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Abstract 

Aims: Production of probiotic soursop juice and determination of properties of the juice samples 

for 3 weeks of storage at 4oC. 

Study Design: To determine the properties of soursop juice produced using Pediococcus 

pentosaceus LBF2 as starter culture. 

Place and Duration of Study: Department of Microbiology, University of Ibadan, Ibadan, Oyo 

state, Nigeria between July to December 2016. 

Methodology: Production of soursop juice using Pediococcus pentosaceus LBF2 as probiotic 

starter and determination of viability of the starter, physicochemical, nutritional and organoleptic 

properties of the samples kept at 4oC for 3 weeks was determined.  

Results: The probiotic strain was viable in the samples during storage (1.57×107cfu/ml – 

7.9×107cfu/ml) the highest viability (1.85×107cfu/ml) was recorded at 2 weeks of storage. The 

lactic acid content of the probioticated samples ranged from 1621.44 - 2450.176 mg/l during 

storage. There was a general reduction in the pH of the probioticated samples. The Total 

Soluble Solid of the Psop and Pcont samples ranged from 15 – 6.0 and 13.5 - 8.0.  

The samples were acceptable and strongly liked in terms of sensory attributes in the 1st and 2nd 

week of storage. The Pcont samples were extremely disliked in the 4th week of storage. The 

crude protein, crude fat, crude fiber of the samples ranged from 0.58b- 0.65a %, 0.04c – 0.07a % 

and 0.48c-1.91a %. The highest crude protein was recorded at week 2 and 3 of storage. There 

was a general reduction in the crude fat, crude fiber and carbohydrate content during storage.  

Conclusion: In conclusion the probioticated samples had a longer shelf-life, contain viable 

probiotic candidate, strongly acceptable with good nutritional composition which can confer a 

strong health beneficial effect on the consumer. 
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1. INTRODUCTION 11 

Probiotic foods are foods to which probiotics has been added and they are group of functional foods with 12 

growing market shares and large commercial interest [1]. Probiotics are live microorganisms which, when 13 

consumed in large quantities, confer health benefits [2] to the consumer and it represent over 65% of the 14 

functional food market [3]. Probiotics are active against colon infections, gastro intestinal disorders and in 15 

the maintenance of healthy gut microflora [4]. Enriching and making foods with probiotics would not only 16 

improve public health but also the diversity in food choices. Pediococcus are gram positive cocci, acid 17 

tolerant and possess a strictly fermentative metabolism with lactic acid as the major metabolic product [5, 18 

6]. Pediococcus pentosaceus can be isolated from a variety of plant materials and bacteria ripened 19 

cheese. 20 

Fruit juices could serve as a good medium for cultivating probiotics because they are rich in nutrients and 21 

do not contain starter cultures that compete for nutrients with probiotics [7]. Most of the tropical fruits are 22 

important source of antioxidants, vitamins, dietary fibres and minerals; and form a very healthy part of our 23 

diet [8]. They contain oxygen demanding ingredients such as ascorbic acid, thus promoting anaerobic 24 

conditions. Fruit juices contain high amounts of sugars which could encourage probiotic growth and they 25 

lack allergens, as in case of dairy products, that might cause allergy in certain segments of the population 26 

[9].   27 

Soursop, also known as guanabana (Annona muricata ), belong to the family Annonaceae and is an 28 

exotic, nutritive, pleasant, sub-acid, aromatic and juicy fruit [10 – 11]. Soursop fruits are good source of 29 

vitamins, dietary fiber and minerals and provide flavor, aroma and texture to the pleasures of eating food 30 

but also are claimed to have anticancer and antioxidant capabilities [12]. Soursop is commonly found in 31 

Southern part of Nigeria. They are mostly consumed fresh and as such can become a potential source of 32 

raw material for puree, juice, jam, jelly, powder fruits bars and flakes. As a result of the current trend of 33 

nutritious fast food, juice dehydration for use in instantaneous beverages has become an interesting 34 

alternative to artificial juices available in the market [13]. Sourpsop can be used as medicine [14] and as 35 

carrier for probiotics. 36 

The correlation between diet and health is increasing day by day therefore, healing an illness through 37 

particular food consumption to restore natural defense with fewer side effects than medicine is always 38 

appealing to all age groups [15]. Thus research and development on functional food components like 39 

probiotics, phytochemicals, and omega fatty acids is presently an important focus of the food industry 40 

