Isolation and Characterization of Streptococcus thermophilus from traditionally prepared sour curd
ABSTRACT
Aims: Dahi, or curd, is a common fermented milk food in West Bengal and throughout India. In the unorganised business, the "back-slopping" approach is still used to produce it using an unidentified range of strain starters, which could result in batch variation that affects safety and shelf life. Lactobacillus bulgaricus and Streptococcus thermophilus are thermophilic microorganisms employed in curd. The goal of this research work is to increase the techno-functional qualities of sour curd by isolating and characterizing the thermophilic lactic acid bacteria that produce cocci from traditionally prepared sour curd. 
Study Design: Phenotypic and Biochemical observations were done through consideration of 3 replications in each case.
Place and Duration of Study: The study on collected sour curd samples were evaluated at Department of Dairy Microbiology, F/Dairy Technology, WBUAFS in duration of November, 2022 to March, 2023.
[bookmark: _Hlk198419295]Methodology:  Twenty-one sour curd samples were collected from various local sweet shops of Nadia and North 24 Parganas district of West Bengal. The pH, titratable acidity, total lactic counts of the samples were observed. Coliforms and yeasts and moulds were also found. The analysis on catalase test, negative staining and microscopic study were also followed. The esculin hydrolysis and sugar fermentation profiles were measured to recognize the Streptococcus thermophilus.
Results: The pH, titratable acidity, total lactic counts varied from 3.94-4.65, 0.72-1.05% lactic acid and 7.96-9.90 log cfu/ml, respectively. The samples were heavily loaded with coliforms and yeasts & moulds with a range of 2.70-6.73 log cfu/ml and 3.04-6.40 log cfu/ml, respectively. Isolation of bacteria was done by pour plating using skim milk agar.  41 isolates were catalase negative and gram-positive cocci among 91 colonies of samples. The 41 isolates were cocci which showed positive growth at 45°C but negative in other purity tests except two. 20 representative cocci isolate from 39 isolates showed positive growth at 45°C. The esculin hydrolysis and sugar fermentation profiles were utilized to identify the Streptococcus thermophilus.
[bookmark: _Hlk198419811]Conclusion: The proper isolation and characterisation of S. thermophilus upgrade the culture quality. 
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1. INTRODUCTION 
The yogurt-like milk derivative curd has a soft texture, a sweet and sour flavour, and a whitish to light pale colour. It serves as the starting point for many different milk products, including buttermilk, lassi, and shrikhand. It is widely acknowledged that strain dependence has a significant role in the technological features of yoghurt, including acidification, flavour generation, and viscosity to a large extent (Raphael and Salam, 2022). The most common techniques for measuring starter activity were pH shifts, determined by titration with NaOH (Raphael and Salam, 2022). According to Siddiqi et al. (2024), dahi contains a variety of lactic acid bacteria (LAB) where Streptococcus thermophilus is one of them. 
Starter culture organisms employed in fermentations of various milk products are members of the lactic acid bacteria (LAB) family (Bintsis, 2018). It is essential to define and describe the desired function of the starter culture before creating the best starter cultures for a given food fermentation. 
Before being used as starters, new strains were examined for the appropriate metabolic activities and effectiveness in small-scale food fermentations (Wang et al., 2021). 
