduct~o n o f nitra t e to 

nitrite was ind ic a t e d by the dev~l 0pment of red color within 

a few minutes after the addition of 1.0 ml o f nitra te test 

reagent to the culture. 

3 .5.3 .s Gelatin hydrolysis: 

Hydrolysis of gelatin was examined both o n gelatin 

agar and in nutrient gelatin tubes. 

3.5.3.5.1 Gelatin Agar,- Th e cultures were s treaked 

on the gelatin agar and incubated a t 22°c for 24 hr. 

Observations were made for the cl eari ng around the line of 

growth when acidified mercuric chloride solution was poured 

over the plates. 

3.5.3.5.2 NUtrie nt gelatin:- Stab inoculation o f the 

isolates were made in nutrient gel a tin tube s and i ncubated 

at 22°c. At different intervals during incuba tion, the tubes 

were removed from incubator, held at 4°c for 30 min and 

observed for the 1 iquefaction of gel a t in. 

3.5.3.5 TOlerance to sodium chloride: 

The isolates were inoculated in nutrient broth 

containing 53 sodium chloride. The tubes were incubated at 

22° c fO r 24 hr and observed ~r growth. 
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3 .5.3. 7 Citrate utilization: 

, 

A l oopful of t h e c ult u r e was inocul 2t ed i nto Ko ser' s 

citra te medium and incubated a t 22°c for 24 h r . Growth in 

medium was iPdicative of the utili zatio n of citrate a s the 

sole carbon source by the organism and color ch2nges fro m 

lighter green to blue. 

3.5.3.8 Fermentation of sugar: 

The cultures were inoculated into di ffere nt tube s 

of the basal medium containing 1% of the following sugars: 

fructose, rnannitol, arabino se , xylo se, r a f fino se , sucrose, 

maltose, 1 acto se, dextrose, sal icin. After incubation 

0 at 22 c for 24 hr, the tubes were examined for acid and 

gas production as indicated by the ch.'3nge i n color of the 

indicator from blue to yellow and accumulation of gas in 

Durham tube. 

3.5.3.9 Hydrolysis of starch: 

The isolates were stre aked o n st arch aga r pl a t e s a nd 

after incubation at 22°c for 24 h r . The pl ates were floode d 

with Lugol's Iodine. Appearanc e of cl ear area a round the 

colonies against a blue black background were observe d . 

3. 5. 3 .10 urease pro duct ion: 

The production of urease by t he isol a te s was examined 

us ing urea agar. The slants were streaked with t he culture 

and incubated at 22°c for 24 hr. Presence o f r ed color 

indicated hydrolysis of urea . 
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3.5.3.11 Incbl e p ro ductions 

The cultures were inoculated into tryptone b roth 

tubes and incubated at 22°c for 24 hr. Dev e lopment of 

a pink color in amyl alcohol 1 a r e r on addition of Kovac' s 

reagent was taken as positive test. 

3.5.3.12 H2s production: 

The p ro duct ion of H 2s by the is:>l a t e s was examine d 

using Kl igler iron agar. The sl an ts were s treake d with 

the cUltures and incubated at 22°c for 24 hr. Presence 

of black color indic ated p roduction of H2s. Red slop e 
~\-r . 

and yellow butt shows su~ fermentation a nd yellow slop e 

a r.d. .iellow b utt shows l octo se hydrol ysi ~ . 

3 .6 Keeping Quality Test 

Fellowing keep ing quality te s ts were p e r forme d on 

steamed milk (steamed fOr 1 hr) and sterilized milk 

0 
(autocl aved at 121 C an d 15 psi for 20 minutes), 

inoculated the isolates in the above milks a nd incubated 

at 22°c and at 7°c. 

3.6.1 Clot-on-Boiling test (COB): 

Five ml milk was taken in t est tube and he a ted in 

water b a th at boiling temp erature for 5 to 6 min. Remove d 

the tubes from the water bath an d .rotated t h e m in an al mo st 

horizontal position, e x am ined the film on t he s ide s of the 
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tube for any precip itated p articles. Th e formation of 

clot constitutes a positive COB test. 

3.6.2 Al coho! test 

Five ml of milk was taken in a test t ube and 5 ml 

of 95°0 ethyl al coho! was added, shake n well 2nd examined 

the film of milk on the sides of the tube for 2ny flakes. 

The formation of flakes indicate a positive alcohol test. 

3.6.3 Acidity test: 

Titratable acidity of milk is due to the growth of 

organisms, increased with the elapse of time was determined 

by titrating 10 ml of milk scrnple with WlO NaOH using 

pher£.Jl~hthal ein as indicator. The results were expressed 

as per lactic acid ( ISI, 1960) • 

3.6.4 Et! 

pH was determined by Global Digital pH meter. 

3.6.5 Proteolytic activity 

The protease activity was determined according to 

method of Keay and Wil di ( 1970) with some modification. 

The method is same as used in 3. 4. l Assay of protease 

activity~ 

s : : : s 

: : s 
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The d ata obt a ined in t h e r r e ent stud s· ws t he 

i solation, i denti f ic a tion and c harc:cter i z c.tion of psychro -

trophic sporeformers from pasteurized t oned mil k a t heir 

effect on keep ing quality of sterilized an d s teane d mil ks . 

The d ata p re sented are i n the form of t able s 1 to 16 and 

figures 1 to 5. 

4.1 Bacteriological Ex am i na t ion of Pa t euri ze d .1i il k 

Th e dc:ta obt a i n d fro m the a nalysis of 110 s un=-l ec- of 

pasteurized tone d milk for psychrotrophic s: re count and 

p roteolytic psychrotrophic spore c ount c:r~ ~ resented i n 

summarized form i n Tabl es 1 and 2 . Po.s t euri z ""'d tone d wilk 

0 
samples in pouche s we r e stored a t 7 c for 10 days an at 

22°c for 24 hr s prior to analysi s . 

