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ABSTRACT 

 

Introduction and Aim: Coconut water is reflected as an elixir to the body. It has become a popular beverage among 

different age groups because of its deliciousness and high nutritional value. The growth, fermentation efficiency, and 

bioactive content generation by the probiotic bacteria Lactobacillus plantarum and Lactobacillus helveticus in 

coconut water were evaluated in this study to develop a new non-dairy probiotic beverage. The classification of 

species was based on its biochemical features, morphology, physiology, as well as its probiotic properties.  

 

Materials and Methods: Batch fermentations were conducted for the aseptically collected coconut water for two 

days at a constant temperature of 37°C with Lactobacillus plantarum and Lactobacillus helveticus. The fermented 

samples were microbiologically and chemically analysed for checking the presence of bioactive components and the 

physicochemical properties. 

 

Results: After a 48-hour fermentation with Lactobacillus plantarum and Lactobacillus helveticus, tender coconut 

water showed a significant increase in the bio-actives including cyanocobalamin and riboflavin content. The 

antibacterial activity shown by the final fermented product indicated its potential for acting against foodborne 

pathogens. 

 

Conclusion: The findings revealed that following fermentation with Lactobacillus helveticus and Lactobacillus 

plantarum, the species were able to improve the nutritional content of tender coconut water. Between these two 

Lactobacillus strains, L. plantarum fermented tender coconut water exhibited higher nutritional values compared to 

the latter. 

 

Keywords: Tender coconut water; fermentation; probiotic beverage; Lactobacillus bacteria. 

 

 

INTRODUCTION 

 

oconuts (Cocos nucifera L.) come in a variety 

of categories and are widely planted in tropical 

and subtropical locations, particularly in 

Southeast Asian countries. Coconut water, one of the 

edible portions of the coconut, is widely used in 

processing and is becoming incredibly popular 

because of its exquisite taste and valuable minerals. 

Unfortunately, during dehusking for the production of 

coconut oil or coconut milk, a substantial volume of 

coconut water is generally discarded (up to 200,000 

tonnes) (1). 

 

Coconut water is a liquid endosperm, which begins to 

form in modest amounts in the third month of maturity 

and peaks in eight months before gradually 

diminishing as the nut matures. It is a clear, colourless 

liquid with a pH range of 4.2 to 6.0 that is sweet, 

naturally flavoured, and just mildly acidic. Coconut 

water includes modest amounts of the carbohydrates 

such as glucose, fructose, sucrose, and sorbitol, as well 

as the essential amino acids; lysine, histidine, tyrosine, 

tryptophan and organic acids including tartaric, citric, 

and malic acids (2).There are many different ratios of 

carbohydrates, with a total composition of up to 8% 

(w/v). Coconut water also includes majority of the 

nutrients, which are growth stimulating 

elements necessary for plant and microbial cell 

growth. Not only is coconut water consumed widely 

worldwide as a delightful beverage, but it also has 

numerous medicinal benefits. Exploiting such a 

unique medium for human wellbeing is difficult, since 

the tender coconut water is wasted or environmental 

pollution is avoided. Fermentation with specific 

culture one can save or utilize wasted coconut water 

C 
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for the production of health beneficial functional 

beverages (3).  

 

Consumers may experience some impacts if they drink 

Coconut Water (CW) on a regular basis. Chang and 

Wu (4) investigated CW for the first time and 

discovered (+)-catechin and (-)-epicatechin. Catechins 

are having antimicrobial, antioxidant, and anticancer 

activities (5). Fresh coconut water is high in kinetin, 

which is a cytokinin plant growth hormone that can 

help human skin cells to delay the onset of ageing 

symptoms (6). Coconut water contains a variety of 

antimicrobial peptides having its own set of 

characteristics and methods of action. Antimicrobial 

peptides from CW with action against human 

pathogenic bacteria were described by Mandal (7). 

