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 The present study aims to modify and upgrade the existing technology into pilot scale. This study also focus on the microbiological, biochemical and 
sensory assessment of probiotic mango juice produced in the 
pilot plant.

 Probiotic culture Lactobacillus acidophilus 
(MTCC 10307) was supplemented into mango juice, with an 

11 12 -1initial concentration of 10 -10  CFU ml . Probiotic viability, 
titrable acidity, pH, total sugars, TSS, reducing and non-reducing 
sugars, anti-oxidant activity, Vitamin C, lactic acid content and 
microbial contaminants were determined in the developed 
probiotic juice at weekly intervals for six weeks.

-1 Probiotic viability was above 8 log CFU ml  up to 28 
days in the probiotic mango juice produced in the pilot plant 
scale. Total plate count, yeast and mould count and coliform 
count remained within acceptable limits during first four weeks of 

ostorage at 4 C. The mean sensory score was 8.03 for 
acceptability of developed probiotic mango juice. Technological 
viability indicated production cost of Rs 135/- for 1 litre of probiotic 
mango juice.

 Fruit based probiotic beverage can be expected 
as an eye-catcher of varied age group consumers considering 

8 -1significant probiotic viability (10 CFU ml ) up to 4 weeks of 
storage. The developed method for preparing probiotic mango 
juice is economically viable and can be exploited industrially. 

 Lactobacillus acidophilus, Mango juice, Probiotic 
viability, Technological viability

Preparation of Lactobacillus acidophilus enriched 
probiotic mango juice

Original Research

© Triveni Enterprises, Lucknow (India) 

Received: 13.06.2020          Revised: 15.11.2020 Accepted: 15.12.2020 

1 2 1 3 1H.S. Dhillon *, M.S. Gill , G.S. Kocher , H. Panwar  and M. Arora
1Department of Microbiology, Punjab Agricultural University, Ludhiana-141 004, India 
2Department of Fruit Science, Punjab Agricultural University, Ludhiana-141 004, India
3Department of Dairy Microbiology, Guru Angad Dev Veterinary and Animal Sciences University, Ludhiana-141 001, India 

*Corresponding Author Email : dhillonsinghharmeet@gmail.com 

How to cite : Dhillon, H.S., M.S. Gill, G.S. Kocher, H. Panwar and M. Arora: Preparation of Lactobacillus acidophilus enriched probiotic mango juice. J. Environ. 

Biol., 42, 371-378 (2021). 

The bottles were 
cooled and stored 

at 4°C for six 
weeks

Sensory analysis of the 
developed probiotic juice was 
carried out for texture, taste, 

color, appearance and overall 
acceptability

Lactobacillus acidophilus 
cells were aseptically added 

into probiotic mango (Mangifera indica) 
juice at 12 % of the volume of juice, 

11 12
with an initial conc. of 10 -10  

-1CFU ml

Probiotic count was 
found within therapeutic 

8 -1limit  (>10  CFU ml ), till four 
weeks of refrigerated 

storage

The developed probiotic 
mango juice was taken for 

physiochemical analysis (pH, 
TSS, titrable acidity, total 

sugars and vitamin C) and 
microbiological analysis 

(probiotic count, coliform, 
E. coli, total plate count, 
yeast and mould count).
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Introduction