4 .1.1 Psychrotroph ic spo r e count 

M'le n the pasteurized toned mil wa s anal sed after 

storage a t 1°c for 10 days , on fur the r i c ub,..,t i on of pl ates 

at 22°c for 24 h rs , 43 amp! es how.:d t he psychrotroph ic 

s pore c o unt in the range o f 500- 10 O/ml , in 4 s ampl e r anged 

f rom 10 0-500/ml, 8 samples r a nged from 100 0-1500/ml and 

11 s ampl es falls in the range of 1500/ml to 2000/ml an 44 

samples indica ted the psychrotrophic spore count >2000/ml. 



Table 1: Distribution of psychrotrophic spore count and proteolytic psychrotrophic 
spore count in pasteurized toned milk 

Type Of 
sample 

Psychrotrophic spore count 
Incubation Temperature 

22oc•- - - --70C"'* 
Range/ml NJ. of Range/ml N:> • of 

samples sarjlpl es 

Pasteurized 1-500 9 1-1000 6 
toned milk 
stored at 

0 
22 c for 
24 h 

501-1000 12 1001-5000 29 

1001-1500 17 5001-10000 28 

1501-2000 22 ~ 10000 47 

2001-5000 48 

>sooo 11 

* Pl ate s incubate d for 24 hr1 

** Plates incubated for 10 days 

Proteolytic psychrotrophic spore count 
Incubation Tempera ture 

220C* 70c•• 
.,.R_a_n_g_e_/~ml-_.;;;..;;;__.;:;.N:>_.-o"""'"f- Range/ml N:> • of 

samples samples 

Nil 0 Nil 0 

1-25 14 1-50 5 

26-50 47 51-100 39 

51-75 9 101-200 57 

76-100 39 201-3 0 0 9 

·100 1 _. 300 6 

~ 
~ 



Table 2: Distribution of psychrotrophic spore count and proteolytic psychrotrophic 
spore count in pasteurized toned milk 

Type of sample Psychrotrophic spore count 
Incubation temperature 

22°C* 7°C** 
Range/ml N:> • of Range/ml I\P • o f 

samples samples 

Pasteurized Nil 0 Nil 0 
toned milk 
stored at 1 - so 0 1 - 50 0 
7°c/10 days 

50 -100 0 51 -100 0 

101-500 4 101-500 0 

501-1000 43 501-1000 1 

1000-1500 8 1001-1500 24 

1501-2000 11 1501-2000 37 

2000 44 > 2000 48 

* Pl ates incuba t ed for 24 hr; 

• • Plates incubated for 10 days 

Proteolytic psychrotrophic spore count 
Incubation temperature 

22°c• 7°c•* 
Range/ml N:> • of Range/ml N:> • I> f 

sarnpl es samples 

Nil 11 Nil 0 

1 - 25 57 1- 25 3 

26 - 50 17 26- 50 52 

51 - 75 12 51- 75 25 

76 -100 9 76-100 30 

./100 4 '7 100 0 

.r::. 
Ln 
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When ~e milk was incubated at 7°c for 10 d ays , 48 s crnpl e s 

s howed the psychrotrophic spore count ::.-2000/ml. In 37 

samples counts r a nged from 1501-2000/ml,in 24 s 2mpl es 

from 1001 to 1500/ml an d in one s ar.·1pl e r a nge d f rom 501-

1000/ml (Table 1). 

During pasteurization treatment most of t h e c ell s 

were destroyed an d the cell fragments might r e cup e during 

p re incuba tion period and those cell s need time to repair 

0 
themselves and multiply hence at 7 C/10 d 2ys, count s we re 

more (Sudarsanam and Sriniva san, 1982 ; Upl ack sh a nd 

Sudarsanam, 1986). These fin d ing s were t el l y i ng with t he 

findings of the above authors. Whe n the pasteuri ze d tone d 

0 
milk was analysed, after storage at 2 2 c for 24 hrs, on 

incubation at 22°c for 24 hrs, 12 s cmpl e s showed spo r e count 

ranged from 501-1000/ml, 17 had counts r ange d from 100 1-

1500/ml, 22 samples indic ated spo r e count r a ng e d from 150 0 

to 2000/ml and 48 sample s r a nge d from 200 1-5000/ml and 

11 samples showed even more th an 5000/ml. On incub ation 

at 1° c fO r 10 days, when same milk was analyse d for 

psychrotrophic spore count s , count s were highe r a s comp are d 

to the count of 22°c for 24 hrs. 47 sample s showed spore 

counts ~· lQOO,) and in 28 sampl e s dat a r a nged from 5001-10 , 00 0 

s ore count, 29 samples count r a ng e d from 1001 to 5000 p er ml 

and 6 samples showed counts r a nged f rom 1-1000/ml. 

Bishop a nd White ( 1985) r eported that a p r e incubation 

at 21°c tor 14 hrs was best~ Chug a n d cannon (1 971) sta ted 
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that 83 .3% of the raw milk samoles cont a ined 2 to 90 0 

spores/ml. El-Bassiony ~ ~· (1985) repo rted t ha t co un t s 

obtained with incubation at 21°c for 25 hrs were slightly 

higher than those obtained with incubation at 1°c for 

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

for psychrotrophs. 

Mikol aj cik and simon ( 1978) exam ined 109 r aw mil k 

samples and noted that 13% of t h e milk he a te d a t ao0 c 

for 12 units contained psychrotrophic spore count of 10 or 

0 
more/ml. After storage at 7 C/7 days 58° of the sample 

had psychrotrophic spore a::>unt 10 or more/ml en d an ave r c.ge 

of 340 psychrotrophic spore/ml. Joh rrs (1971) r epo rted 

that psychrotrophic bacterial a::>unt ranged from 40 to 

4,00,000/ml of milk. Lausten (1978) comp a r e d i ncubation 

for 25 hr at 21°c with incubation for 10 days at 7°c and 

0 0 
there was a high correlation 0.968 (7 C) and o.98 4 (22 C) 

betwe er. sht!l f 1 ife and increase in p s ychrotrophic spore 

count (Luck et al., 1980) • 

Proteolytic psychrotrophic spore count 

0 
Pasteurized toned milk whe n stored at 7 C tor 10 days 

and then analysed for proteolytic psychrotroph ic spore count 

on incubation at 1°c tor 10 days and 2 °c for 24 hr showed 

difference in counts at both the temp eratures . 14 samples 

have proteolytic psychrotrophic spore counts in the range 

of 1-25 per ml, 47 samples r anged from 26~50, 9 r ange d fi:om 
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51-75, 39 ranged from 76-100 and 1 sample h ad count s more 

than 100. same sample when incubated at 1°c for 10 days 

showed spore counts ranged from 1-50 in 5 s ample s , 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 an d some need longe r time to 

grow. At low temperature the proteolytic count s increa sed 

0 as compared to the temperature a t 22 c for 24 h rs . 