These LAB share a variety of morphological, metabolic, and physiological traits. The primary feature of dairy LAB, commonly referred to as lactic acid fermentation, is certainly its capacity to create lactic acid from lactose. As the pH declines, greater whey is expelled from the curd, lowering moisture content and lessening the chance of microbial deterioration (Senapati et al., 2016). Actually, the most significant characteristic of starter bacteria is likely its quick production of acid (Senapati et al., 2016). Gram-positive, catalase-negative microorganisms serve as essential to many food and feed fermentation processes. LAB is able to produce bacteriocins, which are hostile to other microbes and act as inhibitory chemicals, and probiotics (Khushboo et al., 2023). By producing exo-polysaccharides, LAB contribute to the distinctive structure of a variety of fermented dairy products.
Streptococcus thermophilus, a gram-positive, facultative anaerobe, with non-motile and non-spore forming homo-fermentative qualities, is one strain of probiotic bacteria that is crucial to starter culture (Amanullah et al., 2020). The heat-loving Streptococcus thermophilus has spherical or ovoid cells that are 0.7-1.0 µm in diameter, occur in pairs or long chains, and are chemo-organotrophic. They can grow at 45°C, and the majority of strains can withstand heating to 65°C for 30 minutes. Based on its metabolic characteristics, such as the generation of lactic acid, flavouring compounds, antibacterial action, formation of EPS, fermentation of galactose, and proteolytic activity, S. thermophilus is commonly used as starting culture. 
Selected starters are now used in large-scale industrial processes due to quality assurance and standardization, resulting in a decrease in the diversity of natural microorganisms. Traditional mixed cultures contain organisms whose true identities are unknown, and there is no possibility of microbiological or biochemical characterisation of the particular species. From one product to another, the quantity of various organisms in a mixed culture was also varied. Physiologically, biochemically, and genetically characterised strains were utilised singly or in combinations to make up defined cultures. Consequently, they provide consistent quality and flexibility to change output in response to needs, such as high productivity, quality, and safety.
2. MATERIALS AND METHODS
21 samples of traditional curd were collected from local sweet shops of 7 locations under Nadia and North 24 Paraganas district, West Bengal. The following properties were analysed -
     2.1 Physico-chemical properties
The properties of pH (EUTECH), titratable acidity, flavour production was measured.
The homogeneous mixture of distilled water (10 ml) and curd (10 g) sample with 0.1 N NaOH and phenolphthalein indicator were used for measuring the titratable acidity (% lactic acid) (Matela et al., 2019).
Acidity (% LA) = 9 × Vol. of NaOH (ml) × Normality of NaOH/ Wt. of sample (g)
For flavour, two tests were done
2.1.1 Diacetyl production - The homogenous mixture of curd sample (2 ml), 40% KOH (2 ml) and 0.5% creatine solution (1 ml) was kept in dark for 10 minutes. Appearance of a pink band indicated the diacetyl (Tian et al., 2019). 
[bookmark: _Hlk197467368]2.1.2 Acetaldehyde production - 1N NaOH was added drop by drop in 5 ml whey, collected from centrifuged homogeneous samples, till the cloud appears. 200 µl of hexamethyl amine and 200 µl of sodium nitroprusside were added through shaking. A distinctive blue colour indicated (Tian et al., 2019) the acetaldehyde.
     2.2 Microbiological profiles
Microscopy, total lactic counts, coliform counts, yeast and mould counts were observed.
Microscopic examination was done by simple staining method (methylene blue stain) under 100X (Olmedo et al., 2024) to observe the cell morphology and cell arrangement in cultures.
The homogenously diluted mixer was used for different counts considering 1ml curd sample, transferred to 9ml sterile saline solution (0.09 g NaCl in 10 ml dist. H2O) to make 10-1 dilution, continued up to 10-8 (Mamun et al., 2016).  
To identify distinct colonies, various dilutions were considered for plating the microbiological parameters (Table 1). 



