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Isolation, biochemical characterization and DNA sequencing of microorganisms from fermented kanji

[bookmark: _GoBack]ABSTRACT
Kanji is a traditional fermented beverage prepared from beetroot (Beta vulgaris), black carrot (Daucus carota), and mustard seeds (Brassica juncea), valued for its probiotic and functional properties. In this study, kanji was prepared under laboratory conditions using raw materials collected from the Dehradun market and fermented at room temperature for 21 days. Physicochemical parameters including colour, taste, pH, and total titratable acidity were monitored at regular intervals, revealing a gradual decrease in pH and increased acidity due to lactic acid fermentation. Microbial analysis was performed using the standard plate count method, which showed lactic acid bacteria (LAB) as the dominant microbial group. LAB were isolated using serial dilution and MRS agar, followed by purification and biochemical characterization. Selective media were employed to detect potential pathogenic bacteria. Molecular identification of dominant LAB isolates was carried out using 16S rRNA gene sequencing to ensure accurate taxonomic resolution. The combined microbiological, biochemical, and molecular approach provided comprehensive insights into the microbial ecology of fermented kanji and supported its potential as a safe, functional fermented beverage.
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1) INTRODUCTION

Kanji is a traditional fermented beverage originating from northern India, particularly Punjab, Haryana, and Rajasthan (Satish et al., 2019). It is a vibrant purple-red probiotic drink prepared by fermenting black carrots (Daucus carota) and/or beetroot (Beta vulgaris), along with mustard seeds (Brassica juncea), spices, salt, and water under ambient conditions (Panghal et al., 2018). The fermentation occurs through spontaneous activity of naturally occurring microorganisms, predominantly lactic acid bacteria (LAB), resulting in a sour, tangy beverage with characteristic organoleptic properties (Tamang et al., 2016). Beyond its nutritional value, kanji holds strong cultural significance and is traditionally consumed during spring festivals, particularly Holi, reflecting indigenous fermentation practices passed down through generations (Ray & Montet, 2016).

Traditional fermented beverages such as kanji are rich sources of naturally occurring microorganisms that drive fermentation processes, influence sensory quality, and impart functional properties. For this study, raw materials including beetroot, black carrot, and mustard seeds were collected from the Dehradun market as substrates representative of indigenous fermentation practices. These plant matrices are rich in fermentable sugars, phenolics, and antioxidants, creating conducive environments for lactic acid bacteria (LAB) and yeast growth during spontaneous fermentation (Sharma, Sahota, & Kaur, 2021).

Studies on vegetable-based fermented products consistently identify LAB such as Lactobacillus, Leuconostoc, Pediococcus, and Weissella as dominant microorganisms (Swain et al., 2014). These bacteria contribute to acidification via lactic acid production and enhance product safety through antimicrobial compounds like bacteriocins (Corsetti & Settanni, 2017). Yeasts are also commonly present, contributing to aroma development, ethanol production, and synergistic interactions with LAB (Fleet, 2011). Limited studies on kanji specifically have reported the presence of Lactobacillus plantarum, Lactobacillus fermentum, Leuconostoc mesenteroides, and Saccharomyces cerevisiae, though most investigations rely on culture-dependent methods that may underestimate microbial diversity (Singh et al., 2018; Panghal et al., 2018; Tamang et al., 2016).

Black carrots and beetroot used in kanji preparation are rich sources of bioactive compounds with strong antioxidant potential. Black carrots contain high levels of anthocyanins, flavonoids, carotenoids, vitamin C, and phenolic acids such as chlorogenic, caffeic, quercetin, and ferulic acids, which exhibit anti-inflammatory, antioxidant, and anticancer properties (Khandare et al., 2011; Sharadendu Bali et al., 2024). Beetroot is rich in betalains, polyphenols, vitamins, minerals, dietary fiber, and inorganic nitrates that contribute to antioxidant activity, cardiovascular health, and nitric oxide production (Figiel, 2010; Georgiev et al., 2010; Sakhare et al., 2018; Jakubczyk et al., 2023).
The fermentation of kanji typically lasts 2–7 days depending on temperature and regional preferences, during which pH decreases from approximately 6.0–6.5 to 3.2–3.8, ensuring microbial safety, preservation, and flavor development (Rajauria & Tiwari, 2018). Traditionally, kanji is regarded as beneficial for digestion, appetite stimulation, liver health, and protection against oxidative stress, especially during hot weather (Khandare et al., 2011). However, uncontrolled spontaneous fermentation may lead to contamination during storage, limiting shelf life and year-round availability (Preetinder Kaur et al., 2023).