Proteolytic psychrotrophic spore count i n milk stored 

at 7°c for 10 days was inoculated with the isol oted spores 

and incubated at 22° C for 24 hr. 11 s amples sho wed no count, 

57 samples ranged from 1-25 count s/ml, 17 s amples showed 

range from 26-50 counts/ml, 12 samples showed 51-7 5 counts/ml 

and 9 samples denoted 76-100 count s/ml an d only 4 samples 

showed counts more than 100. 
0 

But when incubated at 7 c for 

10 days, proteolytic psychrotrophic spore count r anged from 

1-25 in 3 samples, ranged from 26-50 in 52 s amples and from 

51-75 in 30 samples and oone h ave more th a n 100 counts/ml. 

4. 2 Isolation of Psychrotrophic SpOreforrners 

Typical colonies of psychrotrophic sporeforrning 

bacteria exhibiting clear zone around them on tryptone 

dextrose milk agar pl ates and other sporeforming colonies 

on tryptone dextrose yeast agar were rand:>rnl y sel e cted and 

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



Fig . 2: Purific a tion o f sel e cted 
psychrotroph ic spore fonning 
i sol ates 

A. Streak pl ate t e chnique 
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Table 3: Protease activity of psych ro tro ph ic 
spore formin g isol ates 

I sol ate 
Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

Enzyme 
activity 
(units/ml) 

245 

200 

16 0 

150 

130 

160 

120 

120 

120 

110 

170 

160 

100 

145 

130 

220 

160 

180 

145 

150 

150 

120 

I sol ate Enzyme I sol a te 3nz 
mbe r activity 1u be:- c t i vity 

(unit s/ml) ( u nit s/ ) 

23 15 0 45 30C 

24 160 46 20 0 

25 15 0 47 19 5 

26 145 48 17 

27 1 45 '19 160 

28 150 5 180 

29 150 51 16 0 

30 150 5 2 2 L 

31 150 53 180 

32 145 54 150 

33 180 5 5 16 0 

34 180 56 2 0 

35 160 57 160 

36 230 58 16 0 

37 210 59 180 

38 170 60 195 

39 16 0 6 1 180 

40 170 62 195 

41 145 63 20 0 

42 120 64 180 

43 220 65 200 

44 220 66 110 

~ 

1 · 

\ 
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Table 41 Distribution of psychrotrophic spore fOrming 
isolates according to their enzyme activity 

Enzyme activity 
(units/ml) 

l50 

51-100 

101-150 

151-200 

201-250 

251-300 

> 300 

~):>. 0 f 
isolates 

0 

1 

25 

33 

6 

1 

0 

Total 
i sol a tes 

(%) 

0 

1.5 

38 

50 

9 

1.5 

0 
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Proteolytic changes brought about b y t he 

psychrotrophs sporeformers in milk have bee n reported by 

several v.o rkers (Yan et al., 1985 and c-o r Cb n, 1982) • 

Sh a rma et al. ( 1984) reported that the p rote ase c.ctivity 

of 50 psychrotrophic spore forming isol a t e s r anoe d f rom 
"' 

20 to 480 units/ml. 24% of the total isol a t e s exhib ited 

e nzyme activity in the r anee of 51-100 un it s/ ml wh il e 2<J-~ 

had p rote a se activity of more th an 300 unit s/ ml . 

4.4 Identification of the Isolates 

4.4.1 Microscopic examination 

All the sixty six isol a te s we r e foun d to be motil e , 

rod shaped, sporeforming bacilli with ability t o form 

central spores (Table 5). 

4. 4. 2 Cultural an d biochemical characteri s tics 

All the cultural a nd biochemical char c.cteristics 

of all the 66 irol ates are presen ted i n Tabl e 5. All the 

0 isolates grew well at 22 c whe n g rown on trypt one dextrose 

yeast agar. All the isolates were aerob ic, c at al a se :positive 

and we re negative for in<:Dle, H2s a nd AMC p ro duction. 

FOrty-eight percent of the isol ates showa d p roteoly s i s 

when incubated in litmus milk, 80% o f i sol a t e s l i quified 

gelatin, 48rc hydrolysed starch, 55~ r e duced nitrate to 

nitrite and 88~ could grow in b a sal me dium cont a ining 



Fig.3: selected psychrotrophic spore 
forming isolates showi.19 protease 
activity 

' 
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Table Sas Biochemical characteristics of psychrotrophic spore forming isolates: 
caroohydrate utilization 

Isolate Fructose Mannitol Arabinose Xylose Raffinose sucrose Maltose L actose Dextrose Salicin 
Number 

1 2 3 4 5 6 7 8 9 10 11 

1 + ± + .± - - - - + 
2 + ± + .± - - - - + 
3 x x x x x x x x x x 
4 + ± + + - - - + 
s + + + - - + + - + 
6 + + + + .± - - + 
7 - + + + - + - + 
8 - + + .. - - - + 
9 - + - - - - + + -

10 .:t - + + - + + + 
11 - + + - .± - - - + 
12 - + + - - - - - + 
13 - .± + ..± - + - + + 
15 .± - + .± - - + 
16 .± + + .± - - - + + 
17 .± .± + - - - + + + 
19 .:t .± + - - - - - + -

contd •••• 

l11 
w 

°' 



