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Abstract 

Bio-preservation of processed watermelon (Citrullus lanatus) juice using Lactobacillus species isolated from processed 
fermented maize (akamu) was conducted using standard methods for shelf life study. Two Lactobacillus isolates 
designated L1 and L2 isolated from processed fermented maize (akamu) and identified as Lactobacillus fermentum and 
Lactobacillus brevis were used in the treatment. Three (3) different designates for inoculum volumes and species: 
L1T1/L2T1, L1T2/L2T2, L1T3/L2T3 were used for inoculated watermelon samples and the un-inoculated (T0) was used as 
control. All were stored at ambient temperature and monitored for shelf life study for seven days. The bacterial count 
(CFU/mL) ranged from 1.8 x 105 ±0.08 to 5.9 x 105 ±0.45, while fungal count ranged from 0.9 x 103 ±0.90 to 4.7 x 103 
±0.32.  Reduced pH and increased acidity values were observed in the inoculated juice samples than in the un-inoculated 
samples. Sample L1T3 had the best shelf life study parameters followed by L2T3 and T0 as the least. Therefore, this study 
has shown that treated watermelon juice samples with Lactobacillus species isolated from fermented maize (akamu) 
could produce antimicrobial or organic compounds that are capable of stemming the problem of spoilage, retaining the 
organoleptic properties of the processed juice and eventually extending the shelf life of the preserved juice, ensuring 

non seasonal availability of watermelon juice possible. 
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1. Introduction

Watermelon is a warm-season crop that is grown worldwide, usually in the regions with long warm growing season. 
Citrullus lanatus (watermelon) is a fruit of about 93 % water, hence the name “water” melon. The “melon” part came as 
a result of its large, round and sweet pulpy flesh [1] that is high in moisture content [2] and which made it highly 
susceptible to microbial spoilage caused by gram positive bacteria which are very sensitive to low acidity [3]. 

Juices are the aqueous liquids extracted usually from one or more fruits [4]. Juices are prepared mechanically by 
squeezing or macerating the pulp of fresh fruits or vegetables without application of heat or solvent to give an 
unfermented clouded and untreated juice ready for consumption. The traditional method of preparation of juice exposes 
the juice to microbial contamination through various means [5].Watermelon is rich in vitamin C, vitamin A, vitamin B, 
amino acid and also carotenoid lycopene. The red flesh of watermelon contains some vitamin A [6]. Watermelon is rich 
in vitamin B that is primarily responsible for the production of energy in the body. Vitamin C has been found as essential 
nutrient for humans because it aids in the synthesis of collagen inaddition to protecting against oxidative damage, it has 
also shown to protect against stomach, oral, and lung cancers, prevent scurvy and improve cholesterol [7; 8].  
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Lactic acid bacteria (LAB) are gram-positive microorganisms, prefer anaerobic conditions but are aero-tolerant, 
catalase negative, cocci or rods. These groups of bacteria are non-pathogenic, produce organic acids during the 
fermentation of carbohydrates.  LABs are divided into two groups depending on their fermentation pathway. 
Homofermentative bacteria such as Lactococcus and Streptococcus yield two lactates from one glucose molecule. 
Heterofermentative such as Leuconostoc and Weissella produce one lactate, ethanol and carbon dioxide out of one 
glucose molecule. In addition, LAB produces small organic compounds that give the aroma and flavor to fermented 
products. LAB contribute to enrichment of the human dietary through development of a wide diversity of  flavors, 
aromas and textures in food through the fermentation process and, enrichment of food substrates biologically with 
protein, essential amino acids, essential fatty acids and vitamin [9]. 

Lactic acid bacteria has a long history of use as bio-preservatives for food and feed storage; they are known to produce 
different antimicrobial compounds that are able to control pathogenic, spoilage bacteria, undesirable spoilage yeast and 
spoilage mold [10;11]. Their preserving effectmainly relates to production of organic acidsuch as lactic acid and acetic 
acid, hydrogenperoxide, diacethyl, productionof bacteriocins and protein, or proteinaceouscompounds [11;12].   