Despite its cultural importance and functional food potential, scientific literature on kanji remains limited compared to other fermented products (Ray & Didier, 2014; Rajauria & Tiwari, 2018). Standard plate count (SPC) methods using selective media remain valuable for enumerating viable microbial populations, isolating dominant strains, and assessing fermentation dynamics, even as molecular approaches offer deeper insights (Harrigan, 1998; Batt, 2014; Holzapfel, 2017). This dissertation aims to address existing research gaps by comprehensively analyzing the microbiological profile, biochemical characteristics, and pH dynamics of kanji during fermentation, thereby integrating traditional knowledge with modern scientific techniques to support its standardization, safety, and future applications in functional food and probiotic research.

Biochemical methods alone are insufficient for precise taxonomic resolution. Therefore, molecular identification, particularly through sequencing of the 16S rRNA gene, is routinely employed to confirm species identity and to elucidate phylogenetic relationships among isolates. Molecular approaches such as ARDRA, rep-PCR, and 16S rRNA sequencing have successfully differentiated Lactiplantibacillus paraplantarum, Lactiplantibacillus pentosus, and other LAB genotypes in fermented beetroot and carrot products (Kingston et al., 2010). Sequencing of 16S rRNA provides high resolution and accuracy in microbial taxonomy, enabling comparison with global databases and facilitating submission of accessioned sequences for novel strains.

Together, these methodological components collection of raw substrates, quantitative microbial enumeration by SPC, biochemical profiling, and 16S rRNA gene sequencing form a comprehensive framework for characterizing the microbial ecology of fermented kanji. This integrative approach not only ensures the accurate identification and functional evaluation of dominant fermentative microbes but also lays the foundation for enhanced understanding of probiotic potential and fermentation standardization in traditional plant-based beverages.

2. MATERIAL AND METHODS 
	
2.0 Collection of Samples for Preparation of Kanji

Good-quality beetroot (Beta vulgaris), black carrot (Daucus carota), and mustard seeds (Brassica juncea) were collected from the local market of Dehradun. The collected materials were transported to the laboratory under hygienic conditions and used for the preparation of kanji.

2.1 Preparation of Kanji

Two clean, medium-sized glass jars with lids were taken and thoroughly sterilized. Beetroot and black carrot were washed with potable water and chopped into small pieces. Approximately 150 g of beetroot and 150 g of black carrot were weighed, along with 18 g of yellow mustard seeds, 10 g of black salt, and 3 g of red chilli powder. All the ingredients were transferred into the sterilized glass jars, and 1000 ml of sterilized water was added. The contents were mixed properly and kept at room temperature for fermentation for a period of 21 days.

2.2 Physical and Chemical Analysis of Fermented Kanji

The fermented kanji samples were analyzed for various physical and chemical parameters, including colour, taste, pH, and total acidity at different intervals, namely 0, 3, 7, 14, and 21 days. Total acidity was determined by titration using 0.1 N NaOH with phenolphthalein as an indicator until a faint pink colour appeared. The total acidity was calculated and expressed as percentage lactic acid.

Total% of Lactic acid%= vol. Of titration× molarity of titration×molar mass of lactic acid
Weight of sample

2.3 Isolation of Lactic Acid Bacteria from Fermented Kanji

Isolation of lactic acid bacteria (LAB) from fermented kanji samples was carried out using the serial dilution plate agar method. One millilitre of kanji sample was transferred into 9 ml of sterilized distilled water to obtain a 10⁻¹ dilution. From this dilution, 1 ml of inoculum was transferred to another tube containing 9 ml of sterilized distilled water to prepare a 10⁻² dilution. Serial dilutions were prepared up to 10⁻⁵. One millilitre of inoculum from appropriate dilutions was transferred onto sterilized Petri plates, followed by pouring of sterilized de Man, Rogosa and Sharpe (MRS) agar medium. The plates were gently swirled in clockwise and anticlockwise directions to ensure uniform distribution and allowed to solidify. Plates were incubated in an inverted position at 37°C for 24–48 hours. After incubation, plates were observed for small, white, opalescent, and light-coloured colonies characteristic of lactic acid bacteria. Isolation of LAB was performed at 0, 3, 7, 14, and 21 days of fermentation.

2.4 Screening of Lactic Acid Bacteria from Fermented Kanji

Isolated colonies of lactic acid bacteria obtained from kanji samples at 10⁻⁴ and 10⁻⁵ dilutions were streaked on MRS agar medium to obtain pure cultures. The plates were incubated at 37°C for 24–48 hours. Pure cultures were maintained at 4°C in a refrigerator for further analysis.

