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ABSTRACT 
 

Pasteurization is adopted for making milk free from milk borne organisms. However 
thermoduric psychrotrophic bacteria that are capable of surviving pasteurization temperature 
and are able to grow in a cold environment (7oC) may grow in milk and fermented milk 
products during refrigerated storage. Thus they represent a significant spoilage problem in 
the storage of refrigerated dairy products. They also produce heat resistant exoenzymes such 
as protease, lipase etc. which withstand pasteurization and may function during cold storage 
and attack protein and fats in milk and milk products, thereby producing defects such as sour 
milk, gassiness, rancidity, bitter milk etc. Due to spoilage activities of thermoduric 
psychrotrophs studies were undertaken on these organisms. For studying thermoduric 
psychrotrophs, milk and fermented milk products were collected from five different dairies 
of Kolhapur region in Maharashtra, India. Total thermoduric psycrotrophic count and 
seasonal variations in that were determined. In all 36 isolates were obtained, of these three 
isolates of gram positive bacteria were identified as Macrococcus equipercicus, 
Exiguobacterium sp., Arthrobacter sp. on the basis of morphological, biochemical, 
physiological features as well as 16S rRNA sequencing. Proteolytic activities of these 
isolates were analyzed by qualitative and quantitative methods. All were positive for 
proteolysis, whereas Macrococcus sp. showed greater proteolytic activity than 
Exiguobacterium sp. and Arthrobacter sp. 
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INTRODUCTION 
Milk becomes contaminated with various 
types of microorganisms which originates 
from the soil, water or skin and the hair of 
the animals, utensils or from the milk 
handlers etc.1. Being an excellent culture 
medium it support the growth of 
psychrotrophs during storage at refrigeration 
temperature. Eventhough pasteurization is 
effective in reducing microbial risks, some 
thermodurics survive at that temperature and 
grow under refrigeration temperature which 
is generally the preservation method adopted 
for milk and milk products. The application 
of higher pasteurization temperature and 
extended refrigerated storage of milk and 
milk products for prolonged shelf- life gives 
the significance and importance to 
thermoduric psychrotrophs which includes 
the genera Bacillus, Pseudomonas,2-4                  

as well as Arthrobacter, Microba cterium, 
Streptococcus, Corynebacterium, Clos-
tridium2,3.  
Cocci were more predominant than rod 
shaped bacteria5. The incidences of 
thermoduric psychrotrophs was reported in 
which isolates were identified as belonging 
to genus Bacillus and coryneform group6. 
During storage under low temperature the 
milk and milk products undergoes spoilage 
due to heat resistant proteolytic enzyme 
proteases produced by these organisms7, 
which results in coagulation of milk and 
unclean, bitter flavor of the milk8,9 as well as 
rancid , putrid and yeasty flavor4. Two 
extracellular proteinases with molecular 
masses of about 53-55 and 70-72kDa, were 
purified from Arthrobacter nicotianae 9458 
and characterized10. All these are important 
as it affects the shelflife of pasteurized milk 
and other dairy products. The objectives of 
this research work include studies on the  

thermoduric psychrotrophs in pasteurized 
milk and milk products, their characteri-
zation and proteolytic activity. 

MATERIAL AND METHODS 
Five different processing dairies of 
Kolhapure region in Maharashtra were 
selected randomly. Twenty five different 
samples of milk and milk products 
constituting 5 samples of each pasteurized 
milk, curd, lassi, butter and shrikhand were 
collected in an aseptic manner in rainy, 
winter and summer seasons over  the period 
of one year and brought to the laboratory 
under refrigerated condition for further 
analysis. 
Enumeration of  thermoduric 
psychrotrophic bacteria 
Each sample was serially diluted individually 
with sterile saline from 10-1 to 10-4. 0.1ml. of 
each sample was separately plated into milk 
agar and plates were incubated at 70C for 10 
days.  Counts of visible colonies were 
expressed as the number of cfu per ml of 
milk or per gm of milk products by the 
standard plate count11. 
Isolation and Identification 
Isolation was carried out by streak plate 
technique using sterile milk agar plates. 
Colonies with different morphologies that 
grew on milk agar plates at 70C after 10 days 
were picked and subcultured to obtain pure 
cultures. Then they were preserved on 
nutrient agar slants as stock cultures with 
subculture at 10wk intervals12. Isolates were 
appropriately coded and studied for different 
morphological and biochemical characteristic 
features such as colony characters on milk 
agar, Gram nature (Hucker and Conn 
method, 1923), motility by hanging drop 
method, enzymatic activities such as 



