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ABSTRACT

This investigation is an attempt to study the survival of Lactobacillus plantarum ATCC 8014 in apple juice and evaluation of
independent variables (content of prebiotic, citric acid and ascorbic acid) on viability during shelf life. A central composite design was
applied for considering each of the three factors at five levels to find the optimum points. The treatments were stored at 4°C for 6 weeks.
The results indicated that incorporation of 2.094% (w/v) fructooligosaccharide, 207.050 mg/L ascorbic acid and 0.500 g/L citric acid to
apple juice with Lactobacillus plantarum inoculate (4.0x10* CFU/ml) improved the viability of probiotic strain during cold storage, and
led to producing an optimized synbiotic apple juice. Also the probiotic showed tolerance to treatment with simulated gastric and
pancreatic juice (for 4 hours). No significant different was observed between flavor (overall acceptability) of the synbiotic apple juice
and the control sample until 28 days of cold storage. This product is health promoting for those who need to non-dairy probiotic products

in a non-alcoholic diet.
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1. INTRODUCTION

There is a major trend for consumers to purchase functional
foods, which provide excellent nutrition and health benefits,
especially those that can prevent disease [1]. Probiotics are
described as live microorganisms that have health benefits on
gastrointestinal infection, reduction in serum cholesterol,
metabolism of lactose, anti-diarrheal properties, and stimulation of
the immune system [2]. Probiotics are mainly used in the
production of dairy products, such as yogurt and cheese, which
may cause inconveniences due to their lactose and cholesterol
content [3]. Other non-dairy foods that can be ideal substrates for
the culture of probiotics are fruit juices as they contain beneficial
nutrients such as minerals, vitamins, dietary fibers, and
antioxidants for lactose intolerant consumers; also these foods
support the survival of probiotics during cold storage of juices [4].
Incorporation of apple juice with prebiotics and probiotics is a
health promoting product not only for those who needs to non-
dairy probiotic products but also for a non-alcoholic diet.
Lactobacilli and Bifidobacteria are the most commonly used
probiotics in functional foods [5, 6]. Several investigations have
used Lactobacillus (L.) plantarum as a probiotic strain for
probiotic fruit juice production [3, 4, 7, 8, 9] and they reported that
L. plantarum showed good survival in many fruit juices. Gaudana
et al. [10] demonstrated that L. plantarum ATCC 8014 is a good
potential probiotic candidate.
To achieve beneficial effects, probiotics must be capable of
resisting stressful environments during industrial processes and
should survive in the product during the shelf life. In general,
counts from 10’ to 10° colony-forming units per milliliter
(CFU/ml) are usually recommended [11]. The ability of probiotics

to tolerant the normal acidic conditions of the gastric juices
through the stomach allows them to enter the intestinal tract,
where they can exhibit their useful effects on the intestinal
microbiota [12].

Probiotic viability in fruit juices is also affected by strain,
additives, pH, the temperature of storage, oxygen level, and the
presence of inhibitory substances [13]. Perricone et al. [14]
suggested that fruit juices are a good carrier for L. reuteri DSM
20016 but their viability is strongly affected by the kind of juices.
Espirito-Santo et al. [8] demonstrated that apple juice is the best
substrate for Lactobacillus growth and viability. In addition, they
emphasized the importance of selection of the probiotic strain,
which is the most adaptable to a given food substrate.

Prebiotics are food components mostly consisting of nonstarch
polysaccharides and oligosaccharides that resist host digestion,
cultivate the growth or activity of specific positive bacterial
species, and enhance their survivability for the benefit of host
well-being; therefore, they are fermented by the microflora present
in the gastrointestinal tract (GIT). The biological effects of
prebiotics depend on their impact on the gut’s microbiota
composition and derived metabolites [15]. Fructooligosaccharide
(FOS) is glucose or fructose-terminated polymer of fructose
naturally occurring in a variety of plants. Most of the
commercially available FOSs are produced from sucrose and are
considered as functional fiber. FOSs are one of the most used
prebiotics in fruit juices. They have tolerance in digestion by
gastric and pancreatic enzymes both in vitro and in vivo [16].
Pimentel et al. [17] stated that inserting oligofructose to probiotic
apple juice did not change the physicochemical characteristics,
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acceptability and storage stability of the product, but it enhanced
the probiotic survival during 28 days of cold storage.

Synbiotic products are appropriate combinations of pre- and
probiotics. A synbiotic product exerts both a prebiotic and
probiotic impact [15].

Although few reports are available regarding the factors
influencing probiotic survival in fruit juices compared to dairy
products, the most likely parameters include the prebiotic content
[18] and ascorbic and citric acids concentration [2,3]. It has been
reported that ascorbic acid has a positive effect on survival of L.
acidophilus because it acts as an oxygen scavenger [2]. Besides its
benefits for human health, ascorbic acid increases probiotic
survival during refrigerated storage [3]. Similarly, high contents of
citric acid play an important role in the survival of L. plantarum
and L. acidophilus in fruit juices during the cold storage [3].
Additionally, inserting ascorbic acid and citric acid to apple juice
leads to a reduction of pH and certain lactic acid bacteria (LAB)
strains to provide more surface (S) layer proteins at low pH values
[9]. Earlier researchers showed that L. plantarum can remove
toxins from aqueous solution successfully. Probiotics adsorb

2. EXPERIMENTAL SECTION

2.1. Chemicals and media

De Man-Rogosa-Sharpe (MRS) broth was obtained from
Liofilchem (Italy). All chemicals used in the experiments were
obtained from CarloErba (France). Bile salts (Oxgall), Pepsin
(from porcine stomach mucus, P-7000) and Pancreatin (from the
pancreas, P-1500) were supplied by Sigma-Aldrich (Vienna,
Austria). FOS was purchased from Sensus Company (Roosendaal,
Netherlands).