2.5 Microbial Count of Fermented Kanji by SPC Method

One millilitre of fermented kanji sample was diluted in 99 ml of sterile saline water to prepare a stock solution. From the stock solution, 1 ml of inoculum was transferred into 9 ml of sterile saline water to prepare 10⁻¹ and 10⁻² dilutions. Sterilized media such as Tryptone Glucose Yeast Extract Agar (TGYEA) and Potato Dextrose Agar (PDA) were poured into sterile Petri plates, swirled gently, and allowed to solidify. The plates were incubated in an inverted position at 37°C for 24–48 hours for bacterial growth and at 27°C for yeast and mould growth. After incubation, colonies were counted, and microbial load was calculated using the following formula:

CFU/ g/ml = Total number of bacterial colonies× Dilution factor 
Weight of sample

2.6 Isolation of Pathogenic Bacteria from Fermented Kanji
	
Pathogenic bacteria such as Escherichia coli, Staphylococcus aureus, and Pseudomonas spp. were isolated using the direct plate method on selective and differential media. A volume of 0.1 ml of fermented kanji sample was transferred onto sterile Petri plates, followed by pouring of selective media such as Eosin Methylene Blue (EMB) agar for E. coli and Klebsiella, Cetrimide agar for Pseudomonas and Salmonella, and Mannitol Salt Agar (MSA) for Staphylococcus. Plates were swirled gently, allowed to solidify, and incubated at 37°C for 24–48 hours in an inverted position. After incubation, plates were observed for characteristic colony morphology.

2.6.1 Identification of Pathogenic and Lactic Acid Bacteria by Gram Staining

Gram staining was performed following the standard method developed by Hans Christian Gram (1884). A thin smear of 24-hour-old culture was prepared on a clean glass slide, air-dried, and heat-fixed. The smear was stained with crystal violet for 1 minute, followed by iodine treatment for 1 minute. Decolorization was carried out using alcohol for 1 minute, followed by counterstaining with safranin for 30 seconds. Slides were washed, air-dried, and observed under a microscope for bacterial morphology and Gram reaction.
	
2.6.2 Biochemical Characterization of Isolated Bacteria

Biochemical characterization of isolated pathogenic bacteria and lactic acid bacteria was carried out using standard biochemical tests as described by Cowan and Steel (1993) and Cullimore (2000). The tests included indole production, methyl red, Voges–Proskauer, citrate utilization, urease activity, nitrate reduction, hydrogen sulfide production, carbohydrate fermentation (lactose, sucrose, and glucose), catalase test, and oxidase test. All tests were performed following standard microbiological protocols, and results were recorded based on colour change, gas production, precipitate formation, or enzymatic activity.
(All media compositions, incubation conditions, reagents, and interpretations were maintained exactly as described in the experimental procedures.)

2.7 DNA Sequencing of Isolated Lactic Acid Bacteria

DNA sequencing of isolated lactic acid bacteria from fermented kanji samples was carried out using the 16S rRNA gene sequencing method for molecular identification and confirmation of bacterial strains.

3. results AND DISCUSSION

Kanji, a traditional indian fermented black carrot drink, offers various nutritional and health benefits due to its probiotic nature and rich nutrient profile. It’s a good source of vitamins, minerals, and antioxidants, and is known to aid digestion, boost the immune system, and potentially improve skin health and eyesight.the fermentation process enhances the drink’s nutritional value, making it a potent source of probiotics, vitamins, and antioxidants. Kanji is rich in probiotics, particularly lactic acid bacteria, which help balance the gut microbiome and improve digestion. The fiber content in ingredients like carrots also aids in smooth bowel movements and can help alleviate constipation.

Physical and chemical analysis of kanji sample at different intervals of days.

The physical and chemical analysis i.e. pH and acidity% were observed in the fermented kanji sample at different intervals of days(0, 3,7,14,21)on two sample of kanji (k1 and k2). The pH of Kanji typically decreases from around 5.3 to 3.3 during fermentation due to the production of lactic acid and the titratable acidity (TA) of fermented kanji, a traditional Indian probiotic drink, typically increases to around 0.1% to 0.576% during fermentation.(Table no.1,fig no.1).
Table No. 1 Physical and chemical analysis of kanji sample at different intervals of days. (pH and Acidity %).