Bio-preservation refers to extended storage life and enhanced safety of foods using the natural microflora and (or) their 
antibacterial products. It can be defined as the extension of shelf life and food safety by the use of natural or controlled 
microbiota and/or their antimicrobial compounds [13]. One of the most common forms of food bio-preservation is 
fermentation, a process based on the growth of microorganisms in foods, whether natural or added. It employs the 
breakdown of complex compounds, production of acids and alcohols, synthesis of Vitamin-B12, riboflavin and Vitamin-
C precursor, ensures antifungal activity and improvement of organoleptic qualities such as, production of flavor and 
aroma compounds. The organisms involved mainly comprise lactic acid bacteria, which produce organic acids and other 
compounds that, in addition to antimicrobial properties, also confer unique flavours and textures to food products. 
Compounds such as organic acids, bacteriocins, diacetyl and acetaldehyde, enzymes, CO2, hydrogen peroxide etc. 
contributes to antimicrobial activity by microbiota [13; 14]. The need to incorporate novel and effective combinations 
has spurred interest for natural and biological preservatives such as lactic acid bacteria and their antimicrobial 
compounds. This study was to evaluate potential use of some species of Lactobacillus as bio-preservative agents in 
watermelon juice. 

2. Material and methods

2.1. Sample purchase and transportation 

The fermented maize (Akamu) for Lactobacilli isolation and a fresh matured watermelon fruits for juice extraction were 
purchased from a local market (Relief Market) in Owerri. Samples were transported in ice bags to Microbiology 

Laboratory, Rhema University, Nigeria. 

2.2. Isolation of Lactobacillus species 

The fermented maize (akamu) sample was prepared by serially diluting 1 g of it in sterile distilled water in a test tube 
from first dilution (10-1) to the fourth dilution (10-4). The inocula were collected from the second (10-2) and fourth (10-

4) dilutions of the fermented maize and were inoculated on sterilized de Mann, Rogosa and Sharpe (MRS) agar plates
[15] as described by the manufacturer (Oxiod). The plates were incubated at 37 oC for 24 – 48 hours and observed daily 
for growth. The incorporation of 0.02 % sodium azide into the MRS agar made it selective for lactic acid bacteria. 

On establishment of growth, each plate was examined for the presence of distinct colonies. Such colonies were collected 
aseptically and sub-cultured using the streaking technique [16] on fresh MRS agar plates and incubated at 37 oC for 24 
hours. The presence of discrete colonies in the sub-cultured plates showed purity of culture. Isolates from the culture 
were used for characterization and subsequent identification. 

2.3. Identification of Lactobacillus isolates 

Identification of the Lactobacillus isolates was based on corresponding characteristic of the isolates as recorded in the 
characterization and identification tests, as contained in Standard Manuals including Bergy’s Manual of Systematic 
Bacteriology [17] and conventional microbiological methods according to [18]. The recorded features obtained from 
test results of each isolate were matched with existing information in the manuals, and probable organism with 
corresponding features was identified accordingly, and stored in sterile agar slant bottles for further use. 
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2.4. Production of watermelon juice 

A healthy watermelon fruit with unbroken skin was used. The fruit was washed with clean water and rinsed with 

distilled water. It was surface disinfected with 70%v/v ethanol solution and was carefully cut open with a sterilized
kitchen knife. The flesh (pulp) was scooped into a blender, and was blended with distilled water to make 1:1 (w/v) 
mixture. The homogenized blend was sieved through a two-fold muslin cloth to obtain the juice used in the study [19]. 

2.5. Treatment of juice with Lactobacillus 

The identified Lactobacillus in slant was activated by culturing a loopful of inoculum in 10mls of sterile MRS broth for 
24-48 hours. The broth culture was diluted in sterile distilled water to a turbidity matching one half of McFarland 
standard. Each of the two identified Lactobacillus species was inoculated into the watermelon juice at three different 
concentrations, and an untreated watermelon juice was used as control. The watermelon juice was inoculated with 0.5 
mL, 1.0 mL and 2.0 mL of the Lactobacillus inoculum per liter of juice. All the treated juice samples were allowed to 
stand on the shelf at ambient temperature while analyses were carried out on daily basis until spoilage was observed. 
To prevent contamination, the treated juice were kept in 200 mL clean-sterile storage plastic bottles (10 bottles for each 
treatment concentration) and one bottle was collected for analysis each day such that there was no tampering of stored 
containers during the period. 

