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Aerobic cocci from some of the ethnic meat products of the Eastern and the Western Himalayas were isolated and 

characterised. A total of 284 micrococcaceae were isolated from 68 samples of traditionally prepared meat products of 

different pockets of Sikkim and Uttarakhand in India. The occurrence of micrococcaceae was found at the level of 105-107 

cfu/g. The total viable count in all the samples of meat products collected from different places of the Sikkim and 

Uttarakhand was ranging in between 105-109 cfu/g. Identification of the isolates revealed that about 91.0 % of the total 

isolates were identified and characterized as Staphylococcus spp. and remaining 9.0 % of the isolates were Micrococcus spp. 

in all the samples analysed. 
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Introduction 

The association of several species of Kocuria, 

Micrococcus and Staphylococcus has been reported 

from fermented meat and fish products
1,2

. The 

importance of the microorganisms belonging to the 

Micrococcaceae and Staphylococcaceae families in 

the biochemical processes that take place during the 

ripening of raw-cured meat products was to develop 

the colour and flavour of the products
3
. The main 

microbial groups involved in meat fermentation  

are LAB
4,5,6,7

, and is followed by coagulase-

negativestaphylo cocci, micro cocci and 

enterobacteriaceae
8
.The aim of the present work is to 

determine the predominance of Staphylococcus over 

Micrococcus in varieties of meat products consumed 

in Eastern and Western Himalaya in India.  

 

Materials and methods 
Meat Samples 

A field survey was conducted in different regions 

of Sikkim and Kumaun Himalayas. Based on personal 

observation and interviews with the producers, six 

types of ethnic meat products from the Sikkim and 

three major types of meat products from Uttarkhand 

were documented and collected. The ethnic meat 

products from Sikkim were langkargyong, yak 

kargyong, faakkargyong, langsatchu, yak satchu and 

sukakomasu and from Kumaun were the Arjia, 

Chartayshya and Jamma. Samples were collected 

aseptically in polythene bags as well as sterile bottles 

and were, sealed and labelled. Samples were stored at 

4
o
C for microbial and biochemical analyses.  

Samples were taken out from freeze and analysed 

until temperature of samples retained to room 

temperature. 
 

Microbial Analysis 

Ten g of sample were homogenised with 90 ml of 

0.85 % (w/v) sterile physiological saline in a 

stomacher lab-blender (400, Seward, UK) for 1 min. 

A serial dilution (10
-1

 to 10
-8

) in the same diluent was 

made. Mannitol-salt Phenol-red Agar (Merck) media 

were used for the detection of micrococcaceae in the 

samples following the method of Papamanoli et al. 

(2002)
9
. Inoculated plates were incubated at 30

o
C for 

48 h. Micrococcaceae strains were characterized  

and identified following the keys described by  

Sneath et al. (1986)
10

.Identity of micrococci was 

further confirmed by growing in FTO (furazolidone) 

agar
11

.Spread plates of Baird Parker agar base (M043, 

Hi Media) with appropriate additions of Egg yolk 

tellurite emulsion (FD046, Hi Media) was also used 

for selective enumeration of Staphylococcus aureus. 

After serial dilution plates were overlaid with the 

medium and incubated at 37C for 48 h. 
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Results and Discussion 

A total of 203 strains of aerobic cocci were isolated 

from 52 samples of the Sikkim Himalayas (Table 1) 

and a total of 81 strains were isolated from 16 

samples of the Kumaun Himalayas (Table 2).  

All the samples were analysed for the 

microbiological population (Table 3 and 4). The 

occurrence of micrococcaceae was found at the level 

of 10
5
-10

7
 cfu/g. The total viable count in all the 

samples of meat products collected from different 

places of the Sikkim and the Kumaun Himalayas was 

ranging in between 10
5
-10

9
 cfu/g (Table 3and 4). In 

all the samples analyzed, the predominance of 

Staphylococcus spp. over Micrococcus spp. was 

recorded. A grouping of all micrococcaceae isolates 

was done on the basis of cell morphology, gas 

production from glucose, production of ammonia 

from arginine, formation of tetrads, growth at 10 % 

NaCl (Tables 1 and 2)
12

.The representative strains 

were selected from each grouped strains and further 

grown in furazolidone (FTO) agar. The percentage of 

prevalence showed that about 91.0 % of the total 

isolates were identified and characterized as 

Staphylococcus spp. and remaining 9.0 % of the 

isolates were Micrococcus spp. in all the samples 

analysed. The strains were further confirmed as 

Micrococcus spp. showing growth in furazolidone 

(FTO) agar and Staphylococcus spp. did  not  grow  in  
 

Table 1—Differential characteristics of Micrococcus and Staphylococcus isolated from meat products of the Sikkim Himalayas 
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Lang kargyong (45) 
1.5 (0.5-2.4) + + - + - + 4 8.9 Micrococcus 

