
MATERIALS 
AND METHODS 



MEDIA USED 

( 1). Amylase Broth (Kawaguchi et al., 1992) 

Soluble Starch 
Beef Extract 
Polypeptone 
Sodium Chloride 
Distilled Water 
pH 

10.0 g 
10.0 g 
10/0 g 
3.0 g 
1000 ml 
7.2 

(2). Arginine Hydrolysis Medium (Thornley, 1960) 

Peptone 
Yeast extract 
D (+)glucose 
K2HP04.3H20 
Magnesium sulphate 
Manganese sulphate 
Sodium acetate 
Tri-sodium citrate 
Tween 80 
Arginine 
Phenol red 
Distilled water 
pH 

(3). Ascospore Agar (M804, HiMedia) 

10.0 g 
5.0 g 
0.5 g 
2.0 g 
0.1 g 
0.05 g 
c::r.,.,. 
J.v 5 

20.0 g 
1.0 ml 
0.3% 
0.01 g 
1000 ml 
5.0 

(4). Bacillus cereus Agar Base (M833, HiMedia) 

(5). Bacteriocin Screening Medium (Tichaczek et al., 1992} 

Peptone 
Beef extract 
Yeast extract 
Glucose 
K2HP04 
Tween 80 
Diammonium citrate 
Sodium acetate 
MgS04 
MnS04 
Distilled water 
pH 
Agar 

10 g 
5.0 g 
5.0 g 
2.0 g 
2.0 g 
1.0 g 
2.0 g 
5.0 g 
0.1 g 
0.05 g 
1000 ml 
6.5 
12 g 

(6). Baird Parker Agar Base (M043, HiMedia) 
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(7). Basal medium ~Gordon et al., 1973) 

Diammonium hydrogen phosphat 
Potassium Chloride 
Magnesium Sulphate 
Yeast extract 
Bromocresol purple 
Distilled wate 
pH 

(8). Bile salt (MG3 M531040, Merck) 

1.00 g 
0.2 g 
0.2 g 
0.2 g 
0.4 g 
1000 ml 
7.0 

(9). Biogenic amine Culture Medium (Bover-Cid and Holzapfel, 

1999) 

MRS Broth (M369, HiMedia, Mumbai) 
D-Tyrosine (RM 1520, HiMedia, Mumbai) 
L-Histidine monohydrochloride (Merck) 
L-Lysine monohydrochloride (Merck) 
L-Ornithine monohydrochloride (Merck) 
Pyridoxal-5-Phosphate (RM 1554, HiMedia) 
Distilled water 
pH 

52.2 g 
1.0 g 
1.0 g 
1.0 g 
1.0 g 
0.001 g 
1000 ml 
6.00 

(10). Biogenic Amine Screening Medium (Joosten and Northold, 

1989) 

Tryptone 
Yeast extract 
Meat extract 
Sodium chloride 
Glucose 
Tween 80 
K2HP04 
Ammonium citrate 
Calcium carbonate 
MgS04.7H20 
MnS04.4H20 
FeS04.7H20 
Thiamine 
Pyridoxal-5-phosphate 
Bromocresol purple 
Agar 
Amino acid 
Distilled water 

5.0 g 
5.0 g 
5.0 g 
2.5 g 
0.5 g 
1.0 g 
2.0 g 
2.0 g 
0.1 g 
0.2 g 
0.05 g 
0.04 g 
0.001 g 
0.005 g 
0.05 g 
22.0 g 
5.0 g 
1000 ml 

Amino acids used were D-Tyrosine (pH 5.3) (RM 1520, HiMedia); 

L-Histidine monohydrochloride (pH 5.0) (Merck, Germany); L-Lysine 
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monohydrochloride (pH 5.15) (Merck, Germany); L-Ornithine 

monohydrochloride (pH 5.0) (Merck, Germany). 

(11). Egg Yolk Emulsion (FD045, HiMedia) 

(12). Egg Yolk Tellurite Emulsion (FD046, HiMedia) 

(13). Fermentation Basai Medium for yeasts (Wickerham, 1951) 

Yeast extract 4.5 g 
Peptone 7. 5 g 
Distilled water 1000 ml 
Bromothymol blue (Till sufficiently dense green colour appears) 

(14). Lactate Configuration Medium (Tamang et al., 2005) 

Peptone from casein 
Yeast extract 
Glucose 
Di-potassium hydrogen phosphate 
Tween 80 
Di-ammonium hydrogen phosphate 
Magnesium S1.'lpbate 
Manganese sulphate 
Distilled water 

10.0 g 
4.0 g 
20.0 g 
2.0 g 
1.0 g 
2.0 g 
0.2 g 
0.04 g 
1000 ml 

(15). Listeria Identification Agar Base (M 1064, HiMedia) 

(16). Listeria Selective Supplement (FD 061, HiMedia) 

(17). Luria Burtani Broth (Due et al., 2004) 

Tryptone 
Yeast extract 
NaCl 
Distilled water 
pH 
Bile salt 

(18). Malt Extract Agar (M137, HiMedia) 

(19). Milk Agar (Gordon et al., 1973) 

10 g 
5.0 g 
10 g 
1000 ml 
7.2-7.4 
2.0% 

Skim milk powder (RM1254, HiMedia) 5.0 gin 50 ml distilled 
water 
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Agar 1. 0 g in 50 ml distilled water 

(20). Mannitol-salt Phenol-red Agar (Merck) 

(21). MRS Agar (M641, HiMedia) 

(22). MRS Broth (i\1369, HiMedia) 

(23). Nitrate Broth (Gordon et al., 1973) 

Peptone 
Beef extract 
Potassium nitrate 
Distilled water 
pH 

5.0 g 
3.0 g 
1.0 g 
1000 ml 
7.0 

Autoclaved separately at 121° C for 20 min, cooled to 45° C, mixed 

together and poured into petridishes. The plates were allowed to stand at 

37° C for 24 h to dry the surface of the agar. 

(24). Nutrient Agar (MM012, HiMedia) 

(25). Nutrient Broth (M002, HiMedia) 

(26). Phytase Degrading Screening Medium (Holzapfel, 1 997) 

Ca-Phytate 5.0 g 

Glucose 

Na-Citrate 

MgS04 

MnS04 

FeS04 

L-Glutamate 

DL-Alanine 

L-Arginine-HCl 

L-Asparagine 

L-Cysteine-HCl 

L- Phenylalanine 

L-Histidine 

50 

2.0 g 

0.1 g 

0.075 g 

0.010 g 

0.005 g 

0.150 g 

0.20 g 

0.05 g 

0.20 g 

0.20 g 

0.04 g 

0.05 g 



L-Isoleucine 

L-Leucine 

L-Lysine-HCl 

L-Methionine 

L-Proline 

L-Tyrosine 

L-Threonine 

Thiamine 

L-Tryptophan 

L-V aline 

Adenine 

Guanosine 

Thymidine 

Uracil 

Vitamin 812 

Biotin 

Ca-Pantothenate 

F~>lic acid 

Niacin 

Riboflavine 

Agar Agar 

Distilled water 

pH 

(2 7). Phytone Broth (Nagai et. al., 1994) 

Phytone peptone 
Mono-Sodium glutamate 
Sucrose 
Potassium dihydrogen phosphate 
Disodium hydrogen phosphate 
Sodium Chloride 
Magnesium chloride 
Biotin 
Distilled water 
pH 

0.06 g 

0.06 g 

0.05 g 

0.05 g 

0.04 g 

0.002 g 

0.025 g 

0.005 g 

0.025 g 

0.015 g 

0.025 g 

0.025 g 

0.025 g 

0.025 g 

0.0001 g 

0.0001 g 

0.01 g 

0.001 g 

0.01 g 

0.005 g 

18 g 

1000 ml 

6.0 

15.0 g 
15.0 g 
15.0 g 
2.5 g 
1.7 g 
0.05 g 
0.05 g 
0.1 1-lg/ml 
1000 ml 
7.0 

Agar (1.5% wjv) was added to prepare phytone agar. 
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(28). Plate Count Agar (M091, HiMedia) 

(29). PGA Medium ((Kunioka and Goto, 1994) 

Glucose 
Sodium-L-glu tam ate 
(NH4)2S04 
Na2HP04 
KH2P04 
MgS04.7H20 
MnCL2.4H20 
FeCL3.7H20 
Biotin (ph 7.0) 
Distilled water 

20.0 g 
20.0 g 
10.0 g 
1.0 g 
1.0 g 
0.5 g 
0.02 g 
0.05 g 
0.0005 g 
1000 ml 

(30). Potato Dextrose Agar (M096, HiMedia) 

(31). Salmonella-Shigella Agar (M108, HiMedia) 