2.6. Shelf life studies 

The physicochemical properties of the processed juice were analyzed using standard methods of [20] to determine its 
baseline quality characteristics and attributes which covered some nutritional qualities and sensory evaluations. The 
following attributes were used for the different quality determination: pH, total titratable acidity (TTA), total solid and 
sensory evaluation. Microbial load was also conducted both on the freshly processed juice and the stored juice samples. 
All analyses were repeated daily, until spoilage was observed. 

2.7. Sensory quality profile 

Sensory quality was checked using standard Hedonic scale method with trained professionals. 

2.8. Statistical analyses 

All obtained data in this study were analysed using ANOVA. Descriptive statistics in form of means and standard 
deviation and Duncan post hoc were also used to assess the data. The analyses were done using SPSS 21 to determine 
the level of differences between the control, treated samples and the different treatments. 

3. Results

The Lactobacillus species isolated and identified using standard methods from the fermented maize (akamu) were 
Lactobacillus fermentum as L1 and Lactobacillus brevis as L2. Figure 1 to 7 showed results of the various treatments on 
the processed watermelon juice during storage. The pH of stored juice samples ranged from 3.8 ±0.33 - 5.5 ±0.04.  The 
pH of T0 increased significantly (p<0.05) as storage days progressed. The lowest pH of T0 was 5.2 ±0.55 at D0, while the 
highest pH value was 5.7 ±0.04 at D7. Unlike samples of T0, there was a significant decrease (p<0.05) on the pH values 
in the treated juice samples as the storage days progressed. The pH value of treated juice samples ranged from 3.3 ±0.29 
- 5.2 ±0.16. The lowest pH value of 3.3 ±0.33 was recorded at D7 of treated juice sample with L1T3. 
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  Figure 1.  Physicochemical parameters of T0 bio-preserved watermelon juice 

  Figure 2.  Physicochemical parameters of  L1T1 bio-preserved watermelon juice 

  Figure 3.  Physicochemical parameters of  L1T2  bio-preserved watermelon juice 
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 Figure 4.  Physicochemical parameters of  L1T3  bio-preserved watermelon  juice 

Total titratable acidity (%) of stored juice sample ranged from 0.06±0.52 - 1.66±0.18. The lowest total titratable acidity 
(TTA) value of 0.06±0.52 was recorded in D0 of T0 sample, while the highest TTA value of 1.66±0.18was recorded at 
D7of treated juice sample with L1T3. Total solid (TS %) value for stored juice samples ranged from 9.8±0.10 - 17.2±0.06. 
The lowest TS value of 9.8±0.10was recorded at D7 of treated juice sample with L1T3. Sugar content (oBrix) of the stored 
juice samples ranged from 3.8±0.33 - 8.0±0.44. The lowest Sugar value of 3.8±0.33was recorded at D7 of treated juice 
sample with L1T3. There was a decrease in total titratable acidity, total solid and sugar content of stored juice samples 
as storage days progressed. All values obtained during fermentation when compared were statistically significant 
(p<0.05). 

  Figure 5.  Physicochemical parameters of  L2T1 bio-preserved watermelon juice 

Figure 6.  Physicochemical parameters of  L2T2 bio-preserved watermelon  juice 
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Figure 7.  Physicochemical parameters of  L2T3  bio-preserved watermelon  juice 