2.2.  Preparation of probiotic culture

L. plantarum ATCC8014 as a probiotic strain [10] was obtained
from Tak Gene Zist Company (Tehran, Iran). The strain was
inoculated into 10 ml MRS broth (pH 6.2) and incubated at 37°C
for 48 h. The number of live bacteria in the cultures was
determined by total plate count and MRS agar was used for the
enumeration of L. plantarum.

2.3.  Preparation of synbiotic apple juice

Commercial apple concentrate was purchased from Takdaneh
Group Company (Marand, Iran) and kept at 4°C before using.
Apple juice was prepared by 14 g apple concentrate and 85 ml
distilled water (brix 11, pH 3.7). For the first step, the experiments
were performed with CCD, and the optimal combinations of FOS,
citric acid, and ascorbic acid were pinpointed. In the second step,
we used this combination for the final reconfirmation of optimum
condition for production of synbiotic apple juice with the
maximum viability of probiotics. The experiments were designed
using a CCD [19, 20]. Three factors were studied at five different
levels within the following ranges; FOS (1.5-3.5% wi/v), citric
acid (0.5-2.5 g/L), and ascorbic acid (100-300 mg/L). Twenty
experimental trials were needed in total which six experimental
trials were at the central point that is detailed in Table 1.

toxins by surface binding due to great adhesive properties of S-
layer proteins in their cell wall and high efficiency of toxin
removal depends on thicker S-layer proteins. Certain probiotic
bacteria that show good adhesion to intestinal cells lose this
property when binding to toxins and will rapidly pass through the
gastrointestinal tract [9]. Studies dealing with the probiotic apple
juice can be found in the literature; however, to our knowledge,
this is the first report on the effect of three variables (FOS, citric
acid and ascorbic acid concentration) on the microbial, nutritional
and sensory properties of synbiotic apple juice containing L.
plantarum ATCC 8014 using a central composite design (CCD).
So, this study investigates the survival ability, and chemical
changes (content of reducing sugar and titratable acidity) of
synbiotic apple juice, as well as the sensory properties of the
product during 6 weeks cold storage. Furthermore, it evaluates the
viable count of the mentioned probiotic strain in optimized
synbiotic apple juice under simulated GIT conditions after 42 days
of refrigerated storage.

Table 1. The survival of Lactobacillus plantarum ATCC 8014 in
synbiotic apple juice during refrigerated storage as a function of FOS,
citric acid, and ascorbic acid in 5 levels using CCD.

FOS Citric Ascorbic
acid acid
Real Coded Real Coded Real Coded
value value value value value value
1 3 1 2 1 260 1
2 2 -1 1 -1 260 1
3 2.5 0 15 0 300 1.6
4 3 1 2 1 140 -1
5 25 0 0.5 -1.6 200 0
6 2 -1 2 1 260 1
7 2.5 0 15 0 100 -1.6
8 2.5 0 25 1.6 200 0
9 2.5 0 1.5 0 200 0
10 3 1 1 -1 140 -1
11 25 0 15 0 200 0
12 2 -1 2 1 140 -1
13 3 1 1 -1 260 1
14 2.5 0 1.5 0 200 0
15 2.5 0 1.5 0 200 0
16 15 -1.6 1.5 0 200 0
17 2 -1 1 -1 140 -1
18 2.5 0 1.5 0 200 0
19 2.5 0 1.5 0 200 0
20 35 1.6 15 0 200 0

The values for each of the factors were chosen so that they could
reflect the values usually found in fruit juices. According to CCD
(Table 1), defined amounts of FOS, citric acid, and ascorbic acid
were inserted to the apple juice samples. After transferring the
samples to sterile glass flasks and pasteurizing for five min at
90°C, all samples were inoculated with determined probiotic strain
(about 13 log (CFU/ml) of L. plantarum), and initial viability of
the samples was 11.69 + 0.02 log (CFU/ml). It is to be mentioned
that each flask of the samples contained 100 ml synbiotic apple
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juice. The juices were stored at 4°C for 42 days. The samples were
collected every 3 weeks and analyzed for viable cell counts. The
CCD was applied to analyze the main and interaction effects of the
content of FOS, citric acid, and ascorbic acid. Stepwise
regressions were used to analyze the probiotic viability during
cold storage. After determining the optimum amounts of FOS,
citric acid and ascorbic acid (by using MINITAB statistical
software, version 14), in order to insert to apple juice, optimized
synbiotic apple juice was produced and its viable cell counts
during the refrigerated storage were calculated; then simulated
gastrointestinal juices were assessed.

2.4.  Counts of viable bacteria

Viable probiotic strains were determined by pour plate counting in
duplicate on MRS agar. The colonies were counted after 72 h of
incubation at 37°C; after which, they were calculated as CFU/mlI
and the results were expressed as log values [21]. The viability of
probiotics was assessed after 1 day in the refrigerator (week 0) and
then after 3 and 6 weeks.

2.5.  Chemical analysis

Titratable acidity was measured by titration with titrazol 0.1N
NaOH and expressed as lactic acid (g/100g) [22]. Determination
of reducing sugars (g/100g) and ethanol concentration (g/100ml)
was carried out by Fehling method and using digital distillation
equipment, respectively (Iran National Standard No. 2685).