••• contd ••• Table Sa 

I sol ate F ructos e Mannitol Arabinose Xylose Raffinose sucrose Maltose Lactose Dextrose Sal icin 
Number 

20 - .± + + - - - - + 
21 - .±. + + - - - - + 
22 - .± + ,:j; - - - + 
23 - ± + .:t - - - - + 
24 + ± + - - - - + 
25 + ± + .± ± - + - + 
26 - .± + + - - - - + 
27 - + .... ± - - - - + 
28 - + + + .± - - + 
29 - + - + - + - - + 
30 + + + ± - + - + 
31 + - - - + + + - + 
3 2 - - + - + + - - + 
33 - - + .± .± - - - + 
3 4 ± .± - - - + - - + 
35 - .± + + - - - - + 
36 ± - - .:t - - - - + 
37 - - - + - - - - + 
38 + + + + .± + - + 
39 + -t + + .± - + + + 
40 - - - .± - + + - + 
41 - .:t + .± - + + + 

Co nt d ••. _ 

............- ---



•• contd •• Table Sa 

Isolate Fructose Mannitol Arabinose Xylose Raffinose sucrose Maltose L actose Dextrose Salicin 
NUmber 

42 - .:t - + - + + - + 
43 - - - + - + - + 

45 - ± + + - + - + 
46 - + + + - + - + 
47 - + + .± - + - + 
48 - .± - - ·- - - + 
49 + + + + - + - + + 
50 - - - ± - - - + 
52 + + + - - + + - + 
54 - ,j: + + - - + + + 
56 + - - - - - - - + 
56 + - - - - - - - + 
57 - - - + - + - + 
58 + + + + + + + + 
59 + + + + + + + + + 
60 + + + + + + + + 
61 / + + + + - + + + 
62 + + + + + + + - + 
63 + + + + + .... - + 
64 + + + + - + - + 
65 + + + + - + - + 
66 ... - - - - - - - + 
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5% salts. Of the various carbohydrate s tested for the 

utilization by the irol ates, glucose was utilized by 58% 

and arabinose by 73% xylose by 73°;c, mannitol by 75°-, 

fructose by 50%, r a ffinose by 23%, sucrose by 45r., 

lactose by 52% and maltose by 28°;, . 28°;o of the isol a tes 

utilized citrc:te as the sole source of carbon and 28c;. 

produced urea. 

Th e spore p roducing types were p l aced in the genus 

Bacillus bee a.use they were all aerobic sporefonning, rod 

shaped organisms showed catal ase positive characters. 

On the basis of the results of v a rious roc>rpholo g ical, 

cultural and biochemical te s ts (Tabl e 5), all the isolates 

were assigned into 12 groups of Bacillus spp. (Table 6). 

Out of 60 isol2tes, 9 isolates were identified a s 

B. marcerans, ~· me gaterium, and ~· brevis, 8 were 

B. circul ans, 7 were ] • firmus, 6 were B. badiu s , 5 were 

B. cereus, 2 were]• p0lymyxa and one each B. co ag ul ans , 

B. subtil is, .§• sphaericus and B. l aterospora. 

Coghill and Juffs ( 1979) isolated 23 Bacillus s pp . 

from pasteurized milk and identified 15 as B. cereus, 

3 .§• me_g a terium, 2 ~· co agul ans, 2 E!• l icheniforrnis and 

i credit _et al. ( 197 2) isol ated 84% of t he 1 .§• f rmus. 

b acteria belonging to genus Bacillus from pasteurized milk. 

overcast and Atmaram ( 197 4) al so isolated psychro troph ic 

strain 0 f §.• cereus from pasteurized milk. Shehata et al. 

( 
1983

) iSOl ated 756 Bae ill u s from raw milk as: B. subtil is 
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Table 61 Identific ation of psych rotroph ic s re forming 
isolates 

I sol ate Identity Total 
NUrnber isolates 

38, 47, 58, 59, 6e, B. macerans 9 
61, 63, 64, 65 

1, 2, 4, 28, 30, B. megateriurn 9 
3 2, 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 

7, 8, 16, 25, 26, B. f i rmus 7 
31, 46 

9, 15, 36, 37, 48, 66 g_. badius 6 

5, 27, 55, 56, 57 B. cere us 5 

23, 39, 62 B. polymyxa 3 

22 B. co a ul ans 1 

17 B. subtil is 1 

50 B. sphaericus 1 

29 B. l aterospora 1 



Fi g . 4: Di s tribution of psychrotrophic 
spo r e fo rming Bacilli 
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(42. 5%), g. megaterium (34.8'7< ), B. circul ans ( 4 .9%) , 

B. cereus (4.6%) a nd only 47% isol a te s we re psychrotrophic 

belonging to B. cere us (20), B. pumilus (15), B. b adiu s (6 ) , 

B. liche niformis (5) and] • firmus (1). Chug and c a nnon 

( 1971) isolated psychrotrophic spore forming bacteria from 

raw milk and identified a s B. firmus (46 .3'7. ), B. me gaterium 

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

B. co agul a ns , ] • pol yrnyxa, B. macer ans, ~ circul ans c.nd 

B. cere us. Sh a rma et cl. (1984) isol a t ed 50 str2 i n s fro m 

raw milk of which 36% were ]• cereu s , 20'7< B. pol ymyxc. , 14~ 

each B. laterospora and B. circul an s, 10° B. p umilu s , 4% 

B. subtilis and~ were B. coagulans. 

4.5 Keep ing Quality Te Ets 

Twelve i sol a te s , one from each g roup of Bc.cill u s 

we r e s tudie d in det a il fo r their ef fect on the keep i ng qual i t y 

0 f steamed and s t e rilized whole milk s ample s . One whole 

milk lot wa s steamed for one ho ur and othe r lot wc.s sterilized 

0 
by autocl aving at 121 c, 15 psi for 20 minute s . Data 

presented in Tabl e 7 to 16 . Re garding the keepim; quality 

the samples were inoculated with the selected isolates stored 

0 
at 7oC for 10 days at 22 C fOr 24 to 36 hr s . The quality 

a s se s sment was cbne on the basis of stability te s t: he a t 

st ability test (COB) and al coho! stability test. 
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4.5.1 Stability test 

4.5.1.1 Clot-on-EOiling test (COB): 

In c a se of sterilized whole milk due to fc.ste r g rowth 

B. cereus, B. firm~, .!!• circul 2ns c.nd B. macerans at 220c 

showed COB test positive only c.fter 10 hrs of incubation 

while their growth at 7°c was slow and showed COB test 

positive only after 10 days. But B. co agulans, B. polyrnyxa , 

~· brevis, li• megaterium and B. badius s howed COB t es t 

negative at 22°c after 24 hr storage an d at 7°c for 10 dc.ys. 