Several studies have proved the numerous health 

advantages of different coconut components in various 

ways. Deb Mandal and Mandal (8) analysed a number 

of studies on coconut water properties and its effects, 

including the electrolyte nature as well as antioxidant, 

antibacterial, anticancer, 

antidiabetic, antiatherosclerotic, cardio-protective, 

anti-thrombotic, hypolipidemic, anti- cholecystitis, 

anti-viral, anti-fungal, anti-

protozoal, immunestimulatory, hepatoprotective, and 

hormone-like properties. Despite the fact that coconut 

has numerous benefits, there are very few studies on 

the technological development of fermented 

beverages based on CW have been published (9). 

Because CW is prone to oxidative, enzymatic, and 

microbiological deterioration, a suitable preservation 

method is required to market it as a ready-to-drink 

beverage. Fermented foods are gaining appeal and 

acceptability due to their functional properties, 

according to De Dea Lindner (10). Lactic acid bacteria 

are used in food products all over the world, and their 

useful features have been scientifically established. 

Some LAB strains have been found to include 

antioxidant, antimicrobial, cholesterol- lowering, 

immune- modulating, chaperone- like, and 

opioid/opioid antagonist peptides (11). New products, 

especially non-dairy beverages based on fruit and 

grains, have been introduced. For example, Probiotic 

beverages constitute a prospective market. However, 

there are obstacles to this sector's growth, like proper 

processing and storage procedures required to ensure 

the existence of these microbes. 
 

Vitamin B12 (cobalamin) insufficiency has previously 

been linked to haematological and neurological 

problems, as well as myocardial infarction, because 

humans cannot synthesise it and must rely on animal-

derived foods such meat, eggs, and milk. As a result, 

vegetarians are more likely to suffer vitamin B12 

insufficiency. There are very few bacterial and 

archaeal species, like L. plantarum LZ95 and L. 

reuteri CRL1098, can synthesise substantial amounts 

of vitamin B12 (12).  With the goal of increasing the 

health advantages of this beverage, we concentrated 

on the development of a functional beverage from CW 

utilising Lactobacillus plantarum and Lactobacillus 

helveticus. 

 

MATERIALS AND METHODS 

 

Bacterial cultures  

 

The two probiotic strains, L. plantarum and L. 

helveticus were procured from the Department of 

Microbiology and Fermentation Technology, CFTRI, 

Mysuru. The selected strains were propagated 

separately in sterile MRS broth, incubated for 24 hrs 

at 370C and then kept at 4°C for later use. 

 

Optimization studies 

 

For the optimization of growth temperature, the two 

bacterial strains were grown at 5 different 

temperatures such as 30, 35, 40, 45 & 500C and the 

growth was analysed for 30 hrs, at every 6 hrs of 

interval. Spectrometric readings of optical density at 

540nm were recorded for the bacterial biomass 

analysis. Optimum pH was also noted using a pH 

meter for every 6 hrs of interval till 30 hrs. 

Furthermore, pour plates were carried out with the 

culture for 12, 24 and 30 hrs. Culture grown at 350 C 

showed better biomass of the bacterial strains. 

 

Freeze drying of the bacterial cultures  

 

The bacterial cells were cultured in bulk using MRS 

broth incubated at 37oC for 24 hrs in a normal 

Erlenmeyer flask. Centrifugation of incubated cultures 

was carried out at 4000 rpm for 15 minutes and the 

pellets containing bacterial cells were collected. The 

cryoprotectant (5% sucrose solution) was added to the 

bacterial cells as they act as preservative to retain the 

cells viability. Freeze drying is a common technique 

for the production of dried powders of probiotic 

bacterial cultures. In this process, bacterial cells were 

exposed to freezing temperature and dehydrated to 

restore the viability and probiotic potential. 

