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Abstract 

Fruit juice is an ideal medium in the production of a probiotic drink. Watermelon fruit is a 

suitable medium for the production of probiotic juice due to its nutritional content. 

However, its utilisation as a probiotic drink is underutilised. Experiments were conducted 

to determine the chemical (pH, Brix, titrable acidity) and microbiological changes (lactic 

acid bacteria (LAB) count) during fermentation of probiotic watermelon juice using 

different concentrations of Lactobacillus plantarum, Lactobacillus paracasei and 

Lactobacillus acidophilus (2%, 5% and 10%) at 30°C for 72 hrs. The results indicated a 

significant drop in pH of the probioticated watermelon juice (2%, 5% and 10%) using 

various Lactobacilli strains during 24 hrs of fermentation. Interestingly, 2% probioticated 

watermelon juice in all their strains of probiotic were higher than 5% and 10% 

probioticated watermelon juice. The lactic acid content in probioticated watermelon juice 

was reduced significantly throughout 72 hrs of fermentation, but the watermelon juice 

without probiotic strains increased only within 24 hrs of fermentation.  The LAB count in 

probioticated watermelon juice (2%, 5% and 10%) maintained a high population count 

(108 to 109 CFU/mL) for all probiotic strains throughout fermentation. Since all 

concentrations studied showed similar results in the chemical and microbiological 

analyses, 2% concentration is proven to be sufficient for probioticated watermelon juice 

regardless of the types of Lactobacillus strains used.  

1. Introduction 

Watermelon, also known as Citrulus lanatus, is one 

of the common crops being familiarly known by people 

all around the globe for its distinctive sweetness as 

compared to other fruits. As mentioned by Bisognin 

(2002), watermelon cultivation and consumption exceed 

that of all other Cucurbitaceae plants. Watermelon is a 

creeping herbaceous plant that belongs to the family 

Cucurbitaceae. Initially, they originated from Southern 

Africa (specifically in the southern Kalahari region). The 

fruit of the plant contains 93% water, thus giving its 

distinctive name “Watermelon” (Ninomiya et al., 2020). 

Due to its large number of cultivations, watermelon has 

proven its relevance, showing tremendous economic 

importance and being widely eaten around the world, 

accounting for about 7% of the world's region devoted to 

vegetable production, with China producing 67% of the 

overall quantity made (Zamuz et al., 2021). Aside from 

its large number of consumptions, watermelon is known 

for its health benefits. As reported by Dammak et al. 

(2019), watermelon is known because of its low-calorie 

content, as well as its health benefits, thirst-quenching 

capacity, good nutritional value, and antioxidant 

properties. Besides, Romdhane et al. (2017) also 

reported that watermelon is an excellent source of 

mineral salts (Potassium, Sodium, Iron and Magnesium), 

vitamins (A, B, C and E), antioxidants such as phenolic 

compounds and carotenoids, and few specific amino 

acids such as citrulline and arginine. 

Food today has many purposes, it satisfies appetite 

and provides essential foods for humans, it promotes 

physical and mental well-being, it improves fitness, and 

it prevents and/or reduces nutrition-related diseases. 

Furthermore, in recent years, consumers' perception of 

the connection between food and health has sparked a 

surge of interest in "healthy foods", this phenomenon 

may be due in part to rising healthcare costs, rising life 
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expectancy, and older people's desire for a better quality 

of life in their later years (Granato et al., 2010). Healthy 

food, or can also be known as “functional foods” are 

defined as food that, in addition to its dietary benefits, 

has additional beneficial effects or functions in the body. 

Functional foods include those that contain or are 

processed with bioactive compounds like dietary fibre, 

oligosaccharides, and active “friendly” bacteria that help 

keep intestinal bacterial strains in balance. Probiotics are 

part of a new wave of active ingredients that includes 

prebiotics, phytonutrients, and lipids, in addition to well-

known functional ingredients like vitamins, minerals, 

and micronutrients.  

Watermelon juice, for example, has its own set of 

advantages due to its high concentration of lycopene, 

nutrients, and vitamins A, B, and C. The benefit of 

regular consumption of watermelon juice is it will 

increase blood concentration of lycopene and beta-

carotene (Edwards et al., 2003). Probiotication of 

watermelon juice with various probiotic lactobacilli has 

improved the nutritional value of the juice (Sivudu et al., 

2014). In their study, Lactobacillus fermentum and 

Lactobacillus casei were found capable to grow well in 

watermelon juice without nutrient supplementation. Both 

strains produced significantly more titrable acidity 

expressed as lactic acid at 30°C of fermentation (Sivudu 

et al., 2014).  

