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Introduction 
 

Food industry has high expectations with 

food products that meet the consumers’ 

demand for a healthy life style. In this 

concern, ‘probiotic foods’ play a significant 

role. Probiotics are defined as live micro-

organisms, which when administered in 

adequate amounts confer a health benefit on  

 

 

 

 

 

 

 

 

 

 

 

 

the host (FAO/WHO, 2001). The health 

benefits include boosting the immune 

system, reducing rotavirus diarrhoea, 

alleviating symptoms of lactose intolerance, 

decreasing faecal bacterial enzyme activity 

and mutagenicity, preventing the recurrence 

of superficial bladder cancer and atopic 
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The aim of present work is to investigate the microbial, physico-chemical and color 

attributes of probiotic pomegranate beverage kept at room temperature (20
o
C) and 

refrigeration temperature (4
o
C) during 28 days of storage. The microbial analysis was 

carried out by standard plate count method. The physico-chemical properties were 

determined using their standard procedure and color was estimated using Color HunterLab. 

The viability of probiotic cultures was lost completely in beverage stored at 20
o
C but it was 

2.5x10
7 

CFU/mL at 4
o
C. Yeast and mold count was 1.9x10

8 
CFU/mL in former beverage at 

the end, while no traces were found in latter. No coli-form colonies were detected in both 

cases. Regarding chemical properties, TSS, titratable acidity, pH, glucose, fructose, total 

sugars, reducing sugars, non-reducing sugars, ascorbic acid, phenol and tannin content for 

beverage stored at 20
o
C was 7.6

o
Bx, 1.17%, 3.263, 52 g/L, 58.46 g/L, 10.53%, 10.41%, 

0.12%, 7.29 mg/100mg, 202.32 mg/100g and 0.091%, respectively during first week of 

storage while for other beverage, values were 12.2
o
Bx, 0.987%, 3.281, 55.47 g/L, 59.64 

g/L, 10.07%, 9.93%, 0.14%, 7.32 mg/100g, 202.71 mg/100g and 0.094%, respectively for 

4
th

 week. Further, L* and a* value and h
o
 decreased while b* and c* value increased during 

storage which was higher for room temperature stored beverage indicating the immense 

yellow intensity in beverage. Hence, it can be concluded that refrigerated probiotic 

beverage was found to be more stable regarding microbial, physico-chemical and color 

attributes during storage whereas beverage kept at room temperature could be 

microbiologically safe for one week. 
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diseases (Kalliomaki et al., 2001). For 

receiving health benefits, the viable cell 

count of probiotics should be 10
7
-10

9 

CFU/ml in the product (Shah, 2001). 

 

Fruit juices and beverages are considered as 

ideal in the issues of lactose intolerance, 

vegan lifestyles and the demand for low-fat 

and low-cholesterol (Ranadheera et al., 

2010). Pomegranate juice, in addition to 

being delicious and refreshing, possesses 

many health benefits as it is rich in 

polyphenols such as gallic acid, 

protocatechuic acid, chlorogenic acid, 

caffeic acid, ferulic acid, o-and p-coumaric 

acids, catechin and quercetin as well as 

enzymes, proteins, pectins and anthocyanins 

(Du et al., 1975).  

 

Numerous studies have been conducted to 

demonstrate the potential of growth of 

probiotic strains in fruit juices like tomato, 

beet and cabbage juices and showed that all 

the strains are capable of growth in the fruit 

juices mentioned (Yoon et al., 2004, 2005, 

2006). In the case of probiotic products, 

storage temperature has substantial impact 

on maintaining product integrity. Generally 

probiotic based products must be kept under 

refrigerated storage (Mohammadi and 

Mortazavian, 2011). However, probiotic 

product might be subjected to cold chain 

interruption for hours/days during industrial 

distribution, retailing and domestic usage. 

This leads to the question whether probiotic 

bacteria declines during ambient storage to 

such an extent that there are not enough 

bacteria remaining in the product to be 

useful. And whether there is desired level of 

chemical attributes in product. The answer 

of this question for fruit based probiotic 

product was not found in literature. 