2.6.  Sensory analysis

Evaluation of sensory attribute was carried out by scoring of the
optimized synbiotic apple juice and control sample by ten
experienced assessors. These assessors were trained in general
sensory analysis of sensory attributes in juices. The samples were
served in plastic cups with no color or odor at 20°C as
recommended for sensory evaluation of juices [23]. The
arrangement of presentation of cups to each assessor was in a
random order. The assessors were asked to evaluate each sample
for flavor (overall acceptability). An evaluation sheet with a 1-6

3. RESULTS SECTION

3.1. Results.

The cell concentration of L. plantarum ATCC 8014 during 6
weeks of cold storage in the apple juice treatments according to
CCD (Table 1), and the log difference between the initial
concentration and week 6 [10g Ninitia —10g Nyeeks] are presented in
Table 2. In all trials, the number of cells decreased during the
storage; the cell concentrations were also reduced significantly
(P<0.05) by week 6 although, in most cases, they were still higher
than 7 log CFU/mI. The highest cell survival was observed for
trial numbers 5 (includes: 2.5% w/v FOS; 0.5 g/L citric acid; and
200 mg/L ascorbic acid) and 17 (includes: 2% w/v FOS; 1 g/L
citric acid; and 140 mg/L ascorbic acid). High concentration of
ascorbic acid led to low cell survival, as shown by the result of
trial number 3 (includes: 2.5% w/v FOS; 1.5 g/L citric acid; and
300 mg/L ascorbic acid).

The amounts of reducing sugars and titratable acidity of all
samples are shown in Table 3. Decreasing of reducing sugars and
increasing of titratable acidity observed in all the 20 synbiotic
apple juice samples were not significant (P>0.05). In addition,

scales was utilized to indicate the score of the samples as
extremely dislike = 1and extremely like = 6 [24].

2.7. Preparation of simulated gastric and small intestinal juices
Simulated gastric juices were prepared by inserting pepsin to the
sterile sodium chloride solution (0.5%, w/v) to a final
concentration of 3 g/L and adjusting the pH to 2.0 with
concentrated HCI using a pH meter. Simulated small intestinal
juices were prepared by inserting pancreatin to the sterile sodium
chloride solution (0.5%, wi/v) to a final concentration of 1 g/L,
with 1.5 g/L bile salts (Oxoid) and adjusting the pH to 8.0 with
sterile 0.1 mol/L NaOH using a pH meter. Both the gastric and
intestinal juices were sterile filtered through a membrane (0.45
pm, Nalge Co., Rochester, NY, USA) and were prepared fresh for
use on the same day [25]. 1 g of the optimized synbiotic apple
juice sample (after 6 weeks of refrigerated storage) was added to 4
ml of the tempered (37°C) simulated gastric juice, mixed well by
vortexing for 10 s and incubated for 2 h at 37°C. 5 ml of the
simulated intestinal juice tempered at 37°C was then added and
incubated for 2 h at 37°C with periodical shaking [26]. Surviving
bacteria after setting the time of sequential incubation were
enumerated by pour plate counts in plate count agar at 37°C for 72
h as described above.

2.8.  Statistical analysis

Statistical analysis of the obtained results was performed using
MINITAB statistical software (version 14). The data were
statistically treated by analysis of variance (ANOVA). Three- and
higher-order interactions were eliminated. All data are presented
as the mean * standard deviation (M = SD) of two independent
experiments at different days. The data from the sensory analysis
were exposed to Kruskal-Wallis H non-parametric test. A Mann-
Whitney U test was used to specify the statistical significance
among the means. A P-value below 0.05 (presented as P<0.05)
was considered statistically significant.

since some people should have a diet without ethanol (like
pregnant women or because of cancer disease); therefore, the
amount of ethanol in the 6™ week samples was assessed and the
results are demonstrated in Table 3. In all trials, probiotics
provided the negligible amount of ethanol after 42 days of cold
storage because fermentation time was eliminated for all samples.
The coefficient of regression (R?) for probiotic viability during 6
weeks cold storage was 0.93. Analysis of variance of the stepwise
regression showed a first order polynomial model that fits well the
data. Also, in the residual plots did not observe any trend in the
distribution of the residuals around the zero line (means the
goodness of fit). The value of R? showed good agreement between
experimental and predicted values. The F ratio for lack of fit of the
model for probiotic viability during 6 weeks cold storage was not
significant (P>0.05). The polynomial mathematic model was:

[log Ninitias —10g Nyeeks] = 1.22 + 0.00440[ascorbic acid] +
0.346[FOS] + 0.655]citric acid]
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Table 2. Viability of Lactobacillus plantarum ATCC 8014® of twenty-
trial CCD® in apple juice samples during 6 weeks of refrigerated storage®
Trial Week 0 Week 3 Week 6 [log Ninitial
number log log log —log
(CFU/ml) (CFU/mI) (CFU/ml) Nueeks]

1 11.70+£0.09 | 9.59 +0.04 7.60+0.04 | 4.09+0.03
2 11.00+0.02 | 9.27 £0.01 8.60+0.06 | 3.09+0.04
3 11.49+0.01 | 9.65+0.03 6.30+0.01 | 5.39+0.01
4 1144+0.01 | 11.00+0.03 | 7.60+0.02 | 4.09+0.02
5 11.32+0.04 | 11.04+0.01 | 8.72+0.00 | 2.97+0.01
6 11.51+0.01 | 11.00+0.06 | 6.60+0.08 | 5.09 +0.05
7 11.00+0.03 | 10.90+0.05 | 8.30+0.10 | 3.39 +0.06
8 11.41+0.00 | 10.95+£0.11 | 7.30+0.02 | 4.39+0.02
9 11.30+0.06 | 9.30+0.09 7.77+0.00 | 3.92+0.01
10 11.49+0.10 | 9.47+0.04 7.00+0.03 | 4.69+0.02
11 11.30+£0.05 | 9.30+0.02 7.77+£0.04 | 3.92+0.03
12 1146+ 0.01 | 9.84+0.02 8.00+0.04 | 3.69+0.03
13 11.39+0.07 | 10.65+0.00 | 8.36+0.12 | 3.33+0.07
14 11.34+0.09 | 9.30+0.01 7.66+0.09 | 4.03+0.05
15 11.30+0.02 | 9.07 +0.09 7.77+0.07 | 3.92+0.04
16 11.38+0.08 | 10.47+0.07 | 8.00+0.08 | 3.69+0.05
17 11.04+£0.11 | 10.00£0.05 | 8.77+0.01 | 2.92 +£0.01
18 11.50+0.01 | 9.11+0.08 7.74+0.03 | 3.95+0.02
19 11.07+£0.00 | 9.34+0.03 7.78+0.01 | 3.91+0.01
20 11.55+0.03 | 11.00+0.03 | 7.17+0.02 | 4.52+0.02
a. Initial viability of all trials was 11.69 + 0.02 log (CFU/mI)
b. Central Composite Design