Tables 1 and 2 showed the impact of treatment concentrations on the microbial counts of the stored juice samples. The 
bacterial load for the stored juice samples ranged from 1.8 x 105 ±0.08 CFU/mL - 5.9 x 105 ±0.45 CFU/mL, while fungal 
load for the stored juice samples ranged from 0.9 x 103 ±0.90 CFU/mL - 5.9 x 103 ±0.88 CFU/mL. The T0, L1T1 and L2T1 
had the peak bacterial load of 5.9 x 105 ±0.45 CFU/mL, 4.4 x105 ±0.32 CFU/mL and 4.6 x 105 ±0.61 CFU/mL respectively 
at D4 storage time, after which there was a progressive decrease as storage days progressed. Unlike bacterial counts, 
there were no sharp declines in fungal replication at D4 rather what was recorded was a progressive replication par 
storage days as evidenced in the result. The T0, L1T1 and L2T1 treatments recorded highest fungal load of 5.9 x 103 ±0.88 
CFU/mL, 5.2 x 103 ±0.03 CFU/mL and 5.3 x 103 ±0.07 CFU/mL respectively. The juice samples treated with L1T3 and L2T3 

had lowest bacterial load of 1.8 x 105 ±0.08 CFU/mL at D1/2.0 x 105 ±0.54 CFU/mL at D7  and 2.0 x 105 ±0.89 CFU/mL at 
D1/ 2.2 x 105 ±0.21 CFU/mL at D7 respectively. Also,  treated juice samples with L1T3 and L2T3 had lowest fungal load of 
0.9 x 103 ±0.90 CFU/mL at D1/2.0 x 103 ±0.02 CFU/mL at D7 and 1.0 x 103  ±0.23 CFU/mL at D1/ 2.3 x 103 ±0.06 CFU/mL 
at D7 respectively. Values obtained in this study with different treatments when compared at different days of 
fermentation were statistically significant (p<0.05). 

Table 1. Mean bacterial counts (CFU/mL) during storage 

 

Treatment 

Storage days 

D1 D2 D3 D4 D5 D6 D7 

T0 3.2 x 105 

±0.11f 

4.0 x 105 

±0.09e 

4.8 x 105 

±0.22g 

5.9 x 105 

±0.45g 

5.1 x 105 

±0.33g 

4.2 x 105 

±0.92f 

3.3 x 105 

±0.48f 

L1T1 2.5 x 105 

±0.66d 

2.9 x 105 

±0.76d 

3.4 x 105 

±0.84e 

4.4 x 105 

±0.32e 

4.1 x 105 

±0.15e 

3.5 x 105 

±0.19e 

3.0 x 105 

±0.08d 

L1T2 2.2 x 105 

±0.07c 

2.6 x 105 

±0.54c 

2.9 x 105 

±0.76c 

3.4 x 105 

±0.54c 

3.2 x 105 

±0.42c 

3.0 x 105 

±0.19c 

2.7 x 105 

±0.68c 

L1T3 1.8 x 105 

±0.08a 

2.0 x 105 

±0.12a 

2.4 x 105 

±0.67a 

2.6 x 105 

±0.46a 

2.5 x 105 

±0.55a 

2.3 x 105 

±0.98a 

2.0 x 105 

±0.5a 

L2T1 2.6 x 105 

±0.44de 

2.9 x 105 

±0.22d 

3.5 x 105 

±0.25ef 

4.6 x 105 

±0.61f 

4.2 x 105 

±0.26f 

3.5 x 105 

±0.41e 

3.1 x 105 

±0.15de 

L2T2 2.2 x 105 

±0.98c 

2.7 x105 

±0.33cd 

3.2 x 105 

±0.65d 

3.5 x 105 

±0.26cd 

3.4 x 105 

±0.45d 

3.2 x 105 

±0.76d 

3.1 x 105 

±0.38de 

L2T3 2.0 x 105 

±0.89b 

2.2 x 105 

±0.77b 

2.7 x 105 

±0.83b 

2.9 x 105 

±0.02b 

2.7 x 105 

±0.07b 

2.5 x 105 

±0.18b 

2.2 x 105 

±0.21b 

Legend:  D1 – Day 1,  D2 – Day 2, D3 – Day 3, D4 – Day 4, D5 – Day 5, D6 – Day 6, D7 – Day 7, L1 - Lactobacillusfermentum, L2 - Lactobacillusbrevis, T0 – 
Control; L1T1 – L.fermentum (0.5mL), L1T2 – L.fermentum (1.0mL), L1T3 – L.fermentum (2.0mL), L2T1 – L.brevis (0.5mL),  L2T2 – L.brevis (1.0mL),  L2T3 
– L.brevis (2.0mL). Values are given as mean ± SD. Within columns, values followed by the same alphabets are not significantly different but those 
followed by different alphabets are significantly different p≤0.05. 
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 Table 2.  Mean fungal counts (CFU/mL) during storage 