 

Hence, the aim of present study was to 

compare the viability of cultures in probiotic 

pomegranate beverage stored at ambient 

(20
o
C) and refrigeration (4

o
C) temperature 

and to evaluate the consumption of various 

substrates in beverage thus observing the 

metabolism of probiotic cultures to examine 

the possibility of producing a probiotic 

pomegranate beverage with improved health 

benefits. 

 

Materials and Methods 

 

Preparation of pomegranate juice 

 

Freshly harvested pomegranate fruits (cv. 

Bhagwa) were procured from local market 

of Parbhani (Maharashtra) India. 

Pomegranate juice was prepared by blending 

the juicy arils in the domestic mixer. Its total 

soluble solids was fixed to 13
o
Bx and stored 

at 4
o
C before use. 

 

Probiotic strains and culture 

 

Lactobacillus isolates, Lactobacillus 

bulgaricus and L. plantarum, were isolated 

and identified using phenotypic and 

genotypic methods in Department of Food 

and Industrial Microbiology, College of 

Food Technology, VNMKV, Parbhani and 

Department of Microbiology, Shivaji 

College, Parbhani (India) along with 

Agharkar Research Institute, Pune (India). 

 

L. plantarum and L. bulgaricus was 

cultivated separately in the MRS broth for 

24 h at 37
o
C. To obtain the biomass, 10 mL 

of the separately cultivated MRS broths 

were mixed in equal proportion (1:1) and 

centrifuged at 4000 rpm for 10 min. The 

obtained biomass was washed and thus, 

inoculum was prepared (Mousavi et al., 

2010). It was then introduced into 

pasteurized pomegranate juice (100 mL) for 

making 10% concentration of probiotics. 

The inoculated juice was then incubated at 

37
o
C for 24 h and was treated as starter 

culture for preparation of final beverage. 
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Preparation of probiotic pomegranate 

beverage 

 

Above prepared starter culture (10 mL) was 

then added to the pasteurized pomegranate 

juice (100 mL) to obtain 10% inoculation. It 

was allowed to ferment at 37
o
C for 7 h. 

After this, it was kept at ambient (20
o
C, 

sample A) and refrigeration temperature 

(4
o
C, sample B) for 4 weeks packed in glass 

bottles. The microbiological and chemical 

properties were assessed on the 0, 7, 14, 21 

and 28 days of ambient and refrigerated 

storage. 

 

Microbial analysis of probiotic 

pomegranate beverage 

 

The viable count of mixed culture was 

determined by the standard plate count 

method using Man-Rogosa-Sharpe agar 

(MRS agar) on the 0, 7, 14, 21 and 28 days 

and the results were expressed as CFU ml
-1

 

beverage.  

 

The yeast and mold count of beverage was 

determined using potato dextrose agar 

medium. The coli-form and basically E. coli 

are the indicator microbes of water 

contamination by feces. The coli-form gives 

red pink color colonies on the MacConkey 

agar. Plates were incubated at 37
o
C for 48-

72 hours (Chris, 2006). 

 

Chemical analysis of probiotic 

pomegranate beverage during storage 

 

Total soluble solids (T.S.S.), Titratable 

acidity and pH 

 

Total soluble solids were measured using 

hand refractometer (ERMA make). 

Titratable acidity, expressed as per cent 

lactic acid, was determined by titration 

against 0.1N NaOH using phenolphthalein 

as an end point indicator. The pH value was 

obtained by using a digital pH meter 

(ELICO LI612) after standardizing it with 

buffers of pH 4.0 and 9.0 (Ranganna, 1991). 

 

Glucose and fructose 

 

The glucose and fructose content were 

determined in beverage by phenol sulfuric 

acid method (Nielsen, 2010). 

 

Total Sugars, Reducing Sugars and Non-

reducing sugars 

 

Total carbohydrate/sugars was estimated by 

standard procedure using phenol sulphuric 

acid (Nielsen, 2010).  

 

The amount of reducing sugar of beverage 

was calculated by Nelson – Somogyi 

method (Syed et al., 2007) and non-reducing 

sugars was obtained by subtracting reducing 

sugars from total sugars. 

 

Ascorbic acid (vitamin C)  

 

Ascorbic acid contents of samples were 

determined according to the titration method 

using 2, 6-dichlorophenol indophenols 

(Ranganna, 1991). 