Foods are nowadays extensively examined for 
physiological benefits, which may optimize health or otherwise 
reduce the risk of chronic diseases. Consumer mindfulness 
towards relationship among food and health has erupted 
enthusiasm in ‘healthy foods’ over last few years. These 
functional foods are enriched with physiologically active 
components including vitamins, fish oils, prebiotics, minerals, 
dietary fibers, plant sterols and probiotics; and are present in 
many food items such as kefir, kumis, sauerkraut, miso, 
fermented milk, yoghurt, sports drinks etc. (Derkyi et al., 2018). 
Probiotics are defined as live formulations of microbes, when 
consumed in required amounts exert health benefits mainly 
through their action on gut and gastrointestinal tract (Parvez et al., 
2006). Bacteria of genera Bifido bacterium, Lactobacillus, 
Enterococcus, Streptococcus etc., are used in making probiotic 
food products, however, lactic acid producing bacteria, 
Lactobacillus species are most commonly used which ferment 
glucose forming hydrogen peroxide, lactic acid and acetic acid as 
end products along with diacetyl, low molecular weight anti-
microbial substances and bacteriocins. Acid formation helps in 
lowering pH of the gut and inhibits the growth of pathogenic and 
putrefactive bacteria which usually require alkaline environment 
for growth (Guarner and Malagelada, 2003). Probiotics do 
balance the intestinal flora and helps against unwanted intruders 
and protects against leaky gut. They stimulate immune system, 
reduce blood cholesterol and also help in vitamin synthesis 
(Antonio et al., 2017). Many researchers have contributed 
towards identifying probiotic effects of Lactobacillus, L. casei 
(Isolauri et al., 1991), Sital thermophilus, Streptococcus spp., B. 
bifidum and Bifidobacterium spp. (Shah 2003). Lactobacilli and 
Bifidobacterium are not known to exhibit any harmful effects 
during clinical studies of these probiotic strains under controlled 
conditions (Salminen et al., 1998). Production of these probiotics 
at commercial scale is influenced by acceptability of such 
products by the consumers and ability of probiotic strain to 
withstand manufacturing and storage processes without loss of 
viability (Vivien et al., 2007). These probiotic cultures have 
Generally-regarded-as-safe (GRAS) status (Sanders et al., 
2001).

Most industrial functional foods available now a days are 
mainly dairy-based probiotics such as fermented milk and yogurt. 
Many people are intolerant to lactose due to inactivity or 
inefficiency of enzyme lactase (its activity deceases with age) and 
are unable to digest milk based probiotic products. Trend of 
vegetarianism and allergy to milk proteins (casein allergy) has 
increased the demand and exploration of alternative substrates 
such as fruits and vegetable based non-dairy probiotic products 
(Jessica et al., 2020). Fruit juices being a rich source of 
saccharides can be suitable substrates to grow probiotic bacteria 
to enhance its health benefits.

Indian Council of Agricultural Research (ICAR) is working 
to enhance and diversify the post-harvest processing of 
horticultural crops under an all India coordinated research 
project. Mango (Mangifera indica) juice is a common and poplar 
beverage and moreover the fruit is commercially cultivated in 
Punjab and adjoining regions of northern plains. Mango 
(Mangifera indica) is a rich source of Vitamin C and A. Unripe 
mangoes can be used for making pickles and chutney whereas 
ripe fruits are used for eating and also for making jelly, jam and 
syrups. It is commercially cultivated in tropical countries with 
annual productivity of more than 2,41,17,000 metric tons in India 
in 2019 (FAO 2019). The present study aims to modify and 
upgrade the existing technology into pilot scale along with 
microbiological, biochemical and sensory assessment of 
probiotic juice produced in the pilot plant

Materials and Methods

This study was conducted in the Department of 
Processing and Food-Engineering, Punjab Agricultural University 
(PAU), Ludhiana. 

Procurement of material : Probiotic culture, Lactobacillus 
acidophilus (MTCC No: 10307) was procured from the Institute of 
Microbial Technology (IMTECH), Chandigarh. This probiotic 
bacterium has, ‘Generally Regarded as Safe’ (GRAS) status. The 
fruit used in this study was mango varieties Chausa and Dusheri, 
and were procured from the Department of Fruit Science, PAU, 
Ludhiana. 

Maintenance of culture : The probiotic culture, Lactobacillus 
acidophilus was obtained in freeze dried form from the Institute of 
Microbial Technology (IMTECH), Chandigarh. This culture was 
revived on de Man Rogosa and Sharpe (MRS) Media in 24 hr at 
37ºC. The culture was stored and sub-cultured as per IMTECH 
guidelines for the given microbial culture.

Preparation of probiotic inoculum : The probiotic organism, i.e. 
Lactobacillus acidophilus was inoculated into de Man Rogosa 
and Sharpe (MRS) broth (10-50 ml at laboratory and pilot scale 
respectively) and incubated at 37°C for two days. These probiotic 
cells were transferred aseptically into MRS broth (50 ml at 
laboratory scale and 5 l at pilot scale), and incubated again at 
37°C for two days. Cells from the broth were harvested by 
centrifugation at 4,000 rpm for 30 min at 4ºC. L. acidophilus cells 
thus obtained were again transferred to MRS broth (50 ml at 
laboratory scale and 5 l at pilot scale), and incubated at 37ºC for 

11 12 -118 hr to allow the cells to reach 10 -10  CFU ml  as determined 
by haemocytometer and total plate counts. Probiotic cells were 
again harvested by centrifugation at 4,000 rpm for 30 min at 4ºC. 
Before adding probiotic cells to the fruit juice, cells were washed 
with sterile PBS (Phosphate Buffered Saline, pH 7.0) using buffer 

th1/4  of the volume of the broth, i.e., 12.5 ml at laboratory scale and 
1.25 l at pilot scale.