	Sample
	pH
	Acidity %

	
	0
days
	3
Days
	7
days
	14 days
	21
days
	0
days
	3
days
	7
days
	14
day s
	21
Days

	K1
	5.3
	4.3
	4.1
	3.9
	3.5
	0.009
	0.036
	0.081
	0.22
5
	0.576

	K2
	5.2
	4.2
	4.0
	3.7
	3.3
	0.009
	0.036
	0.081
	0.22
5
	0.576




Sensory evaluation of the kanji fermented at over 21 days
Sensory evaluation of Kanji, a traditional Indian fermented beverage, typically involves assessing its appearance, aroma, taste, and texture. A key aspect is determining the optimal fermentation time based on sensory characteristics. Fermentation period of 0-21 days yielded the most desirable balance of tangy flavor, smooth mouthfeel, and moderate acidity. [Table no. 2 and fig. No.1.(a, b, c, d, e)].

Table no. 2 Sensory evaluation of the kanji fermentation process over 21 days.

	Parameter
	Day0
	Day3
	Day7
	Day14
	Day21

	Colour
	Bright Red from. Pink From Fresh.
Beetroot and Black carrots
	Slightly darker red as spices infuse
	Darker red with a slight pinkish tint from fermentation
	Deep red
	Deep
redbrown, fully integrated
pigments
and spices

	Taste
	Slightly, sweet mild, spicy taste no sourness
	Tanginess develops, balanced sweet and sour flavor with spice
	Tangy flavor intense sourness with black salt and spiness
	Strong tangy flavor and less sourness
	Pronouced tangy and sour, minimal sweetness, lactic acid at peak

	Mouth feel

	Light, watery, slight, Grittiness from spices.
	Slightly thicker smooth texture
	Balance slightly viscous and smooth
	Smooth with effervescence
	Smooth with wild effervescence refreshing and tangy sensation

	Aroma/Flavor
	Fresh earthy, carrot and beetroot aroma with mild spiciness and black salt scent
	More complex aroma, sour and fermented notes developing
	Light tangy aroma noticeable fermented smell
Blending with spices 
	Strong tangy aroma fermented smell
	Pronouced sour fermented aroma with sharp spiciness from chilli powder and black salt

	Overall
	Acceptable
	Good
	Peak
	Acceptability
	Still

	Acceptabillity
	as a fresh carrot and beetroot spice drink, No characteristics tanginess yet
	Acceptability balanced mix of sweetness, spiciness and  tanginess
	Acceptability with fully balanced  developed tangy, flavor and smooth mouthfeel
	with strong tang flavor
	Acceptable but intense sourness and astringency may not appear to everyone
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                 (a) 0 days fermented kanji                                              (b) 3 days fermented kanji
[image: ]              [image: ]               
[image: ](C) 7 days fermented kanji	(d) 14 days fermented kanji
                               (e) 21 days fermented kanji
Fig.1 Physical & chemical analysis of kanji at different intervals of days.

Isolation of LAB from fermented kanji sample at different intervals of day.
The process of isolating lactic acid bacteria (LAB) from a Kanji sample involves several stages on two sample k1 and k2,including sample preparation, serial dilution ( 10-1 to 10-5)plating, incubation, and colony selection. These steps are designed to isolate and identify LAB based on their unique characteristics.The number of colonies in 10-1 dilution were uncountable at 0,3,7,14,& 21 days and 17x10-4 was in 10-4 dilution of k1 sample.The k2 sample also showed uncountable number of colonies on 0,3,7,14,&21 days of intervals of 10-1 dilution and 56x10-5 cfu/ml in 10-5 dilution.The colonies were small,white,creamy colour.[Table no.3 & (Fig.no.2)].

Table no.3 - Isolation of LAB from fermented kanji sample at different intervals of day.
	
	K1 Sample
	k2 Sample

	Dilution
	3Day
	7Day
	14Day
	21Day
	3Day
	7Day
	14Day
	21Day

	10-1
	U
	U
	U
	U
	U
	U
	U
	U

	10-2
	U
	U
	U
	U
	U
	U
	U
	U

	10-3
	U
	U
	U
	21
	36
	U
	U
	U

	10-4
	26
	47
	17
	5
	13
	31
	21
	U

	10-5
	17
	15
	11
	2
	9
	12
	16
	56



[image: ][image: ]U=Uncountable  
                                                                                                                                                                                                   
(a) Growth of lactic acid bacteria                            (b) Growth of lactic acid bacteria 10-1 to
10-1 to 10-5 on MRS medium                                  10-5 on MRS medium ( k2 sample 3
K1Sample 3 days)	days)
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(c) Growth of lactic acid bacteria                                     (d) Growth of lactic acid bacteria 10-1
to 10-1 to 10-5 on MRS medium (k1                                 10-5 on MRS medium ( k2 sample 7
Sample 7 days)	days)
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(c) Growth of lactic acid bacteria                                     (d) Growth of lactic acid bacteria 10-1
to 10-1 to 10-5 on MRS medium (k1                                  10-5 on MRS medium ( k2 sample 7
Sample 7 days)	days)
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(c) Growth of lactic acid bacteria                                 (d) Growth of lactic acid bacteria 10-1
to 10-1 to 10-5 on MRS medium (k1                              10-5 on MRS medium ( k2 sample 21
Sample 21 days)                                                             days)

Fig no.2 Isolation of LAB from fermented kanji sample at different intervals of day.