 

Total phenolic content  

 

The concentration of phenolic compounds 

was determined by the Folin-Ciocalteu 

colorimetric method (Singleton and Rossi, 

1965) where 5g of sample was homogenized 

in 25 mL of 50% (v/v) ethanol/water 

solution. The sample (100 L) was mixed 

with 5 mL of the 0.2N Folin-Ciocalteu 

reagent and 4 mL of 7.5% sodium 

carbonate. The mixture was kept for 2 h at 

room temperature in the dark before the 

absorbance was measured at 765 nm 

spectrophotometrically. The total phenolic 

content was expressed as mg gallic acid 

equivalents (mg GAE/100 mL). 
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Tannin content  

 

Total tannin content of sample was 

measured by Folin Denis method (Saxena et 

al., 2013) which is based on the 

measurement of blue color formed by the 

reduction of phosphotungstomolybdic acid 

by tannin like compounds in alkaline 

solution.  

 

Color 

 

Color HunterLab L*a*b* (Hunterlab 

ColorFlex EZ) was calibrated using a white 

and black standard ceramic tile. The 

parameter a* takes positive values for 

reddish colours and negative values for the 

greenish ones, whereas b* takes positive 

values for yellowish colours and negative 

values for the bluish ones.  

 

L* is an approximate measurement of 

luminosity. Chroma (c*) is considered as the 

quantitative attribute of colourfulness. Hue 

angle (h*) defines the difference of a certain 

colour with reference to grey colour with the 

same lightness (Weaver and Daniel, 2005). 

Numerical values of L*, a* and b* were 

converted into ΔE (total colour difference) 

according to Eq. (1).  

 

ΔE = [(ΔL)
2
 + (Δa)

2
 + (Δb)

2
]
1/2

 (1) 

 

Statistical analysis 

 

All experiments were run in triplicate. 

Analysis of variance was calculated using 

standard ANOVA procedure. The data 

obtained for various treatments was 

recorded and statistically analyzed by 

factorial complete randomized design 

(FCRD) to find out the level of significance 

as per the method proposed by Panse and 

Sukhatme (1957). The analysis of variance 

revealed at significance at P< 0.05 level. 

The standard error (SE) and critical 

difference (CD) at 5 % level were 

mentioned where required. 

 

Results and Discussion 

 

Effect of storage on viability of probiotics 

 

The changes in the viability of probiotic 

microorganisms during the storage are 

tabulated in Table 1. It is observed that the 

probiotic cultures were capable of surviving 

in the product at 4
o
C for 28 days. The initial 

microbial population was same (6.5 x10
9
 

CFU/mL) in both samples just after 

fermentation. Over the storage period, viable 

count reduced in both cases. However, 

reduction was very sharp for sample A 

stored at ambient temperature. At the end of 

28 days, the microbial count reduced to 2.5 

x10
7
 CFU/mL for sample B and no viability 

was detected in sample A stored at room 

temperature (20
o
C). This may be due to the 

extremely high metabolic activity of 

microbes at room temperature leading to 

accumulation of large quantity of lactic acid 

and other metabolic products. L. delbrueckii 

ssp. bulgaricus produces a large amount of 

acid (sharp acidification), hydrogen 

peroxide and possibly bacteriocins resulting 

in the suppression of probiotic 

microorganisms (Sarvari et al., 2014).  

 

Temperature increases the mortality effect 

of organic acids and is most critical factor 

on the viability of probiotics. The cell wall 

of lactic acid bacteria consists of saturated, 

unsaturated and cyclic carbon chains, which 

will vary depending on parameters like 

temperature, pH, NaCl concentration and 

medium content. Linoleic and oleic 

synthesis will occur at acidic situations. 

These acids will absorb hydrogen in an 

acidic environment increasing the 

permeability of proton in membranes, and 

therefore, leading to viability increase when 

confronted with hostile conditions 
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throughout acidic situation during storage at 

refrigeration temperature (Sheehan et al., 

2007). 

 

The results obtained for room temperature 

viability of microbes can be explained with 

those found by Ferdousi et al., (2013) who 

said that considerable loss in viability of 

probiotics in room temperature could be 

attributed to increasing cell metabolism and 

death at higher temperatures as compared to 

refrigerated storage. 