Table 1. Microbiological analysis of the samples
	Microbiological
Parameters
	Dilution
	Media
	Incubation

	Total lactic counts
	10 -6, 10-7, 10-8
	Modified Skim Milk Agar
	42°C for 10-12h


	Coliform counts

	10 -1, 10-2, 10-3
	Violet Red Bile Agar
	37°C for 24-48 h


	Yeast and Mould counts
	10 -1, 10-2, 10-3
	Acidified Potato Dextrose Agar
	25-30°C for 3-5 days


     
     2.3 Antimicrobial activity
Indicator bacteria (50 µl) from cell free culture supernatants (CFCS) mixed with Nutrient agar (50 ml, 45°C), poured and solidified on agar plates. Wells of 6 mm diameter were prepared, filled with 100 μl of culture supernatant, and incubated at 37°C for 6-24 h. A distinct zone of inhibition that extended from edge of the wells served as a sign of antimicrobial activity (Patel and Mohan, 2018). 
      2.4 Isolation of thermophilic lactic acid bacteria 
To obtain active culture, typical yellow colonies (5–6) from Modified Skim Milk Agar plates, developed from curd, were introduced into modified skim milk medium and incubated at 42°C /10-12 h. The thermophilic isolates (DTC) were checked for microscopy and catalase activity considering a standard sample as control (436; source: NDRI). Gram-positive cocci and catalase negative isolates were further investigated. Before usage, subculturing of culture done in skim milk (42°C /10-12 h).
2.4.1 Microscopy of the isolates - Gram-staining and negative staining were used to morphologically examine the culture to ensure its purity. 
2.4.1.1 Gram’s staining - This staining procedure was done through Crystal violet, Grammes of iodine, 95% Ethanol and Safranin. Under 100X oil immersion, the violet and pink colonies indicate gram positive, gram negative respectively (Paray et al., 2023)
2.4.1.2 Negative staining - For morphological identification, 1 loop of negative stain with 1 loop of cultured broth is introduced in the slide then air-fixed. Under 100X oil immersion, Streptococcus thermophilus is cocci shaped with pairing or chain form (Alazazi et al., 2023).
2.4.2 Catalase test - Few drops of 3% H2O2 sol. added to slide after adding of the culture. If the bubble is appeared, catalase is positive otherwise catalase negative (Khatoon et al., 2022).
2.4.3 Characterization of culture  
2.4.3.1 Growth was observed at 10°C and 45°C, at 6.5% NaCl, at 10% and 40% bile, through inoculation of the culture @ 2% in M17 broth (Bennani et al., 2017).
2.4.3.2 Growth on Modified Enterococcus agar - 1 loop active cultures placed on Modified Enterococcus Agar plates with incubation at 42°C for 24 h. To determine the purity of active cocci culture (Bennani et al., 2017).
2.4.3.3 Sugar fermentation profile - Using various sugar discs, the culture's capacity to ferment and generate acid was examined in sugar-deficient CHL broth. Before sterilization, 5 ml CHL broth with 1% BCP solution were mixed as a fermentation indicator. Lactose, glucose, galactose, arabinose, trehalose, maltose, mannitol, sucrose, and salicin were the carbohydrate discs that were aseptically inserted in sterile CHL broth tubes. After checking the sterility, active culture inoculation @ 1% done. Then these tubes were incubated at 42°C for 3 days (Vos et al., 2009). 
2.4.3.4 Esculin hydrolysis - Esculin is hydrolysed into glucose and esculetin (6,7-dihydroxy-coumarin) by an enzyme called esculinase, produced by a microbe. After adding 2-3 drops of active cultures to the sterile CHL broth (containing esculin discs), colour change was seen after 24-48 h (Vos et al., 2009).
3. RESULTS AND DISCUSSION
The 21 samples of traditional sour curd were collected from local sweet shops of Nadia and North 24 Pargana districts (Barrackpore, Kanchrapara, Belghoria, Mohanpur, Kalyani, Payradanga, and Chakdah). These curd samples were assessed to isolate and characterised the Streptococcus thermophilus through physicochemical, microbiological, antimicrobial activity and microscopic analysis. 
3.1 Physico-chemical properties 
 The zonal average pH was 4.03 to 4.54 with lowest in Payradanga and the titratable acidity (TA) was 0.83 to 0.93% lactic acid indicating the least variation (Fig. 1). A positive diacetyl flavour was detected in Mohanpur III and Kalyani I where the rest 19 samples revealed acetaldehyde flavour. (Table 2; Fig. 3).

    Fig. 1 pH and TA (% lactic acid) of dahi samples of various zones


3.2 Microbiological Profiles 
In microscopy, the maximum samples specified rod and cocci shaped in chain form though prominence in Belghoria II sample for yeasts (large oval-shaped cells) represented in Table 2. The zonal average of total lactic count 8.38 to 9.10 log cfu/ml representing highest in Kalyani. The coliform count and yeast & mould count showed 2.76 to 5.6 and 3.64 to 5.96 log cfu/ml respectively 

Fig. 2 Total lactic counts, coliform counts, yeast & mould counts at various zones


Table 2. Morphology, Antimicrobial activity and Flavour assay of dahi sample
	Sl No.