Journal of Environmental Research And Development         Vol. 5 No. 2, October-December 2010 

 386

catalase, oxidase, protease, lipase, amylase, 
gelatinase, urease, phenylalanine deaminase, 
arginine hydrolysis and nitrate reduction test. 
Other tests include IMViC test and 
utilization of carbohydrates by using basal 
medium of Norris (1965) and 1.0% solution 
of carbohydrate.  
Various physiological characters of isolates 
were studied which includes – 
Effect of temperature on the growth of the 
isolates 
Each isolate was inoculated in sterile nutrient 
broth and incubated at different temperatures 
as 70C for 10days, 250C, 370C and 550C for 
24 hrs. After incubation tubes were examined 
for growth. 
Effect of pH on the growth of the isolates 
Each of the isolate was inoculated in sterile 
nutrient broth having different pH values as 
3,4,5,6,7,8, 9 and 10 and incubated at 70C for 
10 days. After incubation growth response of  
isolates was observed. 
Effect of salt concentration on the growth 
of the isolate 
The nutrient broths having concentrations of  
Nacl as 0.5%, 1%, 1.5%, 2%, 2.5%, 3%, 
3.5%, 4%, 4.5%, 5%, 5.5%, and 6%  were 
inoculated with each isolate and incubated at 
70C for 10 days. After incubation tubes were 
observed for growth. 
Identification of isolates using 16S rRNA 
sequencing 
These isolates were further identified using 
16S rRNA sequencing in which isolation of 
genomic DNA carried out using Prepman 
Ultra sample preparation reagent (Applied 
Biosystems, Applera, USA). The Microseq 
16S rRNA gene kit (Applied Biosystems 
Division) was used for PCR and sequencing. 
The sequence generated through automated 

sequencing was used to search for 
homologous sequences in NCBI database 
(http://www. ncbi.nlm.nih.gov) with the help 
of BLAST database search tool. 
Enzyme assay  
All isolates were tested for the production of 
protease and assay was carried out 
qualitatively as well as quantitatively. 
Proteolytic activity was detected by agar 
diffusion assay at 70C for 10 days by using 
skim milk agar (1% skim milk powder, 0.5% 
yeast extract, 1.5% agar). The presence of 
clear zones around the colonies was 
indicative of proteolysis13. For production of 
protease sterile 10% reconstituted skim 
milk(100ml) was inoculated with 1ml of the 
stock culture (48hrs broth culture with 
absorbance 0.3 at 600nm) and incubated on a 
shaker at 70C for 10 days. The contents of 
each flask were centrifused at 7000rpm for 
20min. The supernatants were sterilized by 
filtration through membrane filter which was 
further purified by adding ammonium sulfate 
to 50% saturation. The precipitate was 
separated by centrifugation at 7000rpm for 
10min and dissolved in 100ml distilled water 
and dialyzed against distilled water for 48hrs. 
followed by dialysis against phosphate buffer 
for 48 hrs14. The partially purified protease 
was filtered through a .45μm membrane filter 
and used to assay enzymatic activity by plate 
assay method15 in which wells of 4mm 
diameter were made in skim milk agar. 20μl 
of enzyme was charged into each well and 
incubated at 70C for 10 days. Enzyme 
activity was obtained as zone of clearance 
around the wells. Units of protease were also 
estimated quantitatively as μgm of protein 
transformed by 1ml of enzyme within 1min 
for which protein was estimated by Biuret 
method16. 
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RESULTS AND DISCUSSION 
According to the Table 1 data the maximum 
count of the thermoduric psychrotrophic 
bacteria was observed in pasteurized milk 
samples as 93.19×103cfu/ml followed by 
curd and lassi as 59.14×103cfu/gm and 
41.23×103cfu/ml respectively in winter 
season. It could be seen that butter and 
shrikhand showed elevated count as 

39.18×103cfu/gm and 34.48×103cfu/gm 
during rainy season.  
It could also be seen that milk and milk 
products showed variable counts of 
thermoduric psychrotrophic bacteria in 
different seasons. Morphological 
characteristics of the isolates are presented in 
Table 2. 

Table 1 : Enumeration of thermoduric psychrotrophic bacteria. 