[16].  In addition to very high-priced health care and medicines, the desire for better quality of life 41 

encourages novel functional foods consumption with multiple health benefits apart from basic nutrition 42 

[17].  43 

This research work aimed at production of sour sop juice using Pediococcus pentosaceus as probiotic 44 

starter and determination of the viability and physicochemical properties of the juice samples during 45 

storage. 46 
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 47 

2. MATERIALS AND METHODS 48 

2.1 Sample collection and laboratory preparation of soursop juice  49 

The fresh fully ripe soursop fruit was purchased from Ojo market in Ibadan, Oyo State Nigeria. The 50 

washed fruit samples were hand peeled, decored, deseeded and the pulp blended using an electric 51 

blender. Sterile water was added in the ratio of 1:2 (w/v, pulp/water) to facilitate the blending process. The 52 

pulp was filtered using a sterile muslin cloth. The juice was pasteurized using a pasteurizer at a 53 

temperature of 85oC for 30 minutes. After cooling, samples were stored at 4°C before they were used for 54 

further analysis.   55 

 56 

2.1.1 Culture collection and inoculums preparation 57 

Probiotic Pediococcus pentosaceus LBF2 was obtained from the culture collection of our previous work in 58 

the Department of Microbiology, University of Ibadan. The stock cultures were maintained on MRS agar 59 

and stored at 4 °C. 0.5 Mac Farland standard suspension with turbidity of 1.5×108cfu/ml [18] was used to 60 

standardize the inoculums. The seed culture was grown in a 250 ml flask containing 50 ml of sterile MRS 61 

broth. Cells were harvested by centrifugation (10,000g) for ten minutes and washed twice by sterile 0.1% 62 

peptone buffer [19]. The cultures were diluted with sterile distilled water and the optical density of 63 

bacterial suspension was measured using spectrophotometer at 625 nm. The optical density of bacterial 64 

suspension was compared with the optical density of 0.5 Mac Farland containing 1.5 x108 cfu/ml [18].  65 

Serial dilution was done to obtain dilution 107cfu/ml of the probiotic Pediococcus pentosaceus LBF2. 66 

 67 

2.2 Production of the probioticated soursop juice samples 68 

Probiotication of pasteurized juice samples was done by inoculating 100ml of the pasteurized soursop 69 

juice sample with 1% (v/v) equivalent to 10ml of the probiotic Pediococcus pentosaceus LBF2  starter (0.5 70 

Mac Farland standard containing 1.5 x108 cfu/ml). The inoculated samples were labeled Psop and the 71 

Un-inoculated juice samples (Pcont) serves as control. The samples were incubated at 37oC for 72 hrs 72 

and stored at 4oC for four weeks. Weekly analysis such as the lactic acid, pH, Total Soluble Solid, color 73 

and vitamin C was determined.  74 

 75 

Soursop 76 

↓ 77 

Washing 78 

↓ 79 

Peeling 80 

↓ 81 

Cutting 82 
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↓ 83 

Deseeding 84 

↓ 85 

Extraction of soursop juice 86 

↓ 87 

Pasteurization 88 

↓ 89 

Probiotication of pasteurized soursop juice 90 

↓ 91 

Fermentation (72h) 92 

↓ 93 

Storage at 40C 94 

↓ 95 

Weekly analysis of the stored probiotic soursop juice samples 96 

 Fig. 1:  Flow diagram for the preparation of probioticated soursop juice. 97 

 98 

2.3 Determination of the viability of the probiotic strain inside the stored soursop juice samples   99 

The viability of the Pediococcus pentosaceus LBF2 in the Psop and Pcont soursop juice samples was 100 

determined using a pour plate technique [20]. The samples were pour plated at weekly intervals. 1ml of 101 

the sample was inoculated on MRS agar plates and incubated at 37oC for 48hrs. Distinct colonies were 102 

counting and the numbers were multiply by the reciprocal of the dilution factor and expressed as colony 103 

forming the unit (CFU).  104 

 105 

2.4 Quantitative estimation of lactic acid, pH, colour and Total soluble solid of the stored samples 106 

The production of lactic acid by Pediococcus pentosaceus LBF2 inside the stored samples was 107 

determined by titrating 10ml of the homogenized sample against 0.25mol l-1 NaOH using 1 ml of 108 

phenolphthalein indicator (0.5 % in 50% alcohol).  Each milliliter of 1 N NaOH is equivalent to 90.08mg of 109 

lactic acid [21].  110 

  111 

The pH of the probioticated soursop juice samples stored at 4oC for 1- 4 weeks was determined using a 112 

pH meter (Titumum U9N model).  113 

 114 

Colour assessment of the probioticated soursop juice sample stored at 4oC for 1- 4 weeks was done by 115 

using the colour meter. The colour parameters (Hunter L*, a*, and b* value) were determined for each 116 

sample using a spectrophotometer – colorimeter (CM-2500D Minolta, Japan) according to the method of 117 