 

In the present investigation, the microbial 

count was detected higher than 10
6
 CFU/mL 

for sample B. The present results for sample 

B were better than those obtained by 

Mousavi et al., (2010) for probiotic 

pomegranate juice. High survival rates of L. 

casei in non-dairy fermented products stored 

refrigerated was reported by Pereira et al., 

(2011) who studied L. casei fermentation 

and survival in cashew apple juice.  

 

Effect of storage on microbiological 

properties of probiotic beverage 

 

The yeast and mold count and coli-form 

count were detected in both the samples 

over the storage period and presented in 

Table 2. In the present work, yeast and mold 

count was observed in the sample A stored 

at room temperature and in probiotics based 

products; the growth of microbes other than 

the added culture is considered to be 

undesirable. During the second week, the 

probiotic culture count reduced significantly 

due to the stressful conditions of low pH in 

sample A due to lactic acid accumulation.  

 

This low pH environment is best suited for 

the growth of yeasts and mold. The count 

observed was 8.5x10
2
 CFU/mL for sample 

A at the end of 14
th

 day and it further 

increased upto 1.9x10
8
 CFU/mL. On the 

other hand, there was no yeast/mold 

colonies detected in sample B. This may be 

due to low temperature of storage and thus 

less metabolic activity. 

 

On the other hand, no colony of coli-form 

bacteria was detected in both the samples 

over the entire storage period showing the 

hygienic conditions of processing of product 

because the water used for analysis work 

was double distilled. 

 

Effect of storage on chemical properties 

of probiotic beverage 

 

Total soluble solids, Titratable acidity 

and pH 

 

It can be observed from Table 3 that 

initially, the probiotic pomegranate beverage 

had 13 
o
Bx total soluble solids (TSS). 

During the storage period, the value of total 

soluble solids of sample B dropped from 13 

to 12.2
 o
Bx, while this drop was significantly 

higher in case of sample A where TSS 

reduced to 7.6 
o
Bx from 13

 o
Bx within 7 

days. For next days of storage period, the 

sample A was not considered because it was 

not safe for consumption due to yeast and 

mold growth at ambient temperature. The 

decrease of TSS was significantly lower in 

sample B than sample A due to higher 

temperature of storage resulting in high 

metabolic activity in case of sample A. 

 

Regarding the titratable acidity and pH, they 

showed reverse relation respective to each 

other. The titratable acidity expressed in 

lactic acid significantly increased over the 

storage period while pH lowered. After 

incubation, 0.54 percent titratable acidity 

was found in the probiotic pomegranate 

beverage. It increased significantly to 1.17 

per cent of lactic acid within 7 days. On the 

other hand, increase in acidity was slightly 

less rapid in sample B stored at refrigeration 

temperature. 
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Table.1 Effect of storage during 4 weeks on viability of probiotic cultures in probiotic 

pomegranate beverage 

 

S. 

No. 
Samples 

Storage Period 

0 Day 7 Days 14 Days 21 Days 28 Days 

1 A 6.5 x10
9
 2.3 x10

7
 5.3 x10

4
 1.2 x10

1
 ND 

2 B 6.5 x10
9
 1.4 x10

9
 5.3 x10

8
 9.3x10

7
 2.5 x10

7
 

 ANOVA 

   F-value SE± CD at 5 % 

 T 282 0.0791 0.2331 

  D 352.37 0.1251 0.3686 

 T x D 219.77 0.1770 0.5213 
Each value is an average of three determinations  

ND - not detected; T- Treatment; D – Storage days 

 

Table.2 Microbiological analysis of probiotic pomegranate beverage during storage period 

 

S. 

No. 
Samples 

Yeast and mold count (CFU/mL) Coli-form count (MPN/mL) 

Storage Period (Days) Storage Period (Days) 

0 7 14 21 28 0 7 14 21 28 

1 A ND ND 8.5x10
2
 3.2x10

6
 1.9x10

8
 ND ND ND ND ND 

2 B ND ND ND ND ND ND ND ND ND ND 

 ANOVA 

  F-value SE± CD at 5 % F-value SE±  CD at 5 % 

 T 728.39 0.0770 0.2268 - - - 

 D 210.13 0.1217 0.3587 - - - 

 T x D 210.13 0.1722 0.5073 - - - 
Each value is an average of three determinations  

ND – Not detected; T- Treatment; D – Storage days 

 

Table.3 Effect of storage during 4 weeks on TSS, titratable acidity and pH in probiotic 

pomegranate beverage 
 

S. 