1.1 (0.5-1.6) + + + - + - 41 91.1 Staphylococcus 

Yak kargyong (30) 
1.5 (0.5-2.4) + + - + - + 3 10.0 Micrococcus 

1.6 (0.5-1.6) + + + - + - 27 90.0 Staphylococcus 

Faak kargyong (35) 
1.0 (0.5-2.4) + + - + - + 3 8.6 Micrococcus 

1.2 (0.5-1.6) + + + - + - 32 91.4 Staphylococcus 

Lang satchu (28) 
1.6 (0.5-2.4) + + - + - + 2 7.1 Micrococcus 

1.0 (0.5-1.6) + + + - + - 26 92.9 Staphylococcus 

           

Yak satchu (40) 
1.6 (0.5-2.4) + + - + - + 3 7.5 Micrococcus 

1.2 (0.5-1.6) + + + - + - 37 92.5 Staphylococcus 

Suka ko masu (25) 
1.6 (0.5-2.4) + + - + - + 2 8.0 Micrococcus 

1.2 (0.5-1.6) + + + - + - 23 92.0 Staphylococcus 
aTotal number of micrococcaceae from each products are given in parenthesis. 

FTO, Furazolidone agar 
 

 

Table 2—Differential characteristics of Micrococcus and Staphylococcus isolated from meat products of the Kumaun Himalayas 
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Chartayshya (32) 
1.6 (0.5-2.4) + + - + - + 2 6.3 Micrococcus 

1.1 (0.5-1.6) + + + - + - 30 93.7 Staphylococcus 

Jamma (24) 
1.5 (0.5-2.4) + + - + - + 2 8.3  

1.0 (0.5-1.6) + + + - + - 22 91.7 Staphylococcus 

Arjia (25) 
1.0 (0.5-2.4) + + - + - + 2 8.0 Micrococcus 

1.1 (0.5-1.6) + + + - + - 23 92.0 Staphylococcus 
aTotal number of Micrococcaceae from each products are given in parenthesis. 

Furazolidone (FTO) agar 
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Table 3—Microbiological populations of meat products collected from different places of the Sikkim Himalayas 

Product Region Place of collection Log cfu/g sample 

   Micrococcaceae TVC 

Lang kargyong 

 