Maskan [22].  118 
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Total soluble solids (TSS) of the stored probioticated soursop juice samples weeks were determined 119 

using a hand refractometer (Erma, Japan) in terms of °Bx (°Brix) [22].  120 

 121 

2.5 Sensory evaluation of stored probioticated soursop juice samples   122 

Coded samples of the probioticated soursop juice samples were served to 10 trained panelists. The 123 

panelist was asked to rate the sample based on taste, aroma, colour and appearance. Triplicate 124 

determinations were made per sample. The ratings were presented on a 7 point hedonic scale ranging 125 

from 1 - extremely like, 7 - extremely dislike. Results obtained were subjected to analysis of variance 126 

using one-way ANOVA, the difference between means was separated using Duncan’s Multiple Ranged 127 

Test [23]. 128 

 129 

2.6 Determination of Proximate composition of the soursop juice samples 130 

 The proximate composition (Crude protein, crude fat, crude fiber, ash and carbohydrate content) of the 131 

stored probioticated juice samples was determined [24]. 132 

 133 

3. RESULTS AND DISCUSSION 134 

The step involved in the production of probioticated juice samples is shown in Figure 1. The properties of 135 

the probioticated soursop juice stored at different time interval was evaluated.  136 

Viability of probiotic Pediococcus pentosaceus LBF2 in the soursop juice sample is shown in Figure 2. 137 

The probiotic strain was viable in the samples during 4 weeks of storage. The viability ranged from 138 

7.9×105 – 1.85x107cfu/ml and the highest viability was recorded at 2 weeks of storage.  139 

 140 

 141 

Fig.  2. Viability of probiotic Pediococcus pentosaceus LBF2 in soursop juice sample  142 

 143 

The viable cell counts of the Pediococcus pentosaceus LBF2 in the soursop juice were higher than106 144 

CFU/ml after 4 weeks of cold storage at 4oC. It was observed that Pediococcus pentosaceus LBF2 had 145 

the high growth during fermentation and the maximum viable cell counts during 2nd week of cold storage. 146 

High cell viability recorded in this work support the findings of Anita et al., [25] that higher viable cell 147 
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numbers are obtained during immobilized cell fermentation than during free cell fermentation. However, it 148 

is important to have a significant number of viable LAB in the product for maximum health benefits [26].  149 

Reduction in population during the 3rd and 4th weeks of cold storage at 4⁰C may be attributed to pH 150 

reduction in the fermentation medium, accumulation of organic acid as a consequent of bacteria growth 151 

and fermentation [9]. This observation is in agreement with the report of Yanez et al., [27] who reported 152 

that some conditions such as increased acidity resulting from the fermentation process can reduce the 153 

survival and viability of probiotic bacteria 154 

Consequently, fermented soursop juice could be considered as a probiotic beverage without any nutrient 155 

supplementation. This observation is in support of the report of Anita et al., [25] on probiotication of fruit 156 

juices by Lactobacillus acidophilus. 157 

The viability and activity of probiotic bacteria during preparation and storage is very important for their 158 

industrial preparation. Shah [28] reported that the viability of probiotic organisms is dependent on many 159 

factors, such as the level of oxygen in products, oxygen permeation of the package, fermentation time 160 

and storage temperature.  161 

 162 

3.2 Lactic acid production, pH and Total Soluble Solid (TSS) of the probioticated Soursop juice 163 

The lactic acid content in the Psop and Pcont juice samples is shown in Figure 3. It ranged from 648.576 164 