More or less similar results were obtained in c ase of 

steamed whole milk with the excep tion of B. I?Ol ymyxa a nd 

0 B. brevis which grew faster at 7 c and gave C B po s itive 

after 3 days (Table 7 and 8) • 

B. cereus, B. firmus, B. cir cul ens and B. mc:cerans 

0 
are the important spoilage organisms at 22 C and B. polymyxc. 

0 
is important spoil age orgc.nism at 7 C. The above results 

correlate with the findings of Ac;garwal and Srinivas an (1 986). 

Aggarwal and Srinivasan ( 1986) reported th at p asteurized 

milk inoculated with B. cereus show COB positive after 14 hrs. 

similarly, Jayachandran et cl. ( 1985) reported th c.t COB 

test was positive for B. subtil is afte r 12 hr incubated at 

22
oc in boiled and pasteurized milk. 



Table 7: Heat stabll ity tests for selected isolates of gsychrot~phic spore 
formers in sterll ized whole milk* stored at 22 c and 7 c (COB) 

~~-~~~~~~~~~~~~~~~~-

Isolates 

E. cereus 

B. f irmus 

11 • circul ans 

~· brevis 

B. subtil is 

12. coagul. ans 

0 storage temperature _{~i C) 

Period of incubation (hrs) 

0 10 18 24 

- + + + 
- + + + 
- + + + 

- - + + 

B, 1 aterospora - - - + 
.!!·· }22l~~a 
.!!.- rnegaterium -

B. badius 

!!· ~haericus - - + + 
B. macerans - + + + 

Storage tempera~qre (7°c) 

Period of incubation (days) 

0 1 3 5 7 

- - - - -

- - - - + 

- - - - + 

- - - + + 

- - - - -
0 

• sterilized by autoclaving at 121 c, 15 psi for 20 minutes. 

10 

+ 

+ 

+ 

+ 

+ 

Ln 
()) 



Table 8: Heat stability tests for selected i8olates g£ psychrotrophic spore formers 
in steamed whole milk* stored at 22 C and 7 C (COB) 

I sol ate 

B. cereus 

B . f irmus 

~... circul ans 

B. brevis _, 
.!a • subtil is 

.!a· coagul ans 

~· 1 aterosJ20ra 

~· ;(22l~yxa 
B. mega terium 

B. badius 

B. SJ2haericus 

~· macerans 

0 Storage temperature (22 C) 
Period of incubation (hrs) 

0 24 3~ 

- + + 
- + + 
- + + 
- - + 

- - + 
- + + 

- - -
- + + 
- - + 

- ... 
- + + 

* steamed for one hour 

Storage ~emperature (7°c) 
Period of incubation (days) 

0 1 3 5 7 10 

- - - - - .,. 

- - + + + + 

- + + + + + 

U1 
\D 
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4.5.1.2 Alcohol test: 

Alcohol test was positive for most of the isol ates 

within 24 hr of storage at 22°c (Table 9 and 10 ). I n cc.se 

of sterilized milk alcohol test was positive for B. cereus, 

· B. circuJ. ans, ~. subtil is even within 24 hr of storage at 

7oc. It was probably due to the form at ion o f acid a n d 

activation of metabolites by psychrotrophic bacteria in 

milk which disturbs the salt balance an d 1 e a d s to flake 

formation while treating with alOJhol. Sirnil a r re s u.l ts 

were obtained in case o f ste ame d milk but B . pol ymyxa and 

B. sphaericus cou.l d not disturb t he salt bal a.nee whe n it 

was stored at 22°c for 36 hrs. 

4.5.2 Acidity 

Data presented in Table 11 an d 12 showed t he e f fect 

0 f sel acted isolates on developme nt of acidity in steamed 

and sterilized milks when stored a t 7°c for 10 days , s howe d 

a slow increase in acidity. a.ximurn acidity was shown by 

(0. 44~ ) at 1°c after storage for 10 d ays and B. macer ans 1• -
Shown by_B. co agu.lan s (0.27~. ) at the same 

minimum was -

temperature of storage. 
0 

But on storage at 22 C there was 

a rapid increase in acidity. Maximum attained by~· macerans 

Cl~ nd minimum (0.295'. L.A.) by~· badius and 
(0.54% as L.A.) 

~. pal ymyxa. 
0 

S
teamed milk was stored at 7 c for 10 days 

But when 

C
O .67, ) attained by ~· pol ymyxa an d minimum 

maximum acidity 



Table 9: iAI.cohol stability tests for selected isolates of psychrotrophic spore formers 
in sterilized whole milk* stored at 22°c and 7°c 

Isolates 

B . cereus 

B. f ii::mus 

B. circul. a n s 

B. brevis 

B. subtil i s 

B . co a gul a ns 

~ · 1 ateros122ra 

g . 12ol~~xa 
• 

~· meg a terium 

B. badius -
,g. ~haericu s 

B. macerans 

0 Storage temp~ature ( 2 2 c) 

Period of incuba tion (hrs_>~~-
0 10 18 24 

- + + + 
- + + + 
- + + + 
- - - + 
- + + + 

- - - -
- + + + 
- - + + 
- - - -
- - + + 

- + + + 
- + + + 

0 Storage t emp era ture (7 C) 

Period of incubation (days) 
0 - 1 3----5--- - --7 10 

- + + ... + + 

- + + ... + + 
- - - - + + 
- + + + + + 
- - - - - + 
- - - + + + 

- - - - + + 

- - + + + + 

0 
• ste rilized by autocl aving at 121 c, 15 p si for 20 minutes °' .._. 