(32). Simmons Citrate Agar (M099, HiMedia) 

(33). Skim Milk Powder (RM1254, HiMedia) 

(34) Starch Agar (Gordon et al., 1973) 
Starch (HiMedia RM089) 1.0 gin cold distilled water 
Tryptone 5.0 g 
Yeast extract 15.0 g 
Potassium dihydrogen phosphate 3. 0 g 
Agar 20.0 g 
Distilled water 1000 ml 

(35) Tryptone Soya Agar (M290, HiMedia) 

(36). Voges-Proskauer (VP) Broth (Gordon et al., 1973) 

Peptone 7. 0 g 
Glucose 5.0 g 
Sodium chloride 5.0 g 
Distilled water 1000 ml 
pH 6.5 
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(37). Violet Red Bile Glucose Agar wjo Lactose (M581, HiMedia) 

(38). Yeast-Malt Extract (YM) Agar (M424, HiMedia) 

(39). Yeast Malt Extract (YM) Broth (M425, HiMedia) 

(40). Yeast Morphology Agar (M138, HiMedia) 

(41). Yeast Nitrogen Base (M139, HiMedia) 

REAGENTS 

( 1). Burke's Iodine Solution (Bartholomew" 

Iodine 
Potassium iodide 
Distilled water 

(2). Gram's C~yrstal Violet (8012, HiMedia) 

(3). Malachite Green (8020, HiMedia) 

(4). Nessler's Reagent 

Potassium iodide 
Mercuric chloride (saturated) 
Distilled water (ammonia free) 
Potassium hydroxide (50%) 

1962) 

1.0 g 
2.0 g 
100 ml 

50.0 g 
35.0 ml 
25.0 ml 
400.0 ml 

Potassium iodide was dissolved in 35 ml of distilled water followed 

by addition of saturated aqueous solution of mercuric chloride till the 

appearance of precipitate. Then, 400 ml of potassium hydroxide was 

added and made the final volume to 1000 ml by adding distilled water. 

The sc,lution was left for a week; the supematant was decanted and 

stored in capped amber bottle at 4o C. 
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(5). Nitrate Reduction Test Reagent 

Solution A 
SulphaD.ilic acid 
:i N acetic acid 
(Glacial acetic acid: water, 1: 2.5) 

Solution B 
oc-Napthylamine 
5 N acetic acid 

0.8 g 
100 ml 

0.5 g 
100 ml 

The solutions A and B were mixed in equal quantities just before use. 

(6). Phenolphthalein (1009, HiMedia) 

17). Reagents and chemicals for antioxidant assay and total 
phenol content estimation 

L (DPPHj 1, 1-diphenyl-2-picryl hydrazyl (Cat.: D9132, 
Sigma) 

11. (ABTS) 2, 2'-azino-bis (3-ethylbenzo-thiazoline-6-
sulfonic acid) (A 1227, Sigma) 

iii. Vitamin C (Ascorbic acid) (61809405001730, Merck) 

1v. Folin-Ciocalteu's phenol reagent (10900105001730, 
Merck) 

v. Sodium carbonate (61784490511730, Merck) 

v1. Potassium persulphate (RM7412-500G, HiMedia) 

vii. Gallic acid (RM233-500G, HiMedia) 

viii. Methanol (M0120, Ranbaxy) 

PreparatiOn of chemicals and reagents 

DPPH solution 

22mg of DPPH (2, 2, Diphenyl-1-Picryl hydrazyl) was 

accurately weighed and dissolved in 1 OOml of methanol. From this 
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stock solution, lOml was taken and diluted to lOOml using 

methanol to obtain lOOJ.!M DPPH solution. 

ABTS solution 

Solution 1: (ABTS) (2, 2'-azinobis-(3-ethylbenzothiazoline-6-

sulfonic acid) (2mM solution, prepared using distilled water). 

Solution II: Potassium per sulfate ( 17mM solution, prepared using 

distilled water) 

0.3 ml of solution II is added to 50 ml of solution I and the 

prepared solution is stored in amber color bottle. It should be 

protected from light and the solution is kept aside for 24 hours 

before use. 

Preparation of methanolic extract of sample 

Fresh samples of the studied fermented soybean products; 

turangbai and bekang were purchased/collected from different 

places. 

The method used by Wangcharoen and Morasuk, 2007, was 

slightly modified to prepare the methanolic extracts. The samples 

were dried separately for 24 h at 60 oc in a hot air oven and 

powdered using mortar and pestle. Two grams of powdered sample 

was extracted with lOml of Methanol (M0120, Ranbaxy) for Sh at 

room temperature in an orbital shaking incubator (CIS_24, REMI, 

India) set at 200 rpm. The mixture was centrifuged at 2000 g for 

15 mins. The supernatant was collected and filtered through 
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Whatman No. 1 paper; the pellets were re-extracted thrice under 

the same conditions. The combined filtrates were collected and 

evaporated to yield deep brown - dark brown semi solid. Each 

semi-solid extract (tnplicates) was dissolved in methanol prior to 

analysis for total phenol content and radical scavenging activity. 

Preparation of test/sample solutions 

21 mg of each of the methanolic extracts of turangbai and 

bekang were selected and dissolved in Methanol separately to 

obtain a solution of 21mgjml concentration. Each of these 

solutions was serially diluted separately to obtain lower 

concentrati(m rangmg from 1,000 !-Lgfml to 125 !-Lg/ml. 

Preparation of standard solution 

10mg of Ascorbic acid (Vitamin C) was weighed and 

dissolved in 0.95ml of Methanol to get 10.5rngjml concentrations. 

This solution was serially diluted with Methanol to get lower 

concentrations. 

(8). Reagents for a-amylase assay 

1QO mM Tris- HCl buffer, pH 7.0 

1.5% soluble starch was dissolved in 100 mM Tris 
(hydroxymethyl) aminomethane- HCl buffer, pH was 
adjusted to 7 .0. 
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Stop solution 

0.5 N Acetic acid- 0.5 N HCl (5: 1) 

Iodine solution 
b 0.01% 
KI = 0.1% 

(9) Reagents for PGA degradation 

( 1 0). Reagents for Protease activity assay 

100 mM phosphate buffer pH 6. 8 

0.1 M/L Na2HP04.l2H20 
0.1 MJL KH2P04 

l'Yo Azocasein was dissolved in O.lM phosphate buffer 
(Sigma Chemicals, St. Louis, USA), pH 6.8 

1 0% Trichloroacetic acid 

lN NaOH 

( l l). Safranin (8027, HiMedia) 

(12). Voges--Proskauer test reagents 

VP reagent I -
VP reagent II -

Potassium hydroxide (40% solution) 
ct-Napthol (6% solution in 95% Ethanol) 
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Reference Strains: 

References strains used as indicator strains for antimicrobial 
activity are listed below: 

Reference Strains Origin 

1 Bacillus cereus CCM 20 10 CCM 
r-----" -"-----------·------------1---------j l Enreroba.ct~r agglomerans BFE 154 

1 

BFE ---i 

I Klebsiellapneumoniae subsp. pneumoniae BFE 147 BFE : 

1-------------------------+------··---·----i 
. Listeria innocua DSM 20649 DSM 
~-

1 Listeria monocytogenes DSM 20600 DSM 

BFE i Pseudomonas aeruginosa BFE 162 
---··-· .. ·--·----------------+-------1 

: Staphylococcus aureus S 1 iFMR 
'----

Originally, these reference strains were obtained from DSM 

(Deutsche Samrnlung von Mikroorganismen und Zellkulturen, 

Brau:cschweig, Germany), CCM (Czechoslovak Collection of 

Microorganisms, Brno, Czechoslovakia), BFE (Institute of Hygiene 

and Toxicology, Karlsruhe, Germany), and FMR (Food Microbiology 

Laboratory, Sikkim Government College, Sikkim University, 

Gangtok, India). 

Listeria monocytogenes DSM 20600, Staphylococcus aureus 

81, Bacillus cereus CCM 2010, and Klebsiella pneumoniae subsp. 

pneumoniae BFE 147, Pseudomonas aeruginosa BFE 162, Listeria 

innacv.a DSM 20649, Enterobacter agglomerans BFE 154, were 

propagated m standard nutrient agar. The cultures were 

maintained as frozen stocks at -20° C in 15% glycerol. 
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METHODOLOGY 

Survey 

A field survey was conducted m different places of 

Meghalaya and the Mizoram to document the indigenous 

knowledge of ethnic people on soybean fermentation. The 

information gathered from ethnic communities representing 

Khasis, Garos and Jaintias of Meghalaya and different tribes of 

mizos in Mizoram. Indigenous knowledge on the type of traditional 

fcrrnented soybean product., its methods of preparation, culinary 

and Its mode of consumption, soc1o-economy and ethnical 

importance of the product was also documented based on the 

information sought from the local people of the respective places. 