Treatment 

Storage days 

D1 D2 D3 D4 D5 D6 D7 

T0 3.5 x 103

±0.65e 

3.7 x 103

±0.15f 

4.2 x 103

±0.02f 

4.7 x 103

±0.32f 

5.0 x 103

±0.51e 

5.6 x 103

±0.44f 

5.9 x 103

±0.88g 

L1T1 2.9 x 103

±0.99d 

3.1 x 103

±0.87d 

3.4 x 103

±0.76e 

3.7 x 103

±0.54d 

4.3 x 103

±0.34d 

4.8 x 103

±0.08e 

5.2 x 103

±0.03e 

L1T2 2.1 x 103

±0.07c 

2.4 x 103

±0.19c 

2.7 x 103

±0.66c 

3.0 x 103

±0.22c 

3.4 x 103

±0.11c 

3.9 x 103

±0.05c 

4.3 x 103

±0.76c 

L1T3 0.9 x 103

±0.90a 

1.0 x 103

±0.34a 

1.2 x 103

±0.49a 

1.3 x 103

±0.58a 

1.5 x 103

±0.60a 

1.8 x 103

±0.06a 

2.0 x 103

±0.02a 

L2T1 2.9 x 103

±0.08d 

3.2 x 103

±0.10de 

3.4 x 103

±0.43e 

3.8 x 103

±0.55de 

4.3 x 103

±0.97d 

4.8 x 103

±0.56d 

5.3 x 103

±0.07ef 

L2T2 2.1 x 103

±0.08c 

2.4 x 103

±0.03c 

2.8 x 103

±0.05cd 

3.0 x 103

±0.41c 

3.4 x 103

±0.05c 

3.9 x 103

±0.31c 

4.4 x 103

±0.54cd 

L2T3 1.0 x 103

±0.23ab 

1.1.x 103

±0.45ab 

1.3 x 103

±0.88ab 

1.5 x 103

±0.09b 

1.8 x 103

±0.05b 

2.1 x 103

±0.16b 

2.3 x 103

±0.06b 

Legend:  D1 – Day 1,  D2 – Day 2, D3 – Day 3, D4 – Day 4, D5 – Day 5, D6 – Day 6, D7 – Day 7, L1 - Lactobacillusfermentum, L2 - Lactobacillusbrevis, T0 – 
Control; L1T1 – L.fermentum (0.5mL), L1T2 – L.fermentum (1.0mL), L1T3 – L.fermentum (2.0mL), L2T1 – L.brevis (0.5mL),  L2T2 – L.brevis (1.0mL),  L2T3 
– L.brevis (2.0mL). Values are given as mean ± SD. Within columns, values followed by the same alphabets are not significantly different but those 
followed by different alphabets are significantly different p≤0.05. 

Table 3 shows the mean scores of the sensory evaluation for all the juice samples, which was carried out on the fourth 
day (considered as the peak of the preservation). There were observable changes in the sensory parameters 
(appearance, flavour, taste and texture) of the stored juice and the changes increased with time and level of 
concentration. The treated juice sample of L1T3 had the best general acceptability score (8.5) followed by L2T3 (6.0). 
Values obtained were statistically significant when compared (p<0.05). 