24

Standard deviation (£ SD) calculated with 95% confidenc

Figure 1. Response surface plot illustrating the effect of
fructooligosaccharide, citric acid, and ascorbic acid concentration and
their interactions on the viability of Lactobacillus plantarum ATCC
8014 in synbiotic apple juice after 42 days of refrigerated storage.
Fig. 1 shows the response surface plot of the viability of L.

plantarum ATCC 8014 in apple juice as a function of FOS,
ascorbic acid, and citric acid concentration. According to the plots,
by increasing the citric acid concentration in apple juice, viability
of the probiotic strain decreased, while FOS and ascorbic acid
concentration have an optimum point in order to improve the
viability of L. plantarum in the apple juice samples during cold
storage. It means that if we use the optimum amounts of all
variables in apple juice, the probiotic viability will improve
significantly. On the other hand, reverse results will be achieved.
According to the results obtained from data analysis by MINITAB
(version 14), the optimum points for three variables include 2.094
9/100ml FOS, 207.050 mg/L ascorbic acid and 0.500 g/L citric
acid. By inserting the mentioned amounts of variables to the apple
juice samples and inoculation of 11.55 log (CFU/mI) L.
plantarum, optimized synbiotic apple juice was produced.

The viability of L. plantarumin the optimized synbiotic
apple juice (with inserting optimum amount of FOS, citric acid,
and ascorbic acid) during 6 weeks of refrigerated storage is

presented in Fig. 2. The cell concentration increased slightly
(P>0.05) after one day of storage and then decreased
approximately by 3.6 log cycles after 6 weeks of storage and
reached to 8.0x10'CFU/ml from an initial concentration of
3.6x10™ CFU/mI. It is worth mentioning that a control sample
(just apple juice) was tested in order to compare with the
optimized synbiotic apple juice. The control sample was
inoculated by about 11 log (CFU/mI) L. plantarum and almost 6
log cycles decline was observed after 6 weeks of cold storage.
Ethanol concentration of the optimized synbiotic apple juice after
42 days of refrigerated storage was 0.109 g/100ml.

12
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Viability (log CFU/mL)

Time (day)

Figure 2. The viability of Lactobacillus plantarum ATCC 8014in
optimized synbiotic apple juice (with inserting defined
fructooligosaccharide, citric acid, and ascorbic acid content) during 6
weeks of refrigerated storage.

The cell concentration of L. plantarum (after 42 days of
refrigerated storage of the optimized synbiotic apple juice) in the
simulated gastric and intestinal juices is demonstrated in Fig. 3.
Around 3.6 log cycles decline was observed for the mentioned
probiotic strain after 4 h of exposure to simulated Gl juices, and
the final cell concentration reached to 4.34 log (CFU/mI).
Therefore, we can say that L. plantarum ATCC 8014 after
consumption of synbiotic apple juice can tolerance simulated Gl
conditions at least for 4 h.

4 T T T T
0 1 2 3

Incubation time (h)

Viable cell count (log CFU/mL)

o~

Figure 3. The viability of Lactobacillus plantarum ATCC 8014 in
optimized  synbiotic  apple juice  with inserting  defined
fructooligosaccharide, citric acid, and ascorbic acid (after 42 days of
storage at refrigerator) during 2 h of incubation (at 37°C) in the presence
of simulated gastric juice and 2 h of exposure to simulated intestinal juice
(at 37°C). The survived bacteria after setting the time of sequential
incubation were enumerated by pour plate counts in plate count agar.

At last, the results obtained from the sensory assessment of
optimized synbiotic apple juice during 6 weeks of cold storage are
shown in Fig. 4.
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Figure 4. Average sensory flavor scores for optimized synbiotic apple
juice and control apple juice during 6 weeks of cold storage at 4°C
(score range: 1- 6).

3.2. Discussion.

It has been reported that the fermentation provided a high
number of cells in the fruit juices, but the sensory characteristics
of the products were not accepted by the consumers [27]. Hence,
in order to prevent the possibility of fermentation and producing
ethanol by probiotics, in this study the samples (without
fermentation time) were kept in the refrigerator at 4°C for 6
weeks. Moreover, Pereira et al. [28] said that L. casei showed an
acceptable viability with less than one log (CFU/mI) reduction in
cashew apple juice at 4°C for a long shelf-life. Survival of
probiotics in the gastrointestinal tract in sufficient numbers needs
a concentration of at least 10°CFU/mI of probiotic strains in the
product at the end of shelf-life; this helps to identify the efficiency
of the product [3]. According to the results from Table2, most
trials (except trials 3 (2.5% w/v FOS; 1.5 g/L citric acid; and 300
mg/L ascorbic acid) and 6 (2% w/v FOS; 2 g/L citric acid; and 260
mg/L ascorbic acid)) have more than 7 log (CFU/mI) cell
concentration after 42 days shelf-life. Also, probiotic viability in
the optimized synbiotic apple juice decreased from 11.55 log
(CFU/mI) to 7.90 log (CFU/mI) after storage time (Fig.2). Yoon et
al. [29] evaluated the production of probiotic beet juice by the four
species of LAB. Although the probiotic strains in beet juice
gradually lost their viability during the cold storage, the viable cell
counts of these bacteria still remained at 10°~10® CFU/ml after 4
weeks.