Collection of samples 

A total of thirtynine samples of turangbai and fortythree 

samples of bekang were collected directly from different villages 

and markets located in Meghalaya and Mizoram respectively. The 

samples of turangbai were collected from various places like Bara 

bazaar, Police Bazar, Sohra, Mylliemgat, Nongpyuir, Laitjem, 

Saldew, Jowai, Mihmyntdu, Shyrmang, Tiuber, Wahiajer and 

Dawki. And the samples of bekang were collected from different 

villages and market places like Thakthing bazaar, Melthum, 

Saitual, Bethlem Veng, Armed veng, Zemabawk, Aizawl market, 
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Sel.esih, Siphir, Sialsuk, Serchhip, Kolasib, Kmvnpuii, Ngopa and 

Lamjawl. 

Samples were collected aseptically in pre-sterile poly-bags as 

well as sterile bottles and were, sealed and labeled. Samples were 

stored at -20° C for further microbial and biochemical analyses. 

Microbiological analysis 

Ten g of sample were homogenised with 90 ml of 0.85 % 

(w jv) sterile physiological saline in a stomacher lab-blender (400, 

Seward, UK) for 1 min. A serial dilution ( 10 1 to 1 0-8) in the same 

diluent was made. 

Bacilli: Spore-forming bacilli were isolated on nutrient agar 

(MM012, HiMedia), after inactivation of vegetable cells by heating 

at 100" C for 2 min (Tamang and Nikkuni, 1996) and then 

incubated at 37° C for 24 h. 

LAB: Lactic acid bacteria commonly called LAB were isolated on 

MRS agar (M641, HiMedia) plates supplemented with 1 % CaCOJ, 

and were incubated at 30° C under anaerobic condition kept in an 

Ana.erobic Gas-Pack container (LE002, HiMedia) for 48-72 h. 

Yeasts: Yeasts were isolated on yeast-malt extract (YM) agar 

(M424, HiMedia), supplemented with 12 )..l.g/ml streptomycin 
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sulphate, respectively; and plates were incubated aerobically at 

28° C for 72 h. 

TVC: Total viable count (TVC) was determined in the plate count 

agar (M091A, HiMedia) plates which were incubated at 30° C for 

48-72 h. 

Colonies of all microorganisms were selected randomly or all 

sampled if the plate contained less than 10 colonies according to 

Leistner et al. ( 1997). Purity of the isolates was checked by 

streaking again on fresh agar plates of the isolation media and 

sub-culturing on corresponding broths I agar, followed by 

microscopic examinations. Microbiological data obtain~d were 

transformed into logarithms of the numbers of colony forming unit 

(cfu) per g of sample. Identified strains of microorganisms were 

preserved in respective media using 15% (vjv) glycerol at -20° C. 

Phenotypic characterization of Bacilli 

Cell morphology 

The smear of a 24 h-old bacterial culture was made in a 

grease free slide, air-dried (not heated-fixed), stained for 30 sec 

with safranin (8027, HiMedia), washed with water, air-dried 

(Harrigan, 1998) and observed under oil-immersion objective. Cell 

dimensions were measured with a standardized ocular 

micrometer. 
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Gram staining 

Bacterial isolates were Gram-stained following the method of 

Bartholomew (1962). A suspension of a 24 h-old bacterial culture 

on slant was prepared, and smear was made in a grease-free slide. 

Then heated-fixed, flooded by crystal violet stain for 1 min, and 

washed for 5 sec with water. The smear was flooded with Burke's 

iodine solution, allowed to react for l min, and washed again for 5 

sec with water. Holding the slide against a white surface, 95 % 

ethanol was poured drop vvise from the top edge of the slide until 

no more colour came out from the lower edge of the slide. After 

washing with water, the smear was stained with safranin for 1 min 

and washed again with water. The slide was air-dried and 

observed under oil-immersion objective. 

Motility 

A hanging drop of a 24 h-old culture in nutrient broth was 

prepared in a cavity slide following the method of Harrigan (1998). 

The prepared culture was observed in a phase contrast microscope 

(Olympus CH3-BH-PC, Japan) for motility of the strains 

Production of catalase 

The production of gas bubbles by the isolates were observed 

by adding O.S ml of 10 % hydrogen peroxide solution (Merck) to 
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the cultures indicating the presence of catalase (Schillinger and 

Lucke, 1987). 

Voges-Proskauer reaction 

Tubes of 10 ml Voges-Proskauer broth were inoculated with 

the isolates and incubated at 37 oc for 7 days. To the culture, 0.6 

ml 5% w jv ethanolic a- naphthol and 0.2 ml 40% w jv aqueous 

potassium hydroxide were added and kept for 1 h at room 

temperature for the production of a pink colour, indicating positive 

reaction. Initial and final pH of the broth was measured using pH 

meter (Gordon et al., 1973). 

Hydrolysis of arginine 

Tubes of 5 ml arginine hydrolysis medium (Thornley, 1960) 

were inoculated with 24 h-old culture. The tubes were incubated 

at 30 oc for 3 days and formation of ammonia from arginine was 

detected by spotting 100 J .. il cultures onto a white porcelain tile and 

adding equal volume of Nessler's reagent. Appearance of dark 

orange colour indicated presence of ammonia (Schillinger and 

Lucke, 1987). 

Acid and Gas from carbohydrates 

Tubes containing 8 ml of basal medium (Gordon et al., 1973) 

supplemented with 0.5-1.0% substrate and indicator (phenol red 
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(0.01%)/bromocresol purple (0.0025%)) was inoculated with 24 h

old cultures and incubated at 37 oc (Harrigan, 1998). Inverted 

Durham tube was included to detect gas production. Change in 

the colour of indicator to yellow confirms acid production and gas, 

if produced, accumulates in the Durham tube. 

Reduction of nitrate 

Cultures were grown m 5 ml nitrate broth (Gordon et al., 

1973) at an optimim temperature of 37 oc for 2-7 days (Harrigan, 

1998). To the cultures, 1 ml of each of the two reagents (Nitrate 

Reduction Test Reagent) 1s added and observed for the 

development of a red or yellow colour, indicating the presence of 

nitrite. A small amount of zinc dust was added to the tube that 

showed negative result This reduces tri-nitrite any nitrate present 

Thus the development of red colour, indicates the presence of 

some nitrate remains. 

Growth at pH 6.8 

The pH of nutrient broth was adjusted to 6.8 using 1 N HCI 

or 10 % wjv NaOH. The medium was distributed into tubes 

containing 5 ml in each. They were autoclaved, cooled to room 

temperature and inoculated with 24 h-old broth culture of bacilli. 

The tubes were incubated at 37 oc for 24-72 h and observed for 

growth (Dykes ct a.i., 1994). 
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Growth in different NaCl concentrations 

Salt tolerance was tested by inoculating a loop-full of culture 

m nutrient broth supplemented with 7 % and 10 % NaCl, 

respectively, and incubated for 3 days at 37 oc in a slanting 

position to imp.cove aeration {Schillinger and Lucke, 1987). 

Cultu1·es were observed for growth after incubation. 

Growth at different temperatures 

The 24 h-old cultures were inoculated in nutrient broth and 

incubated at 5 "C, 40 "C, 50 °C and 65 oc for 7 days respectively 

The inoculated tubes were observed for the growth (Dykes et al., 

1994). 

Anaerobic growth 

Anaerobic agar (M228 HiMedia) was distributed into culture 

tubes in amount sufficient to give 7.5 em depth of the medium and 

sterilized by autoclaving at 121 oc for 20 min. The tubes were 

inoculated with a small loopful of 24 h-old nutrient broth culture 

by stabbing up to the bottom of the column. Cultures were 

incubated at 37 oc for 3 and 7 days, and observed for growth 

along the length of the stab (anaerobic) and on the surface of the 

agar (aerobic) as described by (Claus and Berkeley, 1986). 
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Hydrolysis of casein 

Milk agar plates were streaked with 24 h-old cultures and 

examined after incubating at 30 oc for 7 days (lactic acid bacteria) 

and 37 oc for 3 days (spore-forming bacteria) for any clearing of 

casein around and underneath the growth (Gordon et al., 1973). 

Hydrolysis of starch 

Starch agar plates were streaked with 24 h-old cultures and 

incubated at 30 oc for 3 days (lactic acid bacteria) and 37 oc for 3 

days (spore-forming bacteria). After incubation the plates were 

flooded with Iodine solution. After 15-30 min, the clear zone 

underneath (after the growth was scrapped off) and around the 

growth indicates the hydrolysis of starch. Whereas, the unchanged 

starch will become opaque. 