North Sikkim Mangan (n = 3) 6.3 ± 0.9 8.1 ± 0.3 

North Sikkim Pangthang (n = 3) 5.1 ± 0.4 8.4 ± 0.2 

North Sikkim Sankalan (n = 2) 5.2 ± 0.2 8.2 ± 0.2 

North Sikkim Pakshyak (n = 2) 5.1 ± 0.3 8.8± 0.4 

East Sikkim Lingtam (n = 2) 5.4 ± 0.4 8.2 ± 0.3 

East Sikkim Rongli (n = 2) 5.0 ± 0.1 7.7 ± 0.1 

East Sikkim Zuluk (n = 3) 6.8 ± 0.7 8.8± 0.4 

Yak kargyong 

East Sikkim Gnathang (n = 2) 5.6 ± 0.1 8.4 ± 0.5 

East Sikkim Kupup (n = 2) 5.4 ± 0.1 8.3 ± 0.6 

North Sikkim Lachen (n = 3) 5.9 ± 0.5 7.3 ± 0.6 

Faak kargyong 

East Sikkim 4th mile (n = 2) 6.4 ± 0.6 8.5 ± 0.5 

East Sikkim Ranka (n = 2) 6.6 ± 0.4 8.8 ± 0.1 

West Sikkim Tashiding (n = 2) 5.6 ± 0.1 7.8 ± 0.1 

North Sikkim Mangan (n = 2) 5.5 ± 0.1 7.8 ± 0.1 

Lang satchu 

East Sikkim Ranka (n = 2) 6.2 ± 0.2 7.8 ± 0.1 

East Sikkim Tadong (n = 2) 7.0 ± 0.1 8.1 ± 0.4 

West Sikkim Rinchen-pong (n = 2) 6.6 ± 0.1 8.6 ± 0.6 

West Sikkim Kewzing (n = 2) 6.2 ± 0.7 7.8 ± 0.1 

Yak satchu 

East Sikkim Gnathang (n = 2) 6.4 ± 0.6 8.3 ± 0.2 

East Sikkim Kupup (n = 2) 5.6 ± 0.6 8.6 ± 0.7 

North Sikkim Lachen (n = 2) 5.4 ± 0.5 7.8 ± 0.1 

Suka ko masu 

South Sikkim Namchi (n = 2) 5.1 ± 0.1 5.5 ± 0.1 

East Sikkim Rongli (n = 2) 4.4 ± 0.1 5.4 ± 0.1 

East Sikkim Tadong (n = 2) 5.2 ± 0.1 5.4 ± 0.3 

Data represents the means (± SD) of number of samples.  

n = number of samples. LAB, lactic acid bacteria; TVC, total viable count; DL, Less than detection limit (10 cfu/g). 
Micrococcaceae includes species of Micrococcus and Staphylococcus. 
 

 

Table 4—Microbiological populations of meat products collected from different places of the Kumaun Himalayas 

Product Region Place of collection Log cfu/g sample 

   Micrococcaceae TVC 

Charta-yshya 

 

Dharch-ula district Pangu (n = 2) 6.9 ± 0.1 9.0 ± 0.1 

Dharch-ula district Rumjum (n = 2) 5.9 ± 0.1 7.8 ± 0.1 

Dharch-ula district Marchal (n = 2) 6.9 ± 0.1 7.1 ± 0.1 

Jamma 

Dharch-ula district Dharchula (n = 2) 6.0 ± 0.1 9.2 ± 0.1 

Dharch-ula district Sosa (n = 2) 5.3 ± 0.3 7.5 ± 0.3 

Dharch-ula district Rumjum (n = 2) 5.3 ± 0.1 7.4 ± 0.1 

Arjia 
Dharch-ula district Dharchula (n = 2) 6.5 ± 0.1 9.1 ± 0.1 

Dharch-ula district Rumjum (n = 2) 6.3 ± 0.1 9.0 ± 0.1 

Data represents the means (± SD) of number of samples.  

n = number of samples. LAB, lactic acid bacteria; TVC, total viable count; DL, Less than detection limit (10 cfu/g). 

Micrococcaceae includes species of Micrococcus and Staphylococcus. 
 

FTO agar. Non-FTO strains were also identified for 

Staphylococcus aureus by using selective media Baird 

Parkar Agar (M043 Hi Media). Staphylococcus 

aureusis regularly found in meat and fermented 

sausages
13,14

. Only few of the samples showed 

positive to Staphylococcus aureus but they are poor 

competitor at low temperatures, anaerobic conditions 

and low pH
15

.Among micrococcaceae, about 91 % of 

the isolates were identified as Staphylococcus sp. and 

only 9 % were Micrococcus sp. in the 68 samples 
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analysed, the findings proves that the dominance of 

Staphylococcus spp. over Micrococcus spp. 

Staphylococcus aureus was reported in several meat 

products
16

. There was the predominance of 

staphylococci over other micrococcaceae in almost all 

the data reported on the characterization of microbial 

flora of fermented meats
17

. The predominance of 

isolates of the Staphylococcus genus in comparison 

with those of Micrococcus genus appears as common 

phenomenon in the majority of studies on the 

characterization of the microbial flora in fermented 

sausage
9
. Micrococcaceae species are used to enrich 

fermentative microorganisms during ageing of the 

products in order to enhance the colour stability and 

contribute to flavour development of the cured meat 

and prevent rancidity
9,18

. Previously we reported the 

dominance of lactic acid bacteria in fermented meat 

products of the Western Himalayas
19

, however, 

presence of Staphylococcus and Micrococcus have 

also novelty in fermentation of ethnic fermented foods 

of the Himalayas as in other fermented meat products 

of the world. 

 
Conclusion 

The main objectives of the work were to know the 

predominance of Staphylococcus spp. over the 

Micrococcus spp. among aerobic cocci in a variety of 

ethnic meat products consumed by the ethnic people 

of the Himalayas. It was observed that more than 90% 

of aerobic cocci were Staphylococcus spp. In future 

studies, the technological and safety properties of the 

aerobic cocci can be investigated in order to 

determine the role of these species in the manufacture 

of meat products, with the final purpose of using these 

strains as starter cultures. 