There are some important factors that could limit probiotic
survival in fruit juices; Tripathi and Giri [30] grouped them as
follows: (i) food parameters such as pH, titratable acidity,
molecular oxygen, water activity, presence of salt, sugar, and
chemicals, artificial flavoring and coloring agents; (ii) processing
parameters including pasteurization, cooling rate, packaging
materials, storage methods, oxygen levels, and volume, and (iii)
microbiological parameters such as strains of probiotics and
proportion of inoculation.

Reducing the viability of probiotics in different fruit juices
during cold storage has been reported by many researchers [3, 31];
this is in agreement with our findings (Table 2; Fig.2). But these
results differ from the similar studies conducted by Perieraet al.
[28]. They found that L. casei grew in cashew apple juice during
42 days of storage at 4°C, and the cell concentration from an
initial value of 7.48 log (CFU/ml) reached to more than 8 log
(CFU/mI). In another study, Champagne et al. [32] inoculated

apple — pear — raspberry juice mixture with 4.5x10° CFU/250ml L.
rhamnosus and reported the viability of L. rhamnosus (1.5 x 10°
CFU/250ml) in the product during4 weeks of storage at 2-7°C.
This could be due to the difference in probiotic strains used and
other ingredients of the juices. On the other hand, Yoon et al. [33]
produced a probiotic cabbage juice using LAB. After 4 weeks of
cold storage, the viable cell counts of L. plantarum and L.
delbrueckii decreased from an initial concentration of 1x10°
CFU/mI to 4.1x10" and 4.5x10°> CFU/ml, respectively. Espirito-
Santo et al. [8] used lactobacilli strains from commercial and
artisanal food origins for the production of probiotic apple juice
and reported the decrease in lactobacilli counts ranging from 3.3 to
4.8 log (CFU/ml) after 28 days of refrigerated storage. They
highlighted that the commercial lactobacilli strain L. plantarum
299 v showed higher growth and viability in the fermented apple
juice than the ones isolated from artisanal products: L. plantarum
CIRMBIA 466.

The lowest viable cell count was observed for trial number
3 (2.5% w/v FOS; 1.5 g/L citric acid; and 300 mg/L ascorbic acid)
that contained the highest amount of ascorbic acid. Most probably,
this decrease was because of the low pH and high acidity. This is
according to Mousavi et al. [31] who investigated the viability of
L. plantarum in pomegranate juice during the cold storage. In
another study, the cell concentration in pomegranate juice
decreased sharply immediately after inoculation. The main factors
impacting this were most likely the low pH of the juice and the
low organic acid concentration [3]. According to Sheehan et al.
[34], when inserting Lactobacillus strains to orange, pineapple,
and cranberry juices, extensive differences regarding their acid
resistance were observed. All of the strains displayed a great
surviving at levels above 7.0 log (CFU/mI) for at least 12 weeks in
orange and pineapple juices compared to cranberry juice.

The reason for selecting the mentioned three variables and
their ranges is that they have been recommended to play an
important role in the survival of lactobacilli in fruit juices [3, 18].
Nualkaekul and Charalampopoulos found that pH and citric acid
were the main factors influencing the LAB strains’ survival during
the refrigerated storage [3]. They said that high levels of citric acid
supported the survival of L. plantarum in model solutions. But it is
in contrast with our results because we found that by increasing
the citric acid concentration in apple juice, the viability of the
probiotic strain decreased. There are little investigations about the
role of citric acid in the survival of LAB in fruit juices during cold
storage. Organic acids are commonly used as preservatives
because of their antimicrobial properties. The results obtained in
this study (Fig. 1) regarding the effect of citric acid on cell
survival are in agreement with the findings of Champagne and
Gardner [13], who showed that citric acid, would have a negative
effect on cell survival in the model solutions. Fermentation studies
have reported that citric acid is metabolized by Lactobacillus
species, and the main product is the acetic acid with the
production of ATP [35].

Ascorbic acid has a positive effect on survival of L.
acidophilus in yogurt because it acts as an oxygen scavenger [2].
Based on the results given in Fig. 1, ascorbic acid can improve
survival of L. plantarum in apple juice in an optimum
concentration. In contrast, it has recently been shown that high
levels of citric acid supported the survival of L. plantarum in
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different juices (orange, grapefruit, blackcurrant, pineapple,
pomegranate, cranberry, and lemon) during refrigerated storage
while ascorbic acid did not have an effect [3]. This can be most
likely due to the role of other components of the juices, such as
proteins, dietary fibers, or various antimicrobial compounds.

Roble et al. [7] used FOS as a prebiotic for the production
of synbiotic fresh cut apple slices by applying probiotic bacteria
(L. rhamnosus GG). They claimed that FOS influenced the growth
and survival of probiotic strain. According to the results of our

experiments (Fig. 1), FOS has a positive impact on survival of L.
plantarum in apple juice in an optimum amount. In addition,
another study reported that the number of live Bifidobacterium
bifidum DSM 20215 cells was maintained at the level of 6 log
(CFU/ml) in carrot juice supplemented with different kinds of
prebiotics (raftiline, raftilose, and inulin) during the first 28 days
of refrigerated storage when 8 log (CFU/ml) of probiotic strains
were initially added to the juice [15].