No. 
Samples 

Total soluble solids  

(
o
Bx) 

Titratable Acidity  

(% lactic acid) 
pH 

Storage Period (Days) Storage Period (Days) Storage Period (Days) 

0 7 14 21 28 0 7 14 21 28 0 7 14 21 28 

1 A 13 7.6 NA NA NA 0.54 1.17 NA NA NA 3.512 3.263 NA NA NA 

2 B 13 12.7 12.5 12.4 12.2 0.54 0.653 0.704 0.813 0.987 3.512 3.494 3.467 3.353 3.281 

 ANOVA 

  F-value SE± CD at 5 % F-value SE± CD at 5 % F-value SE± CD at 5 % 

 T 177,641.657 0.014 0.042 1858.8  0.0065 0.0191 54280 0.0006 0.0018 

 D 19,430.129 0.022 0.067 455.13 0.0103 0.0303 95031 0.0009 0.0029 

 TxD 16,046.521 0.032 0.094 946.57 0.0145 0.0429 80918 0.0041 0.0041 
Each value is an average of three determinations  

NA – Not Applicable because product is not safe for consumption 

T- Treatment; D – Storage days 
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Table.4 Effect of storage during 4 weeks on glucose and fructose profile in probiotic 

pomegranate beverage 

 

Each value is an average of three determinations  

NA – Not Applicable because product is not safe for consumption 

T- Treatment; D – Storage days 

 

Table.5 Effect of storage during 4 weeks on sugars profile in probiotic pomegranate beverage 

 

Each value is an average of three determinations  

NA – Not Applicable because product is not safe for consumption  

T- Treatment; D – Storage days 

 

Table.6 Effect of storage during 4 weeks on profile of ascorbic acid, total phenol and tannin 

content in probiotic pomegranate beverage 

 

S. 

No. 

Sample

s 

Ascorbic acid (mg/100g) Total phenolic content (mg/100g) Tannin content (per cent) 

Storage Period (Days) Storage Period (Days) Storage Period (Days) 

0 7 14 21 28 0 7 14 21 28 0 7 14 21 28 

1 A 9.53 7.29 NA NA NA 206.64 202.32 NA NA NA 0.114 0.091 NA NA NA 

2 B 9.53 8.64 8.27 7.8 7.32 206.64 205.32 204.57 203.28 202.71 0.114 0.108 0.103 0.099 0.094 

 ANOVA 

  F-value SE± CD at 5 % F-value SE± CD at 5 % F-value SE± CD at 5 % 

 T 32385 0.0194 0.0572 40165 0.1369 0.4032 15,473.221 0.000 0.001 

 D 7818.7 0.0307 0.0905 68559 0.2164 0.6375 3,215.102 0.001 0.002 

 T x D 4115.4 0.0434 0.1280 65324 0.3061 0.9017 1,962.640 0.001 0.002 

Each value is an average of three determinations  

NA – Not Applicable because product is not safe for consumption 

T- Treatment; D – Storage days 

S. 

No. 
Samples 

Glucose (g/L) Fructose (g/L) 

Storage Period (Days) Storage Period (Days) 

0 7 14 21 28 0 7 14 21 28 

1 A 60.35 52 NA NA NA 62.82 58.46 NA NA NA 

2 B 60.35 58.67 57.28 56.32 55.47 62.82 61.77 60.83 60.09 59.64 

 ANOVA 

  F-value SE± CD at 5 % F-value SE± CD at 5 % 

 T 3,240,430.780 0.014 0.041 4,399,327.104 0.012 0.037 

 D 560,769.876 0.022 0.065 771,026.479 0.020 0.058 

 T x D 445,578.022 0.031 0.092 669,716.559 0.028 0.082 

S. 