H.S. Dhillon et al.: Probiotic mango juice in pilot plant
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Extraction of juice : Mango (Mangifera indica) varieties Chausa 
and Dusehri were washed with clean and running water for 
removing dust and for reducing the surface of micro flora. These 
were then manually peeled, cut into pieces and seeds were 
separated. Peeled mangoes were then put in the ‘Kalsi’ pulper 
machine, to squeeze out the pulp. The pulp was collected in the 
container and mixed with RO water in the ratio of 1:1. This mixture 
was then homogenized by passing the juice through a multi-
purpose strainer and muslin cloth to remove pulp fibers. 

Physico-chemical properties of mango fruit 

Fruit weight : Fruits of optimum maturity were weighed 
individually on a balance with an accuracy of 0.01 g.

Waste percent : Waste percent was determined by taking weight 
of peel and seeds of mango fruit samples. 

       Waste (%) = Peel and seed weight x100
           Fruit weight

Juice content : Juice of replicate samples of 500g mangoes was 
extracted to measure the juice content of fruit. 

            Juice (%) = Juice Weight x100
            Fruit weight 

Total soluble solids (TSS) : Total soluble solids of the pulp were 
determined with ERMA hand refractometer corrected at 20ºC. 

Preparation of probiotic mango juice : Mango (Mangifera 
indica) juice was taken in Erlenmeyer flask (500 ml capacity) 
plugged with a cotton plug. The juice was pasteurized at 90 ºC for 
1 min (Vivien et al., 2007). It was inoculated with L. acidophilus 
probiotic culture (12% v/v), under aseptic conditions and was kept 
at 4ºC. The juice was studied for a period until the critical control 
points regulating the quality of juice namely microbiological 
parameters were within acceptable limits as prescribed by the 
Food Safety and Standards Authority of India (Anonymous 
2018).The process was up scaled in a 50 l capacity pilot plant. 

During pilot scale production of probiotic mango juice, 
pulp was extracted using a ‘Kalsi’ pulper machine. Pulp was 
clarified using muslin cloth and Reverse osmosis filter treated 
water was added to the pulp in the volumetric ratio of 1:1. Degree 
brix was adjusted with sugar solution. Juice was then pasteurized 
at 90ºC for 1min using pasteurizing unit attached to pilot plant. It 
was then inoculated with probiotic culture (12% v/v), under 
aseptic conditions. Probiotic mango juice was then bottled in 200 
ml glass bottles (pre-sterilized by autoclaving at 15 psi for 15 min) 
using a bottling unit attached to the pilot plant. Bottling unit was 
placed inside the laminar flow bench to ensure sterile conditions. 
After bottling, the glass bottles containing developed probiotic 
mango juice were stored at 4ºC for six weeks of storage. After 
every week, sample was taken aseptically from probiotic juice 

and assessed for their microbiological and physiochemical 
parameters.

Analysis of probiotic mango juice: Prepared juice was 
analyzed on day 0 and after every week of stored product until six 
weeks of storage. 

Physico-chemical analysis of probiotic mango juice: pH was 
determined with a digital pH meter. The percentage total soluble 
solids were determined with the help of 0-32º Brix Erma Hand 
Refractometer. Total sugars were estimated by the method of 
Dubois et al. (1956). Nelson-Somogyi method (Syed et al., 2007) 
was used for estimation of reducing sugar content. Non-reducing 
sugars was determined by subtracting reducing sugars from total 
sugars. Titrable acidity was measured in percentage of 
anhydrous citric acid (AOAC, 1970). Lactic acid content of 90.08 
mg corresponds to each ml of 0.1N NaOH titrated (AOAC, 2000). 
Ascorbic acid reduces dye (2-6 dichloro-indophenol) and gets 
oxidized in to dehydro-ascorbic acid. It was estimated by titration 
method as described by Ranganna (1986).

