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ABSTRACT 
The preservation method used by dairy industries is storage under refrigeration condition. 
Therefore many dairy products are stored at refrigeration temperature by wholesale dealers 
and retailers. Psychrotrophic bacteria grow luxuriantly in dairy products and multiply at 
refrigeration temperature. By producing different enzymes and metabolic products, they may 
cause proteolysis, lipolysis affecting texture, flavor and color of these dairy products. The 
defects produced by these psychrotrophic bacteria can adversely influence the nutritive value 
and organoleptic properties of dairy products that leads to economic loss to the dairy 
industries. With the objectives of studying such psychrotrophs present in milk and fermented 
milk products, 10 dairies from Nashik region of Maharashtra (India) were selected and the 
psychrotrophic bacteria present in milk and fermented milk products were characterized. Out 
of 60 isolates, 4 Gram positive bacteria which include Micrococcus luteus, Staphylococcus 
equorum, Kocuria rosea and Kocuria sp. were identified on the basis of morphological, 
biochemical, physiological features as well as 16S rRNA sequencing. The base sequences are 
submitted to NCBI GenBank to assign the accession number. These 4 psychrotrophs showed 
lipolytic activities at refrigeration temperature (7oC) which was estimated by qualitative and 
quantitative methods. Kocuria rosea showed greater lipolytic activities as compared to other 3 
isolates. 

Key Words : Psychrotrophs, Dairy products, Lipolytic, 16S rRNA sequence, Kocuria 
rosea, Staphylococcus equorum, Micrococcus luteus 

 
INTRODUCTION 

Psychrotrophs thrive in cold environments due 
to unique features like cold shock proteins, 
short and unsaturated fatty acids in 
membranes, enzymes with high specific 
activities, thermolability and genetic changes 
to thermal shifts.1 Milk is an ideal and perfect 
medium for growth of bacteria and therefore it 
gets contaminated very easily and readily. It is 
extremely perishable in nature and its shelf life 
is limited to 3 to 4 hours depending upon the 
temperature of storage.2 Extension of shelf life 
from hours to months has been a prime 
objective of the dairy industry for many years 
to meet the demands for increasing distribution 
times and distances.3 The quality of raw milk 
and dairy products has been considerably 
improved   by   refrigeration on  farms  and  in  

processing plants. Unfortunately, the current 
practices for the collection and storage of raw 
milk favored the growth of psychrotrophic 
bacteria able to grow at a temperature below 
7oC.4 Psychrotrophs are cold-tolerant bacteria 
that have the ability to grow at low 
temperatures, but have optimal and maximal 
growth temperatures above 20°C.5 Burdova     
et al. reported that the storage temperature of 
10oC reduces the shelf life of pasteurized milk 
to one third in comparison with storage at 4oC, 
the average shelf life of the full cream 
pasteurized milk reached 31days at 4oC, the 
averaged shelf life were 11 days for whole and 
10.71 days for skimmed pasteurized milk.6 
They found that the evaluation of proteolytic 
and lipolytic enzyme activities produced by 
psychrotrophic microorganisms at different 
temperatures   showed   increased  activities  of  *Author for correspondence 
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psychrotrophic microorganisms after 2 to 3 
days at 10oC. During cold storage after milk 
collection, psychrotrophic bacterial 
populations dominate the microflora and their 
extracellular enzymes, mainly proteases and 
lipases contribute to the spoilage of dairy 
products.7 Lipolysis results in the development 
of a high level of fatty acids that cause a bitter 
taste of dairy products, making them hardly 
acceptable.8 Munsch A.P. and Alatossava T., 
isolated numerous genera of psychrotrophic 
bacteria from milk such as Pseudomonas, 
Aeromonas, Serratia, Acinetobacter, 
Alcaligenes, Achromobacter, Enterobacter and 
Flavobacterium.9  

AIMS AND OBJECTIVES 
During these studies of psychrotrophic bacteria 
from milk and fermented milk products, 4 
Gram positive bacteria were identified and 
studied for their lipolytic activities. 