No. 
Samples 

Total sugars (percent) Reducing sugars (percent) Non-reducing sugars (percent) 

Storage Period (Days) Storage Period (Days) Storage Period (Days) 

0 7 14 21 28 0 7 14 21 28 0 7 14 21 28 

1 A 13.14 10.53 NA NA NA 12.32 10.41 NA NA NA 0.82 0.12 NA NA NA 

2 B 13.14 12.19 11.33 10.61 10.07 12.32 11.58 10.93 10.36 9.93 0.82 0.61 0.40 0.25 0.14 

 ANOVA 

  F-value SE± CD at 5 % F-value SE± CD at 5 % F-value SE± CD at 5 % 

 T 113,225.745 0.014 0.042 122,677.035 0.013 0.039 3,072.137 0.003 0.010 

 D 29,545.525 0.022 0.066 29,813.061 0.021 0.061 3,439.558 0.005 0.015 

 T x D 14,777.568 0.032 0.094 17,093.754 0.029 0.087 362.172 0.007 0.022 
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Table.7a Effect of storage during 4 weeks on color (l*, a* and b*) pattern in probiotic pomegranate beverage 

 

S. 

No. 
Samples 

L* value a* value b* value 

Storage Period (Days) Storage Period (Days) Storage Period (Days) 

0 7 14 21 28 0 7 14 21 28 0 7 14 21 28 

1 A 24.39 19.75 NA NA NA 15.14 14.27 NA NA NA 2.57 2.76 NA NA NA 

2 B 24.39 23.21 22.96 22.23 21.69 15.14 15.03 14.86 14.59 14.32 2.57 2.61 2.65 2.69 2.74 

 ANOVA 

  F-value SE± CD at 5 % F-value SE± CD at 5 % F-value SE± CD at 5 % 

 T 13500 0.0860 0.2533 32866 0.0109 0.0323 89,805.624 0.004 0.011 

 D 2293.7 0.1360 0.4006 57571 0.0173 0.0511 14,111.517 0.006 0.018 

 T x D 1757.2 0.1923 0.5665 50292 0.0245 0.0723 16,444.027 0.008 0.025 
Each value is an average of three determinations  

NA – Not Applicable because product is not safe for consumption 

T- Treatment; D – Storage days 

 

Table.7b Effect of storage during 4 weeks on color (c* and h*) pattern in probiotic pomegranate beverage 

 

 

Samples 

c* value h* value 

S. 

No. 
Storage Period (Days) Storage Period (Days) 

 0 7 14 21 28 0 7 14 21 28 

1 A 19.5 21.66 NA NA NA 31.13 28.35 NA NA NA 

2 B 19.5 20.12 20.64 20.89 21.03 31.13 30.62 29.79 28.98 28.16 

 ANOVA 

  F-value SE± CD at 5 % F-value SE± CD at 5 % 

 T 11283 0.0081 0.0239 1,881,406.716 0.009 0.027 

 D 17498 0.0128 0.0378 357,027.784 0.015 0.043 

 T x D 21301 0.0181 0.0535 276,092.281 0.021 0.061 
Each value is an average of three determinations  

NA – Not Applicable because product is not safe for consumption 

T- Treatment; D – Storage days 
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At the end of 28 days, the value of titratable 

acidity reached to 0.987 per cent, which was 

even less than the value obtained at 7
th

 day 

by sample A.  

 

The results of data in Table 3 showed that 

the pH value was found to be 3.512 in both 

samples at the very initial day of storage 

analysis. Later on, the drop of pH value was 

significantly lower in sample B due to slow 

metabolic activity of culture at refrigeration 

temperature than sample A. However, the 

probiotic cultures reduced the pH of product 

from an initial value of 3.512 to 3.263 in 

sample A after 7 days of storage due to their 

ability to produce a greater amount of lactic 

acid. As shown in Table 3, the acidity was 

increased to 0.987 percent for which pH 

reduced to 3.281 for sample B.  

 

The reason for decrease in total soluble 

solids and pH and increase in titratable 

acidity can be explained as probiotic 

microorganisms may have metabolized the 

simple sugars present in the juice, resulting 

in consequent production of small quantities 

of organic acids (Shah et al., 2010) or the 

release of enzymes from dead bacteria may 

have hydrolyzed the juice sugars (Ding and 

Shah, 2008).  

 

Similar results regarding decrease in the 

value of pH and increase in titratable acidity 

was obtained by Yoon et al., (2004) in 

probiotication of tomato juice by 

Lactobacillus plantarum C3. 