Table 10: Alcohol stability tests for selected isolates of psgchrotrophic spore 
formers in steamed whole milk• stored at 22°c and 7 c 

I sol ates 

B. cereus 

B. f irmus 

B. circul ans 

_g_. brevis 

.!!· subtil is 

.!! • coa gulans 

!!• 1 aterospora 

B. polymyxa 

B. megaterium 

B. badius 

!!· sphaericus 

B. macerans 

0 storage temperature(22 C) 

Period of incuba tion (hrs) 
0 24 36 

- + + 
- + + 
- ... + 
- + + 

- - + 
- - + 
- + + 
- - -
- + + 
- + + 

- + + 

* steamed for one hour 

0 Storage t emper a ture (7 C)~ 

Period of incuba tion (da ys) 
0 1 3 -- -5-- - 7 10 

- + + + + + 

- - + + + + 
- - - - - + 
- + + + + + 
- - - - + + 
- - - - + + 

- - - - - + 
- + + + + + 
- + + + + + 

0\ 
N 



Table 11: Developed acidity exhibited by selected isolates of psycgrotrophic 
sporeformers in sterile whole milk« stored at 22°c and 7 c 

I sol ates 

B . cereus 

]• fi:rmus 

B. circul ans 

~· brevis 

_!2. subtil is 

B._ co a g:ul ans 

0 storage temperature (22 C) 

Period of incubation (hrsL__ 
0 10 18 24 

0 .18 0.37 0.38 o.42 

0 .18 0.38 0 .43 0. 45 

0 .18 0.38 o.41 o.44 

0 .18 0.36 0.39 o.41 

0 .18 0.30 0 .40 0.42 

0 .18 0 .32 o.33 0.36 

B._ lateros~ra 0.18 0. 27 o.29 0 .32 

B • . ~l~:t:Xa 0 .18 0.27 0. 29 o. 29 

• megate rium 0.18 0. 29 0. 29 o.33 

• b a sidus o.18 0 .27 0. 27 0. 29 

B. s phaericus 0.18 0.32 0.36 0.40 

J2• mQ<;_~an~ 0.18 o.34 0.45 o.54 

0 storage temperature (7 C) 

Period of incubation (days) 
0 1 3 5 7 

0.18 o. 28 o. 29 o.3o 0.30 

0 .18 o. 23 0.24 o.2s o. 29 

0 .18 0. 23 0. 26 o. 28 0. 29 

0 .18 0.21 0. 23 0. 24 0. 27 

0 .18 0.21 0. 27 0. 27 0. 27 

0 .18 o. 23 0. 23 0. 23 o. 24 

0 .18 o. 24 0. 27 0. 27 o. 27 

0 .18 0. 23 0. 26 0. 26 0.30 

0 .18 0. 23 0. 23 0. 29 o . 29 

0 .18 0.2 2 0. 26 0. 26 0. 29 

OJ18 0.24 0. 28 0 .31 o.32 

0 .18 0. 27 0. 29 0. 29 0.35 

0 - s t e rilized by a utocl aving at 121 c, 15 p si f or 20 minutes 

10 

0.32 

0.30 

o.36 

0.31 

0.30 

0. 27 

0.28 

0.36 

o.3o 

0 .31 

0.33 

0.44 

°' w 



Table 12: Developed acidity exhibited by selected isolates of p sychrotrophic 
0 0 s porefonners in steamed who! e milk* stored at 22 c and 7 c 

I sol a tes 

B . cereus 

B. f irmus 

B . cir cul ans 

B. bre vis 

B . subt i l is 

B . co ag ul ans 

~· l ate ros~ 

B . polymyxa 

B . meg:a terium 

~ · badius 

~ · s2h aericus 

~ · macera n s 

0 s to rage t e mp e r a ture (22 C) 

Perio d of incubatio n (hrs) 
0 24 36 

0 .18 0. 26 0 .34 

0 . 18 0 . 45 0 .61 

0 . 18 0 .32 0 . 34 

0 . 18 0. 27 0 . 29 

0 . 18 0 . 32 o.34 

0 . 18 0 . 30 0 . 32 

0 .18 0. 27 0 . 29 

0 .18 o. 27 0 . 3 2 

0 . 18 0 . 40 0 . 45 

0 . 18 0 . 30 0.34 

0 . 18 0 . 27 o . 3o 

0 . 18 o . 45 0 . 59 

*Steame d for one hour 

0 

o . 1s 

0 . 18 

0 . 18 

0 . 18 

0.18 

0 . 18 

0 . 18 

0 . 18 

0 . 18 

0 . 18 

0 .18 

0 . 18 

0 
Storag~ _t~m_j)~ r-_ature {7 C) 

Per iod o f i nc ubat i o n (days) 
1 3 5 7 10 

0. 26 0 . 29 0 . 31 0.34 0.37 

0 . 31 0 . 31 0 . 3 2 0 .34 0 . 40 

0 . 29 o.3o 0 . 30 o . 31 o . 31 

0.24 0 . 3 2 0 . 3 2 0 . 37 o . 55 

0 . 27 o . 3o o . 31 0 . 31 o . 34 

0 . 28 0 . 31 0 .31 0.34 0.37 

0 . 22 0 . 29 0 . 29 0 . 3 2 0 . 34 

0 . 3 2 o . 36 0 . 40 0 . 41 0 . 67 

0 . 29 0 . 31 0 . 31 0 . 34 0 . 36 

0 .30 o.32 o . 33 o.33 0 . 34 

0 . 28 o . 3 2 0.32 0 . 34 0 . 34 

o . 29 o . 31 o . 3 2 o.34 0 . 35 
°' ~ 



by B. circul.ans (0.31%) but storage at 22°c for 36 hrs 

maximum acidity (0 61°) tt i d b • I< a a ne y B . firmus an d minimum 

(0.29%) by~· brevis. 