     Table 3.  Mean scores of sensory evaluation of the watermelon juice on day 4 

Sample Appearance Flavour Taste Texture General acceptability 

T0  3.5 ±0.04d 1.3±0.45d NA NA 2.3±0.67f 

L1T1 3.4±0.22d 4.0±0.12b 1.5±0.29e 1.7±0.05c 3.4±0.30e 

L1T2 5.2±0.65ab 4.2±0.20ab 4.4±0.18c 4.2±0.18ab 4.1±0.45cd 

L1T3 5.5±0.09a 4.3±0.34a 5.3±0.45a 4.5±0.15a 8.5±0.36a 

L2T1 3.4±0.18a 1.1±0.08e 1.4±0.56e 1.4±0.22cd 3.2±0.08e 

L2T2 4.1±0.32c 3.9±0.33c 4.1±0.44cd 4.0±0.19ab 4.3±0.15c 

L2T3 5.1±0.30ab 4.2±0.40ab 5.2±0.34ab 4.1±0.67ab 6.0±0.40b 

Legend:  L1 – Lactobacillus fermentum, L2 – Lactobacillus brevis;  T0 – Control; L1T1 – L. fermentum (0.5mL); L1T2 – L. fermentum (1.0mL);  L1T3 – L. 
fermentum (2.0mL);  L2T1 – L. brevis (0.5mL);  L2T2 – L.brevis (1.0mL);  L2T3 – L.brevis (2.0mL); NA – Not applicable. Values are given as mean ± SD. 
Within columns, values followed by the same alphabets are not significantly different but those followed by different alphabets are significantly 
different p≤0.05. 

4. Discussion

The pH of untreated watermelon juice (T0) followed an increasing trend as the storage period advanced, while the 
acidity of untreated juice decreased as the storage period advanced. The decrease in the acidity of the untreated 
watermelon juice could be attributed to the non-treatment of the juice sample with LAB. In addition, high pH value of 
the control (untreated) samples could be due to the superficial development of molds which lead to the loss of 
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acidification and deaminase activities as also reported by [21;22]. The result obtained is in agreement with the reports 
of [23; 24]. 

The pH of treated juice samples significantly decreased as the day progressed (p<0.05).  The values of pH for the treated 
sample were lower compared to the control sample {T0). L1T3 sample had the lowest pH (3.3 ±0.33) followed by L2T3 
sample (3.8 ±0.19) at D7. Thus, storage period had a significant decreasing effect on the pH of the stored treated 
watermelon juices. A decline in pH during storage as observed may be due to accumulation of organic acids as confirmed 
by the strong acidifying activity of LAB [24]. The reduction in pH could be traced to action of citric acid and ascorbic 
acid on the sugar and protein component of the product. Production of lactic acid, organic acids and amino acids by the 
isolates also led to an increase in acidity and a decrease in pH. Lactose and proteins are converted into lactic acid and 
amino acids leading to increase in acidity and decrease in pH of beverages [25].The lower pH value of the juice certainly 
increases the storage stability of the stored product by impeding growth of undesirable microorganism including 
coliforms [26]. Food acids dictate the dominant microflora in foods and to a large extent will determine the shelf stability 
of the juice. The more acidic the juice, the less susceptible to bacterial action but the more susceptible  to  the  action  of  
yeasts  and moulds [27].Most bacteria will not grow at low pH [28] and hence improves the storage quality and shelf 
life of the stored watermelon juice. Lactic acid bacteria are known to produce antimicrobial substances mainly in the 
form of organic acids and other metabolites [29; 30]. The reduction in pH within the period of study is accepted because 
juice spoilage is mainly by yeast fermentation which is also evident in higher tendencies toward acidity, and this agrees 
with the report of [31]. The decreases in pH as recorded in the results obtained are in conformity with the findings of 
[32] in the experiment with whey-based orange beverage. [33] in LAB fermented cashew apple juice, [34] in cantaloupe 
juice,and [35] in the whey based watermelon beverage. [36] reported that conversion of sugar into organic acids during 
fermentation resulted in decreased pH in litchi juice fermented by Lactobacillus acidophilus, Lactobacillus plantarum 
and Lactobacillus rhamnosus 