The hydrogen or radical scavenging activity of probiotic 
mango-juice was measured by stable radical DPPH (2, 2-
diphenyl-1-piccrlhydrazyl hydrate) as per Yih et al. (2009). A 0.2 
mM DPPH solution was made by dissolving7.8 mg of DPPH in 
100 ml of methanol. An aliquot of 1.5 ml methanolic sample 
solution was mixed with 1.5 ml methanolic solution of DPPH. The 
resulting mixture was then kept in dark for 30 min of incubation at 
room temperature to read the absorbance at 517 nm. In place of 
juice sample, methanol was used as control. DPPH scavenging 
activity was measured as decrease in absorbance and calculated 
as

Scavenging activity=(Control absorbance)-(extract absorbance)x100              
% (30 min)             (Control absorbance)              

Microbiological analysis of probiotic mango juice : Microbial 
examination gives a qualitative assessment and quantitative 
efficiency of aseptic protocols performed during manufacturing of 
the product. Probiotic viability, coliform count, Yeast-and-mold 
count and total plate count (TPC) were analyzed. The developed 
probiotic mango juice was analyzed on 0 day and then after every 
week of storage till six weeks. At each sampling day, 10 ml of 
sample was collected under aseptic conditions and blended with 
90 ml of sterile-peptone water (0.1% concentration) and 
subjected to serial dilutions. Microbiological analysis of 
developed probiotic mango juice was done using serial dilution 
plating method. Agar media was prepared and sterilized at 15 psi 
pressure for 15 min. 1ml of dilution was taken in a petri plate and 
15-20 ml media was poured into the plate.

For determining probiotic viability in the blended mango 
juice, serial dilution of juice sample was plated using de Man 
Rogosa and Sharpe (MRS) agar medium by pourplate method. 



O
n
l
i
n
e
 
C
o
p
y

¨ Journal of  Environmental Biology, March 2021¨

374

Table 2 : Probiotic count of mango juice 

-1Probiotic viability (log CFU ml )

aDay 0 9.135  ± 0.009
aDay 7 9.018  ± 0.003
bDay 14 8.879  ± 0.017
bDay 21 8.412  ± 0.017
cDay 28 8.107  ± 0.005
dDay 35 7.359  ± 0.014
eDay 42 6.184  ± 0.026

FSSAI Specification (2018) for probiotic products states that probiotic 
-1viability should be above 8 log CFU ml .

Table 1 : Physico-chemical properties of mango fruit and its pulp

Parameters Mango variety Mango variety 
Chausa Dusehri

Fruit weight (g) 353 201
Pulp percent (%) 64 72
Waste percent (peel and seed) 36 28
pH 5.35 5.10

o TSS ( Brix) 8.9 8.6
Titrable acidity (%) 0.52 0.65

-1Vitamin C (mg 100ml ) 9.14 8.56
Anti-oxidant activity (%) 59.14 51.76

The above values are mean of three replicates

H.S. Dhillon et al.: Probiotic mango juice in pilot plant

The probiotic count was noted after incubating plates at 37ºC for a 
period of 24-48 hr. Total plate count (TPC) of probiotic mango 
juice was determined using Plate Count Agar medium. Colonies 

0were counted on agar plates after incubating at 36 C for a period 
of 48 hr. Total yeast and mould count were determined using 
Potato Dextrose Agar Media (PDA) at 27ºC for 48-72 hr, and the 

-1results were recorded as CFU ml . Enumeration of coliforms in 
probiotic mango juice was done by using pourplate technique on 
MacConkey Agar 35ºC for 24 hr. 

Sensory evaluation of probiotic mango juice : The developed 
probiotic mango juice was sensorally examined by a panel of five 
judges on a 9-point hedonic scale (Sidel and Stone 2006). The 
parameters evaluated were taste, appearance, color, texture, 
aroma, mouth feel and overall acceptability. Informed consent 
was taken from the panel of judges before their participation in the 
subjected study as fruit juice contained live microbial culture.

Technological and commercial feasibility of probiotic mango 
juice : Techno-commercial assessment regarding feasibility for 
producing probiotic mango juice was calculated. The prevalent 
prices of raw materials at local market (Ludhiana, Punjab, India) 
were considered for cost-analysis including processing and 
miscellaneous cost. Processing cost was considered 20% of total 
raw material cost. Packaging cost is considered 5% of total raw 
material cost. The final cost was calculated per litre of probiotic 
mango juice.