Jayach a ndran et cl . ( 1985) reported t h at acidit · 

of boiled milk inoculated wit.'l B . subtil is increac:ed from 

0.14 to 0.31 ( 0 ~ L.A. ) when incubate d a t 30°c for 24 hrs 

4.5.3 E!:! 

Changes of pH in steamed and sterilized mil k o n 

0 0 
storage at 7 C an 22 C due t o the inoculation of selecte d 

isolates of psychrotrophic spore form e rs are p resente d i n 

Table 13 and 14. There was a slight change in pH at 7°c 

after 10 days storage of ooth ~teamed and sterilized milk . 

In sterilized milk decrease i. pH from 6. 7 to 6. 2 by 

B . late.ros;pora 2nd 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 an ~· firmus 

7°c a f ter 1 re s pective! y at days. The isol ates caused 

0 
a rapid decreas e in pH at 22 C in be• h steame d a nd 

sterilized milk. In case of ste il ized milk, =· maceran s 

reductio n in pH at 2 °c after 24 hr 
exhibited maximum 

ranged from 6 .6 to 5.2 and i n the case of steamed milk 

mcximum reductio n in pH was from 6.7 to 5.25 by_£. firmus. 

4.5.4 proteolytic activity 

Data presented in Tabl e 15 and 16 show the e f f eet 

of 
5 

iected isolates on p roteolytic changes in steame d 
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Table 13: Changes in pH exhibited by selected isolates o~ psych:strophic s pore 
formers in sterilized whole milk'* stored at 22 C and 7 C 

I sol ates 0 storage temperature (22 C) 

Period of incubation (hrs) 

0 Storag e temperature (7 C) 

Period of incubation (days) 
o io 1a 24 0 1 ··3--- 5 7 10 

~· cereus 6.6 6.37 6.33 6.30 6.7 6.44 6.40 6 .40 6.95 6.40 

B. fiz:mus 6.6 6. 20 6.03 5.64 6.7 6. 48 6. 45 6.41 6.40 6 .40 

_g. circulans 6.6 6 .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. subtil is 6JS 6.30 6. 20 6 .16 6.7 6 .46 6.46 6.44 6 .40 6.38 

B. coagulans 6.6 6 .43 6.30 6. 28 6.7 6.50 6.50 6 .46 6 .40 6.40 

_!?. 1 aterospora 6.6 6.44 6.42 6.39 6.7 6.50 6 .47 6.40 6.39 6. 20 

B. pol :i!!!yxa 6.6 6.53 6.50 6.50 6.7 6.51 6.44 6 .43 6.42 6.34 

_g. megateri!Pn 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 6.7 6.50 6.48 6. 45 6.44 6.40 

B. s12haericus 6.6 6.38 6 .32 6.30 6.7 6.48 6 .47 6 .43 6 .43 6 .40 

B. macerans 6.6 6. 29 5.68 5. 20 6.7 6.54 6.41 6. 28 6 .30 6.30 

0 * s t e rilized by autocl cving ot 121 c, 15 psi for 20 minute s 
°' °' 



Table 14i 

Isolates 

Changes in pH exhibited by selected isolates of gsychrotrophic 
sporefoxmers in steamed whole milk- stored at 22 c and 7°c 

. 0 
storage temperature(22 C) storage ternperature___J7°c) 

Period of incubation (hrs) Period of incubation (days) 
0 24 36 0 1 3 5 7 10 



Table 15: Proteolytic activity exhibited by selected isolates of psychrotrophic 
sporeformers in sterilized whole milk* stored at 22°c and 7°c 

1sol ates storage temEerature (22°c) 0 
storage temEerature (7 c2 

Period of incubation ~hrs~ I?eriod of incubation ~days) 
0 10 18 24 0 1 3 5 7 

Proteolytic activity (units/ml) 

B. cereus 0 57 107 282 0 40 42 48 57 

]• firmus 0 70 85 182 0 42 43 46 50 

B. circuJ. ans 0 70 117 282 0 43 46 54 70 

B. brevis 0 57 65 74 0 29 29 34 42 

B. subtilis 0 68 115 282 0 35 43 50 60 

] • co ag u1. ens 0 60 64 85 0 33 41 45 54 

B .. 1 ateros122ra 0 64 77 83 0 42 43 46 57 

B. J2.2l ~yxa 0 64 64 65 0 45 48 54 62 

B. megaterium 0 68 70 83 0 42 40 45 57 

]• badius 0 70 77 85 0 40 43 50 85 

~. sphaericus 0 70 88 97 0 43 43 48 65 

]• macerans 0 85 129 282 0 35 50 55 74 

0 * sterilized by autoclaving at 121 c1 15 psi for 20 min. 

10 

64 

52 

92 

68 

68 

68 

68 

68 

62 

88 

74 

78 

0\ 
~ 



Table 16i Proteolytic activity exhibited by selected isolates of psychrotrophic 
sporeforrners in steamed whole milk* stored at 22°c an d 7°c 

I sol ate s 0 storage temEerature ~22 C) stora9e TemEerature (7°c) 

Period of incubation (hrs) Period of incubation ~da~s~ 

0 24 36 0 1 3 5 7 10 

Proteolytic activity (units/ml) 

B. cereus 0 70 115 0 42 42 45 48 50 

!i· f irrnus 0 85 115 0 28 45 46 50 64 

B. c ircul ans 0 115 120 0 45 48 50 57 60 

B. brevis 0 45 50 0 42 42 45 52 62 

B. subtil is 0 78 129 0 45 50 55 5~ 57 

!!· co agul a ns 0 46 50 0 42 45 50 57 67 

!!• 1 aterospora 0 46 64 0 40 40 45 57 62 

.!!• polymyxa 0 42 60 0 62 62 65 68 72 

~· meg a terium 0 48 84 0 54 56 61 64 64 

.!!• b a dius 0 45 50 0 57 58 60 62 62 

.!!• BEhaericus 0 46 54 0 43 48 48 50 50 

B. macerans 0 100 100 0 28 31 so 54 54 

*Steamed for one hour 

0\ 

"' 



7 0 

a nd sterilized milks on storage a t 1°c en d 2 2°c . t low 

temper- t ur e there wa s a slow proteolytic ch c nge i n both 

steamed and sterilized milk stored at 1°c an d 22°c. 