Lactic acid bacteria, mainly Lactobacilli and 

Bifidobacterium have contributed to more than 90% of 

probiotic food supplements. Many experiments have 

been conducted on the method and development of 

probiotic products fermented with probiotic microbes, in 

addition to the identification of the health benefits of 

probiotic bacteria (Pakbin et al., 2014). These LAB 

strains have been reported to suppress the growth of 

pathogenic bacteria (Salleh et al., 2014; Salleh et al., 

2021). These bacteria include probiotic properties with 

health benefits (Nuraida, 2015; Ahmad et al., 2018).   

Fruit and vegetable do not contain any dairy 

allergens that are suitable to be consumed by wide 

segments of people that can be one of the vehicles for the 

delivery and incorporation into the human intestine 

(Tuorila and Gardello, 2002). For instance, there is a 

genuine enthusiasm for the production of fruit-juice-

based nutritional drinks fortified with probiotic and 

prebiotic ingredients. Fruit juices have been proposed as 

an ideal vehicle for practical wellness ingredients 

because they naturally provide valuable nutrients, have 

flavour profiles that appeal to people of all ages, and are 

viewed as nutritious and soothing (Tuorila and Gardello, 

2002). The fruits and vegetables are high in functional 

food ingredients including minerals, vitamins, dietary 

fibres, and antioxidants, and they are free of dairy 

allergens, which could discourage some people from 

eating those (Hasler et al., 2002). 

To the best of our knowledge, there is no 

comprehensive study on the viability of lactic acid 

bacteria (LAB) strains conducted in watermelon juice 

during the fermentation process with limited studies on 

the physicochemical of fermented watermelon juice. 

Therefore, this study aimed to determine the chemical 

and microbiological analyses of fermented watermelon 

juice using commercial probiotic strains during the 

fermentation process. 

 

2. Materials and methods 

2.1 Preparation of watermelon juice  

Ripe watermelon fruit was purchased from a local 

store (Kuala Terengganu) and kept at 4°C prior to use. 

The sample was then washed and peeled. The 

watermelon juice was prepared using a fruit juicing 

machine (National, MJ-68M, Malaysia). The juice 

produced was further pasteurized until it reaches the 

temperature of 80°C with a holding time of 15 mins 

(Mousavi et al., 2011). Pasteurization was done by 

cooking the juice on the stove and controlling the 

temperature by using a thermometer.  

2.2 Preparation of inoculum 

Commercial strains of Lactic acid bacteria 

(Lactobacillus plantarum, Lactobacillus acidophilus and 

Lactobacillus paracasei) were obtained courteously from 

the Malaysian Agricultural Research and Development 

Institute (MARDI), Serdang, Selangor in the form of 

freeze-dried. These cultures were originally purchased 

from UAS Labs, Madison, the USA, which is one of the 

few fully integrated suppliers of probiotic solutions 

(http://www.uaslabs.com). The starters were cultured in 

100 mL MRS broth for 24 hrs at 30˚C and transferred 

into a 50 mL centrifuge tube before being centrifuged at 

8000 rpm, 15 mins, and 4˚C.  The pallet collected was 

washed with phosphate buffer saline (PBS) with pH 7.3 

(Oxoid, UK) and mixed. The mixture was centrifuged 

again at 8000 rpm, 15 mins and 4˚C. The mixture was 

then washed again with PBS to be used as inoculum. 

Before the experiment, the purity of the cultures was 

confirmed by streaking them on MRS agar. The same 

single colony on MRS Agar indicated that the cultures 

were considered pure (Khatoon et al., 2015). 

2.3 Optical density 

The commercial probiotic cultures (Lactobacillus 

plantarum, Lactobacillus acidophilus and Lactobacillus 

paracasei) were grown in MRS broth. Fermentation was 

done in the incubator shaker (PROTECH, SI-50D, 

about:blank
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Malaysia) for 48 hrs. The reading of the absorbance of 

the probiotic cultures was recorded at different time 

intervals, i.e. 0, 2, 4, 24, 26, 28, 46, and 48 hrs at 560 nm 

using a spectrophotometer (ThermoSpectronic, 

GENESYS 20, United States). LAB count was 

determined at time intervals of 0, 2-, 4-, 24-, and 26-hrs 

using MRS agar (Hoque et al., 2010). 