Statistical analyses : The experiments were performed in 
triplicates and the results were expressed as mean ± SD. The 
data obtained were statistically analyzed by computer software 
CPCS-1 for applying One-way ANOVA. 

Results and Discussion

Physio-chemical analysis of fresh mango pulp : After 
extraction of fruit juice, the physio-chemical properties of mango 
fruit and its pulp were evaluated on the basis of fruit weight, pulp 
content, waste content, Vitamin C, pH, titrable acidity, TSS, and 
anti-oxidant activity of the pulp (Table 1). 

Mango variety Chausa was, on an average bigger in size 
and also had more Vitamin C content, total soluble solids content 
and anti-oxidant activity as compared mango variety Dusehri. 
However, mango variety Dusheri showed better pulp yield as 
compared to mango variety Chausa.

Probiotic viability of mango juice : The difference in the 
probiotic count was found to be statistically significant (p<0.05) 
after six weeks of refrigerated storage in the developed probiotic 
mango juice (Table 2). The probiotic count decreased from 9.13 

-1 -1log CFU ml  to 8.10 log CFU ml  after four weeks of storage. This 
decline in probiotic viability may be attributed to increase in 
titrable acidity, reduction in sugar content and decrease in pH. 
According to Food Safety and Standards Authority of India, 

8 -1probiotics should contain a minimum amount of 10  CFU ml  
active and live probiotic microorganisms during ingestion.

Gannapriya et al. (2013) analyzed probiotic orange, 
watermelon and grape juice inoculated with Lactobacillus 
acidophilus. They observed initial probiotic viable count of 9.1 log 

-1 -1CFU ml  which decreased to 7.1 log CU ml  after four weeks of 
storage. Yoon et al., (2006) observed viability of L. planatarum in 

6probiotic artichoke juice. The viability remained above 10  CFU 
-1ml  during 20 days of refrigerated storage at 4ºC which can be 

increased to 35 days by adding 30% blueberry juice. Ferrari and 
Silva (2016) observed decrease in viability of probiotic grape juice 

-1inoculated with Lactobacillus paracasei from 9.0 log CFU ml , 
-1which decreased to 5.7 log CFU ml  after four weeks of storage. 

Estefania and Maria (2017) observed initial viability of 8.34 log 
-1CFU ml  in probiotic juices inoculated with Lactobacillus 

-1acidophilus, which decreased to 7.7 log CFU ml  after 40 days of 
8 -1storage. Moreira et al., (2017) observed viability of 10 CFU ml  in 

probiotic mango juice inoculated with L. rhamnosus during 30 
days of storage at 4ºC. 

Determination of microbial contamination in probiotic 
mango juice : Enumeration of total plate count of various sets of 
probiotic mango juice was carried out throughout the storage 
period of six weeks. The count detected in probiotic mango juice 

-1till four weeks of storage was 3.68 CFU ml  which is within the 
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-1specified limit. The count of 1.46 log CFU ml  was within 
satisfactory limits during first week of storage and within 
acceptable limits during second, third and fourth week of storage 

oat 4 C. However, an increase was observed in the total plate count 
on fifth and sixth week, which was above the specified limits as 
prescribed by FSSAI (Table 3). This increase was statistically 
significant. In the first two weeks of storage of probiotic mango 
juice, yeast and molds were not observed (Table 3). However, 
yeast and molds were detected during third, fourth and fifth week 
of storage at 4ºC and this increase was statistically significant. 

-1However, the count of 1.069 log CFU ml  after four weeks was 
within satisfactory limits. There was an increase in the yeast and 

-1mold count to 2.59 log CFU ml  in the probiotic mango juice at the 
sixth week of storage which was within acceptable limits but 
above the satisfactory limits as prescribed by FSSAI. This 
increase was statistically significant. Moreira et al. (2017) 

-1reported yeast and mold count of log 0.6 CFU ml  in pasteurized 
probiotic mango juice inoculated with L. acidophilus.

The developed probiotic mango juice was also analyzed 
for the presence of coliforms to ensure the safety of juice. 
Coliform and E. coli were not detected throughout the storage 
period of developed probiotic mango juice. This indicates that the 
prepared probiotic mango juice is safe for consumption and 
assures that it is of good quality.