Citrate utilization test 

Simmon's citrate agar (M099, HiMedia) is a defined medium 

containing sodium citrate as a sole carbon source and the 

ammoni.u.m wn as the sole nitrogen source. The pH indicator, 

bromocresol blue, will turn from green at neutral pH (6.9) to blue 

when a pH higher than 7.6 is reached (basic or alkaline). If the 

citrate is utilized, the resulting growth will produce alkaline 

products (pH>7.6), changing the color of the medium from green to 

blue (Osbourne and Stokes, 1955). 
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Bile salt tolerance 

The Luria Burtani broth (LB broth) supplemented with 0.2 % 

bile salts were inoculated with 24 h old culture of Bacillus isolates 

and incubated at 37 oc for 7 days. Broths were observed for 

growth in 3rd and 7th day (Due et al., 2004). 

Identification 

For identification of bacilli, taxonomic keys laid down in Bergey's 

Manual of Systematic Bacteriology, volume 2 (Sneath et al., 1986) and the 

simplified keys of Slepecky and Hemphill (2006) based on the keys of 

Norris et. al. (1981 ), were followed. 

Molecular Characterization of bacilli 

Preparation of cell free DNA lysate from pure bacterial 

cultures (DNA Isolation) 

Bacterial genomic DNA was isolated according to the slightly 

modified method of Zhang et al. (2002). Cells were grown overnight 

in LB broth at 37 · C. Optical Density of 2.5 - 3.0 was maintained 

at 660 nm (UV-1700, Pharmaspec, Shimadzu, Japan). Culture was 

centrifuged at 5000 g for 5 min (Microfuge-18, Beckman-Coulter, 

USA) and the pellets were washed twice with 1ml of sterile 0.5 M 

NaCl and sterile deionised water (Milli-Q, Millipore, Bangalore) 

followed by centrifugation. After removal of supernatant, the pellet 

was re-suspended with 1 ml of IX TE Buffer (10mM Tris-Cl, lMm 
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EDTA, pH 8.0). 10]Jl of lysogyme (2mgjml) (B3, GeNei, Bangalore) 

in sterile distilled water was added to the mixture and incubated 

in waterbath at 37 " C for 30 min followed by boiling for 20 min 

and centrifuged at 10,000 g for 10 min at 4'C (Allegra X-22R, 

Beckman-Coulter, USA). The supernatant was carefully pipetted 

out in fresh centrifuge tube and the DNA was quantified 

spectrophotometrically by taking the absorbance reading at 260 

nm (ND-1000, Nanodrop Spectrophotometer). The cell free lysate 

with absorbance ratio (OD26o;2so) of 1.8 to 2.2 was used for PCR 

analysis and stored at -20 oc until required. 

Polymerase Chain Reaction (PCR) 

Amplified 165 r DNA was obtained from each strain by PCR 

with the following universal pnmers; forward 5 '---

AGAGTTTGATCCTGGCT CAG-3' and reverse 5'-

AAGGAGGTGATCCAGCCGCA-3' (Weisburg et al., 1991). The 

amplification was carried in 25 ]JL of PCR reaction mixture 

containing 1)JL of sample DNA template, 2.5 JJL of lOX PCR 

reaction buffer with 15 mM MgC12 (A35ll, Promega Corporation, 

USA), 0.2 !JL of 25 mM dNTP (Ul240, Promega) 0.2 JJL of forward 

and reverse primers (Genie, BGC02), 0.3 JJL (1.5 unit) of taq DNA 

polymerase (N1901, Promega) and 19.6 JJL of sterile deionised 

water (Milli-Q, Millipore, Bangalore). The amplification was 

performed with a total of 36 PCR cycles in a thermal cycler 
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(!Cycler, Biorad, USA). The cycling program was started with an 

initial denaturation at 94 oc for 10 min followed by denaturation 

at 94 OC for 1 min, annealing at 65 OC for 1 min and elongation at 

72 OC for 1 min. Then 36 cycles of denaturation at 94 oc for 30 sec 

and annealing at 65 OC and elongation at 72 OC for 1 min. The 

PCR was ended with a final extension at 72 OC for 7 min and the 

amplified product_ was cooled at 40 "C. The amplified 168 rONA 

fragment size of 1500 bp was analyzed by applying 5 pJ of the PCR 

product in 0.8% agarose (V3125, Promega) gel. 

Amplified 168 ribosomal DNA restriction analysis (ARDRA) 

The restriction digestion analysis of each PCR amplified 

product of 16S rONA was separately carried out with Hinji (R6205, 

Prom ega), Cfoi (R6241, Promega) and Rsai (Promega). Ten pl 

reaction mixture contained 5 pl of the amplified DNA, 1 pl of 1 OX 

buffer (Promega), 0.2 pl of lOmgjml BSA (R3961, Promega), 2 U of 

each restriction endonuclease and 3.6 pl of sterile deionized water 

(Milli Q, Millipore, Bangalore).The reactions were carried out at 37 

oc for overnight incubation. The whole volume (10 pl} of restriction 

digested products were analyzed by 2% agarose geL 
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168- 238 rDNA intergenic transcribed spacer (ITS)- PCR 

analysis 

The amplification of 16S-23S rDNA intergenic transcribed 

spacer (ITS) region was carried out in 25 pl reaction mixture with 

2 pi o!" cell free DNA lysate containing 30 ng of DNA, 2.5 pl of lOX 

PCR reaction buffer, 2.5 mM MgC12, each dNTP at a final 

concentration of 200 pM, each primer (16-lA: 5'-

GAATCGCGCTAGTAATCG-3' and 23-18: 5'-

GGGTTCCCCCA TTCGGA-3') (Tilsala-Timisjarvi and Alatossava, 

1997) (Sigma) at a final concentration of 2A pmoljpl and 1.5 U of 

Taq DNA polymerase. Amplification was started with an initial 

denaturation at 94 oc for 10 min followed by 35 cycles of 

denaturation at 94 oc for 1 min, annealing at 55 oc for 1 min and 

primer extension at '72 "C for 1 min with a final extension of 72 oc 

for 10 min. 5 pl of PCR amplified ITS products were analyzed 

using 1.5% agarose gel. 

RAPD - PCR Analysis 

To differentiate at strain level, RAPD-PCR was applied. In 

RAPD-PCR, 25 pl reaction mixture contained 2 pl of cell free lysate 

with 30 ng DNA, 2.5 ~llOX PCR buffer with 15mM MgC12, O.lpl of 

0.1 mMprimer (OPD18: 5'-GAGAGCCAAC-3'; OPN13: 5'

AGCGTCACTC-3'; Ell: 5'-CTGGCTTGGTGTATGT-3'; OPD-05: 5'

TGAGCGGACA-3'; M13: 5'-GAGGGTGGCGGTTCT-3') (Pulido et al., 
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2005) (BGC02, GeNei), 0.2 p.l of 25mM dNTP and 0.3pl of 

Taqpolymerase (5 U jml). The PCR reaction was carried out m 

thermal cycler through following temperature cycles: 94 oc for 7 

min followed by 94 oc for 1 min, 35 oc for 1 min, 72 oc for 2 min 

for 34 cycles. The PCR was ended with a fmal extension of 72 oc 

for 10 min followed by cooling to 4 oc. The whole volume 

ofamplified products (25 l-11) was analyzed using 1.8% agarose gel. 

Gel Electrophoresis 

The amplified DNA fragments was separated through gel 

electrophoresis by applying 10 11L of each PCR product with 1.5 11L 

of loading dye i(6X), DV4371, Promega, USA} into the wells of 1.5 

c% agarose (V3125,Promega) gel containing 1.5 11L/ml Ethidium 

Bromide (Etbr) (H5041, Promega). DNA size markers (RMBD135, 

Genei; G 5 711, Prom ega) were added as standard for the 

calculation of size of the DNA fragments. The gel was run in 0.5 x 

TBE buffer (89mM/L Tris (H5131, Promega), 69mM Boric acid 

(H5003, Promega), 25 mM Na2EDTA (H5031, Promega, pH 8.0) for 

2 h at 80 V (Subcell GT, Biorad, USA) and photographed using gel 

documentation system (GelDoc FQ, Biorad, USA). 

168 rDNA sequence analysis 

The sequencing reactions were performed using ABI 3100 

DNA sequencer (Applied Biosystems) in both direction with 
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universal primers used for amplification and m case of 

unsuccessful reactions, intemal primers were designed and used 

by the service providers (GeNei and MWG, Bangalore). The 

electrophenogram data for 168 rDNA sequence was validated 

using Chromas 2.33 software (W\\'W.technelysium.com.au). 

