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ABSTRACT 
Psychrotrophs are the organisms capable of appreciable growth at 70C irrespective of the 
optimum growth temperature.  These organisms can grow at wide range of   temperature. They 
produce heat resistant, exoenzymes such as protease, lipase etc. during cold storage and attack 
proteins and fats in milk and milk products and cause spoilage problems.  For studying these 
psychrotrophs milk and fermented milk samples from different dairies of Kolhapur region in 
Maharashtra were collected. Two psychrotrophic bacterial isolates obtained were belonged to 
genus Kocuria . They were characterized by studying their morphological, cultural, 
physiological and biochemical characters as well as 16S rRNA sequencing and further identified 
as Kocuria rosea and Kocuria sp.Mali 344. Lipolytic activities of these were studied. Both the 
isolates showed production of lipase and may hydrolyzed milk fat. Survival at pasteurization was 
also studied. 
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INTRODUCTION 

Refrigeration of milk and milk products selects 
the favourable condition for psychrotrophic 
organisms present in milk. Following 
pasteurization thermoduric psychrotrophic 
bacteria that are capable of surviving 
pasteurization temperature and able to grow in 
milk and milk products during cold storage. Heat 
resistant extracellular proteinases and lipases 
produced by these bacteria contribute to the 
spoilage of milk and their products.1-3 The 
contamination of raw milk by psychrotrophic 
organisms is influenced by minimal hygiene 
around the udder, including salt tolerant flora 
such as, Micrococcus, Arthrobacter, Micro-
bacterium, Brevibacterium and Staphylococcus 
sp.4 Members of the genus Micrococcus 
considered as an important spoilage causing 
psychrotrophs in refrigerated milk and the genus 
Kocuria was created from the genus 
Micrococcus on the basis of the phylogenetic and 
chemotoxonomic dissection.5,6 Kocuria koreensis 
sp. nov. and Kocuria salsicia sp. nov. isolated 

from fermented sea food and salt fermented sea 
food  respectively.7-8   Most  of reported  Kocuria  

spp. have been observed to be mesophilic.5 In 
present study, psychrotrophic Kocuria  rosea and 
Kocuria sp.Mali 344 were isolated  from a milk 
and fermented milk products from  Kolhapur 
region in Maharashtra, India.  These  species are 
able to grow in high number during refrigerated 
storage and produce heatstable extracellular 
lipases and contribute to spoilage of milk and 
milk products. Kocuria rosea may cause 
opportunistic infections in immunocom-
promised patients.9-11  

AIMS AND OBJECTIVES 
To produce the products of high quality with 
the emphasis on factors that affect public 
health and influence the economics, 
psychrotrophic bacteria belonging to genus 
Kocuria was isolated, identified and studied 
for their lipolytic activity.  

MATERIAL AND METHODS 
Milk and fermented milk samples constituting 
five samples of each milk, curd, lassi, butter 
and shrikhand were collected from five 
different dairies of Kolhapur region in 
Maharashtra, India in an aseptic manner and 
brought to the laboratory under refrigerated 
condition for further analysis. 
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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 
intervals.12 Various isolates obtained were 
appropriately coded and studied for different 
morphological characteristic feature as colony 
characteristics on milk agar, Gram nature 
(Hucker and Conn method) and motility was 
determined by the hanging drop method. 
Enzyme tests such as catalase, oxidase, lipase, 
amylase, gelatinase, urease, phenylalanine 
deaminase, arginine hydrolysis, nitrate reduction, 
Hugh-Leifson’s test i.e. oxidation-fermentation 
test were performed by growing isolates in 
appropriate media according to standard 
methods. Other tests include the production of 
indole, methyl red test, voges-proskauer test and 
carbohydrate utilization test.13 
Various physiological characters of the isolates 
were studied which includes 
Effect of temperature on the growth of the 
isolates 
5ml aliquots of sterile nutrient broth were 
dispensed into separate test tubes inoculated with 
log phase cultures of each isolate of a cell density 
108 cells per ml in 0.1ml quantity and incubated 
separately at 40C , 70C for 10 days, 250C, 370C, 
550C for 24hrs. After incubation the growth 
response was observed turbidometrically as 
optical density at 600nm in broth. 
Effect of pH on the growth of the isolates 
Log phase cultures of each isolate of a cell 
density 108 cells per ml were inoculated in 0.1ml 
quantity into 5ml sterile nutrient broth tubes 
having different pH values as 3, 4, 5, 6, 7, 8, 9 
and 10. All the tubes were incubated at 70C for 
10 days. After incubation the growth response 
was observed turbidometrically as optical density 
at 600nm in broth. 
Effect of salt concentration on the growth of 
the isolates 
The sterile nutrient broth tubes with 5ml aliquots 
having concentration of NaCl as 0.5%, 1%, 