MATERIAL AND METHODS 
Collection of samples 
40 different samples of milk, flavored milk and 
fermented milk products constituting 10 samples 
of pasteurized milk, 5 samples of flavored milk, 
5 samples of curd, 9 samples of shrikhand, 9 
samples of lassi and 2 samples of butter were 
collected from ten different dairies of Nasik 
region in Maharashtra of India in icebox and 
brought to the laboratory for further studies and 
stored at refrigeration temperature. 
Isolation and identification 
Isolation of psychrotrophs was carried out by 
Streak Plate Technique using sterile milk agar 
plates. Plates were incubated at 7oC for 10 days. 
Colonies developed on milk agar were picked up, 
purified repeatedly and preserved on nutrient 
agar slants and fresh transfers were given after 
every two months. Various isolates obtained were 
appropriately coded and studied for different 
morphological, biochemical and physiological 
characteristics features  such as colony characters 
on milk agar, Gram nature,  motility by hanging 
drop method, enzymatic activities such as 
protease, lipase, coagulase, oxidase, catalase, 
amylase, gelatinase, urease, lecithinase, 
phenylalanine deaminase, arginine hydrolysis, 
ornithin decarboxylase  and nitrate reduction test.  

Other tests include IMViC test and sugar 
fermentation test. Various physiological 
characters of isolates were studied which 
includes.   
Effect of temperature on growth of the isolates 
The isolates were inoculated in sterile nutrient 
broth and incubated at different temperatures 
such as 7oC for 10 days, 15oC, 25oC, 37oC and 
55oC for 24 to 48 hrs. After incubation tubes 
were observed for growth. 
Effect of pH on growth of the isolates 
The same isolates were inoculated in sterile 
nutrient broth having different pH values such 
as 4, 5, 6, 7, 8, 9, 10, 11 and 12 and incubated 
at 7oC for 10 days. After incubation tubes were 
observed for growth.  
Effect of salt concentration on growth of the 
isolates 
The growth of isolates at different concentration 
of NaCl was studied. The nutrient broths having 
different salt concentration such as 0.5%, 1.0%, 
1.5%, 2.0%, 2.5%, 3.0%, 3.5%, 4.0%, 4.5%, 
5.0%, 5.5%, 6.0%, 6.5%, 7.0%, 7.5% and 8.0% 
respectively were used. After incubation at 7oC 
for 10 days 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 was 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 the NCBI database 
(http://www.ncbi.nlm.nih.gov) with the help of 
BLAST database search tool. These sequences 
were then submitted to NCBI GenBank to 
receive the accession number.  
Enzyme assay 
Lipase assay was carried out by qualitative as 
well as quantitative methods. The lipolytic 
activities of the isolates were tested by using 
tributyrin agar after incubation at 7oC for 10 
days. Presence of clear zone of hydrolysis was 
considered as lipolytic bacteria.10 Quantitatively, 
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lipase activities were assayed by titrimetric 
method of Marcin et al. at 7oC using 0.1 N 
NaOH to neutralize the fatty acids that are 
produced after breakdown of tributyrin. One unit 
of lipase was defined as the amount of enzyme 
required to release 1µmol of fatty acids (in terms 
of acetic acid) per min. under assay conditions.  

RESULTS AND DISCUSSION 
Colony characteristics, morphology, gram 
nature and motility of the isolates are presented  

in Table 1.  All the isolates were Gram positive 
nonmotile cocci that produced pigmented 
colonies on milk agar. RRM-1 and SSL-1 
produced yellow water insoluble pigment 
whereas WSS-2 produced red orange and 
SShFM-1 produced lemon yellow water 
insoluble pigment. It can be seen from Table 1 
that all the isolates produced opaque colonies, 
circular in shape with entire margin, mucoid 
consistency with convex elevation except WSS-2 
and SShFM-1 produced flat colonies. 

Table 1 : Colony characteristics, Gram nature and motility of the isolates 
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RRM-1 1.0 Circular Yellow Entire Flat Opaque Mucoid 
Gram 

positive 
Cocci 

Non 
motile 

WSS-2 1.0 Circular Red 
orange Entire Convex Opaque Mucoid 

Gram 
positive 
Cocci 

Non 
motile 

SSL-1 1.0 Circular Yellow Entire Convex Opaque Mucoid 
Gram 

positive 
Cocci 

Non 
motile 

SShFM-1 1.0 Circular Lemon 
yellow Entire Flat Opaque Mucoid 

Gram 
positive 
Cocci 

Non 
motile 

It can be seen from Table 2 that all four 
isolates were positive for catalase, oxidase and 
lipase production. All the isolates did not 
produce amylase, protease and lecithinase. 
Only one isolate SSL-1 produced urease 
enzyme while other isolates did not produce it. 
Out of four only one isolate SShFM-1 showed 
gelatinase test positive. Isolate SSL-1     
showed   nitrate   reduction  test  positive while  

remaining three isolates showed this test 
negative. All these four isolates showed 
arginine hydrolysis, phenylalanine 
deamination, ornithin decarboxylase, 
coagulase, indole production and Voges-
Prouskar test negative while two isolates WSS-
2 and SShFM-1 showed citrate test positive 
and isolate WSS-2 showed methyl red test 
positive. 