Physio-chemical analysis of probiotic mango juice : Probiotic 
mango juice was analyzed for Vitamin C content, TSS, lactic acid 
content, pH, total acidity, total sugars, reducing sugars and anti-
oxidant activity. Changes in the biochemical parameters of 
packaged product have a significant effect on the quality and shelf 
life of final product.

The decrease in pH was significant from 4.2 to 3.5 (p< 
0.05), during storage period of 42 days (Table 4). The decrease in 
pH may be due to utilization of carbohydrate by probiotic bacteria 
and production of organic acids which lowers the pH of fruit juice 
(Ryan et al., 2020). When pH of the environment decreases below 
4.5, the probiotic cells use more ATP to maintain its intracellular 
pH which results in less ATP being available for maintaining other 
vital cellular functions and this factor is largely responsible for 

causing cell death (Nualkaekul and Charalampopoulos, 2011). 
According to Ding and Shah (2008), a lot of the free bacteria are 
dead at later stage of storage, although these probiotic cells 
release enzymes for hydrolyzing sugars in the fruit, thus lowering 
the pH from 4.29 to 3.53 in probiotic mango juice, after six weeks 
of storage. Gannapriya et al. (2013) observed decrease in pH of 
probiotic mango juice from 5.6 to 4.1, during 28 days of storage. 
Pakbin et al. (2014) reported reduction of pH from 4.4 to 3.9 in 
probiotic peach juice. In contrast, Ferrari and Silva (2016) 
observed a constant pH of 3.2 during refrigerated storage of 
probiotic grape juice, inoculated with L. planatarum. Estefania and 
Maria (2017) also reported a constant pH of 3.5 in probiotic sweet 
orange juice inoculated with L. acidophilus. 

During six weeks of storage, a decline in TSS content 
from 15.2 to 14.3 was observed. It was found that, the difference 
in TSS of developed probiotic juice was statistically significant 
from 15.2 to 15.0 (p< 0.05) until first week of refrigerated storage. 
A non-significant decrease in TSS was observed from third week 
to fifth week. This decline in TSS is due to utilization of lactic acid 
bacteria (Kalita et al., 2015). Tayo and Akpeji (2016) observed 
reduction in TSS of probiotic pineapple juice from 17.25 (°brix) to 
9.75 (°brix) during four-weeks of storage.

The titrable acidity of probiotic juice increased gradually 
from 0.45% to 0.72% due to production of acid. This increase was 
statistically significant (p< 0.05) in the prepared probiotic mango 

-1juice. Lactic acid content increased from 40.81 mg ml  to 65.58 
-1 -1mg ml . Tsen et al. (2004) observed 4.6 g l  of lactic acid in 

probiotic artichoke juice inoculated with L. planatarum. Tayo and 
Akpeji (2016) reported an increase in lactic acid content of 

-1 -1probiotic pineapple juice from 88.27 mg ml  to 159.44 mg ml  
during 28 days of refrigerated storage. Estefania and Maria 

-1(2017) reported increase in lactic acid content from 2.51 g l  to 
-12.93 g l  in probiotic juices inoculated with L. acidophilus after 40 

days storage.

Initial total sugar content of developed juice was 13.07%, 
which decreased to 8.73% in the fourth week and further reduced 
to 7.15% after six weeks. Reducing sugar content changed 
significantly after first week of storage. For next two weeks, 

Table 3 : Enumeration of total plate count and yeast-and-mold count in probiotic mango juice

 Total plate count FSSAI Specification, Yeast and mold count FSSAI specification, 2018 
-1 -1(log CFU ml ) 2018 for pasteurized juices (log CFU ml ) for pasteurized juices

aDay 0 1.021  ± 0.012 Satisfactory below 2 log Day 0 Not Detected Satisfactory below 2 log 
a -1 -1Day 7 1.436  ± 0.007 CFU ml . Day 7 Not Detected CFU ml .
bDay 14 2.103  ± 0.019 Acceptable between 2 log Day 14 Not Detected Acceptable between 2 log
b -1 -1 a -1 -1Day 21 2.417  ± 0.027 CFU ml  and 4 log CFU ml . Day 21 0.254  ± 0.189 CFU ml  and 3 log CFU ml .
c bDay 28 3.682  ± 0.009 Day 28 1.069  ± 0.011
d cDay 35 4.148  ± 0.031 Unsatisfactory above 4 log Day 35 1.503  ± 0.024 Unsatisfactory above 3 log 
d -1 d -1Day 42 4.401  ± 0.018 CFU ml . Day 42 2.594  ± 0.017 CFU ml .