Sequences obtained were matched with previously published 

bacterial 16S rDNA sequences available in NCB! using BLAST and 

the Ribosomal Database Project (RDP). 

Phylogenetic analysis 

The ITS-PCR and RAPD-PCR profiles (banding patterns) were 

scored manually and processed using NTSYSpc software version 

2.20f for generation of cluster analysis in a dendrogram based on 

the Jaccard similarity coefficient (SJ) and the un-weighed pair 

group method using arithmetic averages (UPGMA). To determine I 

the closest known relatives of the partial 168 rDNA sequences I 

obtained, nucleotide database searches were performed in NCBI 

GenBank and Ribosomal Database Project (RDP) release 10 using I 

BLAST and SEQmatch programmes respectively. I 

Phenotypic characterization of LAB I 

Cell morphology I 

Cell morphology of lactic acid bacteria was observed by the 

method (Harrigan, 1998) described in page 61. 

72 I 

I 

I 

I 

I 

I 

I 

I 

I 

I 



Motility 

Motility of LAB strains was carried out following the method 

described by Harrigan (1998), as described in page 62. 

Gram staining 

Gram staining of LAB strains was carried out as described 

in page 62. 

Production of catalase 

Production of catalase by LAB strains was observed by the 

method described in page 62. 

Production of gas 

Tubes of 10 ml MRS broth without citrate and containing 

inverted Durham tubes was inoculated with 24 h-old cultures and 

incubated at 30 uc (Schillinger and Lucke, 1987). Accumulation of 

gas ~n ti1e inverts indicated the positive result. 

Hydrolysis of arginine 

Tubes of 5 ml arginine hydrolysis medium (Thornley, 1960) 

were inoculated with 24 h-old culture. The tubes were incubated 

at 30 oc for 3 days and formation of ammonia from arginine was 

detected by spotting 100 1-11 cultures onto a white porcelain tile and 

adding equal volume of Nessler's reagent. Appearance of dark 
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orange colour indicated presence of ammonia (Schillinger and 

Lucke, 1987). 

Growth at different pH 

The pH of MRS broth was adjusted to 3.9 and 9.6 using 1 N 

HCl or 10 % wjv NaOH. The medium was distributed into tubes 

containing 5 ml in each. They were autoclaved, cooled to room 

temperature and inoculated with 24 h-old MRS broth culture. The 

tubes were incubated at 30 oc for 24-72 hand observed for growth 

(Dykes et al., 1994). 

Growth at different temperatures 

l'he 24 h--old cultures were inoculated m MRS broth and 

incubated at 8 ''C, 10 oc and 15 oc for 7 days, and 45 oc for 3 

days, respectively and observed for growth (Dykes et al., 1994). 

Growth in different NaCl concentrations 

Salt tolerance was tested by inoculating a loop-full of culture 

m MRS broth supplemented with 6.5 % and 10 % NaCl, 

respectively, and incubated for 3 days at 30 oc in a slanting 

position to improve aeration (Schillinger and Lucke, 1987). 

Cultures were observed for growth after incubation. 
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Acid from carbohydrates 

The method was based on Schillinger and Lucke ( 1987). 

Tubes of 5 ml MRS broth without beef extract, containing 0.5 % 

w jv of different carbohydrates instead of glucose and 0.004 % 

phenol red indicator were inoculated and incubated at 30 oc for 2-

5 days. Colour change from red to yellow indicated acid 

production. 

Lactic acid configuration 

The configuration of lactic acid produced was determined 

enzymatically using D-lactate and L-lactate dehydrogenase kits 

{Boehringer-Mannheim GmbH, Cat. No.lll2821, Germany). The 

LAB strains were grown in lactate configuration medium (Tamang 

et al., 2005) at 30 ')C overnight. One ml culture was centrifuged in 

a microcentrifuge (Heraeus, Germany) at 8,000 g for 5 min. The 20 

pl of tr.~: supernatant was mixed with 980 )ll of redistilled water to 

obtain 1:50 sample dilution. The 1 ml of Solution (1), 0.2 ml of 

Solution (2), 0.02 m1 of Suspension (3), 0.1 ml sample solution and 

0.9 ml of redistilled water was pipetted into a cuvette, followed by 

gentle swirling to mix the contents of the cuvette after closing it 

with parafilm. Similarly, a blank was prepared by adding all the 

reagents except the sample solution being replaced with 1.0 ml of 

redistilled water. After 5 minutes the absorbance of the solutions 

(Al) was measured in UV-VIS Spectrophotometer (Analy6k Jena, 
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Germany) at 340 nm. The absorbance differences (A2-Al) for both, 

blank and sample was determined and the difference of the 

absorbance difference of the blank from that of the sample (LlAo

Jactic acict) was calculated. The reaction was started by adding 0.02 

ml of Solution {4) to the sample as well as to the blank. The 

cuvettes were swirled gently to mix the contents by closing it with 

parafilm. After 30 minutes the absorbance (A2) of the sample and 

the blank were measured immediately one after another at 340 

nm. The 0.02 ml of Solution (5) was added to both the sample and 

the blank folicwed by mixing. These were allowed to stand for 30 

minutes The absorbance (A1) was measured immediately one after 

another for the sample as well as for the blank at 340 nm. The 

absorbance differences (A3-A2) for both, blank and sample was 

determined and the difference of the absorbance difference of the 

blank from that of the sample (ML-lactic acid) was calculated. The 

lactic acid isomer concentration was calculated as: c = (V x MW ;< 

M)/(E x d x v x 1000) (g/1), where, V = final volume (ml), v = 

sample volume (ml), MW = molecular weight of lactic acid = 90.1 

(gjmul), d =light path = 1 em, E =extinction coefficient of NADH at 

340 nm = 6.3 (1/m mol x em). The result was multiplied by the 

dilution factor. 

76 

I 

I 



API (Analytical Prorue Index) system 

Carbohydrate fermentation patterns of LAB were determined 

using API 50 CHL and API 20 STREP commercial test strips 

(bioMerieux, France) according to manufacturer's instructions as 

well as the method described by Tamang and Holzapfel (1999). 

Cultures were grown on MRS agar at 30 oc for 48 h. The growth 

was harvested in 2 mJ sterile water which was used to prepare 

suspe:1·1sions, corresponding to 107 cells/ml. Incubation box was 

prepared by distributing about 10 ml of sterile water into the 

honeycombed base of the 50 CHL trays. Strips were unpacked, 

placed them in the trays and the tubes were filled with the 

bacterial suspensions. Inoculated strips were kept slightly tilted 

and incubated at 30 oc for 48 h. The results were read by referring 

to the manufacturer's interpretation chart at 24 h and 48 h, 

respectively. All spontaneous reactions were recorded. The APILAB 

PLUS database identification software (bioMerieux, France) was 

used to interpret the results. 

Identification of LAB 

Bacterial species were identified following the taxonomic 

keys of Bergey's Manual (Sneath et al., 1986), Simpson and 

Taguchi ( 1995), Wood and Holzapfel ( 1995), and by API LAB PLUS 

database software (bioMerieux, France). 
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Characterization of yeast isolates 

Cell morphology 

Cell morphology and mode of vegetative reproduction of 

yeasl. was observed following the method of Yarrow (1998). Sterile 

yeast morphology agar (M138, HiMedia) slants were inoculated 

with an actively growing (24 h-old) yeast culture and incubated at 

28 oc for 3 days. Dimensions of cells were measured with a 

standardized ocular micrometer. 

Pseudo- and true-mycelium 

For observation of pseudo-mycelium and true-mycelium of 

yeast isolates, the slide culture method described by Kreger-van 

Rij ( 1984) was followed. A petri-dish, containing U -shaped glass 

rod supporting two glass slides, was autoclaved at 121 oc for 20 

min. The glass slides were quickly removed from the glass rod with 

a flame sterilised pair of tweezers, and were dipped into the molten 

potato dextrose agar (M096, HiMedia) after which they were 

replaced on the glass rod support. The solidified agar on the slides 

was inoculated very lightly with yeast isolates in two lines along 

each :-.lide. Four sterile coverslips were placed over part of the 

lines. Some sterile water was poured into the petri-dish to prevent 

the agar from drying out. The culture was then incubated at 28 oc 

for 4 days. The slides were taken out of the petri-dish and the agar 

was wiped off from the back of the slide. The edges of the streak 
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under and around the coverslips were examined microscopically 

for the formation of pseudo-mycelium or true-mycelium. 