2.4 Fermentation of watermelon juice with lactic acid 

bacteria 

A fermentation experiment was conducted by using 

200 mL transparent glass bottles. A bottle of the sample 

containing 100 mL of pasteurised watermelon juice 

without probiotics was treated as a control. The other 

three bottles containing 100 mL of pasteurized 

watermelon juice were inoculated with starter cultures. 

The samples of watermelon juice were inoculated with 

the same inoculum from each starter culture at three 

different concentrations of 2%, 5% and 10% v/v. They 

were then incubated at 30°C for 72 hrs. Samples were 

taken at 0, 24, 48, and 72 hrs for chemical analysis and 

microbiological analysis (Khatoon et al., 2015). 

2.5 Chemical analysis   

2.5.1 pH analysis 

The pH of watermelon juice was measured with a 

Benchtop pH meter (WTW series, Inolab, Germany). 

The pH was taken at 0, 24, 48, and 72 hrs intervals. 

2.5.2 Titrable acidity 

Total acidity was expressed as% lactic acid using the 

formula below. 10 mL of juice samples were added with 

10mL of distilled water and the lactic acid percentage 

was determined by titrating the prepared samples with 

0.1 N NaOH using phenolphthalein as an indicator until 

a light pink colour persists (Akin et al., 2007). 

% lactic acid = [(mL of 0.1 M NaOH) × (0.9)] / [sample 

volume] 

2.5.3 Total Soluble Solid 

The total soluble solid of the samples was taken as 

degree Brix by using a Refractometer (Milwaukee, 

MA871, United States) (Serpen, 2012).  

2.6 Microbiological analysis 

2.6.1 Determination of LAB count using MRS Agar 

Firstly, 10 mL of juice sample was mixed with 90 

mL of MRS broth. The sample was incubated for 24 hrs 

at 30˚C in a CO2 incubator (Galaxy S, Model: 170-200, 

United Kingdom). After 24 hrs, 1.0 mL of sample was 

pipetted into a tube containing 9 mL of saline water 

(0.85% salt) for appropriate series of serial dilutions. 

Then, 0.1 mL of the sample was surface plated on de 

Man, Rogosa and Sharpe (MRS) Agar (Oxoid, UK) 

plates in triplicates. The plates were then incubated at 

30˚C in a CO2 incubator for 24-72 hrs (Khatoon et al., 

2015). Further biochemical tests were carried out for 

confirmation of LAB.   

2.6.2 Biochemical tests for selected bacteria 

2.6.2.1 Gram-staining 

Gram staining was conducted by using the standard 

procedure (Smith et al., 2005). Briefly, a loopful of 

bacteria was transferred aseptically onto a clean glass 

slide and was heat fixed using a Bunsen burner. The 

smeared area was flooded with crystal violet for 1 min. 

Then, it was rinsed with tap water, tilting the slide in 

order to rinse all stains. After that, the whole slide was 

covered with Lugol’s iodine for 1 min. After 1 min, the 

washing step was repeated. With the slide slightly tilted, 

the iodine solution was washed off with 95% ethanol and 

was treated continuously with alcohol until the washings 

were pale violet. The slide was rinsed immediately with 

tap water. The smear was then covered with safranin 

solution to counterstain for 1 min and was rinsed again 

with tap water after 1 min. It was then blotted dry with a 

paper towel using firm pressure. The smear was 

examined with a compound microscope (Leica, DME, 

UK) starting from the low power objective and finally 

the immersion lens (Smith et al., 2005). 

2.6.2.2 Catalase test 

The procedure was done according to Hitchins and 

Jinneman, (2011). Briefly, a small amount of colony was 

taken from isolates and placed on a slide.  A few drops 

of hydrogen peroxide (H2O2) reagent were put onto the 

sample using a Pasteur pipette. The reaction was 

observed for bubbles formation (positive reaction) whilst 

no bubbles formation indicated a negative reaction.  

2.6.2.3 Oxidase test 

A piece of filter paper was prepared and moistens 

with tetramethyl-p phenylenediamine, a chromogenic 

reducing agent. A small number of bacteria colonies 

were rubbed onto the moist paper by using a toothpick. 

The presence of dark brown-purple colour showed a 

positive result, while no colour change showed a 

negative result (Shields and Cathcart, 2013). 

2.7 Statistical analysis 

All experiments were carried out in triplicate and the 

results were expressed as mean ± SD (n = 3). Data 

generated from the experiments were analysed for 

significance using the one-way analysis of variance, 

ANOVA. Statistical analysis was obtained using Minitab 

14 statistical software and significant differences 
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(p<0.05) between means were determined by Fisher’s 

multiple range test.  