Values are mean of three replicate ±SE; Values followed with different superscript are significantly different (p<0.05)



O
n
l
i
n
e
 
C
o
p
y

¨ Journal of  Environmental Biology, March 2021¨

376 H.S. Dhillon et al.: Probiotic mango juice in pilot plant

reducing sugar content reduced non-significantly. Reducing 
sugar content decreased significantly during fourth and fifth week 
of storage. Pakbin et al. (2014) reported reduction in reducing 

-1 -1sugar content of probiotic peach juice from 22 g l  to 10 g l  during 
four weeks of storage under refrigerated conditions.

Vitamin C content of prepared probiotic mango juice 
decreased throughout the storage period. The initial ascorbic acid 

-1 -1 content was 9.12 mg 100 ml  which decreased to 8.48 mg 100ml
because Vitamin C is highly responsive to heat, oxygen and light; 
and is oxidized by enzymatic and non-enzymatic catalysts in the 
presence of oxygen. These findings are in contrast with Tayo and 
Akpeji (2016), who observed increase in Vitamin C content of 

-1 -1probiotic pineapple juice from 4.65 mg 100g  to 5.34 mg 100g , 
during four weeks of refrigerated storage.

The anti-oxidant activity decreased throughout six weeks 
of storage. The initial percent anti-oxidant activity was 36.14 

owhich decreased to 30.18 during storage at 4 C. Catalase 
enzyme and electron transport chain is absent in probiotic 
bacteria and as such presence of oxygen in bacterial environment 
leads to accumulation of toxic metabolites, which can oxidatively 
damage the bacterial cell resulting in cell death (Boza et al., 
2012). Acidic environments during storage continually expose the 
cells to oxygen causing reduction in viable cell counts (Sheehan 

et al., 2007). Moreira et al. (2017) reported anti-oxidant activity of 
-175.52 ± 20.2 µM trolex g  in probiotic mango juice containing L. 

rhamnosus. 

Sensory evaluation of probiotic mango juice : The developed 
probiotic mango juice was subjected to sensory analysis by a 
panel of five judges on the basis of nine-point hedonic scale. 
Overall acceptability was 8.03 for probiotic mango juice (Table 5). 
Statistical analysis showed a significant difference in taste 
(significant at 1% level of significance, p < 0.01) and aroma 
(significant at 5% level of significance, p < 0.05) whereas other 
parameters (appearance, texture, color and mouth feel) were 
recorded statistically non-significant. Tsen et al. (2004) had 
reported 80% acceptance among consumers for probiotic 
artichoke juice inoculated with L. planatarum.

Technological and commercial feasibility of probiotic mango 
juice : Analysis of techno-economic feasibility of product is 
necessary to judge its efficiency for commercialization. Hence, the 
commercial feasibility of probiotic mango juice prepared using 
Lactobacillus acidophilus (MTCC 10307) was determined (Table 6). 

The cost of production of 1 litre of probiotic mango juice 
was Rs 135/-. This showed that probiotic mango juice is 
technically viable and the developed method is economical to be 

Table 4 : Physio-chemical analysis of probiotic mango juice

Parameters Weeks

0 1 2 3 4 5 6

a b b c c d dpH 4.294  ± 0.011 4.086  ± 0.112 3.988  ± 0.111 3.921  ± 0.085 3.781  ± 0.016 3.618  ± 0.056 3.538  ± 0.046
a b b c c c dTSS (°BRIX) 15.202  ± 0.001 15.003  ± 0.007 14.878  ± 0.003 14.653  ± 0.006 14.577  ± 0.002 14.511  ± 0.004 14.387  ± 0.006
a b b c d e eTotal sugars (%) 13.075  ± 0.065 10.923  ± 0.072 10.591  ± 0.076 9.849  ± 0.063 8.733  ± 0.012 7.392  ± 0.018 7.155  ± 0.008

a b c c d e eReducing sugars (%) 8.674  ± 0.006 8.272  ± 0.194 7.839  ± 0.003 7.711  ± 0.009 7.467  ± 0.007 6.744  ± 0.017 6.538  ± 0.011
a b b c c d eNon-reducing sugars (%) 3.009  ± 0.012 2.472  ± 0.024 2.307  ± 0.017 1.973  ± 0.009 1.739  ± 0.011 1.121  ± 0.006 0.758  ± 0.015
a b c d d e eTitrable acidity (%) 0.453  ± 0.007 0.515  ± 0.008 0.584  ± 0.011 0.673  ± 0.005 0.696  ± 0.013 0.717  ± 0.005 0.728  ± 0.008
a b c d d d eLactic acid content 40.81  ± 0.9 46.39  ± 0.8 52.61  ± 1.2 60.62  ± 0.5 62.70  ± 1.5 64.59  ± 0.6 65.58  ± 0.4