– 1460.197 mg/l and 1621.44 – 2450.176 mg/l for Pcont and Psop samples. Reduction in lactic acid was 165 

observed in the Pcont juice samples during storage. The lowest was recorded at 4th week of storage. An 166 

increase in lactic acid was observed in the Psop juice sample during storage. The highest lactic acid was 167 

produced in the 2nd and 3rd week of storage. 168 

The pH of the Psop and Pcont soursop juice samples is shown in Figure 4. There was variation in the pH 169 

of the Psop juice samples. The pH ranged from 2.7 - 3.84 and 4.2 – 4.32.  The lowest pH was obtained in 170 

the 3rd week of storage and there was no reduction in the pH of the Pcont juice sample during the storage 171 

time. Variation in pH may be due to metabolic activities in the fermentation medium which may lead to the 172 

breaking down of the fruit sugar to produce organic acids. 173 

The TSS of the Psop and Pcont juice samples is shown in Figure 5. It ranged from 6.0 – 15.0 and 8.0 – 174 

13.5, the least was recorded at week 4 of storage. There was a general reduction in the TSS of the 175 

samples during storage. There were significant differences (P≤ 0.05) in the TSS of the Psop samples 176 

while there was no significant difference (P≤ 0.05) in the TSS of the Pcont juice samples. 177 

 178 
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 179 

Fig. 3. Lactic acid content of the soursop juice samples 180 

 181 

 182 

 183 

Fig. 4. pH of the soursop juice samples 184 

 185 

Fig. 5. Total Soluble Solid (TSS) of the soursop juice samples  186 

 187 

Decrease in pH in the beginning of fermentation is of great importance for the quality of the end product 188 

[29]. Increase in acidity during probiotication minimizes the influence of spoilage bacteria. The results of 189 

this study showed that, the growth of Pediococcus pentosaceus LBF2 in soursop juice lead to pH 190 
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reduction and increase in lactic acid. The main reason of this case has been attributed to the sugars 191 

consumption and production of organic acid by lactic acid cultures [30]. 192 

 193 

The physicochemical properties of probioticated fruit juices were studied at different storage intervals 194 

(weeks). The fruit juice mostly contains high concentration of acids with good organoleptic properties. 195 

These are also a good source of antioxidants, vitamins and minerals. Fruits in the form of fresh fruit juices 196 

are included in regular diet. Fruits and fruit juice based drinks are important components of  human diet, 197 

people choose fruit juices as a drink for many reasons, including relieving thirst, refreshment and nutrition 198 

benefit [9]. The reduction in the carbohydrate may be due to utilization of the same for the growth of the 199 

bacteria. Decrease in TSS at the end of the fermentation and storage was due to the consumption of 200 

sugar in the probioticated soursop juices [31]. At the end of the fourth week of storage of the Soursop 201 

juice at 4oC the TSS was almost exhausted. The result obtained in this study is in support of the report of 202 

kumar et al., [32] who analyzed the physicochemical analysis of fresh and probioticated fruit juices with 203 

Lactobacillus casei. 204 

 205 

3.2.1 Colour assessment of the Soursop juice samples  206 

The colour assessment of the juice samples is shown in Figure 6. There were no significant differences 207 

(P≤ 0.05) in the colour of the Psop samples across the four weeks of storage. The colour of the Psop and 208 

Pcont samples ranged from 75.97 – 79.22 and 56.44 – 78.25. However there was significant (P≤ 0.05) 209 

difference in the colour of the Pcont samples with the lowest colour value obtained at 4th week of storage. 210 

 211 

 212 

Fig.6. Colour assessment of the Pcont and Psop of the soursop juice samples  213 

 214 

3.3 Sensory evaluation of the probioticated and unprobioticated soursop juice sample at different 215 

weeks of storage 216 
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 The sensory evaluation of the Psop and Pcont soursop juice samples is shown in Table 1. The samples 217 

were acceptable and strongly liked in terms of sensory parameters in the 1st and 2nd week of storage. The 218 

Pcont samples were extremely disliked in the 4th week of storage. 219 

 220 

Table 1. Sensory evaluation of the soursop juice samples stored for 4 weeks 221 

  Storage time (weeks)   