 

3. Results and discussion 

3.1 Optical density of probiotic lactic acid bacteria 

The optical density (560 nm) of 3 commercial 

probiotic strains of LAB, grown in MRS broth were 

monitored at different time intervals. The purpose of this 

experiment was to determine the growth curve of 

different strains of LAB. Figure 1 shows the absorbance 

of probiotic lactic acid bacteria before inoculating them 

into the watermelon juice. MRS broth without any lactic 

acid bacteria was prepared as a control. 

In Figure 1, it can be seen that the absorbance for the 

control sample is 0 for 0 hr until 48 hrs of incubation 

time. It was confirmed that without LAB, no growth of 

microbes was observed through optical density at 600 

nm. For L. plantarum, zero absorbance was observed 

while L. paracasei showed less than 0 absorbance values 

during the first 4 hrs of incubation. The results then 

showed a similar trend for both of the strains whereby an 

increase in absorbance to more than 2 was observed at 24 

hrs to 28 hrs of incubation time. However, a slight 

decrease in absorbance was observed after 46 hrs.  For L. 

acidophilus, the absorbance was in the range of zero 

from 0 h until 28 hrs. An increase in the absorbance to 

the value of 1 to 2 was only observed at 46 hrs to 48 hrs 

of incubation. Both L. plantarum and L. paracasei, 

reached the maximum absorbance at 24 hrs of incubation 

in MRS broth while for L. acidophilus, the maximum 

absorbance was at 46 hrs. 

In order to support the results obtained from optical 

density, the total viable count of the LAB was 

determined as shown in Table 1. From the results 

obtained, it was determined that by comparing the three 

strains, L. acidophilus had the slowest growth rate while 

L. plantarum and L. paracasei shows similar and 

comparable growth rate. The number of viable cells at 

maximum absorbance was 2.52×109 CFU/mL and 

9.00×107 CFU/mL for L. plantarum and L. paracasei, 

respectively (Table 1). From the results, the most 

suitable time to inoculate probiotic lactic acid bacteria 

into the watermelon juice was after 24 hrs of incubation 

time. It has been suggested previously that the ideal cell 

count for inoculation is between the range of 107 to 108 

CFU/ mL with an absorbance of 0.6-0.8 (Trontel et al., 

2010).  

3.2 pH analysis 

Figure 2 shows the changes in pH value of probiotic 

watermelon juice fermented with three strains of LAB 

namely L. plantarum (2A), L. paracasei (2B) and L. 

acidophilus (2C) with four different concentrations; 0%, 

2%, 5% and 10% (w/v) at time of 0 hr, 24 hr, 48 hr, and 

72 hr respectively. The control sample had the highest 

pH as compared to samples treated with 2%, 5%, and 

10% of LAB during the fermentation time. During 0h 

fermentation time, there was no significant difference 

(p>0.05) of pH between 0%, 2% and 5% concentration 

of bacteria used but was only noted at 10% 

concentration. No significant difference (p>0.05) was 

noted in the pH during 24 hrs of fermentation at 0% 

concentration between the three bacteria used, but there 

was a significant reduction of pH when the bacteria 

concentration increased to 2-10% for all three bacteria 

used at the same fermentation time.  At 48 hrs 

fermentation time, there was no significant difference 

(p>0.05) between the control sample with 2% for 

samples containing L. plantarum but a difference was 

observed between control with samples containing 2%, 

5% and 10% of L. paracasei and L. acidophilus. During 

the 72 hrs of fermentation time, the pH of the juices 

becomes insignificantly different at (p<0.05) for all 

concentrations used. The juice’s samples were inoculated 

with L. plantarum at 2%, 5% and 10% showing a rapid 

decrease in pH at the beginning of the fermentation 

process which was from 0 hr to 24 hrs and then slowly 

decreases after 24 hrs of fermentation time. The same 

trends were also observed in L. paracasei and L. 

acidophilus. A rapid decrease in pH at the beginning of 

fermentation increases the acidity and hence minimizes 

the influence of spoilage bacteria (Karovica et al., 2003).  