Characteristics of asci and ascospore 

Sterile ascospore agar (M804, HiMedia) slants were streaked 

with actively grown yeast cultures, incubated at 28 oc for 3 days 

and examined at weekly intervals up to 4 weeks for observation of 

asc~ ::v1d ascospores. A heat flxed smear was flooded ·with 5% w /v 

aqueous malachite green (8020, HiMedia) for 30 to 60 sec, heated 

to steaming 3 to 4 times over the flame of a spirit lamp and 

counterstained with safranin (8027, HiMedia) for 30 sec and 

observed under the microscope (Yarrow, 1998) 

Reduction of nitrate 

Yeast cultures were grown in 5 ml nitrate broth incubated at 

28 "C. After 3, 7 and 14 days, 1 ml of the culture was mixed with 3 

drops of the reagent for nitrate reduction test and observed for the 

development of a red or yellow colour, indicating the presence of 

nitrate. A small amount of zinc dust was added to the tube that 

was negative even after 14 days and observed for the development 

of red colour, indicating the presence of nitrate, i.e. absence of 

reduction (Yarrow, 1998). 
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Growth at 37 oc 

Slants of malt-extract agar (M137, HiMedia) were inoculated 

with actively grown yeast isolates and incubated at 37 oc for 4 

days 2.nd observed for growth (Yarrow, 1998). 

Sugar fermentation 

Yeasts isolates were grown at 28 oc on yeast-malt extract 

(YM) agar (M242, HiMedia) slants for 3 days. Tubes of 10 ml of 

fermentation basal medium (Wickerham, 1951) supplemented with 

2 '}'o w;v sterile sugars containing inverted Durham tubes, were 

maculated with the above yeast culture and incubated at 28 "C 

and were shaken regularly to observe gas accumulation in the 

inverts (Yarrow, 1998). 

Sugar assimilation 

Yeast isolates were grown at 28 oc on yeast-malt extract 

(YM) agar (M242, HiMedia) slants for 3 days. Tubes containing 5 

ml mixture of yeast nitrogen base (M139, HiMedia) and carbon 

source were inoculated with cultures and incubated at 28 oc for 3 

to 7 days. Control test tube was made by adding 0.5 ml of yeast 

nitrogen base in 4.5 ml of sterilised distilled water (devoid of any 

carbon source). Assimilation of carbon sources was observed by 

comparing with the control (Yarrow, 1998). 
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Identification of yeasts 

Yeast isolates were identified to the genus level according to 

Kreger-van Rij (1984), Kurtzman and Fell (1998) and Yarrow 

(1998). 

Pathogenic contaminants 

Enumeration of pathogenic bacteria from the meat samples 

were done in selective media such as Bacillus cereus agar base 

(M833, HiMedia) for Bacillus cereus, Violet Red Bile Glucose agar 

w / o lactose (M581, HiMedia) for enterobacteriaceae (Han et al., 

2001). Salmonella-Shigella Agar (M108, HiMedia) was used for the 

detection of Salmonella and Shigella and Listeria identification 

agar base (M1064, HiMedia) with Listeria selective supplement (FD 

061, HiMedia) for Listeria in the samples following the standard 

method of Metaxopolous et al. (200 1). Ten g of sample were 

blended with 90 ml of peptone-physiological saline (0 .1 % neutral 

peptone, 0.85 % NaCl) and homogenized in a stomacher lab

blender 400 (Seward, UK) for 1 min. Serial decimal dilution series 

was prepared in the same diluent in duplicate sets. 

Bacillus cereus: Selective enumeration was carried out on spread 

plates of Bacillus cereus agar base (M833, HiMedia) with 

appropriate additions of Polymyxin B Selective Supplement 

(FD003, HiMedia) and Egg yolk emulsion (FD045, HiMedia). The 
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inoculated plates were incubated at 30 °C for 24-48 h. 

Characteristic turquoise to peacock blue colonies surrounded by a 

zone of precipitate of the same colour was regarded as 

presumptive Bacillus cereus. 

Enterobacteriaceae: Sample dilutions in tryptone soya broth 

(MO 11, HiMedia) were allowed to resuscitate on thinly plated 

tryptone soya agar (M290, HiMedia) plates for 2 h at 27° C, 

followed by a thick overlay of selective Violet Red Bile Glucose agar 

(wjthout lactose) (M581, HiMedia) medium and incubated at 30° C 

for 20 h, Pink colorucs appeared were regarded as presumptive 

en tero bacteriaceae. 

Listeria sp: Listeria identification agar base (Ml064, HiMedia) 

with Listeria selective supplement (FD061, HiMedia) media were 

used for detection of Listeria in the samples following the method 

of Metaxopolous et al. (200 1). Inoculated plates were incubated at 

30 oc for 48 h and observed in dark background for smooth 

glistening colonies indicating presence of Listeria. 

Salmonella and Shigella: Salmonella-Shigella (SS) agar (M108, 

HiMedia) was used for the detection of Salmonella and Shigella in 

samples following the method of Metaxopolous et al. (2001). Serial 

dilution plates were inoculated which was followed by an overlay of 
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the SS agar, and incubated at 37 oc for 48 hand observed in dark 

background for presumptive colonies. Dark-centred colonies were 

presumed as Salmonella, while colourless colonies presumptive 

Shigella. 

Technological Properties of Isolates 

Acidification and coagulation 

f.<-:,ffect of acidification and coagulation of the LAB and yeasts 

isolates were assayed by inoculating 10 % skim milk with 24 hour 

old cultures (RM1254, HiMedia) (centrifuged at 8,000 g for 20 

minutes and sterialized at 1100 C for 10 minutes) at 1 % level, and 

incubated at 30° C Observation was made for commencement of 

clotting, and pH was measured after 72 hour of incubation 

(Olasupo et al., 2001). 

Amylolytic activity 

Surface-dried plates of starch agar (Gordon et al., 1973) 

were streaked with 24 h-old cultures, incubated at 30° C for 4 

days (lactic acid bacteria) and 37° C for 2 days (spore forming 

bacteria). After incubation the plates were flooded with iodine 

solution for 15-30 min and examined the clear zone underneath 

(after the growth was scrapped off) for amylolytic activity. 
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Proteolytic activity 

Surface-dried plates of milk agar (Gordon et al., 1973) were 

streaked with 24 h-old cultures, incubated at 30° C for 4 days 

(lactic acid bacteria) and 37° C for 2 days (spore forming bacteria), 

and examined for any clearing of casein around and underneath 

the growth for assessment of proteolytic activity. 

a-Amylase activity assay 

The blue value method of Fuwa ( 1954) as modified by 

Kawaguchi et al. (1992) was followed for determination of u

amylase activity. Cultures were grown on broth medium ( 1.0%) 

soluble starch, 1.0% beef extract, 1.0% peptone, and 0.3% NaCl, 

pH 7.0) on a rotary shaking incubator at 30° Cat 180 revjmin for 

48 h. The culrures were immediately centrifuged at 17,000 rpm for 

10 min. The enzyme solution was diluted to an appropriate 

concentration. The enzyme solution and 1.5% soluble starch 

dissolved in 0.1M Tris-HCl buffer (pH 7.0) were pre-incubated 

separately at 37 oc for 5 min in water-bath incubator. Then, the 

reaction mixture was started by adding 1 ml of 1.5<% soluble 

starch (HiMedia RM089) to 0.5 ml enzyme solution and incubated 

at 37 oc for 10 min. The reaction was stopped by the addition of 

2.5 ml of stop solution (0.5 N acetic acid-0.5 N HCl 5: 1). The 100 

ml of the reaction mixture was added to 5 ml of 0. 0 1% b - 0. 1 %) KI 

solution, left at room temperature for 20 min and the absorbance 
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of the resulting solution was measured at 660 nm in UV-VIS 

Spectrophotometer (Analytik Jena, Germany). One unit of a

amylase activity (dextrinizing power) was defined as the amount of 

a-amylase which produced 10% reduction in the intensity of blue 

colour at the above conditions. 

Protease activity assay 

Protease activity was measured by a modification of the 

method of I\1aeda et ar (1993). Cultures were grown in phytone 

broth (Nagai et al., 1994) on a rotary shaking incubator at 30 oc at 

180 rev /min for 72 h. Cultures were immediately centrifuged at 

17,000 rpm for 10 min. The enzyme solution was diluted to an 

appropriate concentration. Then, the enzyme solution and the 

substrate solution containing 1% Azocasein (Sigma Chemical Co., 

USA) was dissolved in 0.1 M phosphate buffer, (pH 6.8) were pre

incuhated separately at 37 oc for 5 min in a water-bath incubator 

(remi, India). The enzyme reaction was started by adding 2 ml of 

1%, Azocasein to 1 ml of enzyme solution and incubated at 37 °C 

for 20 min. The reaction was quenched by the addition of 2.5 ml of 

10% (w jv) trichloroacetic acid. After centrifugation at 15,000 rpm 

for 10 min, 2 ml of supernatant was neutralized with equal 

amount of 1N NaOH and the absorbance was measured at 450 nm 

in UV-VIS Spectrophotometer (Analytik Jena, Germany). One unit 
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of protease activity was defined as the quantity required to 

increase the absorbance by 0.1 under the above conditions. 