 

Glucose and fructose 

 

The changes in glucose and fructose content 

probiotic pomegranate beverage w.r.t. 

storage conditions are presented in Table 4.  

 

The data revealed that the glucose and 

fructose content decreased significantly 

during the storage of 28 days in the probiotic 

pomegranate beverage presenting a 

reduction of 60.35, 58.67, 57.28, 56.32 and 

55.47g/L and 62.82, 61.77, 60.83, 60.09 and 

59.64g/L, respectively for sample B stored 

at 4
o
C. The sample B had significantly 

higher values of glucose as well as fructose 

than sample A in which at the end of first 

week, the values reduced to 52 g/L and 

58.46 g/L for glucose and fructose, 

respectively. The possible reason for this 

may be that glucose and fructose were both 

metabolized by all strains. Similar results 

were obtained by Rodrigues et al., (2011) 

who reported that the glucose and fructose 

levels decreased during storage, which was 

attributed Lactobacillus paracasei L26 

growth and sugar fermentation. 

 

Total sugars, Reducing sugars and Non 

reducing sugars 

 

The data shown in Table 5 showed that the 

total sugars, reducing sugars and non-

reducing sugars decreased significantly for 

both sample A and B over storage period. In 

case of sample B, the total sugars, reduced 

sugars and non-reducing sugars varied in 

following range 13.14 – 10.07%, 12.32 – 

9.93% and 0.82- 0.14%, respectively. In 

sample A, these values significantly reduced 

to 10.53, 10.41 and 0.12 per cent at the end 

of 7
th

 day.  

 

The reason for reduction of sugars in the 

both samples is the consumption of sugars 

by probiotic microbes for their growth. 

These results are found to be in line with 

Pakbin et al., (2014) who stated that sugar 

was somewhat consumed by lactic acid 

bacteria in peach juice during probiotic 

fermentation. Lactobacillus delbrueckii 

consumed the greatest amount of sugar con-

tent of peach juice during fermentation when 

compared with other strains and decreased 

the initial sugar content of 20.2 g/L to 12.9 

g/L.  
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Ascorbic acid, Total phenol content, 

tannin 

 

From Table 6, it can be found that ascorbic 

acid content was reduced during storage. In 

both the samples, the initial ascorbic acid 

content (9.53 mg/100g) was significantly 

higher than sample A (7.29mg/100g; at the 

end of 7 days) and sample B (7.32mg/100g; 

at the end of 28 days). The lower ascorbic 

acid content in sample A was attributed to 

the high temperature of storage. According 

to Padayatty et al., (2003), climate, 

especially temperature affects vitamin C 

level. Areas with cool nights produce citrus 

fruits with higher vitamin C levels than hot 

tropical areas. 

 

The ascorbic acid content decreased 

significantly i.e. 9.53, 8.64, 8.27, 7.8 and 

7.32 mg/100g as the storage period 

progressed for sample B. The ascorbic acid 

begins to degrade immediately after harvest 

and degrades steadily during prolonged 

storage (Murcia et al., 2000). Thus, for 

present study, the reduction of 23.19% was 

observed in sample B at the end of 4 weeks 

which was slightly higher than that obtained 

by Pereira et al., (2013). According to them, 

the reduction of ascorbic acid was less 

intense in the fermented cashew apple juices 

(19.17 and 21.49%, for probiotic cashew 

apple with and without sucrose addition, 

respectively) compared to the non-fermented 

sample (40.58%).  

 

The phenolic compounds not only inhibit the 

growth and activity of spoilage 

microorganisms, but also have stimulation 

effect on the growth of probiotic bacteria 

(Shah et al., 2010). A significant reduction 

(from 206.64 - 202.32 mg/100g) was 

observed in sample A for only 7 days. The 

phenol content varied from 206.64 to 202.71 

mg/100g for probiotic beverage stored at 

4
o
C. Thus, the sample B retained 

significantly higher content of total phenol 

than sample A over the storage period. This 

may be attributed to low metabolism rate of 

microbes at refrigeration temperature than 

sample A. The phenolic compounds found 

in fresh fruit juice are generally glycosylated 

with sugar that on fermentation of the juice 

and sugar consumption by microorganism 

undergo deglycosylation and release of the 

free hydroxyl groups and relevant aglycones 

which can contribute to the improved 

functional properties of the litchi juice 

(Kalita et al., 2015). And thus their content 

reduced over the storage period due to the 

activity of probiotics. The results related to 

reduction of phenolic content are similar to 

those found by Kalita et al., (2015) for the 

litchi juice during fermentation period and 

storage period up to 4 weeks.  