Screening of lactic acid bacteria from Fermented kanji sample (k1 & k2)
The isolated colonies from fermented kanji sample (k1&k2) of 10-5 dilution were screened by streak plate method .The pure culture were identified by gram staining & Biochemical characterised (Fig.no.3and Fig.no.4)
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Fig no.3 pure culture of isolated lactic acid bacteria stains from Fermented kanji (k1 & k2 ) on MRS medium.
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Fig no.4 Gram staining of k1 sample from fermented kanji
	
Biochemical characterisation of lactic acid bacteria (k1 & K2 ) from fermented kanji
The isolated strains from k1 & k2 sample were biochemically characterised for different test such as Indole, MR-VP, Citrate, H2S, Urease,Nitrate,Catalase & Oxidase. The biochemical tests of isolates from fermented kanji showed positive reaction for MR,Nitrate,Urease,Catalase test while Indole,VP,Citrate,H2S,Oxidase test were negative (Table no.4 & fig.no.5)

Table no. 4 Biochemical tests of isolates from fermented kanji.(k1 &k2).

	Test sample
	Indole
	MR
	VP
	Citrate
	H2S
	Nitrate
	Urease
	Catalase
	Oxidase

	K1
	-Ve
	+Ve
	-Ve
	-Ve
	-Ve
	+Ve
	+Ve
	+Ve
	-Ve

	K2
	-Ve
	+Ve
	-Ve
	-Ve
	-Ve
	+Ve
	+Ve
	+Ve
	-Ve


 
MR= Methyl Red, VP= Voges proskauer




	Fermentation test

	Test sample
	Lactose
	Glucose
	Sucrose

	K1
	A
	A
	A

	K2
	A
	A
	A



[A= acid, G=gas]


[image: ] [image: ] [image: ]
(a) IMViC,fermentation and nitrate tests.
[image: ][image: ]
                                (b) Catalase test                                          (c) Oxidase test



Fig no.5 Biochemical tests of isolates from fermented kanji.






Total microbial count of Fermented kanji (k1 & k2)by SPC method at intervals of 3 days.
The total number of microorganisms i.e. Bacteria, mold and yeast were observed in the fermented kanji by standard plate count (SPC) method. The total bacterial count k1 & k2 in 10-1 dilution & 10-2 was uncountable.The bacterial colonies were appeared as creamish, white and round shaped. The yeast growth in 10-1 dilution was 1x10-1 and mold was 1x10-1 respectively yeast growth in 10-1 dilution.The molds were appeared cottony white.while the yeast colonies were green colour.The pathogenic microorganisms such as Pseudomonas and E. Coli and Staphylococcus were present. (Table no.5 & fig.no.6)

Table no.5 Total microbial count of fermented kanji by SPC method. 3days
	Sample name
	Test
	Dilution
	No.	Of
Colonies
	Cfu/ml

	



K1
	Spc
	10-1
	U
	U

	
	
	10-2
	U
	U

	
	Yeast
	10-1
	1
	1X10-1

	
	
	10-2
	Nill
	Nill

	
	Mold
	10-1
	1
	1x10-1

	
	
	10-2
	Nill
	Nill

	
	Pseudomonas
	Present

	
	E.coli
	Present

	
	Staphylococcus
	Absent

	Sample name
	Test
	Dilution
	No.	Of
colonies
	Cfu/ml

	



K2
	Spc
	10-1
	U
	U

	
	
	10-2
	U
	U

	
	Yeast
	10-1
	Nill
	Nill

	
	
	10-2
	Nill
	Nill

	
	Mold
	10-1
	1
	1x10-1

	
	
	10-2
	Nill
	Nill

	
	Pseudomonas
	Present

	
	E.coli
	Present

	
	Staphylococcus
	Absent


U=Uncountable[image: ]

(a) Growth of bacteria of 10-1 and 10-2 dilution on TGYEA medium PDA medium And MSA, EMB and CAmedium.(k1 sample 3 days)






                                                                                                                                                                                                                  



[image: ]


(a) Growth of bacteria of 10-1 and 10-2 dilution on TGYEA medium
,PDA medium And MSA, EMB and CAmedium.(k2 sample 3 days)

Fig no. 6 Total micobial count od fermented kanji by SPC method at 3 days(k1 & k2).