From the results obtained, the pH of the watermelon 

juice was greatly reduced to 3 after 24 hrs up to 72 hrs of 

fermentation time when 2%, 5% and 10% of lactic acid 

Figure 1. Absorbance at 560 nm for probiotic culture used  

Time 

(hrs)  
Control 

L. 

plantarum 
L. 

acidophilus 
L. paracasei 

0 0 5.72×105 0 2.40×105 
2 0 5.32×105 0 3.88×105 
4 0 6.44×106 7.9×106 9.00×105 

24 0 2.52×109 8.00×107 9.00×107 
26 0 1.93×109 1.00×105 5.00×108 

Table 1.  LAB Count (CFU/mL) before inoculated into 

watermelon juice 
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bacteria were introduced into the juice. During the 

fermentation of probiotic juice, the medium pH 

decreased as a result of the accumulation of organic 

acids, including lactic acid (Giori et al., 1985). Shukla et 

al., (2013) investigated the production of probiotic 

pineapple juice by L. acidophilus and whey. In their 

study, the pH reduced from 4.36 to 3.87 during 

fermentation. The same observation was also noted in 

the present study.  

Lactic acid bacteria are generally fastidious on 

artificial media, but they grow readily in most food 

substrates and help in lowering the pH rapidly to a point 

where competing organisms are no longer able to grow. 

The presence of Leuconostoc and Lactic Streptococci 

generally caused the reduction of pH to about 4.0 to 4.5 

while some of the Lactobacilli to about pH 3.5, before 

inhibiting their growth. Tolerance to low pH levels and 

bile salts is vital for bacteria to survive and grow in the 

gastrointestinal tract, making these the main 

requirements for bacteria to be considered probiotics. A 

previous study has demonstrated that L. plantarum 

exhibited good growth at the pH value of 3 to 5. Bacteria 

are generally sensitive to the stomach’s low pH values. 

However, some LAB can survive and grow at a 

relatively low pH because they have a system that 

simultaneously transports lactic acid and protons to the 

cell’s exterior (Ramirez et al., 2013).  

3.3 Brix analysis 

Figure 3 shows the Brix reading of probiotic 

watermelon juice fermented with three strains of LAB 

namely L. plantarum (Figure 3A), L. paracasei (Figure 

3B) and L. acidophilus (Figure 3C) at four different 

concentrations and fermentation times. In Figure 3A, the 

reduction of the Brix value was observed during a long 

fermentation time. This result was expected as the 

glucose was consumed by the bacteria with an increase 

in fermentation time. However, it is interesting to note 

that the Brix reading of watermelon juices treated with 

2% probiotic bacteria was higher as compared to the 

others in all fermentation times. This could be due to the 

formation of free sugars and amino acids (Salmerón et 

al., 2014). Figure 2B shows the Brix reading of the 

probiotic watermelon juice inoculated with L. paracasei 

Figure 2. pH of probiotic watermelon juice fermented with 

(A) L. plantarum, (B) L. paracasei and (C) L. acidophilus. 

Different letters between groups indicates significant 

difference at p<0.05 (n = 3). 

Figure 3. Brix of probiotic watermelon juice fermented with 

(A) L. plantarum, (B) L. paracasei and (C) L. acidophilus. 

Different letters between groups indicates significant 

difference at p<0.05 (n = 3).  
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at various concentrations. In general, there was no 

significant difference at (p>0.05) in the Brix reading 

between 0%, 2% and 5% concentration of bacteria used. 

In addition, there was a significant difference in the Brix 

reading of the juices between 0% and 10% of the 

bacteria used at 24 hrs fermentation time. Interestingly, a 

significant (p<0.05) increase of Brix value was observed 

between control and 2% of L. paracasei at 48 hrs and 72 

hrs fermentation time. The same observation was noted 

in Figure 2C where no significant changes in Brix value 

were noted during the first 24 hrs of fermentation time 

when fermented with L. acidophilus. After 24 hrs of 

fermentation, there was no significant difference 

(p>0.05) in Brix value between 0%, 2%, 5% and 10% 

concentration of L. acidophilus used. The same trend 

was noted during the 48 hrs fermentation time. However, 

at 72 hrs fermentation time, there was a significant 

difference (p<0.05) noted on the Brix reading between 

the juices treated with 0% probiotic bacteria with another 

three concentrations of 2%, 5% and 10%.   

3.4 Titrable acidity 

Figure 4 shows the changes in Titrable acidity 

expressed as% lactic acid of probiotic watermelon juice 

fermented with 0%, 2%, 5% and 10% (w/v) of LAB 

namely L. plantarum (4A), L. paracasei (4B), and L. 

acidophilus (4C) at time 0 hr, 24 hrs, 48 hrs, and 72 hrs.  