1.5%, 2%, 2.5%, 3%, 3.5%, 4%, 4.5%, 5%, 
5.5%, 6%, 6.5%, 7% were inoculated with 0.1ml 
of log phase culture having cell density of 108 
cells per ml. All the tubes were incubated at 70C 
for 10 days and growth was observed 
turbidometrically as optical density at 600nm in 
broth. 
Survival of the isolates at pasteurization 
Tubes containing 5ml sterile milk were 
inoculated with loopful culture of each isolate 
and kept in water bath at 630C for 30mins. A 
loopful culture from each tube was spot 
inoculated on sterile milk agar plates and 
incubated at 70C for 10 days. Plates were 
observed for growth after incubation. 
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. 
Plate assay of lipase 
All isolates were tested for the lipase production 
by agar diffusion assays. Nutrient broth tubes 
were inoculated with a loopful of culture and 
incubated for 48hrs. at 260C . Then Optical 
Density (O.D.) was set 0.3 at 600nm to maintain 
inoculum size constant and 1% (v/v) of these 
cultures were inoculated to 100ml of nutrient 
broth with 1% tributyrin and again incubated for 
24hrs. at 260C. After incubation nutrient broth 
was centrifuged at 3000rpm. for 10 min. to 
separate biomass. This supernatant was used to 
assay enzyme activity by plate assay  method. 
Wells of 4mm diameter were made in tributyrin 
agar (nutrient agar supplemented with 1% 
tributyrin). 20 microlitre of supernatant obtained 
above was charged into well and incubated at 
260C for 48hrs. Enzyme activity was obtained as 
zone of clearance around the wells and zone 
diameters were recorded.14 
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RESULTS AND DISCUSSION 
Morphological characteristics of the isolates are 
presented in Table 1. It can be seen from the 
Table 1 that both the isolates were gram 
positive, non motile cocci. They produced 1mm 
size, circular, opaque colonies with entire 
margin and convex elevation with mucoid 
consistency. Isolate KSR2 showed orange 
coloured colony while KMR2 showed reddish 
coloured colony. Similarly  Table 2 shows that 
both the isolates were positive for catalase, 
lipase, amylase enzyme and were able to  
reduce   nitrate,   hydrolyse   arginine   but  they       

showed negative results for gelatinase, urease, 
phenylalanine deaminase. They were capable to 
utilize glucose oxidatively. Only KSR2 showed 
positive oxidase test. None of these were 
positive for indol production, voges praskauer 
and citrate utilization. Methyl red was positive 
only for KSR2. Glucose and mannitol utilized 
by KSR2 and KMR2 respectively with acid 
production. None of the isolate was utilized 
lactose, sucrose and dextrose. 
Table 3 represents the results of survival of the 
isolates pasteurization conditions. It was 
observed that both the isolates were capable of 
surviving under pasteurization conditions. 

Table 1 : Colony characteristics, gram nature and motility of the isolates 

S/
N Code Colony characteristics Microscopic observations 

  Size shape Margin Elevation Consistency Opacity Colour Morphology Gram 
nature Motile 

1 KSR2 1mm Circular Entire Convex Mucoid Opaque Orange Coccoid Gram 
+ve 

Non 
motile 

2 KMR2 1mm Circular Entire Convex Mucoid Opaque Reddish Coccoid Gram 
+ve 

Non 
motile 

Table 2 :  Biochemical characteristics of the isolates 

S/N Characteristic Codes of the isolates 
KSR2 KMR2 

Enzymatic tests 

1 Catalase, Lipase, Amylase, Nitrate 
reduction, Arginine hydrolysis 

+ + 

2 Oxidase + - 
3 O/F O O 

4 Gelatinase, Urease, Phenylalanine 
deamination - - 

IMViC test 

5 Indol production, V.P. test, Citrate 
Utilization - - 

6 Methyl Red + - 
Carbohydrate Utilization 

7 Glucose A - 
8 Mannitol - A 
9 Lactose, Sucrose,Dextrose - - 

A= Acid production, + =Positive, - = Negative, O= Oxidative 

Table 3 :  Survival of the isolates at pasteurization 

S/N Code of the isolates Growth of the isolates 
1 KSR2 + 
2 KMR2 + 

  + =Positive, - = Negative 

From Fig. 1, it can be observed that both the 
isolates showed growth at  70C, 270C, 370C and 
550C. They failed to grow at 40C. Maximum 

growth of the KSR2 was observed at 370C and 
KMR2 showed maximum growth at 270C. Fig. 2 
represents effect of pH on the growth of the 
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Fig. 1 : Effect of the incubation temperature on the growth of the isolates 

 
Fig. 2 : Effect of the pH on the growth of the isolates 

 

                               

 

 

 

 

 
Fig. 3 : Effect of the salt concentration on the growth of the isolates 

isolates. Both the isolates failed to grow at pH 3 
while both were grew at pH values 4, 5, 6, 7, 8, 
9. Only KSR2 was abled to grow at pH 10 with 
maximum growth at pH7. Fig. 3 represents 

growth of the isolates at different concentrations 
of NaCl. It can be observed that both the isolates 
were able to tolerate salt concentration upto 
3.5%. Furthermore KSR2 was showed growth 
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upto 5% and both were did not grow at 5.5%, 
6%, 6.5%, 7% salt concentrations respectively. 
Identification of the isolates by 16S rRNA 
sequencing 
On the basis of morphological, cultural, 
physiological characterization as well as 16S 
rRNA   sequencing   two   bacterial  isolates  in  

present study KSR2 and KMR2 were 
identified as Kocuria  rosea with 100% and 
Kocuria sp.Mali 344 with 99% identity 
respectively Lipolytic activity was represented 
in Fig. 4. Results of lipolytic activity showed 
that thediameter of zone of hydrolysis on 
tributyrin agar by Kocuria rosea

                                        
        Fig. 4 : Lipolytic activities of the Kocuria species 

was 6mm which was greater than diameter of 
zone of hydrolysis showed by Kocuria sp.Mali 
344. 

CONCLUSION 
Two psychrotrophic species of  Kocuria were 
isolated from milk and fermented milk products 
and identified as Kocuria  rosea and Kocuria 
sp.Mali 344 at 16S rRNA level. Both were 
positive for lipase enzyme and may hydrolysed 
milk fats at refrigeration temperature (70C). 
Lipolytic activity shown by Kocuria  rosea was 
more as compared to Kocuria sp. Mali 344. This 
may be significant factor in limiting the storage 
life of milk and fermented milk products. 
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