 

Preparation of the inoculum for fermentation 

 

Tender coconut water (27 ml) that was sterile 

(membrane filtered to 0.2 µm) was inoculated with 3 

ml of bacterial culture suspension and incubated at 

37°C for 18–24 hours. This was employed as the 

initial inoculum. A workable culture of 10-8 CFU/ml 

was then obtained by serially diluting an 18–24-hour 

fresh bacterial culture. The appropriate tube was used 

to pour 1 ml of sample onto MRS agar plates, which 

were then incubated at 37°C for 48 hours. The 

appropriate number of colonies for counting was 

thought to be between 30 and 150. 
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Calculation of viable spore count was done by the 

following formula:  

Viable spore count = Number of colonies per plate × 

Final dilution factor. 

 

Fermentation of tender coconut water  

 

Fresh tender coconuts (nearly 8 months old) were 

purchased from a local market in Mysore, Karnataka, 

India. The water from green tender coconuts was 

collected by perforating it with a sterile knife. Total 

solid content (0 Brix) and pH of the water was 5.2 and 

6.5 respectively. 

 

Tender coconut water (TCW) was first fermented 

using 100 ml of sample in sterile Erlenmeyer flasks 

that held 250 ml. LAB cultures were used to inoculate 

the flasks containing TCW. Two days of batch 

fermentations were conducted in duplicate at a 

constant temperature of 37 °C. After incubation for 

two days, samples were taken aseptically by gently 

whirling the conical flasks, and they were then 

exposed to microbiological and biochemical analysis. 

In a similar manner, fermentation was carried out in 

large quantities and used to create the product. 

 

Proximate compositional analysis of fresh and 

fermented tender coconut water 

 

The samples were subjected to proximate analysis by 

AOAC method (13). Reducing sugar (DNS), ash 

(AAS method), TSS (refractometer) and acidity 

(titrimetric method). moisture, proteins (Kjeldahl 

apparatus) and viscosity (viscometer) were analysed. 

 

Determination of pH, total acidity, and cell 

viability 

 

The pH was measured using a digital pH metre from 

Sigma-Aldrich in the US. 10 g of each sample were 

combined with 90 mL of distilled water and then 

titrated with 0.1 N NaOH using 0.1 percent (w/v) 

phenolphthalein in 95 percent ethanol as an indicator 

to measure the total titrable acidity. Samples collected 

at 0 hours were utilised as a control. On MRS agar 

plates, viable numbers of LAB were found for the 

fermented products. On duplicate MRS agar plates, 1 

mL of each sample was disseminated after being 

diluted with 0.1 percent (w/v) bacteriological peptone 

(Himedia).Viable LAB counts were tested once per 

week for 4 weeks after storage at 40 0C and after 2 days 

of storage at room temperature. The viability was 

assessed using the colony-forming units (CFU)/mL, 

and the cell concentration was determined as the log 

of the CFU/mL. 

 

 

 

Analysis of various bio-actives in TCW, PSFTCW 

and  HSFTCW  

 

The analysis of various bio-actives presented in TCW, 

PSFTCW & HSFTCW were conducted using HPLC 

Systems with C18 column, with various mobile 

solvent system mentioned below. 

 

Cyanocobalamin: was measured by reverse phase 

HPLC analysis utilizing the Shimadzu LC-10A, a 

device equipped with a Photodiode array detector 

(PDA) and fitted phenomenex C18 column (25 cm x 

4.6 mm, 5 mm i.d.), detector set at 361 nm; mobile 

phase- Distilled water (A) and acetonitrile (B) (70:30), 

flow rate 1 mL/min. 

 

Riboflavin: By combining an HPLC system (model 

LC-10 AVP Shimadzu Corp., Tokyo, Japan) with a 

C18 column of water supherisorb 3 µm ODS2, the 

content was calculated. Used with λEx 445 nm and 

λEm 550 nm is a fluorescence detector. Riboflavin is 

employed as the standard for identification and 

quantification in an isocratic assay using a mobile 

phase made up of water, methanol, and acetic acid 

(68:32:0.1 v/v), with a flow rate of 1 mL/min. 