The total number of microorganisms i.e. Bacteria, mold and yeast were observed in the fermented kanji by standard plate count (SPC) method. The total bacterial count k1 in 10-1 dilution & 10-2 was uncountable and k2 in 10-1 dilution was 46x10-1cfu/ml and 37x10-1cfu/ml in 10-2 dilution.The bacterial colonies were appeared as creamish, white and round shaped. The yeast growth in 10-1 dilution was 1x10-1cfu/ml and 1x10- 1cfu/ml in k2 sample .The mold growth in K1 sample 10-1 dilution was 2x10-1cfu/ml and 3x10-1cfu/ml respectively mold growth in 10-2 dilution and the mold growth in k2 sample 10-1 dilution was 1x10-1cfu/ml and 3x10-1cfu/ml respectively mold growth in 10-2 dilution.The molds were appeared cottony white.While the yeast colonies were green,brown colour.The pathogenic microorganisms such as Pseudomonas and E. Coli,Psedomonas and Staphylococcus were Absent. (Table no.6 & fig.no.7)


Table no.6 Total microbial count of fermented kanji by SPC method (7days)

	
Sample name
	Test
	Dilution
	No.	Of
colonies
	Cfu/ml

	



K1
	Spc
	10-1
	U
	U

	
	
	10-2
	U
	U

	
	Yeast
	10-1
	Nill
	Nill

	
	
	10-2
	Nill
	Nill

	
	Mold
	10-1
	2
	2x10-1

	
	
	10-2
	3
	3x10-1

	
	Pseudomonas
	Absent

	
	E.coli
	Absent

	
	Staphylococcus
	Absent

	Sample name
	Test
	Dilution
	No.	Of
colonies
	Cfu/ml

	
	Spc
	10-1
	46
	46x10-1

	
	
	10-2
	37
	37x10-1

	
	Yeast
	10-1
	1
	1x10-1



U=Uncountable


              
(a) Growth of bacteria of 10-1 and 10-2 dilution on TGYEA medium PDA medium And MSA, EMB and CAmedium.(k1 sample 7 days)
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(b) Growth of bacteria of 10-1 and 10-2 dilution on TGYEA medium PDA medium And MSA, EMB and CAmedium.(k1 sample 7 days)
                                                                            
Fig no. 7 Total micobial count od fermented kanji by SPC method at 7days(k1 & k2).

The total number of microorganisms i.e. Bacteria, mold and yeast were observed in the fermented kanji by standard plate count (SPC) method. The total bacterial count k1 in 10-1 dilution 5x10-1 cfu/ml & 10-2 was 4x10-1 cfu/ml and k2 sample in 10-1 dilution 4x10-1 cfu/ml & 10-2 was 3x10-1 cfu/ml.The bacterial colonies were appeared as creamish, white and round shaped. The yeast growth in k1 sample 10-1 dilution was 1x10-1cfu/ml and mold was 1x10-1cfu/ml respectively yeast growth in 10-1 dilution and 2x10-1cfu/ml in 10-2 dilution .The molds were appeared cottony white,brown and black.while the yeast colonies were gray colour.The pathogenic microorganisms such as Pseudomonas and E. Coli absent and Staphylococcus were present. (Table no.7 & fig.no.8)

Table no.7 Total microbial count of fermented kanji by SPC method. 14days

	Sample name
	Test
	Dilution
	No.	Of
colonies
	Cfu/ml

	



K1
	Spc
	10-1
	5
	5x10-1

	
	
	10-2
	4
	4x10-1

	
	Yeast
	10-1
	1
	1x10-1

	
	
	10-2
	Nill
	Nill

	
	Mold
	10-1
	1
	1x10-1

	
	
	10-2
	2
	2x10-1

	
	Pseudomonas
	Absent

	
	E.coli
	Absent

	
	Staphylococcus
	Present

	Sample name
	Test
	Dilution
	No.	Of
colonies
	Cfu/ml

	



K2
	Spc
	10-1
	4
	4x10-1

	
	
	10-2
	3
	3x10-1

	
	Yeast
	10-1
	1
	1x10-1

	
	
	10-2
	2
	2x10-1

	
	Mold
	10-1
	3
	3x10-1

	
	
	10-2
	3
	3x10-1

	
	Pseudomonas
	Absent

	
	E.coli
	Absent

	
	Staphylococcus
	Present





[image: ]

(a) Growth of bacteria of 10-1 and 10-2 dilution on TGYEA medium PDA medium And MSA, EMB and CAmedium.(k1 sample 14 days).