  Psop Pcont  

Tasters Parameters  Wk1 Wk2 Wk3 Wk4 Wk1 Wk2 Wk3 Wk4 

1.  Taste 2.0a 2.0a 3.0b 3.0b 2.0a 3.0b 6.0b 7.0a 

2.  Aroma 2.0a 2.0a 3.0b 3.0b 2.0a 4.0a 6.0b 7.0a 

3.  Colour 2.0a 2.0a 3.0b 3.0b 2.0a 4.0a 6.0b 7.0a 

4.  Appearance 2.0a 2.0a 3.0b 3.0b 2.0a 4.0a 6.0b 7.0a 

5.  Pcontrol 2.0a 2.0a 7.0a 7.0a 2.0a 4.0a 7.0a 7.0a 

Scoring system: 1- Extremely liked 2= Strongly like 3= Liked 4= Moderately liked 5=Dislike 6=Strongly 222 

disliked 7=Extremely disliked  223 

 224 

The Psop samples did not show sensory differences for the 1st two weeks of storage. But after the second 225 

week, difference was perceived in color, aroma, taste and appearance. According to a consensus made 226 

with the panelists during sensory evaluation, it was determined that the main description that 227 

characterized the product were acidity and sweetness, with acidity being the attribute responsible for the 228 

sensory difference perceived by the panelists. This is in support of the work of Srivastava et al., [31] who 229 

developed a fermented whey and pineapple beverage using a mixed culture of Lactobacillus acidophilus 230 

and Streptococcus thermophilus. LAB play an important role in food fermentation as the products 231 

obtained are characterized by hygienic safety, storage stability and attractive sensory properties. The 232 

preservative action of starter strains in food and beverage systems is attributed to the combined action of 233 

the range of antimicrobial metabolites produced during fermentation process [33 -34]. 234 

The study of Hu et al. [35] showed that Pediococcus pentosaceus produced antioxidant effects on 235 

unsaturated fatty acids. The addition of competitive starter cultures to begin the fermentation process and 236 

for probiotication may be an effective method of inhibiting or controlling the growth of spoilage organisms, 237 

food-borne pathogens and preventing the formation of undesirable end-products.  238 

 239 

3.4 Proximate evaluation of the Psop and Pcont soursop juice samples 240 

Table 2 shows proximate evaluation of the Psop and Pcont soursop juice samples. The crude protein, 241 

crude fat, crude fiber content ranged from 0.58b – 0.65a%, 0.04c – 0.07a and 0.48c – 1.91a% for the Psop 242 

juice samples and 0.16a-0.60b, 0.09a- 0.08b, 1.96a-0.93c  for Pcont juice samples. The highest crude 243 

protein was recorded at week 2 and 3 of storage for Psop juice samples. There was a general reduction 244 
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in the crude fat, crude fiber and carbohydrate content of the probioticated samples during storage. 245 

 246 

Table 2. Proximate evaluation of Psop and Pcont juice samples stored at different time interval 247 

(weeks) 248 

 249 

Proximate 

parameters (%) 

                                      Storage time (weeks)  

   Psop Pcont  

1 2 3 1 2 3 

Moisture 91.89c 98.49b 98.85a 90.89c 91.49b 93.85a 

Crude protein 0.58b 0.65a 0.65a 0.60b 0.61a 0.60b 

Crude fat 0.07a 0.05b 0.04c 0.09a 0.08b 0.08b 

Crude fibre 1.91a 0.77b 0.48c 1.96a 0.95b 0.93c 

Ash 0.51a 0.41b 0.32c 0.87a 0.86b 0.86b 

CHO 8.95a 7.40b 6.66c 10.95a 9.95b 9.06c 

Means with the same alphabets across the row are not significantly different from each other at 5% level 250 

of probability k KEY 1-4= weeks CHO= Carbohydrate 251 

 252 

The average moisture content of the fruit was 98.89a% and 98.85a% in the first and third week 253 

respectively but lower than the level of 82.8% reported by Waston and Preedy [36] and 81% reported by 254 

Onimawo, [37] for soursop fruits from Nigeria. 255 

 256 

The soursop fruits juice had an average ash content of 0.51a and 0.41b in the first and third week of 257 

storage. This result is in contrary to the report of Morton [38] who worked on Soursop, the fruits of the 258 

warm climate. 259 

The average fat content in soursop juice obtained in this study was 0.07a% this value is lower than the 260 

value of 0.22% for mango juice as reported by Othman and Mbogo [39]. The low level of fat in the fruits 261 

juice means that these fruits juice are not good source of energy and are recommended for loss or 262 

maintaining of weight, supply of nutrients and lowering of blood pressure [40]. 263 

 264 

4. CONCLUSION 265 

In conclusion the probiotic soursop juice samples contain appreciable quantity of probiotic Pediococcus 266 

pentosaceus LBF2. The probiotic culture was viable during storage and contains appreciable level of 267 

lactic acid, low pH value and good colour. The juice samples had good nutritional composition and were 268 

strongly accepted.  269 

 270 

 271 
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