During 0 hr of fermentation time, there was no 

significant difference (p>0.05) between 5% and 10% 

concentration for all bacterial strains. However, a 

significant difference (p<0.05) was observed between 

samples of 0% with each 2%, 5% and 10% 

concentrations of L. plantarum while no significant 

difference was observed between samples of 0% with 

2%, 5% and 10% concentration of L. acidophilus. 

During 24 hrs of fermentation time, no significant 

difference (p>0.05) was observed between samples 

fermented with 2%, 5% and 10% concentrations of 

bacteria. However, a significant difference was observed 

(p<0.05) between samples of 0% bacterial concentration 

with samples of 2%, 5% and 10% concentration 

respectively for all strains. At 48 hrs of fermentation 

time, significantly different (p<0.05) results were shown 

by samples with 2% and 5% concentration and also 5% 

and 10% concentration for L. plantarum. However, no 

significant differences (p>0.05) were observed between 

samples of 0% with each of the samples containing 2%, 

5% and 10% concentrations of bacteria for all strains. At 

72 hrs of fermentation time, there was no significant 

difference (p>0.05) in lactic acid content for all samples 

of L. plantarum and L. acidophilus while a significant 

difference (p<0.05) was observed between the control 

samples and samples containing 2%, 5% and 10% 

concentrations of L. paracasei. 

The lactic acid content in the control (0%) probiotic 

juice was increased after 24 hrs of fermentation time and 

then decreased at 48 hrs and 72 hrs of fermentation time 

while for samples containing 2% bacteria, a decrease in 

lactic acid content occurred after 24 hrs of fermentation 

time followed by an increase in percentage at 48 hrs and 

72 hrs. For samples containing 5% and 10% of bacteria, 

an increase in lactic acid content was observed after 72 

hrs of fermentation for both samples of L. plantarum and 

L. paracasei, while for samples fermented with L. 

acidophilus, a reduction in lactic acid content was 

observed. The variations in acidity values during the 

fermentation process are due to the distinct amounts of 

sugars available within these substrates which were 

mainly transformed to organic acids by the lactic acid 

bacteria that lowers the pH hence, thus increasing its 

acidity (Salmerón et al., 2014).  

The increasing trend in titrable acidity for samples 

containing L. plantarum and L. paracasei during 72 hrs 

Figure 4. Percentage of lactic acid during fermentation of 

watermelon juice fermented with (A) L. plantarum, (B) L. 

paracasei and (C) L. acidophilus. Different letters between 

groups indicates significant difference at p<0.05 (n = 3).   
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of fermentation time with samples containing 10% of 

bacterial concentration shows the highest lactic acid 

content indicating the suitability of these strains in the 

production of watermelon probiotic juice. The results 

obtained were similar to the findings by Hussain et al. 

2009) in which the average titrable acidity of probiotic 

yoghurt was 1.41%. Similar observations were also 

reported by Tarakci and Erdogan (2003) and Güler‐Akin 

(2005) who observed an increase in total Titrable acidity 

during the storage period. A study done by Mousavi et 

al. (2011) indicated that lactic acid in pomegranate juice 

was produced by all the strains (L. acidophilus DSMZ 

20079, L. plantarum DSMZ 20174, L. delbrueckii 

DSMZ 20006, L. paracasei DSMZ 15996) and its 

concentration increased as the fermentation commenced.  

From these studies, it can be concluded that the best 

probiotic juice must contain a high percentage of lactic 

acid as it indicates the ability of lactic acid bacteria to 

metabolise sugar in the juice and converts it to lactic 

acid. The ability to metabolise the natural sugar in the 

juice shows that the probiotic bacteria could retain their 

survival and eventually exerts their beneficial properties 

to the consumers. Besides that, lactic acid can also be 

used as a preservative (acidifier) and flavour-enhancing 

agent by the food industry (Papagianni, 2012). 

Therefore, probiotic watermelon juice with a 10% 

concentration of L. plantarum and L. acidophilus was the 

best probiotic juice. 

3.5 Microbiological analysis of probiotic watermelon 

juice 

3.5.1 LAB count in log10 (CFU/mL) during 

fermentation of probiotic watermelon juice 

The bacterial cell count was determined in log10 

(CFU/mL) of probiotic watermelon juice fermented with 

0%, 2%, 5% and 10% (w/v) of L. plantarum, L. 

paracasei and L. acidophilus during fermentation. The 

results are displayed in Figure 5. Samples inoculated 

with 0% cell concentration were treated as controls.  