	Location
	Microscopy
	Antimicrobial activity (diameter in mm)
	Flavour

	
	
	
	
	Diacetyl
	Acetaldehyde

	1
	Barrackpore I
	Rod and Cocci
	7.5±0.1
	-
	+

	2
	Barrackpore II
	Rod and Cocci
	7.0±0.06
	-
	+

	3
	Barrackpore III
	Rod and Cocci
	7.0±0.0
	-
	+

	4
	Kachrapara I
	Rod and Cocci
	-
	-
	+

	5
	Kachrapara II
	Rod and Cocci
	7.0±0.08
	-
	+

	6
	Kachrapara III
	Rod and Cocci
	8.5±0.07
	-
	+

	7
	Belghoria I
	Rod and Cocci
	-
	-
	+

	8
	Belghoria II
	Rod, Cocci and Yeast
	7.0±0.1
	-
	+

	9
	Belghoria III
	Rod and Cocci
	-
	-
	+

	10
	Mohanpur I
	Rod and Cocci
	7.0±0.08
	-
	+

	11
	Mohanpur II
	Rod and Cocci
	8.5±0.07
	-
	+

	12
	Mohanpur III
	Rod and Cocci
	8.0±0.1
	+
	-

	13
	Kalyani I
	Rod and Cocci
	08.0±0.0
	+
	-

	14
	Kalyani II
	Rod and Cocci
	7.5±0.1
	-
	+

	15
	Kalyani III
	Rod and Cocci
	-
	-
	+

	16
	Payradanga I
	Rod and Cocci
	-
	-
	+

	17
	Payradanga II
	Rod and Cocci
	7.0±0.06
	-
	+

	18
	Payradanga III
	Rod and Cocci
	-
	-
	+

	19
	Chakdah I
	Rod and Cocci
	-
	-
	+

	20
	Chakdah II
	Rod and Cocci
	-
	-
	+

	21
	Chakdah III
	Rod and Cocci
	7.0±0.08
	-
	+


 ‘-‘ no antimicrobial activity, diameter of well 6 mm; ‘+’ present, ‘-‘ absent
      [image: ]    [image: ]Fig. 3 a) Diacetyl test (positive)
        b) Acetaldehyde test (positive)

(a)                             (b)

under consideration of lowest in Belghoria and highest in Chakdah. (Fig. 2). All curd samples specified positive for coliforms, yeast, or mould, though these have minimal standards as per FSSAI. Coliform created an unfavourable and impure fermentation medium, with unsuitable management and storage, as the coliform count is a sign of cleanliness in curd production (Anjum et al., 2020). The yeast & mould is another sign of poor hygiene in curd preparation.
     3.3 Antimicrobial activity
[bookmark: _Hlk140093620]Maximum samples showed positive antimicrobial activity against Citrobacter fruendii though the samples of Kachrapara I, Belghoria I, Belghoria III, Kalyani III, Payradanga I, Payradanga III, Chakdah I and II exposed inactive. The zone of clearance was measured critically. It is well known that LAB were able to create bacteriocins and they are generally regarded as safe microbes. The bacteriocins may be active to control the spread of organisms for spoilage and disease of dairy products (Patel et al., 2018) (Table 2).

     3.4 Identification and characterization of selected isolates
The isolated thermophilic LAB were found to be long chain cocci and bacillus. Catalase-negative, gram-positive chain and pair isolates of cocci were used for investigation on growth at specific salt concentration (6.5% NaCl), at varying temperatures (10°C, 45°C), at different bile salts (10% and 40%), and modified enterococcus agar (MEA) plates in addition to sugar fermentation pattern and Esculin hydrolysis (Bennani et al., 2017; Barman,2025). The observations were evaluated with a standard control ‘436 isolate’ of Streptococcus thermophilus (source: NDRI)
The selected 41 isolates from the samples, considering catalase-negative and gram-positive cocci, were further explored for morphological documentation through negative staining where most isolates were either short or long chain cocci. All isolates presented no growth in 6.5% NaCl and 2 showed positive growth in modified enterococcus agar (MEA) plates. Only 2 isolates exposed growth at 10°C but all isolates displayed growth at 45°C (Vos et al., 2009). The finally selected 20 isolates including standard control (436) from initial 21 samples were utilized for further analysis representing the size between 0.71-0.90 µ (Table 3). The highest and lowest were found in DTC13, DTC10, DTC28 and DTC2 respectively.