Enzymatic profile by API-zym 

The enzymatic profile of LAB and yeast isolates were assayed 

following the method of Arora et al. ( 1990) using API -zym 

(bioMerieux, France) galleries by testing for the activity of the 

following 19 enzymes: alkaline phosphatase, esterase (C4), 

esterase lipase (C8), lipase (C 14), leucine-, valine- and cystine-

ary !amidase. trypsin, a-chymotrypsin, acid phosphatase, 

naphthol-AS-BI -phosphohydrolase, a-galactosidase, 

galactosidase, ~i-glucuronidase, a-glucosidase, ~-glucosidase, N

acetyl-~-glucosaminidase, a-mannosidase and a-fucosidase. LAB 

cultures were grown on MRS broth, and yeast cultures were grown 

on YM broth, respectively and cells were harvested in 2 ml sterile 

distilled water which was used to prepare suspension of 107 

cellsjml. The strip was unpacked and 2 drops of cell suspensions 

wa~ inoculated in each cupule of the strip containing ready-made 

enzyme substrates and incubated at 30 oc for 6 h. After 

incubat.ion, 1 drop of ready-made zym-A and zym-B reagents was 

added and observed for colour development based on the 

manufacturer's colour chart. 
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Phytic acid degradation 

Ability of LAB isolates to degrade phytic acid was determined 

on a synthetic phytic acid screening medium (Holzapfel, 1997), 

containing calcium phytate (Sigma, USA) as sole phosphate 

source. Control was prepared without calcium phytate. In 

preparing the medium, phytate and salts are added separately. 

After adding glucose, Na-citrate, magnesium sulfate, manganese 

sulfate and ferrous sulfate to the phytate solution, the pH was 

adjusted to 6.0 and the medium was autoclaved. Vitamins, amino 

acids and nucleotides were filter sterialised and added to the 

medium before plating. The pH of the medium was finally adjusted 

between 5.8-6.0. The plates were streaked with 24 hour-old broth 

culture and incubated aerobically at 30 °C for 5 days. Clear zone 

around the colony of the test organism indicated a positive 

reaction. 

Degradation of oligosaccharides 

Screening of LAB for degradation of oligosaccharides such as 

stachyose and raffinose were performed in MRS broth without beef 

extract (pH 6.4) containing 2 % stachyose and 1 % raffinose 

(instead of glucose), respectively, and 0.004% chlorophenol red as 

indicator. Inoculation was followed by incubation at 30 °C for 3 

days (Holzapfel, 1997). 
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Antimicrobial and bacteriocin activity 

Agar Spot Test: The LAB isolates were screened for antimicrobial 

activity against some of the pathogenic bacteria by agar spot 

method of Schillinger and Lucke (1989). Cultures were grown on 

the respective broth media for 24 h. Sterilised petri-plates were 

plated with MRS agar (containing 0.2 % glucose) and allowed to 

dry. These were spotted with a drop of the broth culture of the 

producer strain and incubated at 30 oc for 24 h. The indicator 

strains Bacillus cereus CCM 2010, Enterobacter agglomerans BFE 

154, Klebsiella pneumoniae subsp. pneumoniae BFE 147, Listeria 

mnocua DSM 20649, Listeria monocytogenes DSM 20600, 

Pseudrmwnas aeruginosa BFE 162 and Staphylococcus aureus S 1 

were propagated in standard nutrient agar (M002, HiMedia). The 

0. 1 ml of an overnight culture ( -107 cells) of each indicator strain 

was inoculated into 7 ml of soft MRS agar (containing 0.7 % agar) 

and poured over the plate on which the producer was grown, 

respectively. These were incubated at 30 oc for 24 h. After 

incubation, the plates were checked for inhibition zones (clearing 

of the medium) around the producer colony. 

Bacteriocin activity: Bacteriocin activity of the LAB isolates was 

estimated using an agar spot assay as described by Uhlman et al. 

( 1992) and Schillinger et al. (1993). The antimicrobial-positive 

strains were grown in MRS broth at 30 oc for 24 h and a cell-free 
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extract was obtained by centrifuging the culture m a 

microcentrifuge (Heraeus, Germany). The supernatant was heated 

at 100 oc for 5 min in block-thermostat (Staurt Scientific, UK). The 

cell-free supernatant was adjusted to pH 6.5 by addition of 1 N 

NaOH. Agar plates overlaid with 7 ml soft MRS agar (containing 

0. 7 % agar) were inoculated with 0.1 ml of an overnight culture of 

the indicator strains (as mentioned above), respectively. After 

incub&tion at 25 oc for 24 h, 0.01 ml of the culture supernatant 

was spotted onto the agar surface. The plates were incubated at 30 

oc for 24 h and subsequently examined for zones of inhibition. 

Biogenic amine 

The ability of LAB isolates to produce biogenic amines was 

determined qualitatively on an improved screenmg medium as 

described by Bover-Cid and Holzapfel ( 1999) using a 'cocktail' of 

four 1Jrecursor amino acids (histidine, lysine, ornithine and 

tyrosine). Cultures previously grown and sub-cultured twice in 

biogenic amine sub-culturing medium were spotted onto the plates 

containing screening medium. Change of the bromocresol purple 

indicator to purple was considered as index of significant amino 

acid decarboxylase activity, corresponding to >350 mg of a 

particular amino acid/litre ( 0 lasu po et al., 2 00 1) . 
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Hydrophobicity assay 

Bacterial adhesion to hydrocarbons was determined and 

results were expressed according to Rosenberg ( 1984) and Perez et 

al. ( 1998), with modification. Fresh cultures were grown in MRS 

broth at 30 oc for 24 h and centrifuged at 8,000 g for 5 min. The 

pellet was washed three times with 9 ml of Ringer solution (Merck, 

Germany), and thoroughly mixed in a vortex. The 1 ml of the 

suspension was taken and the absorbance at 580 nm was 

measured. Then, 1.5 ml of the suspension was mixed with equal 

volume of n-hexadecane (RM 2238, HiMedia) in duplicates and 

mixed thoroughly in a vortex. The phases were allowed to separate 

for 30 min at room temperature, after which aqueous phase was 

carefully removed and absorbance at 580 nm was measured. 

Percentage hydrophobicity was expressed as follows: 

hydrophobicity % = [Ao-A/ A] x 100, where Ao and A are the 

absorbance values of the aqueous phase before and after contact 

with n-hexadecane. The percent hydrophobic index greater than 

70 % was arbitrarily classified as hydrophobic (Martin et al., 1989; 

Nostro eta!., 2004). 

Screening of poly-y-glutamic acid (PGA) production 

Bacterial production of poly-y-glutamic acid was screened 

following the method described by Nagai et al., (1997) and Meerak 

et al., (2007), with modification. Selected strains of Bacillus were 
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grown at 37 °C for 18 -24h with shaking on a rotary shaking 

incubatorat 175 rpmin a 200 ml conical flask containing 100 ml of 

PGA medium which consisted of 2.0% glucose, 2.0% sodium 

glutamate, 1.0% (NH4)2S04, 0.1% Na2HP04, 0.1% KH2P04, 0.05% 

MgS04.?H20, 0.002% MnC12·4H20, 0.005% FeCb·?H20 (Kunioka 

and Goto, 1994), and 0.5 mgjml of biotin (pH 7.5). The culture 

was centrifused at 15,000 rpm at 4 oc for 30 min to obtain the 

supernatant, in which PGA is present. To one volume of 

supernatant two volume of ethanol was added to precipitate PGA. 

The fibrous precipitated PGA was collected with glass rod and 

washed with 10 ml of ethanol. Ethanol was then evaporated tu 

obtain PGA. 

Degradation of poly-y-glutamic acid (PGA) 

Screening of lactic acid bacteria for degradation of poly

glutamic acid was performed following the method described by 

Tanaka et al., (1993). Selected strains were grown in MRS broth 

(HiMedia M369), for 18-24h at 30 °C. The isolates were streaked or I 

spreaded on MRS agar plates containing 0.5% PGA solution (pH I 

4.5), and incubated at 30 oc for 2-3 days. The plates were flooded 

with 5 ml of 18 N H2S04 and allowed to stand for 30 min at room 

temperature. The presence of halo around the colony determines 

the degradation of PGA. 
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Antioxidant activity and total phenol content (TPC) 

1, 1-diphenyl-2-picryl hydrazyl (DPPH) and 2, 2'-azino-bis 

(3-ethylbenzo-thiazoline-6-sulfonic acid) (ABTS) were obtained 

from Sigma Aldrich Co., St. Louis, USA. Vitamin C (Ascorbic acid}, 

Folin-Ciocalteu's phenol reagent and Sodium carbonate were 

obtained from Merck Specialities Pvt. Ltd., Kolkata, India. 