(a) Growth of bacteria of 10-1 and 10-2 dilution on TGYEA medium PDA medium And MSA, EMB and CAmedium.(k2 sample 14 days).

	
[bookmark: Fig_no._10_Total_micobial_count_od_ferme]Fig no. 8 Total micobial count of fermented kanji by SPC method at 14 days(k1 & k2).

The total number of microorganisms i.e. Bacteria, mold and yeast were observed in the fermented kanji by standard plate count (SPC) method. The total bacterial count k1 in 10-1 dilution 3x10-1 cfu/ml & 10-2 was 1x10-1 cfu/ml and k2 sample in 10-1 dilution 5x10-1 cfu/ml & 10-2 was 3x10-1 cfu/ml. The bacterial colonies were appeared as creamish, white and round shaped. The yeast growth in k1 sample 10-2 dilution was 1x10-1cfu/ml and mold was 1x10-1cfu/ml and k2 sample respectively yeast growth 3x10-1cfu/ml in 10-1 dilution and 2x10-1cfu/ml in 10-2 dilution and mold growth 1x10-1 cfu/ml in 10-1 dilution and 5x10-1cfu/ml in 10-2 dilution .The molds were appeared cottony white, black. while the yeast colonies were gray, white colour. The pathogenic microorganisms such as Pseudomonas and E. Coli absent and Staphylococcus were present. (Table no.8& fig.no.9)

[bookmark: Table_no.8_Total_microbial_count_of_ferm]	
Table no.8 Total microbial count of fermented kanji by SPC method.21days

	Sample name
	Test
	Dilution
	No.	Of
colonies
	Cfu/ml

	



K1
	Spc
	10-1
	3
	3x10-1

	
	
	10-2
	1
	1x10-1

	
	Yeast
	10-1
	Nill
	Nill

	
	
	10-2
	1
	1x10-1

	
	Mold
	10-1
	1
	1x10-1

	
	
	10-2
	2
	2x10-1

	
	Pseudomonas
	Absent

	
	E.coli
	Absent

	
	Staphylococcus
	Present

	Sample name
	Test
	Dilution
	No.	Of
colonies
	Cfu/ml

	



K2
	Spc
	10-1
	5
	5x10-1

	
	
	10-2
	3
	3x10-1

	
	Yeast
	10-1
	3
	3x10-1

	
	
	10-2
	2
	2x10-1

	
	Mold
	10-1
	1
	1x10-1

	
	
	10-2
	5
	5x10-1

	
	Pseudomonas
	Absent

	
	E.coli
	Absent

	
	Staphylococcus
	Present





(a)Growth of bacteria of 10-1 and 10-2 dilution on TGYEA medium PDA medium And MSA, EMB and CAmedium.(k1 sample 21 days).
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(a)Growth of bacteria of 10-1 and 10-2 dilution on TGYEA medium PDA medium And MSA, EMB and CAmedium.(k2 sample 21 days).

Fig no. 9 Total micobial count of fermented kanji by SPC method at 21days(k1 & k2).

DNA SEQUENCING OF FERMENTED DRINK KANJI ISOLATES (KL1) 
The sample of Fermented kanji isolated KL1 obtained after biochemical confirmation Was processed for DNA sequencing 16S rRNA. The DNA sample of KL1 Wasanalyzed on BDT V3.1 Gene software and phylogenetic relationship was Observed as Staphylococcus warneri of Fermented kanji.(Fig.no.10)
[image: ]

Fig.No.10:Phylogeny of Staphylococcus warneri of Fermented drink kanji (KL1).
QC of 16S amplicon
Lane 1: 100bp DNA ladder
Lane 2: 16S amplicon (positive control) Lane 3: Negative Control
[image: ]Lane 4 : Sample

Fig.No.11:Agarose gel electrophoresis of PCR amplified Staphylococcus warneri
isolates of Fermented kanji isolates (KL1)