Maximum en zyme activity of 92 units/ml was exhib i te d 

by B. cir cul ans after 10 days of storage at 7°c. But 

the proteolytic ch ange s were fast at 22°c a fter 24 hr . 

Maximum enzyme activity exhibited by B. cereus . 

~· circuJ. ans and B. subtil is ( 282 u nits/ml) an d minimum 

by B. brevis (72 units/ml) and B. :fX?lymyx a (6 5 u nits/ml) 

in sterile milk. 

Changes in milk prote in c:s a result of p syc rotrophic 

growth due to enzymatic action showed import ance in the 

k eeping quality of milk at refrigeration temper atur e . 

Release o f v ario us nitrogen components or degradation of 

individual proteins fractions were observed when studying 

p roteolysis caused by enzymes produced by psychrotrophs 

(McCaskay, 1967). The enzyme p rotease attack on casein 

and whey protein leading to bitter flavour and coagulation 

of milk. 

: : : : i 

: ' ' 
: 
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5. SUMMARY AND CONCLUSIO N 

5 .1 The prese nt investigation deals with the is:>l ation, 

i dentification and charccteriza tion of p sychrotrophic 

sporefonning bacteria from pasteurized milk an d their . 
effect on keeping quality of steamed an d sterilized 

0 0 
milk store d at 22 C and 7 C for 24 hr a nd 10 d c.ys. 

5. 2 On incubation at 22° C for 24 hr the p sychrotrophic 

5.3 

count and p roteolytic spore co unt range d fro m 20 0 1 

to 5000/ml in 44% scmpl es a nd 26-50/ml in 43% s c.mpl e s 

respectively, when the milk wa s stored c.t 22°c for 

24 hr. However, on storing the milk a t 7°c for 10 d ays, 

the respective counts we r e fOund to be 4000 in 40% 

samples and 1-25 in 52°;. samples. 

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 20 0 in 

0 
46% ssmpl es when milk was stored a t 22 c for 24 hr. 

0 
However, on storing at 7 C for 10 days, the respe ctive 

c o unts in milk were found to be 2,00 0 in 43c s ampl e , 

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 ag a r a nd on TDYA we r e 

sel e cted for furthe r studies. 

5. 5 The protease activity of the isol a t e s r a nged fro m 

100 to 300 units/ml, 50% of the isol at es h ave en zyme 

activity ranged from 151-300 units/ml wh ile 38'1o 

exhibited e n zyme activity in the r a nge o f 10 1-150 

units/ml. 

5 .6 Based on morphological, cultural and b iochemical 

characteristics all the psychrotrophic spo r e fo rm i ng 

isolates we re group ed into twelve Bacil l us s pp . 

Out of 60 isolates 15% were B. maceran s, 
\ oy'. 

B. megaterium, B. brevis, ]• badius, 8~·- were ~ · c e r eus , 

5'1~ were~· polyrnyxa and 2% were B . co agul a ns, 

B. subtilis, !!..:_ laterospo ra and B . sphaericus. 

(3:. _:\-"' ~ •. • , I · , 5 '/, "-'1:..-'- ~ .. • 't 

• . I , 
' I t J 

5. 7 on incubation of these isolates in ste rilized mil k 

0 
medium at 7 c for 10 d a ys the acidity of milk sample s 

were increased maximum in c a se of B. macerans 

:J 

0 
(0.44% a s L.A.) and at 22 C for 24 hr storage, maximum 

acidity was attained by B. macer an s ( 0 . 54~< L. A.) • 

on storage of the milk at 7°c for 10 day s after 

inoculated with t he isol ate s , maximum aci dity wa s 

exhibited by B. polymyxa { 0 .67~ L.A.) and on 

0 
storage at 22 C max imum acidity was at t ained by 

B. firmus (0.61% ) • 
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• Ch cnge in pH wc.s very littl e a t 7°c for 10 d ay s 

storage in both steamed a n d sterilized milk . ut 

0 
on storage at 22 C for 24 hr the maxim um deer a e 

in pH was 6. 7 to 5. 25 by B. firmus in ste ed mil k 

a nd 6.6 to 5 .2 by~· macerans in sterilized milk . 

5.9 B. cereus , B. firmus, B. circulan s and~ · mac erans 

5 .10 

5.11 

s howed positive he a t s tability t es t i n both t he mil k 

and alcohol st ability t es t was positive for al l t he 

isolates stored for 24 hr at 22°c . 

A significant increase in pro t eol ytic activity was 

found in c ase of ~· cereus, _§. circul ans and 

0 
B. subtil is ( 282 unit s/ml) a t 22 C after 24 hr 

storage in th "' c a se of steril e milk wh e r eas in t he 

case of stec.med milk increase in p roteolytic 

activity was comp aratively l e s . Maxim um en~yme 

activity was att a ined by B. subtil is ( 129 units/ml) 

at 22° c after 24 hr. Where a s t h e inc r e ase in 

0 
p roteolytic activity at 7 C for 10 days s torage 

0 
was very le s s compar ed to storage at 22 c fOr 

24 hr in both the milks. 

This inve s tigatio n cl early r e veals th a t the 

occurrence o f psychrotrophic spore formi ng b cill i , 
in pasteurized milk is of grea t importa nce to the 

dairy industry. The p roteolytic activity of these 
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bacilli c auses the spoil ag e of milk and mil k 

products. From the above observations it is 

observed th at these isol ates B. c e r e u s , 

B. circul a ns and B. subtil is are t he mo st 

import ant stra ins anong the psychrotroph ic 

spore formers which cause the ch ange i n chemical 

quality of the ste cme d and ste rilized mil k . 

: : : : s 

. . : 
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