Sr. no. Samples Average no. of organisms per ml or gm of sample in diff. 
seasons (cfu/ml orgn) 

Summer season  Rainy season Winter season 

1 Milk 60.57×103 64.27×103 93.19×103 

2 Curd 27.83×103 30.17×103 59.14×103 

3 Lassi 36.73×103 25.31×103 41.23×103 

4 Butter 30.59×103 39.18×103 38.11×103 

5 Shrikhand 33.30×103 34.48×103 33.06×103 
Cfu : Colony forming unit 

Table 2 : Colony characteristics, Gram nature and motility of the isolates. 

Sr. 
No. 

Code 
of the 

isolates 

Colony characteristics Microscopic observations 

Size shape Margin Elev  
ation 

Consis
tency 

Opacity Colour Morphology Gram 
nature 

Motili
ty 

1 GSR1 1mm Circular Entire Convex Moist Opaque Yellow Cocci in 
pairs 

Gram 
positive 

Non 
motile 

2 WLR3 2mm Circular Irregular Convex Moist Opaque Orange Rods Gram 
positive 

Motile 

3 HMR5 2mm Circular Irregular Convex Moist Opaque Cream Rods  
Pleomorphic 

Gram 
positive 

Motile 

4 WLR1 2mm Circular Irregular Convex Moist Opaque Yellow Rods 
Pleomorphic 

Gram 
positive 

Motile 
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It can be seen from the Table 2 that all the 
isolates were Gram positive. Except GSR1 
all were motile small rods when they were 
young and produced 2mm size circular, 
opaque colonies with irregular margin, 
convex elevation with mucoid consistency.  

WLR3 produced orange coloured, while 
HMR5 and WLR1 produced cream and 
yellow colonies respectively. GSR1 was non 
motile cocci that produced 1mm size yellow 
colony with entire margin.  

Table 3: Biochemical characteristics of the isolates. 

Sr. No. Characteristic Code of the isolates 
GSR1 WLR3 HMR5 WLR1 

                                                                Enzymatic tests 
1 Catalase + + + + 
2 Oxidase + - - - 
3 Protease + + + + 
4 Lipase + - + + 
5 Amylase + + - - 
6 Gelatinase + - + - 
7 Urease + - + + 
8 Nitrate reduction  + - - + 
9 Arginine hydrolysis - + - + 

10 Phenylalanine 
deamination 

- - - - 

IMViC test 
11 Indol production - - - - 
12 Methyl Red - - + - 
13 V.P. test - - - - 
14 Citrate + - + + 

Carbohydrate Utilization 
15 Glucose - A A A 
16 Lactose - A - A 
17 Mannitol - - - A 
18 Sucrose - - A A 
19 Dextrose - - A - 

A= Acid production;  G= Gas production;  + =Positive;  - = Negative  
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It can be seen from Table 3 that all the 
isolates were positive for catalase and 
protease enzyme, they showed negative 
results for phenylalanine deaminase. Only 
GSR1 showed positive oxidase test. All the 
isolates except WLR3 showed production of 
lipase. GSR1 and WLR3 were able to 
produce amylase while HMR5 and WLR1 
did not produce it. GSR1and HMR5 were 
showed production of gelatinase. Urease 
enzyme was produced by all the isolates 
except WLR3. Nitrate was reduced to nitrite 
only by GSR1 and WLR1.  
Arginine hydrolysis test was positive for 
WLR3 and WLR1. None of the isolates were 
positive for indol production and V. P. test.  
Methyl red was positive only for HMR5.  

All were able to utilize Na-citrate except 
WLR3. It is seen from the table that all 
isolates except GSR1 were capable of 
utilizing glucose and produce acid. WLR3 
and WLR1 were found to be capable of 
utilizing the lactose with acid production.  
Only WLR1 utilised mannitol with acid 
production. HMR5 and WLR1 both were 
able to utilize sucrose. Dextrose was utilized 
only by HMR5 with acid production.     
Table 4 represents effect of selected 
temperatures on the growth of the isolates. It 
can be seen from the table that all isolates 
were capable of growing at 70C, 250C, and 
370C but not at 550C. Maximum growth of 
WLR3, HMR5 and WLR1 was observed at 
250C while GSR1 at 370C.  

Table 4 : Effect of temperature on the growth of the isolates. 