Figure 5 (A) shows the LAB count of probiotic 

watermelon juice inoculated with L. plantarum at 0 hr, 

24 hrs, 48 hrs and 72 hrs of fermentation time.  From 0 

hr of fermentation time up to 72 hrs, no significant 

difference (p>0.05) was observed between samples 

inoculated with 2%, 5% and 10% of L. plantarum, but a 

significant difference (p<0.05) was observed between 

control samples of 0% bacterial concentrations with 

inoculated samples at all concentrations. Figure 5 (B) 

shows the LAB count of the probiotic watermelon juice 

inoculated with L. paracasei. A similar trend of bacterial 

growth was observed whereby the LAB count of the 

juice treated with 2%, 5%, and 10% L. paracasei was 

also significantly higher (p<0.05) than control during 0 

hr, 24 hrs, 48 hrs and 72 hrs of fermentation time. No 

significant difference (p>0.05) of LAB count was 

observed between samples containing 2%, 5% and 10% 

from 0h to 72 hrs of fermentation time. The LAB counts 

of the probiotic watermelon juice inoculated with L. 

acidophilus at different concentrations are shown in 

Figure 5 (C). A significant difference (p<0.05) in LAB 

counts was observed between the control sample (0% 

concentration) and inoculated samples of 2%, 5% and 

10% of bacteria at 0 hr, 48 hrs and 72 hrs of fermentation 

time. However, (p<0.05) a significant difference in LAB 

count was only observed between the control sample and 

the sample containing 2% of bacteria at 24 hrs.   

From the results, the increase in the LAB count of 

the control sample (0% concentration of bacteria) during 

72 hrs of fermentation was due to the presence of 

naturally occurring lactic acid bacteria. It has been 

reported in a previous study that a total of 58 acid-

producing bacteria were isolated from the young 

watermelon fruit samples (Chena et al., 2016). In 

addition, all of the three strains of commercial probiotic 

Figure 5. LAB count in log10 CFU/mL during fermentation of 

probiotic watermelon with (A) L. plantarum, (B) L. paracasei 

and (C) L. acidophilus. Different letters between groups 

indicates significant difference at p<0.05 (n = 3).   
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LAB used (L. plantarum, L. paracasei and L. 

acidophilus) have a count of between 8 to 9 log10 CFU/

mL or has the viability between 108 to 109 CFU/mL. 

Different levels of probiotic bacteria in Bio-Yogurts 

have been recommended and specified, in order to exert 

the claimed health effects and are considered as probiotic 

products. The National Yogurt Association (NYA) of the 

United States specifies that 108 CFU/mL of lactic acid 

bacteria at the time of manufacture are required to use 

the NYA ‘Live and Active Culture’ logo on the products 

containers (Ostlie et al., 2003). In Japan, the Fermented 

Milks and Lactic Acid Bacteria Beverages Association 

has specified a minimum of 107 CFU/mL of 

Bifidobacteria to be present in fresh dairy products as a 

standard (Ishibashi et al., 1993). Therefore, maintaining 

the probiotic bacteria viability and survivability during 

product manufacturing and storage is a very crucial 

factor for effective probiotic products.  

From the result, three strains of probiotic lactic acid 

bacteria tested in this study were suitable to be used for 

producing watermelon based probiotic drinks. The 

reasons why these cultures were used are because their 

effectiveness as probiotic cultures has been measured by 

UAS Laboratories before being used in food products 

such as clinical studies. According to Collins et al. 

(1998), proper in vitro studies should establish the 

potential health benefits of probiotics prior to 

undertaking in vivo trials. Tests such as acid and bile 

tolerance, antimicrobial production and adherence ability 

to human intestinal cells should be performed depending 

on the proposed health benefits by the UAS 

Laboratories. To clarify the identity of a probiotic 

present in the food, it was recommended that the 

microbial species be stated on the label. If a selection 

process has been undertaken at the strain level, the 

identity of the strain should also be included, since the 

probiotic effect seems to be strain specific. There is a 

need to accurately enumerate the probiotic bacteria in 

food products in order to include them on the label. The 

label should state the viable concentration of each 

probiotic present at the end of shelf life (Reid et al., 

2001).  

3.6 Biochemical tests for LAB 

Table 2 shows the result of a biochemical test for 

lactic acid bacteria isolated from the probiotic 

watermelon juice during the fermentation process. The 

biochemical test was conducted to confirm the presence 

of lactic acid bacteria that was introduced into the juice 

and to ensure that no contamination occurs during the 

analysis. 