 

Total Phenolic Content: Using the Folin-Ciocalteu 

colorimetric technique the total phenolic content was 

examined. To make a calibration curve, gallic acid (0–

8.2 mg/mL) was utilized as the standard. Per millilitre 

of material, the results were expressed as micrograms 

of gallic acid equivalents (GAEs). 

 

Antibacterial activity of fermented TCW 

 

Using the agar-diffusion method, the antibacterial 

activity of the culture supernatant was assessed. To 

acquire cell-free supernatants, culture supernatants 

were filtered over 0.45-mM size Millipore filter. As 

target organism the following foodborne pathogens 

were investigated: ATCC 9341, Micrococcus luteus, 

B; E. coli EFR02 Each strain was cultivated 

aerobically overnight at 37 0C in brain heart infusion 

(BHI; Sigma-Aldrich) broth before being centrifuged 

(4500g, 15 min, 4 0C), washed, and re-suspended in 

sterile saline solution. 50 mL of each cell-free 

supernatant was poured into wells containing BHI 

agar, and a 1-mL aliquot of each bacterial suspension 

(with final viable counts of about 8 log CFUs/mL) was 

disseminated onto BHI soft agar plates (5-mm 

diameter and 5-mm depth; drilled using a sterile glass 

cannulas). The diameter (mm) of the growth-

inhibition zones surrounding each well was 

determined after the plates had been incubated 

aerobically at 370C for 48 hours. Uninoculated CW 

served as the positive control, and MRS broth served 

as the negative control. 
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SEM Analysis 

 

Before being fixed with 2.5 g/100 ml glutaraldehyde, 

the fermented tender coconut water products were 

gently washed in a 50 mM phosphate buffer solution 

(pH 7.3). In a series of exposures, the specimen was 

dehydrated with ethanol concentrations ranging from 

30 to 100 percent. After drying, the samples were 

distributed over a gold-coated, double-sided 

conductive adhesive tape that had been glued to a 

metallic stub and was then examined for surface 

morphology using a scanning electron microscope 

(LEO 435VP, UK) connected to a video copy 

processor (Mitsubishi, Japan) at a voltage of 20 kV. A 

35 mm camera (Ricoh, Japan) was used to take the 

pictures, and it was optically connected through fibre 

optics to the monitor. 

 

Statistical analysis 

 

The data were analysed using one-way analysis of 

variance, and Tukey's test was performed to evaluate 

differences across treatments. The data are displayed 

as mean values± with standard deviations where p < 

0.05 was considered statistically significant. 

 

RESULTS  

 

Lactobacillus plantarum and Lactobacillus helveticus, 

both of which have been reported to have potential 

probiotic properties, were shown to be effective in the 

production of a fermented CW beverage in this study. 

After a 48-hour fermentation utilising Lactobacillus 

plantarum and Lactobacillus helveticus, we 

discovered that the fermented beverage contains 

essential minerals, vitamin B12, antioxidants, and 

antibacterial activity. 

 

Proximate composition and bioactive analysis 

 

The proximate composition of the coconut water is 

similar to the work carried out by Walter (14) and Tan 

(15).The results showed a significant difference 

between the fresh tender coconut water and fermented 

tender coconut water in the composition of reducing 

sugar, ash, TSS and acidity. Slight differences were 

observed in other parameters like moisture, proteins 

and viscosity as presented in Table1. The appearance 

of the tender coconut water before and after 

fermentation is presented in  Fig.1. In the current study 

the pH reduced up to 4.7 at 40oC and 30 hrs of 

incubation time, whereas normal broth had reduction 

of pH into 6.2. Total soluble solids in tender coconut 

water and probiotic fermented coconut water were 

determined to be 5.2, 6.4 (PS), and 6.3°(HS)Brix, 

respectively. Samples of coconut water were found to 

have a titratable acidity of 0.18% and 0.53%, 

respectively. The inclusion of ascorbic acid gave 

tender coconut water a titratable acidity value of 

0.18%. The titratable acidity value after fermentation 

was 0.53% lactic acid. 