Table 3. Purity tests of selected cocci isolates
	Sl No.
	Isolates
	Morphology

	Catalase
	Physiology


	
	
	Gram staining
	Size (µ)
	Shape and Arrangement
	
	Growth
(10% bile)
	Growth
(40% bile)
	Growth (10˚ C)
	Growth
(45˚ C)
	Growth
(0% NaCl)
	Growth
(6.5% NaCl)
	Modified Enterococci Agar

	1
	DTC2
	+
	0.71
	Cocci in pairs
	-
	-
	-
	-
	+
	+
	-
	-

	2
	DTC3
	+
	0.72
	Cocci in pairs
	-
	-
	-
	-
	+
	+
	-
	-

	3
	DTC6
	+
	0.82
	Cocci in pairs
	-
	-
	-
	-
	+
	+
	-
	-

	4
	DTC7
	+
	0.78
	Cocci in short chains
	-
	-
	-
	-
	+
	+
	-
	-

	5
	DTC10
	+
	0.90
	Cocci in long chains
	-
	-
	-
	-
	+
	+
	-
	-

	6
	DTC11
	+
	0.86
	Cocci in short chains
	-
	-
	-
	-
	+
	+
	-
	-

	7
	DTC13
	+
	0.90
	Cocci in short chains
	-
	-
	-
	-
	+
	+
	-
	-

	8
	DTC16
	+
	0.76
	Cocci in short chains
	-
	-
	-
	-
	+
	+
	-
	-

	9
	DTC17
	+
	0.72
	Cocci in long chains
	-
	-
	-
	-
	+
	+
	-
	-

	10
	DTC19
	+
	0.88
	Cocci in long chains
	-
	-
	-
	-
	+
	+
	-
	-

	11
	DTC22
	+
	0.76
	Cocci in short chains
	-
	-
	-
	-
	+
	+
	-
	-

	12
	DTC23
	+
	0.82
	Cocci in long chains
	-
	-
	-
	-
	+
	+
	-
	-

	13
	DTC25
	+
	0.83
	Cocci in short chains
	-
	-
	-
	-
	+
	+
	-
	-

	14
	DTC26
	+
	0.84
	Cocci in pairs
	-
	-
	-
	-
	+
	+
	-
	-

	15
	DTC28
	+
	0.90
	Cocci in long chains
	-
	-
	-
	-
	+
	+
	-
	-

	16
	DTC30
	+
	0.77
	Cocci in pairs
	-
	-
	-
	-
	+
	+
	-
	-

	17
	DTC33
	+
	0.75
	Cocci in short chains
	-
	-
	-
	-
	+
	+
	-
	-

	18
	DTC34
	+
	0.79
	Cocci in pairs
	-
	-
	-
	-
	+
	+
	-
	-

	19
	DTC36
	+
	0.88
	Cocci in long chains
	-
	-
	-
	-
	+
	+
	-
	-

	20
	DTC39
	+
	0.87
	Cocci in pairs
	-
	-
	-
	-
	+
	+
	-
	-

	21
	436 (control)
	+
	0.90
	Cocci in short chains
	-
	-
	-
	-
	+
	+
	-
	-


 ‘+’  growth occurred,  ‘-‘ no growth

3.5 Sugar fermentation profile and Esculin hydrolysis of isolates 
Identification of the sugar fermentation profile and esculin hydrolysis were used to characterize lactic acid bacteria to observe the probiotic ability of the microbes. No colour change in CHL broth (containing esculin disc) was seen during esculin hydrolysis indicated negative activity and the yellowing of CHL broth (containing sugar discs) and readymade Kit (Fig. 4) indicated fermentation of carbohydrates with generation of acid. The inconsistent results were seen in other sugars, including galactose, arabinose, mannitol, and salicin. In each case, glucose, lactose, and sucrose displayed positive same as Bennani et al., 2017. Finally, Streptococcus thermophilus was identified based on sugar fermentation profile and esculin hydrolysis (Table 4). 

Fig. 4 Sugar fermentation pattern (KB009 HiCarbohydrateTM Kit)[image: ]

Table 4. Identification of isolates based on sugar fermentation profiles and Esculin hydrolysis
	Isolates
	Sugars
	Esculin
Hydrolysis
	Identification

	
	Ara
	Gal
	Glu/Dex
	Gly
	Lac
	Mal
	Man
	Sal
	Suc
	Tre
	
	