Table 3. Changes in the titratable acidity and reducing sugars content of twenty-trial CCD? apple juice samples during 6 weeks of refrigerated storage
and ethanol concentration after 6 weeks of refrigerated storage®.

Trial Initial Week 0 \ Week 3 Week 6 \
number Reducing Titratable Reducing Titratable Reducing | Titratable Reducing Titratable Ethanol
sugar acidity® sugar acidity® sugar acidity® sugar acidity® concentration
0/100g g/100g 9/100g 9/100g g/100g 9/100g /100 0/100g
1 8.56 0.59 7.87 0.61 7.80 0.61 7.69 0.63 0.20
2 7.95 0.49 7.49 0.52 7.35 0.52 7.26 0.52 0.05
3 8.52 0.54 8.03 0.56 7.95 0.58 7.66 0.58 0.14
4 8.65 0.56 7.95 0.63 7.76 0.65 7.59 0.65 0.17
5 8.47 0.46 8.03 0.46 7.99 0.46 7.73 0.50 0.01
6 7.84 0.59 7.52 0.63 7.26 0.65 7.10 0.65 0.18
7 8.43 0.55 8.14 0.55 8.06 0.55 7.87 0.55 0.10
8 8.39 0.63 8.10 0.65 7.99 0.67 7.62 0.67 0.22
9 8.43 0.53 7.91 0.59 7.45 0.59 7.39 0.59 0.11
10 8.52 0.50 7.84 0.56 7.66 0.56 7.45 0.58 0.04
11 8.43 0.53 7.91 0.59 7.45 0.59 7.39 0.61 0.11
12 7.49 0.53 7.39 0.60 7.20 0.60 7.07 0.60 0.15
13 8.61 0.50 7.76 0.52 7.45 0.52 7.32 0.52 0.07
14 8.39 0.53 7.91 0.59 7.39 0.59 7.39 0.60 0.11
15 8.43 0.53 7.95 0.59 7.45 0.59 7.45 0.59 0.11
16 7.73 0.54 7.52 0.56 7.16 0.56 7.10 0.61 0.08
17 7.66 0.50 7.45 0.52 7.13 0.54 7.04 0.54 0.02
18 8.43 0.53 7.87 0.57 7.42 0.59 7.39 0.59 0.11
19 8.47 0.54 7.91 0.58 7.45 0.58 7.38 0.59 0.11
20 8.52 0.53 8.35 0.57 8.06 0.57 7.80 0.59 0.12

a. Central Composite Design
b.Standard deviation (+ SD) calculated with 95% confidence
c. Titratable acidity is expressed as lactic acid

During 6 weeks of cold storage at 4°C, reducing sugars and
titratable acidity of the samples were decreased and increased,
respectively. One may attribute this phenomenon to consumption
of sugars and production of organic acids by probiotics [36].
Buruleanu et al. [37] evaluated the effect of inulin as a prebiotic
on the quality of produced lactic acid in carrot and beet extracts
during fermentation by Bifidobacterium BB12. They reported that
the amount of glucose reduced by the selected strain culture, and
in contrast, the amounts of lactic acid and acetic acid increased;
these findings are in agreement with the data of the present study.
Lactic acid could have been produced from the metabolism of
sugars, or the metabolism of malic acid through the action of the
malo-lactic enzyme, which has been identified in L. plantarum [4],
and acetic acid is probably produced from the metabolism of citric
acid and sugars, as previously shown for L. plantarum [35]. Ding
and Shah [4] used eight different strains of probiotic bacteria
including L. plantarum in order to produce probiotic apple juice,
and reported that all eight probiotic bacteria produced similar
quantities of malic acid in the apple juice and probiotic apple juice
had only a slight increase in the malic acid concentration, with an
average increase of 0.15 mg/L during 6-week storage.

The results of this study are consistent with the findings of
Costa et al. [38] for using sonicated pineapple juice as the
substrate for the production of a probiotic beverage by L. casei.
The results of this study showed that acidity was increased during
the cold storage due to using reducing sugars by L. casei in order
to produce organic acids. Tsen et al. [39] investigated lactic acid
production in the medium based on the mashed banana by L.
acidophilus. The selected strain metabolized low molecular weight
sugars (i.e., fructose and glucose) as a carbon source for acid
production.

As mentioned above, L. plantarum ATCC 8014 in
optimized synbiotic apple juice showed tolerance to simulated
GIT (Fig. 3), and 3.6 log cycles decrease was observed after 4 h.
This is consistent with the findings of some other studies,
including Annan et al. [26], who investigated the survival of
probiotic Bifidobacterium adolescentis 15703T during exposure to
the simulated conditions of GIT. They found that the populations
of bifidobacteria declined over the 2 h incubation period with the
final decrease of 3.45 log (CFU/mI). Nazzaro et al. investigated
the viability of L. acidophilus DSM 20079, after its transmission
through the simulated gastric and intestinal juices, as a function of
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its pre-growth in a medium containing the prebiotics pectin or
inulin in comparison to glucose as control [11]. They showed that
pectin and inulin induced cell stress resistance against Gl juices
(Aieg 1 and 2 CFU/ml, respectively), in contrast to glucose, which
is in agreement with the results of our study about using FOS as
prebiotic source. Anyway, in vitro studies about simulation of
gastric juice are only an overestimation of the viability of
probiotic microorganisms, while many food components may lead
to a temporary change (decrease in pH) in vivo.