 

Mineral composition in the tender coconut water and 

fermented product was found to have slight 

differences (Table 1). Among the fermented coconut 

water samples, PS fermented product has a little higher 

mineral composition compared to HS. Reducing sugar 

of both raw and fermented tender coconut water were 

measured by the DNS method. Reducing sugar content 

was found to decline significantly in the fermented 

product, when compared to control (raw)as in Fig. 

2(A). The change in pH during fermentation indicated 

that most of the carbohydrates may be utilized by the 

bacteria and converted into short chain fatty acids, 

which may have resulted in the reduction of the pH 

(Fig. 2 B). It was observed that cyanocobalamin 

increased two times after fermentation. It was also 

visible that the content was more in the PS fermented 

product than the HS one, at room temperature and 30 

hrs. of incubation (Fig. 2C). However, the production 

of riboflavin was found to be more in the PSFCW 

fermented product than in the HSFCW (Fig. 

2D).There was a decrease in the phenolic content of 

the fermented product (Fig.2 E). 

 

Table 1: Proximate composition of fresh tender coconut water (TCW) and fermented tender coconut water (FCW) 

Sl 

no. 

Proximate analysis Fresh tender 

coconut water 

Fermented 

tender coconut 

water PS 

Fermented 

tender coconut 

water HS 

1. Moisture content (%) 96.64 ± 5.0a 98.04 ± 7.2a 97.09 ±5.60a 

2 Ash content (%) 0.40 ± 0.01a 0.60 ± 0.01b 0.59 ±0.02b 

3 Proteins (g/100 ml) 0.76 ± 0.03a 0.81 ± 0.02a 0.80 ±0.02a 

4 Reducing sugars(g/100 

ml) 

0.59 ± 0.02a 0.42 ± 0.04b 0.40 ±0.02b 

5 TSS(Brix) 5.20 ± 0.40a 6.40 ± 0.10b 6.30 ±0.20b 

6 Titrable acidity 0.18 ± 0.02a 0.53 ± 0.05b 0.50 ±0.07b 

7 Viscosity 10.08 ±0.20b 11.35 ± 0.6a 11.02 ± 0.8a 

8 Mineral composition     

a Calcium 28.0 32.10 30.60 
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b Iron 0.21 00.26 00.22 

c Magnesium 10.45 10.49 10.48 

d Sodium 35.01 38.10 36.90 

e Potassium 120.0 127.1 124.9 

f Zinc 00.14 00.18 00.16 

g Copper 00.07 00.09 0.072 

h Manganese 00.31 00.36 00.31 
a &,b Different alphabets represented in the row indicate significant at P<0.05 level 

 

 
Fig. 1: Fresh tender coconut water (A&B), fermented coconut water with bacterial strains of PS(C) and HS (D). 

 

 
Fig.2: Reducing sugar content (A), Media pH (B), Content of Cyanocobalamin (C), Content of Riboflavin (D), 

Phenolic content (E) in control and after fermentation. a &,b Different alphabets represented in the bar graph indicate 

significant at P<0.05 levels. 

 

Antimicrobial activities 

 

Fig. 3A trial has been made to study the antimicrobial 

activities using Micrococcus luteus ATCC 9341, B; 

Escherichia coli EFR02 which are food borne 

pathogens. The fermented sample showed a better 

inhibition zone with E. coli strain when compared to 

the unfermented sample. Positive control showed a 

clear inhibition. Freezing dried samples does not have 
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much effect. However, all the test samples had a very 

good zone of inhibition. 

 
Fig. 3: Antimicrobial activities of control and fermented samples using plate method showing the growth-inhibition 

zones’ diameter (mm) of M. luteus ATCC 9341(A)and E. coli EFR02(B). 