Table 2 : Biochemical and physiological characteristics of the isolates 

S/N Characteristics 
Code of isolates 

RRM-1 WSS-2 SSL-1 SShFM-1 
Enzymatic tests 

1 Catalase, Oxidase, Lipase + + + + 
2 Amylase, Lecithinase, Protease - - - - 
3 Urease - - + - 
4 Gelatinase - - - + 
5 Nitrate reduction - - + - 
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6 Coagulase ,Arginine hydrolysis, 
Phenylalanine deamination, Ornithin 
decarboxylase 

- - - - 

IMViC test 
7 Indole production, Voges-Prouskar test - - - - 
8 Methyl Red test - + - - 
9 Citrate utilization - + - + 

Sugar fermentation test 
10 Glucose - A A A 
11 Mannitol, arabinose, - A A A 
12 Sucrose, xylose, galactose, trehalose, 

Mannose, ribose,   sorbitol, fructose 
- - A - 

13 Lactose, cellobiose, raffinose, rhamnose - - - - 

14 Growth on Lipovitellin salt agar 

Growth 
without 
yellow 
zone 

Growth 
without 
yellow 
zone 

Growth 
with 

yellow 
zone 

No 
growth 

15 Hugh and Leifson’s test O O O/F O 
A=Acid production; +=positive; - =negative; O=Oxidative; O/F=Oxidative and fermentative 

Three isolates WSS-2, SSL-1 and SShFM-1 
produced acid from glucose while isolate RRM-1 
did not produce acid from glucose. Isolate SSL-1 
produced acid from sucrose, arabinose, xylose, 
galactose, mannitol, trehalose, mannose, ribose, 
sorbitol and fructose while isolate WSS-2 
produced acid from mannitol and arabinose. 
None of the isolates utilized lactose, cellobiose, 
raffinose and rhamnose sugar. Both the isolates 
i.e. RRM-1 and WSS-2 showed growth on 

lipovitellin salt agar without yellow zone around 
the colony while growth of SSL-1 was 
surrounded by yellow zone. SShFM-1 was 
unable to grow on lipovitellin salt agar. In Hugh-
Leifson’s test, three isolates RRM-1, WSS-2 and 
SShFM-1 showed production of acid aerobically 
while isolate SSL-1 produced acid aerobically as 
well as anaerobically. The results of the growth 
of isolates at various temperatures are presented 
in Table 3. 

Table 3 : Effect of temperature on growth of the isolates 

S/N Code of  isolates 
Temperature (oC) 

7 15 25 37 55 
1 RRM-1 + ++ +++ - - 
2 WSS-2 + +++ ++ + - 
3 SSL-1 + ++ + - - 
4 SShFM-1 + ++ +++ - - 

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

It can be observed that all the isolates showed 
growth at 7oC, 15oC and 25oC but no growth 
was observed at 55oC.Maximum growth of the 
isolates RRM-1 and SShFM-1 was observed at 
25oC while WSS-2 and SSL-1 showed 
maximum growth at 15oC. Out of four isolates, 
only one isolate WSS-2 showed growth at 
37oC.  Table 4 represents the results of growth 

of isolates at different pH values. It can be 
seen from the table all the isolates did not grow 
at pH 4. Out of four, only two isolates WSS-2 
and SSL-1 had shown growth at pH 5. 
Maximum growth of all four isolates was 
observed at pH 7. Only two isolates RRM-1 
and SSL-1 were able to grow at pH 9 and      
pH 10. 
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Table 4 : Effect of pH on growth of the isolates 

S/N Code of 
isolates 

pH 
4 5 6 7 8 9 10 11 12 

1 RRM-1 - - + +++ ++ + + - - 
2 WSS-2 - + ++ +++ + - - - - 
3 SSL-1 - + ++ +++ ++ + + - - 
4 SShFM-1 - - ++ +++ + - - - - 

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

Table 5 represents effect of salt concentration 
on growth of the isolates. All the isolates 
showed maximum growth at 0.5% salt 
concentration. It can be seen from the table 
that the isolates RRM-1 tolerated 4.5% salt 

concentration. Isolate WSS-2 tolerated 6.0% 
salt concentration. Isolate SSL-1 tolerated upto 
maximum 7.5% salt concentration while 
isolate SShFM-1 tolerated 5.0% salt 
concentration.  