According to Fig. 4, there is no significant different
(P>0.05) between the flavor (overall acceptability) of optimized
synbiotic apple juice and that of control apple juice until week 4 of

4. CONCLUSIONS

The aim of this work was to evaluate the effect of three
variables on the survival of L. plantarum ATCC 8014 using a
CCD in apple juice containing prebiotic during 42 days of
refrigerated storage. In general, the results indicated that inserting
optimum amounts of FOS, ascorbic acid, and citric acid to apple
juice containing L. plantarum ATCC 8014 improved the survival
of probiotic strain during 6 weeks of cold storage, and led to the
good viability of the mentioned probiotic strain in simulated
gastric and bile juices for 4 h. In addition, in the organoleptic
study, no significant different was observed between the optimized

5. REFERENCES

[1] Vasudha S., Mishra H.N., Nondairy probiotic beverages, International
Food Research Journal, 20, 1, 7-15, 2013.

[2] Mollakhalili Meybodi N., Mortazavian A.M., Sohrabvandi S., Cruz
A.G., Mohammadi R., Probiotic Supplements and Food Products:
Comparison for Different Targets, Applied Food Biotechnology, 4, 3,
123-132, 2017.

[3] Nualkaekul S., Charalampopoulos D., Survival of Lactobacillus
plantarum in model solutions and fruit juices, International Journal of
Food Microbiology, 146, 2, 111-117, 2011.

[4] Ding W.K., Shah N.P., Survival of free and microencapsulated
probiotic bacteria in orange and apple juices, International Food
Research Journal, 15, 2, 219-232, 2008.

[5] Khanniri E., Sohrabvandi S., Mortazavian A.M., Khorshidian N.,
Malganji S., Effect of Fermentation, Cold storage and Carbonation on the
Antioxidant activity of Probiotic Grape Beverage, Current Nutrition &
Food Science, 14, 4, 335-340, 2018.

[6] Kadhim lIsa J., Razavi S.H., Characterization of Lactobacillus
plantarum as a potential probiotic In vitro and use of a dairy product
(yogurt) as food carrier, Applied Food Biotechnology, 4, 1, 11-18, 2017.
[7] Roble C., Brunton N., Gormley R.T., Ross P.R., Butler F.,
Development of potentially synbiotic fresh — cut apple slices, Journal of
Functional Foods, 2, 245-254, 2010.

[8] Espirito-Santo A.P., Carlin F., Renard C.M.G.C., Apple, grape or
orange juice: Which one offers the best substrate for lactobacilli growth?
A screening study on bacteria viability, superoxide dismutase activity,
folates production and hedonic characteristics, Food Research
International, 78, 352-360, 2015.

[9] Zoghi A., Khosravi-Darani K., Sohrabvandi S., Attar H., Alavi A,
Effect of probiotics on patulin removal from synbiotic apple juice,
Journal of the Science of Food and Agriculture, 97, 8, 2601-2609, 2017.
[10] Gaudana S.B., Dhanani A.S., Bagchi T., Probiotic attributes of
Lactobacillus strains isolated from food and of human origin, British
Journal of Nutrition, 103, 11, 1620-1628, 2010.

[11] Nazzaro F., Fratianni F., Nicolaus B., Poli A., Orlando P., The
prebiotic source influences the growth, biochemical features and survival
under simulated gastrointestinal conditions of the probiotic Lactobacillus
acidophilus, Anaerobe, 18, 3, 280-285, 2012.

refrigerated storage, which is similar to the report of some
researchers, who demonstrated that probiotics do not affect the
overall acceptance of fruit juices [40], e.g., Perricone et al. [14], for
pineapple juice containing L. reuteri, and Ellendersen et al. [41],
for apple beverage fermented with L. casei. Based on obtained
results, overall acceptability of control apple juice was
significantly (P<0.05) better than that of synbiotic apple juice after
4 to 6 weeks of cold storage. The study of Luckow and Delahunty
[42] showed that despite better taste of conventional orange juice,
consumers prefer the sensory characteristics of probiotic orange
juice because of its health benefits; however, unsuitable contents of
aromas and flavors have been reported.

synbiotic apple juice and the control sample until the 4" week of
storage. Also, this product is safe for humans with non-alcoholic
diet.

It is to be noted that for a commercial application in juice
manufacturers, maybe frozen or freeze dried cells instead of fresh
cells, which were used in this study, will be used. Therefore, this
aspect needs to be evaluated further, as it is likely that preparation
of the cells will affect their survival during storage.

[12] Marhamatizadeh M.H., Rezazadeh S., Kazemeini F., Kazemi M.R.,
The study of probiotic juice product conditions supplemented by culture
of Lactobacillus acidophilus and Bifidobacterium bifidum, Middle East
Journal of Science Research, 11, 3, 287-295, 2012.

[13] Champagne C.P., Gardner N.J., Challenges in the addition of
probiotic cultures to foods, Critical Reviews in Food Science and
Nutrition, 45, 1, 61-84, 2005.

[14] Perricone M., Corbo M.R., Sinigaglia M., Speranza B., Bevilacqua
A., Viability of Lactobacillus reuteri in fruit juices, Journal of
Functional Foods, 10, 421-426, 2014.

[15] Santos R.O., Silva M.V.F., Nascimento K.O., Batista A.L.D., Moraes
J., Andrade M.M., Andrade L.G., Khosravi-Darani K., Freitas M.Q.,
Raices R.S.L., Silva M.C., Junior J.L.B., Barbosa M.I.M.J., Cruz A.G.,
Prebiotic flours in dairy food processing: Technological and sensory
implications, International Journal of Dairy Technology, 71, S1, 1-10,
2018.

[16] Massoud R., Khosravi K., Production of synbiotic corn extract:
Application against diarrhea causing microorganisms, Biointerface
Research in Applied Chemistry, 8, 3351-3355, 2018.