The total titratable acidity of treated-stored watermelon juice samples was significantly (p<0.05) higher than that of 
untreated-stored watermelon juice sample (T0). The titratable acidity increased gradually with storage time in the 
treated watermelon juice samples. Hence, pH and acidity are two important factors that are co-related to each other. 
The changes in the titrable acidity during storage are affected by recipe and treatment combinations. The decrease in 
pH during the storage of the samples could also have contributed to high titratable acidity recorded in this study. The 
decrease in pH of stored watermelon juice samples could enhance the obtained acidity during storage. It was also 
observed that storage of watermelon juice samples led to the reduction of the pH and increase in titratable acidity of 
samples. The observed increase in titratable acidity and decrease in pH could be due to the dominance of the 
environment by lactic acid bacteria which degrades carbohydrates resulting in acidification; and accumulation of 
organic acids by strong acidifying activity of LAB [24]. These observations were in agreement with earlier studies by 
[37] who stated that the increase in titratable acidity of millet-soya bean blends and decrease in pH of millet–soya bean 
blends was as a result of the presence of lactic acid bacteria that degrades the carbohydrates. Also in agreement was the 
work of [24]. 

It was observed that the total solid (TS) contents of the stored watermelon juice samples decreased significantly 
(p<0.05) as the storage time increased. The decrease in TS could be due to the utilization of sugars by fermenting 
organisms during storage, leading to degradation of sugars. The result obtained in this study is in conformity with the 
reports of [38] when he studied microbiological and some sensory attributes of watermelon juice and watermelon-
orange juice mix. 

Sugar content of the stored watermelon juice samples also decreased significantly (p<0.05) as the storage time 
increased. The pH range of watermelons juice according to [28] is 5.2–5.6. This is an aciduric environment that 
supported the growth ability and activities of yeast and moulds and discouraged growth of the bacterial flora. This 
resulted in the evidenced fermentation activities during storage leading to reductions in total solids and sugar contents 
as storage time progressed. This reduced pH value among watermelon juice as reported by [28] is accepted because 
juice spoilage is mainly by yeast fermentation which is also evident in their tendencies towards acidity. The observed 
increase in titratable acidity and decrease in pH could be due to the dominance of the environment by lactic acid bacteria 
and yeast which degrades carbohydrates resulting in acidification. The results obtained in this study are in conformity 
with the reports of [37] and [38]. 

The effect of different treatment concentrations on the microbial counts of the watermelon juice samples showed that 
T0, L1T1 and L2T1  had highest bacterial loads at D4 before the progressive decrease. This showed that the D4 was the 
peak of fermentation for the stored juice. There was no decline in fungal counts at D4 as was recorded in the case of 
bacterial count. This was traced to the aciduric environment of watermelon juice samples as was reported by [28] which 
influenced the increase in titratable acidity and decrease in pH of the stored juice sample that made growth of bacterial 
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flora susceptible and supported growth activities of yeast and moulds. Hence, most juice spoilage microorganism are 
yeast and mold.  There is a clear correlation between treatment concentrations and microbial loads as the higher the 
treatment concentration, the lower the microbial load. This was evidently observed in the results obtained with L1T3 

and L2T3 samples of the stored watermelon juice as it recorded the least bacterial and fungal counts during storage. This 
had suggested that the higher the treatment concentration, the more effective the preservation of the stored juice. The 
decrease in the bacterial load could be due to the decrease in the pH of the juice as most bacteria do not grow at low pH, 
while that of fungi could be due to deposited antimicrobials. 

The sensory evaluation carried out on the fourth day, which was considered as the peak of the preservation had 
significant values (p<0.05). These observable changes in the sensory parameters (appearance, flavour, taste and 
texture) of the juice, increased with time. The changes in the sensory parameters were affected by the level of 
concentration. Sensory studies carried out to ascertain the treated watermelon juice with the best quality in sensory 
profile comprised a panel of 10 trained judges based on 9 point Hedonic scale.  The highest general acceptability score 
for all attributes was given to the juice sample L1T3 (8.5±0.36). 

5. Conclusion

The results of this study revealed that the concentration of bio-preservative (Lactobacillus species) affects the microbial 
load, nature, organoleptic and sensory properties of the juice during storage. This method had proved efficient in 
reducing microbial count and in retaining nutrient quality of the juice, since soluble solids and total sugar content were 
not affected significantly. The utilization of the bio-preserved juice should be encouraged and recommended to people 
with vitamin C deficiency because of its high content in vitamin C. Finally, bio-preservation of watermelon juice is 
important because of the seasonality of its fruit, which makes it scarce and abundant at different seasons. 
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