From Table 2, all of the lactic acid bacteria were 

identified as Gram-positive bacteria with a negative 

result on the catalase and oxidase test. The control was 

the plate with unknown bacteria that was isolated from 

the watermelon juice sample. Lactic acid bacteria are 

identified as Gram-positive, non-spore-forming rods, 

catalase-negative, usually non-motile, do not reduce 

nitrate, able to utilize glucose and in the absence of 

indole (Sheeladevi and Ramanathan, 2011). The control 

and the three strains of L. plantarum, L. paracasei and L. 

acidophilus were subjected to Gram staining and they 

were examined under a compound microscope. All the 

strains including the control sample gave blue-purple 

colour with staining; hence they all were Gram-positive 

bacteria (Devi et al., 2013). The control (watermelon 

juice without probiotic lactic acid bacteria) may have 

natural LAB that is an inhabitant in the watermelon 

fruits. Based on the previous study, a total of 58 acid-

producing bacteria were isolated from the young 

Bacteria 
Gram-staining Catalase test Oxidase test 
R1 R2 R1 R2 R1 R2 

L. plantarum 

0 hrs + + - - - - 
24 hrs + + - - - - 
48 hrs + + - - - - 
72 hrs + + - - - - 

L. paracasei 

0 hrs + + - - - - 
24 hrs + + - - - - 
48 hrs + + - - - - 
72 hrs + + - - - - 

L. acidophilus 

0 hrs + + - - - - 
24 hrs + + - - - - 
48 hrs + + - - - - 
72 hrs + + - - - - 

Control 

0 hrs ND ND ND ND ND ND 
24 hrs + + - - - - 
48 hrs + + - - - - 
72 hrs + + - - - - 

Table 2. Results for biochemical tests of probiotic lactic acid bacteria in the watermelon juice  

R1 = Replicate 1, R2 = Replicate 2, ND = Not Detected 
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watermelon fruit samples. The total 176 isolates were 

initially divided into six groups (R1-R6) according to 

cell morphology and the results of the 16S rDNA RFLP 

analysis. The results identified group R1 isolates as L. 

plantarum-related species (Chena et al., 2016). 

A catalase test was done to test the ability of the 

organism to produce catalase. The oxidation of 

flavoproteins invariably results in the formation of 

hydrogen peroxide as one major product. In addition, this 

oxidation (and other oxygenation) produce small 

quantities of an even more toxic radical. In aerobes and 

aerotolerant aerobes, the potentially lethal accumulation 

of oxygen is prevented by the enzyme superoxide 

dismutase which catalyses it to hydrogen peroxide and 

oxygen. Catalase lies close to the cell membrane. A 

positive result was detected by the formation of air 

bubbles and negative results show no air bubbles.  The 

growth of lactic isolates in the MRS medium was clear. 

Their growth was not accompanied by any appearance of 

gas bubbles. The total lack of CO2 gas for all strains 

tested was an indicator of the homo-fermentative type. 

The preliminary test makes it possible to confirm the 

genus of the bacteria as Lactobacillus spp. (Holzapfel, 

2002). 

An Oxidase test was done to detect the presence of 

cytochrome C and hence the production of oxidase 

enzyme by the given test organism. Positive results on 

the oxidase test indicate that the test organism was able 

to develop purple colour due to oxidation of the reagent 

after the colony was directly applied with the oxidase 

reagent. The negative result did not show the purple 

colour (Hemraj et al., 2013). The negative results of the 

oxidase test confirm the presence of Lactobacillus spp.  

 

4. Conclusion  

In conclusion, three different strains of commercial 

probiotic lactic acid bacteria, L. plantarum, L. paracasei 

and L. acidophilus produced different results in the 

chemical analyses and also microbiological analyses. 

The pH of all juices samples was significantly changed 

during the time of incubation but was not affected by 

bacterial concentration. Moreover, no significant 

difference (p>0.05) was observed in the Titrable acidity 

of the watermelon juice during the time of incubation but 

differ with different concentrations of lactic acid bacteria 

used. However, no significant difference (p>0.05) were 

shown in the Brix reading of the watermelon juice with 

the function of both times of incubation and different 

concentration of lactic acid bacteria used. In addition, the 

duration of incubation time does not significantly affect 

(p>0.05) the LAB count of the juices but was affected by 

the concentration of the bacteria. Therefore, all three 

strains are suitable for the development of probiotic 

watermelon juice. In future, the sensorial aspect could be 

further studied to confirm the acceptability of this juice. 
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