	DTC2
	-
	-
	+
	-
	+
	-
	-
	-
	+
	-
	-
	S. thermophilus

	DTC3
	-
	-
	+
	-
	+
	-
	-
	-
	+
	-
	-
	S. thermophilus

	DTC6
	-
	+/-
	+
	-
	+
	-
	-
	-
	+
	-
	-
	S. thermophilus

	DTC7
	-
	+/-
	+
	-
	+
	-
	-
	-
	+
	-
	-
	S. thermophilus

	DTC10
	-
	+/-
	+
	-
	+
	-
	-
	-
	+
	-
	-
	S. thermophilus

	DTC11
	-
	-
	+
	-
	+
	-
	-
	-
	+
	-
	-
	S. thermophilus

	DTC13
	-
	-
	+
	+/-
	+
	-
	-
	-
	+
	-
	-
	S. thermophilus

	DTC16
	-
	-
	+
	-
	+
	-
	-
	-
	+
	-
	-
	S. thermophilus

	DTC17
	-
	-
	-
	-
	+
	-
	-
	-
	+
	-
	-
	S. thermophilus

	DTC19
	-
	-
	+
	-
	+
	-
	-
	-
	+
	-
	-
	S. thermophilus

	DTC22
	-
	-
	+
	-
	+
	-
	-
	-
	+
	-
	-
	S. thermophilus

	DTC23
	-
	+/-
	+
	-
	+
	-
	-
	-
	+
	-
	-
	S. thermophilus

	DTC25
	-
	-
	+
	-
	+
	-
	-
	-
	+
	-
	-
	S. thermophilus

	DTC26
	-
	-
	+
	-
	+
	-
	-
	-
	+
	-
	-
	S. thermophilus

	DTC28
	-
	-
	+
	-
	+
	-
	-
	-
	+
	-
	-
	S. thermophilus

	DTC30
	-
	-
	+
	-
	+
	+/-
	-
	-
	+
	-
	-
	S. thermophilus

	DTC33
	-
	-
	+
	-
	+
	-
	-
	-
	+
	-
	-
	S. thermophilus

	DTC34
	-
	-
	+
	+/-
	+
	+/-
	-
	-
	+
	+/-
	-
	S. thermophilus

	DTC36
	-
	-
	+
	-
	+
	+/-
	-
	-
	+
	+/-
	-
	S. thermophilus

	DTC39
	-
	-
	+
	+/-
	+
	+/-
	-
	-
	+
	+/-
	-
	S. thermophilus

	436
	-
	+/-
	+
	-
	+
	-
	-
	-
	+
	-
	-
	S. thermophilus


 ‘+’  present , ‘+/-‘   variable observation, ‘-‘   absent ,  Ara - Arabinose, Gal – Galactose, Glu – Glucose, Gly – Glycerol, Lac – Lactose, Mal – Maltose, Man – Mannitol, Sal – Salicin, Suc - Sucrose, 
Tre - Trehalose 

4. CONCLUSION
From the results, different bacterial species, particularly LAB, persisted in sour curd of local sample where variations were leading and isolation of Streptococcus thermophilus was one of the predominant strains.  The potential use of this strain through isolation and utilise it as starter culture for the manufacture of fermented dairy products like curd. The observation may upgrade the strain quality and constancy of standard which may further initiate for growth and rapid acidification for critical selection in addition to DNA study. These can contribute to microbial safety. 
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pH	
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TLC	Barrackpore	Kanchrapara	Belghoria	Mohanpur	Kalyani	Payradanga	Chakdah	8.41	8.66	8.9700000000000006	8.3800000000000008	9.1	8.7799999999999994	8.86	Y	&	M	Barrackpore	Kanchrapara	Belghoria	Mohanpur	Kalyani	Payradanga	Chakdah	4.5199999999999996	5.96	3.93	3.64	4.7	4.87	4.9000000000000004	COLI	Barrackpore	Kanchrapara	Belghoria	Mohanpur	Kalyani	Payradanga	Chakdah	3.31	3.12	2.77	3.1	2.76	3.93	5.6	LOCATIONS

log cfu/ml





image2.png
Plate 3. Sugar fermentation pattern (CHL broth, Readymade kit) and Esculin
hydrolysis in CHL broth  (a)CHL broth for testing of sugar fermentation and esculin
hydrolysis; (b) Readymade kit for testing sugar fermentation
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Plate 1. Physico-chemical properties of the sample  

               (a) Diacetyl test, positive indication; (b) microscopic view of the sample;   

               (c) Acetaldehyde, positive indication; (d) Plate of Yeast an d mould count; 

                (e) Plate of coliform count;  (f) Antimicrobial activity of the sample ; (g) Plate of total lactic    

                     count 