 

Abbreviations: F- Fermented Tender Coconut Water, C-Control, P-Positive control (Tetracycline). 

 

 

 

 

 

 

 

 

 

Surface morphology through SEM analysis 

 

With the help of a scanning electron microscope, the 

colony morphology of the Lactobacillus plantarum 

and Lactobacillus helveticus, on the surface of 

fermented coconut water were observed. The surface 

morphology of the solids separated from the sterilized 

medium after inoculation of L. plantarum and L. 

helveticus, was observed by using SEM, as shown in 

Fig.4 (A–D).  

 

 
Fig. 4: Scanning electron micrographic (SEM) images of before and after fermentation of Lactobacillus plantarum 

(A &C), Lactobacillus helveticus (B &D) 

 

DISCUSSION 

 

In the present investigation, fermentation of coconut 

water was analysed with focussing on two different 

probiotic strains, i.e. Lactobacillus plantarum and 

Lactobacillus helveticus. To make sure that it was the 

only raw material that controlled the probiotic 

bacteria's growth and metabolism, tender coconut 

water was used as the only fermentation medium in 

this study, without any additions. Using a possible 

probiotic strain as a starter culture can provide a 

fermented product with distinct and consistent 

properties as well as potential health benefits, as 

shown by the improved growth of Lactobacillus 

plantarum and Lactobacillus helveticus in tender 

coconut water. Tender coconut water that has been 

fermented offers the advantages of plant-based foods 

with the extra benefit of probiotic-rich live 

microorganisms. 

 

The finding simply  states that the rise in viable cell 

count correlated with the fall in pH and amount of 

Strain/Antibiotics Inhibition zone (mm)* 

M. luteus 

ATCC 9341 

E. coli 

EFR02 

Control       14     44 

Fermented TCW       16     42 

Freeze Dried Fermented TCW        -     40 

Positive Control (Tetracycline)       24     36 
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sugars taken during fermentation. The total soluble 

solids content of tender coconut water was 5.2 °Brix, 

indicating that the majority of the solids were soluble 

solids like sugars. The total soluble solids content of 

the fermented probiotic coconut water increased as a 

result of the increase in viable cell counts after 

fermentation. Soluble solids are another indicator of 

how sweet CW is. The sugars fructose, glucose, and 

sucrose are known to contribute to the sweet flavour 

of CW (16).The primary by-product of the conversion 

of carbs caused by the use of coconut water's sugars is 

lactic acid. The most common strains reported for the 

generation of lactic acid are Lactobacillus plantarum 

and Lactobacillus helveticus. Thus the observed 

increase in the acidity is due to the production of lactic 

acid during fermentation. 

 

The exopolysaccharide production by Lactobacillus 

plantarum and Lactobacillus helveticus resulted in an 

increase in the soluble solid content, which led to a 

substantial increase in the viscosity of fermented 

coconut water to 11.35 and 11.02, respectively 

(17).The viscosity of tender coconut water is governed 

by the strength of hydrogen bonds and intermolecular 

spacing, both of which are significantly influenced by 

concentration and temperature. These forces between 

molecules and water-solute interactions, that is, 

interactions between sugars and acids, determine the 

viscosity of tender coconut water. Increased soluble 

solid content leads to more hydrated molecules and 

hydrogen bonding with the hydroxyl groups of the 

solute, which improves fluid resistance and increases 

liquid viscosity. Soluble solids in tender coconut water 

were mostly owing to sugar content, whereas live cells 

and exopolysaccharide played a significant impact in 

viscosity values in fermented coconut water (18). 

 

The pH values obtained points out the low acidic 

nature of the coconut water (14). Fermentation and 

multiplication are carried out by the bacteria using 

nutrients and substrate. More lactic acid is produced as 

a result of active metabolism, which lowers the pH and 

increases the acidity of the final product (19). 