-1(mg ml )
-1 a a a a a b bVitamin C (mg 100ml ) 9.121  ± 0.046 9.112  ± 0.038 9.078  ± 0.018 9.014  ± 0.069 8.983  ± 0.015 8.881  ± 0.006 8.806  ± 0.019

a a b b c c cAntioxidant activity (%) 36.141  ± 0.131 35.681  ± 0.083 34.109  ± 0.278 33.744  ± 0.104 32.017  ± 0.161 31.869  ± 0.073 30.181  ± 0.087

Values are mean of three replicates ± SE; Values followed with different superscript are significantly different (p< 0.05)

Table 5 : Sensory evaluation of probiotic mango juice

    Parameters

Taste Appearance Colour Texture Aroma Mouthfeel Overall acceptability

Probiotic mango juice 7.61 8.38 8.26 7.59 8.19 8.18 8.035
Control 8.18 8.40 8.32 7.63 8.28 8.25 8.176

2 * NS NS NS * NS **χ  value 71.894 0.183 7.497 1.717 3.670 0.719 8.841

The developed probiotic juice was sensorally evaluated by panel of judges on a 9-point hedonic scale (Sidel and Stone, 2006); *Significant at 5% level of 
significance (p< 0.05); ** significant at 1% level of significance (p< 0.01); NS – non-significant    
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taken up on a commercial scale. Moreover, considering the health 
benefits and sensory acceptability, a potential niche market for 
this product appears to exist strongly. Pakbin (2014) reported the 
cost of banana based probiotic fruit mixers to be in the range of Rs 
530-540/- for 400 g pack. Milk based probiotic drink, Yakut, is 
commercially available in India at a retail price of Rs 179/- for 1 
litre of product.

Thus, in the light of scientific data of the present 
investigation, it can be concluded that the probiotic mango juice 
prepared with Lactobacillus acidophilus was found to be 
organoleptically acceptable. Based on the microbiological 
analysis of probiotic mango juice produced in the pilot plant, the 

-1probiotic viability remained above 8 log CFU ml  for 28 days. Total 
plate count and yeast and mold count remained within acceptable 
limits during first four weeks of storage at 4ºC. Therefore, the 
findings for probiotic mango juice indicated a refrigerated storage 

oof 28 days at 4 C and probiotic juice was microbiologically safe for 
consumption within 28 days of manufacturing. The biochemical 
and sensory evaluation during storage study also suggest that the 
product can be safely kept for one month under refrigerated 
storage (4ºC), without any change in taste and flavor. Fruit based 
probiotic beverage can easily be expected to be an eye-catcher of 
varied age group customers considering significant probiotic 

8 -1viability (10 CFU ml ) even after 4 weeks of storage. The 
developed method for preparing probiotic mango juice was 
economically viable and can, therefore, be exploited at 

commercial scale. Also, it will be beneficial to the end user having 
therapeutic value. Moreover, as a part of All India Coordinated 
Research Project of ICAR on the post harvest processing of 
horticultural crops, processing of highly perishable mango fruit 
into a healthy probiotic juice can lead to a more effective natural 
resource management for food. It will also potentially deal with the 
problems of nutritional and environmental security by reducing 
the wastage of fruit because of lack of proper cold storage 
conditions for long term holding of mango fruit. 

Further assessment is proposed for utilizing advanced 
techniques such as vacuum impregnation, immobilization and 
fortification of probiotic bacteria with prebiotics or oligo-fructo 
saccharides or with some ingredients able to exert a protective 
effect on the probiotic culture, thus enhancing the shelf-life of 
developed product. Authors would like to mention that the 
informed consent was taken from the panel of judges before their 
participation in the subjected study as fruit juice contained live 
microbial culture.
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