Sr. no. Code of the  
isolates 

Temperature(0C) 

70C 250C 370C 550C 

1 GSR1 ++ ++ +++ - 

2 WLR3 ++ +++ + - 

3 HMR5 ++ +++ ++ - 

4 WLR1 + +++ ++ - 

+ : Growth,     ++ : Moderate growth,     +++ : Maximum growth,      - : No growth. 
Table 5 :  Effect of pH on the growth of the isolates 

Sr. no. Code of 
the 
isolates 

pH 

3 4 5 6 7 8 9 10 
1 GSR1 - - - ++ ++ +++ ++ + 
2 WLR3 - - - + +++ + - - 
3 HMR5 - - - + +++ ++ + - 
4 WLR1 - - - ++ +++ ++ ++ + 

+: Growth       ++: Moderate growth         +++: Maximum growth     - : No growth 
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The results of the growth of isolates at 
different pH values are represented in    
Table 5. It could be seen that all the isolates 
failed to grow at pH 3, 4 and 5. Two isolates 
viz. GSR1 and WLR1 should growth at pH6 

to pH10, while WLR3 grew at pH6 to 8 and 
HMR5 grew at pH 6 to 9. It could also be 
seen that isolates viz. WLR3, HMR5 and 
WLR1 has optimum pH 7 for growth, while 
isolate GSR1 required pH 8 as optimum pH.  

Table 6 : Effect of salt concentration on the growth of the isolates. 

Sr. 
no.. 

Code 
of the 
isolate 

Salt concentration (%) 

0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 

1 GSR1 ++ ++ +++ ++ ++ + + + - - - - 

2 WLR3 +++ ++ + + + + + + - - - - 

3 HMR5 ++ +++ ++ + + + + + - - - - 

4 WLR1 ++ +++ ++ ++ + + + + - - - - 

+: Growth             ++: Moderate growth         +++: Maximum growth         - : No growth 
 

Table 6 represents growth of the isolates at 
different concentrations of salt. It can be 
observed that all isolates were able to tolerate 
salt concentration maximum upto 4% and did 
not grow at 4.5, 5, 5.5 and 6% respectively. 
Maximum growth of GSR1 was observed at 
1.5% , WLR3 at 0.5% ,  HMR5 and WLR1 
at 1% .  

Identification of the isolates on 16S rRNA 
sequencing. 
On the basis of morphological, cultural, 
physiological characterization and 16S rRNA 
sequencing two bacterial isolates in the 
present study GSR1 and WLR3 were 
identified as Macrococcus equipercicus with 
99% identity and Exiguobacterium sp.EP03 
with 100% identity respectively.  

Table 7 : Proteolytic activities of all the identified bacteria. 

Sr. no. Name of bacteria Proteolytic activity 
Plate assay 

Zone diameter(mm) 
Yield of protease in 

units per ml 

1 Macrococcus equipercicus 7 0.15 
2 Exiguobacterium sp. EP03 6 0.091 
3 Arthrobacter sp. N12 5 0.072 
4 Arthrobacter sp. TSBY-76 5 0.087 

                                                      (Diameter of well = 4mm) 
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Fig. 1 : Yield of protease of identified bacteria in units/ml. 

a – Macrococcus equipercicus b – Exiguobacterium sp. EP03 
c – Arthrobacter sp. N12 d – Arthrobacter sp. TSBY-76 
 

Remaining two HMR5 and WLR1 identified 
as Arthrobacter sp. N12 with 100% identity 
and Arthrobacter sp. TSBY-76 with 99% 
identity respectively. 
Observations of proteolytic activity 
represented in Table 7 and Fig. 1, from 
which Macrococcus equipercicus showed 
highest zone of hydrolysis (7mm) on milk 
agar with enzyme activity 0.15u/ml while 
Arthrobacter sp. N12 showed low zone 
diameter (5mm) and has given lowest yield 
0.072u/ml. Other two fall in between this 
range. This type of proteolytic activity was 
reported by F. Eliskases- Lechner and W. 
Ginzinger (1995), who isolated cream 
coloured and yellow pigmented Arthrobacter 
globiformis from surface ripened cheese17. 
Similarly, Emanuele S. et al. (2006) purified 
two extracellular proteases from 
Arthrobacter nicotianae 9458 and showed 
their specificity on casein fractions as β- 
casein and as1- casein. 

CONCLUSION 
Out of four thermoduric psychrotrophic 
bacteria isolated from milk and milk 

products, two were identified with 
Macrococcus equipercicus and Exiguo-
bacterium sp. EP03 and two with 
Arthrobacter sp. N12 and Arthrobacter sp. 
TSBY-76 at the 16S rRNA level. All 
produced protease enzyme and hydrolysed 
milk proteins at refrigeration 
temperature(70C). This may be significant 
factor in limiting the storage life of 
pasteurized milk and milk products. 
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