Potassium persulphate and GalliC acid were obtained from 

HiMedia Laboratories Pvt. Ltd., Mumbai, India. Methanol was 

obtained from Ranbaxy Laboratories Ltd., Mohali, India. All 

chemicals used were of analytical grade. 

In vttro antioxidant assays 

In DPPH and ABTS methods, a particular concentration of 

the extract or standard solution was used which gave a final 

concentration of 1000 pgjml to 125 pgjml after all the reagents 

were added. Absorbance was measured against blank solutions 

that contain extract or standard, but without the reagents. A 

control was performed without adding extracts or standards. 

Percentage scavenging and ICso values± S.D were calculated. 

DPPH radical scavenging activity 

The assay was carried out in a 96 well microtitre plate, 

following the method of Yamasaki et al. (1994). The hydrogen 

atoms or electrons donating ability of the corresponding extracts 
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and some pure compounds were measured from the bleaching of 

purple coloured methanol solution of DPPH. A 10 pl aliquot of the 

extract (from 21 mg/ ml to 21 pg/ ml) was added to 200 pl of DPPH 

in methanol solution (100 pm) in a 96-well microtitre plate (Tarson 

Products (P) Ltd., Kolkata, India). The final concentration of the 

test and standard solutions used are 1000)-lg/ml, 500)-lg/ml, 

250)-lg/ml and 125~-tg/ml. After incubation at 37oc for 30 min, the 

absorba.r.ce of each solution was determined at 490 nm using 

ELISA reader (Bio-Rad Laboratories Inc, California, USA, Model 

550) against the corresponding test and standard blanks and the 

remaining DPPH was calculated. ICso is the concentration of the 

sample required to scavenge 50% of DPPH free radicals. 

ABTS radical scavenging activity 

The assay was carried out in a 96 well microtitre plate, 

follo\Niilg the method of Re et al. ( 1999). ABTS radical cation 

(ABTS+) was produced by reacting ABTS stock solution (7 mM 

concentration) with 2.45 mM potassium persulfate (final 

concentration) and allowing the mixture to stand in the dark at 

room temperature for 12-16 h before use. To 0.2 ml of various 

concentrations of the extract or standards added, 1 ml of methanol 

and 0.16 ml of ABTS solution to make a final volume of 1.36 ml. 

After 20 min of the incubation in dark, the absorbance was 

meas:..:red at 734 nm using ELISA reader {Bio-Rad Laboratories 

93 



In~, California, USA, Model 550). Blank is maintained without 

ABTS. ICso is the concentration of the sample required to scavenge 

50% of ABTS free radicals. 

Total Phenol Content estimation 

The total phenolic content (TPC) m the extract were 

estimated usmg th Folin-Ciocalteau micro-method described by 

Waterhouse, (2005). The extract (60-300!11) was diluted with 

deionised water to 4.8ml and 300!11 of Folin-Ciocalteau Reagent 

was added and shaken, After 8 minute, 900111 of 20 °!t1 Sodium 

carbonate solution was added with mixing to neutralize it. The 

solution was allowed to stand at 40 oc for 30 min. before reading 

the absorbance using UV-VIS spectrophotometer (Analytik J ena, 

Germany) at 765 nm. Gallic acid (0-50).lg) was used as standard, 

and the results were reported as mg gallic acid equivalent per 

gram of fresh weight. The values of TPC (mg GAE j g of fresh 

weight) were calculated using the equation below: 

Value ofTPC = 

(mg G:\Ejg of fresh wt) 

Where: 

SA = Sample absorbance for TPC 

[ 

[{SA-BA)(slope)J [ 10 I UJJ 
[2][1000] 

BA =Blank (no extract) absorbance for TPC 
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(Extract was substituted with deionised water for blank) 

Slope = Slope for standard curve 

[10/U] =Total Volume of extract (l.Oml)/Used vol. of extract (ml) 

[2] = weight of used sample (g) 

[1000] =Factor for changing l.lg to mg 

Each experiment was performed m triplicates on different 

purchased/ collected samples. 

Testing of strain(s) for turangbai and bekang preparation 

Soybean used 

Small. smooth vellow seed coat and dark brown hilum 'local 

yellow' variety of soybean [Glycine max (L.) Merrill] was purchased 

from Police bazaar in Shillong (Meghalaya) and Bara bazaar in 

Aizawl (Mizoram). 

Starter cultu:re(s) preparation 

Preparation of starter cultures and laboratory-scale of 

fermented soybean were followed as described by Tamang ( 1999). 

A loopful culture of selected Bacillus spp. was inoculated in 5 ml 

nutrient broth (M002, HiMedia) and incubated overnight at 37° C. 

One ml of each culture was centrifuged (Biofuge pico, Heraeus, 

Germany) at 8,000 g for 5 min, the supernatant was discarded, 1 

ml of sterile distilled water was added to the pellet, cells were 

resuspended and again centrifuged at 8,000 g for 5 min. Cells 
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were again suspended in 1 ml sterile distilled water. This 

procedure achieved an inoculum size containing 108 cfu/ml, and 

was checked as viable count in nutrient agar (MM012, HiMedia) 

plates. 

Laboratory-scale preparation of turangbai and bekang 

About 500 g of soybean was cleaned, washed and soaked in 

tap water overnight at room temperature. Soaked soybeans were 

autoclaved at 121 oc for 30 min and distributed into four parts 

containing 100-125 g each. 

For tu.rangbw preparation, each of the four parts were 

inocubted with 1 ml cell suspension of Bacillus subtilis TS2:B24, 

B. licheniformis TSB:B13, B. pumilus TSA:Bl5, and the mixture of 

cell suspensions of all three strains of Bacillus, respectively. 

Similarly, for bekang preparation, each of the four parts were 

inoculated with 1 ml cell suspension of Bacillus subtilis BT:B9, B. 

licheniformis BK1:B13, B. pumilus BK2:B6, and the mixture of cell 

suspensions of all three strains of Bacillus, respectively. Strains of 

Bacillus were harvested in nutrient broth (M002, HiMedia). 

Inocubuons were done while the temperatures of soybeans was 

above 80 °C. Inoculated soybeans were put into pre-sterile petri

dish (outer lid is replaced by perforated polythene film), and 

incubated at 40 °C for 48 h under 85% relative humidity. 
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Sensory evaluation 

Sensory evaluation of turangbai and bekang was prepared 

by selected starter culture(s) and later evaluated in terms of 

aroma, taste, texture, colour and general acceptability as 

described by Meilgaard et al., (1990). Sensory evaluation of 

laboratory prepared turangbai and bekang was done 

organoleptically by 10 judges with score rate of 1 (bad) to 5 

(excellent), considering market turangbai and bekang as control 

with score rate of 3, moderate (Table B). 
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Table B. Format for sensory evaluation of turangbai and 

bekang 

Pleas·.:: vse market turangbai/ bekang as a control with scoring rate 

of 3 (moderate) 

Sample code: ................. . Name: ....................... . 

Attribute Score 
!---------------

Comment l 
I 

Bad I I i Strong i 
~----+--_J__-t-~----j--------' 
r 1 1213141 5 
' I ' I 

i - - -------- ---- - --t- I ~~--+~------r------- --- - --: 

~- Wea~J__J Strong r----------i 
' I I I 
I 1 '2! 3 4 5: 

---- - -----+------11, - -----+--------i--- ---- - -~ --- -
I '

j 

Hard , 1 , Soft 
1 

r-- ----+--i-----,----1------+--------
! 1 1 2 1 3 :4· 5 i 
] l ' I 

Aroma 

Taste: 

Mild acidic 

Texture. 

-- -----~---+- -+ +---------------
1 I I 

! Bad , 1 Good i 
I I I i ' r----------+---r- ----+----------- --i 

1 !213 4 5! -----r-- ----- --1----j----- -+ -----r------- -t--- --
1 Bad ! 1, ' 1 Good I 

General r-------- --1-----+---------r-----+-------+----- ------
1 

Acceptability: _j_ 1 I 2 I 3 I 4 i 5 _j_ _____ l 

Colour: 

Date: Signature of Judge 

Statistical analysis 

The data were analysed by determining standard deviation 

(SD), standard error of measurement (SEM) and analysis of 

variance (AN OVA) (Snedecor and Cochran, 1989). 
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