 

The increase in the mineral contents between 

fermented and fresh TCW indicates that these 

minerals were released from chelated complex 

compounds through fermentation (20). Additionally, 

fermentation enhances the bioavailability of certain 

minerals (21). Inorganic substances known as 

minerals are necessary for the control of metabolic and 

structural processes. As previously documented, both 

fermented and unfermented CW included significant 

mineral components such calcium, magnesium, 

potassium, and sodium (22,23). Numerous enzymes 

involved in energy metabolism and protein synthesis 

require magnesium as a cofactor (24).According to 

this research, fermented coconut water will likely have 

similar hydration and nutritional benefits to fresh 

coconut water. Drinks made specifically for 

rehydration should be able to replace lost water 

volume and electrolytes, especially sodium, lost 

through sweat (25). According to Mitchell et al., (26), 

a rehydration beverage should have a sodium level of 

20-30 mmol/litre to restore lost fluid and hasten 

absorption. Additionally, Saat et al., (25) found that 

the majority of people are likely to experience more 

effective hydration from beverages containing about 

50 mmol/litre of sodium. In addition to other nutrients 

like calcium, potassium, and magnesium, the 

fermented coconut water had substantially higher 

sodium levels than the other coconut waters. The 

reduction observed after fermentation in both the 

samples indicates the utilization of sugars by LAB. 

 

Vitamin B12, also known as cobalamin, is important 

for cellular metabolism and DNA synthesis. This 

vitamin, which can only be produced by 

microorganisms, is primarily found in animal 

products. Both LAB and the strain that produces 

riboflavin are frequently used in the dairy industry and 

added to fermented foods. A vitamin-producing LAB's 

obvious technical benefit is that fortification occurs in 

real time. Due to their benefit of in situ fortification, 

LAB are a viable solution for bio prospecting 

microorganisms that can serve as vitamin suppliers to 

human hosts (27). It has been discovered that both 

processing methods and the microorganisms used for 

fermentation have an impact on its composition. 

Riboflavin belongs to the vitamin B family, which is 

necessary for curing various ailments including skin 

health.  When compared to unfermented milk, certain 

yoghurt starter cultures lower the content of riboflavin 

(vitamin B2), while others dramatically increase it 

(28). The reduction in phenolic content could be due 

to utilization of phenolics by the bacterial culture after 

depletion of media nutrients. Proteolytic enzymes 

hydrolyze phenolic complexes into simple soluble free 

phenols that are chemically more potent and quickly 

absorbed during fermentation. Furthermore, bacteria 

may metabolise simpler soluble free phenols, 

increasing bacterial proliferation (29).  The majority 

of antioxidants consumed by humans come from 

phenolic compounds, which are widely distributed in 

plants. A few of them have been found in CW, 

including (C)-catechin and (+)-epicatechin (4).  

 

The antimicrobial activity of bacterial culture 

supernatants against a variety of foodborne diseases. 

The results showed that all of the pathogens 

(Micrococcus luteus ATCC 9341 and Escherichia coli 

EFR02) studied were hindered in their growth, 

indicating the potential of the fermented tender 

coconut water for inhibiting the major foodborne 

diseases.  

 

In the SEM analysis, the bacteria strains appeared as 

regular rods of about 1‒1.5 μm long, with some shorter 
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as well as elongated shapes as explained by Kang (30). 

The increase in the number of rod structures are visible 

in the fermented TCW, compared to Fresh TCW. 

 

CONCLUSION 

 

The present investigation showed that probiotic 

Lactobacillus plantarum and Lactobacillus helveticus 

grew well in tender coconut water. The study's 

findings suggest that coconut water might be 

fermented into a probiotic beverage for its nutrition 

and enormous health advantages. Among these two 

strains, L. plantarum showed better results in major 

biochemical parameters as well as in nutritional 

quality. Advance studies are needed for developing an 

economical L. plantarum -fermented functional 

beverage. 
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