 

The tannin content of pomegranate fruit 

juice also contributes to its antioxidant 

activity. The tannin content decreased 

significantly for both samples during the 

storage. Its value ranged from 0.114 to 0.091 

percent for sample A till the 7
th

 day of 

storage. On the contrary, the decrease in 

tannin content was moderate in sample B, 

which ranged from 0.114, 0.108, 0.103, 

0.099 and 0.094% for 0, 7, 14, 21 and 28 

days of storage, respectively. 

 

Color  

 

It can be observed from Table 7a and 7b that 

there was significant difference between 

treatments, storage days and interaction 

between treatments and storage for L*, a*, 

b*, c* and h* parameters of color. A 

decrease in probiotic beverage luminosity 

(L*) was observed in both the samples. The 

value of luminosity significantly reduced 

from initial value of 24.39 to 19.75 (till 7
th

 

day) for sample A while in case of sample 

B, it ranged from 24.39 to 21.69 over the 

length of storage period. The sample A had 
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significantly low L* value than the other 

sample. This is because during storage, there 

was an increase in turbidity in probiotic 

beverage caused by lactic acid culture 

growth and at higher temperature as in 

sample A the multiplication of microbes is 

very fast. 

 

Similarly, a decrease was found in a* value 

of both samples of probiotic pomegranate 

beverage which meant lowering of dark red 

color of product. This decrease was 

significantly high for sample A than sample 

B. The a* value ranged from 15.14 to 14.32 

over the storage period for sample B. 

However, both the samples showed an 

increased value of b* color parameter during 

the storage period; indicating that the juices 

became more yellow. The initial b* value 

was 2.57 for both samples but at the end of 

28 days, the b* value was found to be 2.74 

for sample B. 

 

The total color change ΔE* (reference value 

was day 0 of storage) increased in the 

sample A. This increase might be attributed 

to the increase in the yellow intensity which 

was significantly higher than sample B such 

that the human eye can perceive the color 

variation. Browning was not observed in the 

sample A. On the other hand, for sample B, 

total color change was less intense than 

sample A. Despite the instrumental color 

change, the human eye cannot perceive 

small color variations. For sample A, ΔE* 

value is greater than 3, thus showing a visual 

color change only after 7 days. But sample 

B did not show a perceptive color change 

along the storage. Thus, sample B was more 

stable in respect to color 

 

The probiotic culture was likely suspended 

in the solution in the form of particles, 

which were too small to precipitate but large 

enough to refract light. During storage, the 

changes in color and turbidity caused by 

probiotic cultures supplementation were 

intensified (Pimental et al., 2015). The 

increased turbidity and intensified color 

most likely resulted from the accumulation 

of dead or lysed bacterial cells (Shah et al., 

2010). The color intensification may have 

been caused by oxidative and non-oxidative 

reactions of polyphenols, resulting in 

colored condensation products; and to a 

lesser extent, by the Maillard reaction or 

formation of melanoidins (Tajchakavit et al., 

2001).  

 

Viability was lost very sharply in beverage 

stored at room temperature while viability of 

probiotic cultures was maintained in useful 

range (10
9
-10

7
 CFU/mL) in refrigerated 

probiotic beverage for the 28 days. Further, 

yeast and mold growth was observed at 

room temperature after 1 week. No colony 

of coli-form was detected in beverage during 

storage period. On the other hand, the 

chemical constituents were consumed 

slowly by cultures at refrigeration conditions 

for 4 weeks. These findings highlighted the 

increased rate of metabolism of probiotic 

cultures at ambient conditions making it 

unsuitable to keep the beverage in room 

temperature. The yellow intensity in 

beverage stored at ambient temperature was 

significantly higher than cold stored 

beverage. Hence, it can be concluded that 

the probiotic pomegranate beverage must be 

stored at refrigeration temperature to possess 

desired level of chemical constituents and 

nutraceutical components but can be stored 

safely at ambient temperature for 7 days 

only. 
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