CONSENSUS SEQUENCE OF SAMPLE ID - KL1

TCGTTGGCTGCACTGCTAGTACATGCAGTCGAGCGAACAGATAAGGGCTGCTCCTTTGACGTTAGCGGCGGACGGGTGAGTAACACGTGGATAACTACTATAGACTGGGATAACTTCGGGAAACCGGAGCTAATACCGGATACATATGAACCGCATGGTCAATAGTGAAAGGCGGCTTTGCTGTCACTTAAGATGGTCCGCGCCGTATTAGCTAGTTGGTAAGGTAACGGCTTACCAAGCAACGAACGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGAACTAGACACGGTCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCATGGGCGAAACCTGACGGAGCAACGCCGCGTGAGTGATGAAGGTCTTCGGATCGTAAAATCTGTTATCAGGGAAGAACAAATGTGTAAGTAACTGTGACATCTTGACGTACCTGATCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATCGTAGGTGGCAAGCGTTATCCGGAATTATTGGGCGTAAAGCGCGCGTAGCGGTTTTTTAAGTCTGATGTGAAAGCCCACGCTCAACCGTGGAGGGTCATGGAAACTGGAAAACTTGAGTGCACAAGGGAAAGTGGAATTCCATGTGTGCGGTGAAATGCGCGCAGATATGGAGAAACCAGTGGCGAAAGCGACATCTGGTCTGTGTCTGACACTCTTATGCAGACCGCGGGGAGCAAACAGGGATAGATATCCGGGCGTGTGCACCCTTAACATATAAGCGCGAGTTATGGGGGTTTCCGCCCTAAGCTTCATAAA

BLAST ANALYSIS
[image: ]

4. Conclusion
Kanji is a refreshing, probiotic-rich, antioxidant beverage that supports digestion, boosts immunity, and serves as a traditional natural detox drink.Kanji undergoes lactic acid fermentation, enriching it with beneficial bacteria that support gut health and digestion.Black carrots (often used) are high in anthocyanins and other antioxidants, which may reduce inflammation and boost immunity.The drink is traditionally consumed in spring as a cleansing and cooling beverage.Fermentation and spices (like mustard seeds) enhance enzyme activity and help in better digestion.Often prepared around Holi, it helps the body transition from winter to summer with improved metabolism.It requires minimal ingredients and no artificial additives, making it an eco-friendly and affordable functional food.

The present study was aimed to analyze the DNA sequencing and DNA screening of microorganisms isolated from Fermented drink kanji.The process of isolating lactic acid bacteria (LAB) from a Kanji sample involves several stages on two sample k1 and k2,including sample preparation, serial dilution (10-1 to10-5) plating, incubation, and colony selection. These steps are designed to isolate and identify LAB based on their unique characteristics.The number of colonies in 10-1 and 10-2 dilution were uncountable at 0,3,7,14,& 21 days and 17 x10-4cfu/ml,was in 10-4 dilution of k1 sample.The k2 sample also showed uncountable number of colonies on 0,3,7,14,&21 days of intervals of 10-1 dilution and 2x10-5 cfu/ml in 10-5 dilution.The colonies were small,white,creamy colour.Pathogens such as E.coli ,Pseudomonas was absent but,Staphylococcus present . The yellow isolates from fermented kanji on Mannitol salt agar medium was observed as,circular & yellow in color. The mold isolates of fermented kanji observed as cottony white, black to grey in color.

The DNA sample of fermented kanji isolates The bacterial sample coded KL1 was analyzed through 16S rDNA sequencing. The results showed that the organism has significant genetic similarity to Staphylococcus warneri, confirmed by both BLAST homology search and phylogenetic analysis. KL1 was processed for DNA sequencing by 16S rRNA method.
The present study was undertaken to analyze and characterize the microorganisms present in fermented Kanji through culture techniques and 16S rDNA sequencing. Microbial screening of two Kanji samples (K1 and K2) revealed diverse bacterial and fungal growth. Colonies were isolated, with observations ranging from white, creamy colonies to yellow pigmented bacterial isolates on selective media, and cottony ,white, black to grey mold growth. While pathogenic species such as Escherichia coli and Pseudomonas were absent, yellow colonies from fermented Kanji grown on Mannitol Salt Agar confirmed the presence of Staphylococcus species.

Further molecular identification of the bacterial sample (coded KL1) through 16S rDNA sequencing demonstrated significant genetic similarity with Staphylococcus warneri, as confirmed by both BLAST homology search and phylogenetic analysis. This finding suggests that Staphylococcus warneri, a coagulase-negative, opportunistic commensal species, was present in the fermented Kanji sample.

In conclusion, this study highlights the microbial diversity of traditionally prepared Kanji, confirming the presence of non-pathogenic organisms with probiotic potential, alongside Staphylococcus warneri. These results reinforce the role of Kanji as a natural, functional probiotic beverage, while also underlining the importance of further microbial and biochemical characterization to establish its safety and functional efficacy.
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