 
References 

1 Coton E, Desmonts MH, Leroy S, Coton M, Jamet E & 

Christieans S, Biodiversity of coagulase-negative 

staphylococc in French cheeses, dry fermented sausages, 

processing environments and clinical samples, Int J Food 

Microbiol, 137 (2010) 221-229. 

2 Martín B, Garriga M, Hugas M, Bover-Cid S, Veciana-

Noqués MT &Aymerich T, Molecular, technological and 

safety characterization of Gram-positive catalase-positive 

cocci from slightly fermented sausages, Int J Food 

Microbiol, 107 (2006) 148-158. 

3 Hinrichsen LL, & Pedersen S, Relationship among flavor, 

volatile compounds, chemical changes and microflora in 

Italian-type dry-cured ham during processing, J Agri Food 

Chem, 43 (1995) 2932-2940.  

4 Albano H, van-Reenen CA, Todorov SD, Cruz D, Fraga L & 

Hogg T, Phenotypic and genetic heterogeneity of lactic acid 

bacteria isolated from “Alheira” a traditional fermented 

sausage produced in Portugal, Meat Sci, 82 (2009) 389-398. 

5 Cocolin L, Dolci P &Rantsiou K, Biodiversity and dynamics 

of meat fermentations: the contribution of molecular methods 

for a better comprehension of a complex ecosystem, Meat 

Sci, 89 (2011) 296-302.  

6 Khanh TM, May BK, Smooker PM, Van TTH & Coloe PJ, 

Distribution and genetic diversity of lactic acid bacteria from 

traditional fermented sausage, Food Res Int, 44 (2011) 338-344.  

7 Nguyen DTL, Van Hoorde K, Cnockaert M, de Brandt E, de 

Bruyne K &Le BT, A culture-dependent and in dependent 

approach for the identification of lactic acid bacteria 

associated with the production of nem chua, a Vietnamese 

fermented meat product, Food Res Int, 50 (2013) 232-240.  

8 Marty E, Buchs J, Eugster-Meier E, Lacroix C. & Meile L, 

Identification of staphylococci and dominant lactic acid 

bacteria in spontaneously fermented Swiss meat products 

using PCR-RFLP, Food Microbiol ,29 (2011) 157-166. 

9 Papamanoli E, Kotzekidou P, Tzanetakis N & Tzanetaki EL, 

Characterization of Micrococcaceae isolated from dry 

fermented sausage, Food Microbiol, 19 (2002) 441-449. 

10 Von Rheinbaben KE &Hadlok RM, Rapid distinction 

between micrococci and staphylococci with furazolidone 

agars, Antonie van Leeuwenhoek J Microbiol Serol,  

47 (1981) 41–51. 

11 Sneath PHA, Mair NS, Sharpe ME & Holt JG, Bergey’s 

Manual of Systematic Bacteriology, vol 2 Williams & 

Wilkins, Baltimore (1986). 

12 UK Standards for Microbiology Investigation, Bacteriology 

Identification, Standards Unit, Microbiology Services, PHE, 

61 Colindale Avenue, London NW9 5EQ. ID 7, Issue no:  

3 Assessed 12 Nov (2014). 

13 Kuschfeldt D, Vorkommen und Bedeutung von 

Staphylokokken in streichfahigen Rohwursten, 

Fleischwirtschaft, 60 (1980) 2045-2048. 
14 Liepe HU, Food and feed products with microorganisms, In: 

HJ Relm and G Reed (eds), Biotechnology, Weinheim, 
Germany: Verlag Chemie GMBH, (1983) 399-424. 

15 Hurst A & Collins-Thompson DL, Food as a bacterial 

habitat, Adv Microbiol Ecol, 3 (1979) 79-134. 

16 Kotzekidou P, Identification of staphylococci and micrococci 

isolated from an intermediate moisture meat product, J Food 

Sci, 57 (1992) 249-251. 
17 Girma G, Kitema T & Bacha K, Microbial load and 

safety of paper currencies from some food vendors in 
Jimma Town, Southwest Ethiopia, Bio Med Cent,  
7 (2014) 843.  

18 Comi G, Citterio B, Manzano M & Cantoni C, Evaluation 

and characterization of Micrococcaceae strains in Italian dry 

fermented sausages, Fleischwirtschaft, 72 (1992) 1679-1683. 

19 Oki K, Rai AK, Sato S, Watanabe K, & Tamang JP, Lactic 

acid bacteria isolated from ethnic preserved meat products of 

the Western Himalayas, Food Microbiol, 28 (2011) 1308-

1315.  

 