Table 5 : Effect of salt concentration on growth of the isolates 

 Code of 
isolates 

Salt concentration ( % ) 

0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 

RRM-1 +++ ++ + + + + + + + - - - - - - - 

WSS-2 +++ ++ + + + + + + + + + + - - - - 

SSL-1 +++ ++ + + + + + + + + + + + + + - 

SShFM-1 +++ ++ + + + + + + + + - - - - - - 
  +: Growth, ++: Moderate growth,  +++: Maximum growth, -: No growth 

Table 6  and Table 7 represents the 
identification of bacterial isolates. On the 
basis of morphological, biochemical, 
physiological characterization as well as 16S 
rRNA sequencing the isolates RRM-1, WSS-
2 and SSL-1 were identified as Micrococcus 
luteus, Kocuria rosea and Staphylococcus 
equorum respectively. However the species of 

isolate namely SShFM-1 was remained 
unidentified and designated as Kocuria 
species. Mane N. V. and Gandhi M. B. 
reported four thermoduric psychrotrophic 
bacteria from milk and milk products such as 
Macrococcus equipercicus, Exiguobacterium 
sp. EP03, Arthrobacter sp. N12 and 
Arthrobacter sp. TSBY-76.11 

Table 6 : Identification of the isolates by 16S rRNA sequencing 

S/N Code of isolates Identified bacteria % Identity 
GenBank 

accession no. 

1 RRM-1 Micrococcus luteus 100% GQ 982894 

2 WSS-2 Kocuria rosea 99% GQ 982895 

3 SSL-1 Staphylococcus equorum 100% GQ 982896 

4 SShFM-1 Kocuria species 100% GQ 982898 
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Table 7 : Classification and identification of isolates based on morphological, biochemical 
and physiological characters 

Code 
of 

isolates 
Phylum Sub-phylum Order Family Genus Species 

RRM-1 Actinobacteria Actinobacteridae Actinomycetales Micrococcaceae Micrococcus luteus 

WSS-2 Actinobacteria Actinobacteridae  Actinomycetales Micrococcaceae Kocuria rosea 

SSL-1 Firmicutes - Bacillales - Staphylococcus equorum 

SShFM -1 Actinobacteria Actinobacteridae Actinomycetales Micrococcaceae Kocuria - 

It can be seen from Table 8 and Fig. 1 that 
Kocuria rosea showed highest zone of 
hydrolysis (4.8 mm) on tributyrin agar with 
enzyme activities 0.032 Units/ml while 
Micrococcus luteus showed less zone diameter 
(3.3mm) and has given lowest yield 0.012 
Units/ml.   Other   two  isolates  fall in between  

this range. Mane N. V.  and Gandhi M. B.12 

reported two lipolytic psychrotrophic bacteria 
such as Kocuria rosea and Kocuria sp. Mali 344 
from milk and fermented milk products. This 
type of lipolylytic activities of Micrococcus 
luteus and Staphylococcus were also observed 
by Prakash M.  et al. from raw milk.13,14 

Table 8 : Lipolytic activities of the isolates were determined by qualitative and  
quantitative methods 

Code of isolates 
Lipolytic activities 

Plate assay 
zone diameter(mm) 

Enzyme activities 
(Units/ml) 

RRM-1 3.3 0.012 
WSS-2 4.8 0.032 
SSL-1 3.8 0.016 
SShFM-1 4.2 0.020 

 

 
Fig. 1 : Yield of lipase of identified bacteria in Units/ml 
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CONCLUSION 
In the spoilage of refrigerated milk and milk 
products, psychrotrophs and their extracellular 
enzymes play a major role. So it is of great 
importance to study about the psychrotrophic 
bacteria that inhabit raw milk. Four              
Gram positive lipolytic psychrotrophic   
bacteria isolated from milk and fermented milk 
products were identified as Micrococcus 
luteus, Kocuria rosea, Staphylococcus 
equorum and Kocuria species. All of these 
bacteria produced lipase enzyme and degrade 
milk fats at refrigeration temperature (7oC) and 
may affects the quality of milk and milk 
products during their preservation at 
refrigeration storage.  
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