[17] Pimentel T.C., Madrona G.S., Garcia S., Prudencio S.H., Probiotic
viability, physicochemical characteristics and acceptability during
refrigerated storage of clarified apple juice supplemented with
Lactobacillus paracasei ssp. paracasei and oligofructose in different
package type, Food Science and Technology, 63, 1, 415-422, 2015.

[18] Nematollahi A., Sohrabvandi S., Mortazavian A.M., Jazaeri S.,
Viability of probiotic bacteria and some chemical and sensory
characteristics in cornelian cherry juice during cold storage, Electronic
Journal of Biotechnology, 21, 49-53, 2016.

[19] Delshadian Z., Mortazavian A.M., Tabarzad M., Hosseini S.M.,
Mohammadi R., Rouhi M., Salami M., Khosravi-Darani K., Optimisation
of experimental conditions for binding of divalent iron to bioactive casein
phosphopeptides, International Journal of Food Science and Technology,
53, 3, 784-793, 2018.

[20] Jahadi M., Khosravi-Darani K., Ehsani M.R., Mozafari M.R.,
Saboury A.A., Zoghi A., Mohammadi M., Modelling of proteolysis in
Iranian brined cheese using proteinase-loaded nanoliposome. International
Journal of Dairy Technology, 69, 1, 57-62, 2016.

Page | 3680


javascript:ShowAffiliation('0','5')
javascript:ShowAffiliation('1','5')
javascript:ShowAffiliation('2','5')
javascript:ShowAffiliation('3','5')
javascript:ShowAffiliation('4','5')
javascript:ShowAffiliation('4','5')
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gaudana%20SB%5BAuthor%5D&cauthor=true&cauthor_uid=20070917
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dhanani%20AS%5BAuthor%5D&cauthor=true&cauthor_uid=20070917
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bagchi%20T%5BAuthor%5D&cauthor=true&cauthor_uid=20070917
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Santos%2C+Renata+O
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Silva%2C+Marcus+Vinicius+F
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Nascimento%2C+Kamila+O
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Batista%2C+Aline+L+D
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Moraes%2C+Jeremias
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Andrade%2C+Marlon+M
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Andrade%2C+Luiz+Guilherme+Z+S
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Khosravi-Darani%2C+Kianoush
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Freitas%2C+Monica+Q
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Raices%2C+Renata+S+L
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Silva%2C+Marcia+C
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Barbosa+Junior%2C+Jose+L
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Barbosa%2C+Maria+Ivone+M+J
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Cruz%2C+Adriano+G
http://www.sciencedirect.com/science/article/pii/S0023643815001498
http://www.sciencedirect.com/science/article/pii/S0023643815001498
http://www.sciencedirect.com/science/article/pii/S0023643815001498
http://www.sciencedirect.com/science/article/pii/S0023643815001498
http://www.sciencedirect.com/science/journal/00236438
http://www.sciencedirect.com/science/journal/00236438/63/1
https://www.sciencedirect.com/science/article/pii/S0717345816300148#!
https://www.sciencedirect.com/science/article/pii/S0717345816300148#!
https://www.sciencedirect.com/science/article/pii/S0717345816300148#!
https://www.sciencedirect.com/science/article/pii/S0717345816300148#!
https://www.sciencedirect.com/science/journal/07173458
https://www.sciencedirect.com/science/journal/07173458
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Delshadian%2C+Zohre
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Mortazavian%2C+Amir+Mohammad
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Tabarzad%2C+Maryam
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Hosseini%2C+Seyede+Marzieh
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Mohammadi%2C+Reza
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Mohammadi%2C+Reza
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Rouhi%2C+Milad
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Salami%2C+Maryam
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Khosravi-Darani%2C+Kianoush
https://www.scopus.com/authid/detail.uri?authorId=25959040500&amp;eid=2-s2.0-84954377782
https://www.scopus.com/authid/detail.uri?authorId=23969408200&amp;eid=2-s2.0-84954377782
https://www.scopus.com/authid/detail.uri?authorId=25627096800&amp;eid=2-s2.0-84954377782
https://www.scopus.com/authid/detail.uri?authorId=12041111800&amp;eid=2-s2.0-84954377782
https://www.scopus.com/authid/detail.uri?authorId=7004871874&amp;eid=2-s2.0-84954377782
https://www.scopus.com/authid/detail.uri?authorId=23969589100&amp;eid=2-s2.0-84954377782
https://www.scopus.com/sourceid/98012?origin=recordpage
https://www.scopus.com/sourceid/98012?origin=recordpage

Production of synbiotic apple juice and evaluation of viable count of Lactobacillus Plantarum ATCC 8014 during refrigerated
storage

[21] Vinderola C.G, Reinheimer J.A., Enumeration of Lactobacillus casei
in the presence of Lactobacillus acidophilus, Bifidobacteria and lactic
starter bacteria in fermented dairy products, International Dairy Journal,
10, 4, 271-275, 2000.

[22] Emanuel V., Adrian V., Ovidiu P., Gheorghe C., Isolation of a
Lactobacillus plantarum strain used for obtaining a product_for the
preservation of fodders, African Journal of Biotechnology, 4, 5, 403-408,
2005.

[23] Krasaekoopt W., Pianjareonlap R., Kittisuriyanont K., Probiotic fruit
juices. The 2nd International Conference on Fermentation Technology for
Value added Agricultural Products. Kosa Hotel, KhonKaen, Thailand,
2007.

[24] Mohammadi M., Oghabi F., Neyestani T.R., Hasani I., Effect of
modified starch used alone or in combination with wheat flour on the
sensory characteristics of beef sausage. Journal of Paramedical Sciences,
4, 20-25, 2013.

[25] Chackoshian Khorasani A., Shojaosadati S.A., Improvement of
probiotic survival in fruit juice and under gastrointestinal conditions using
pectin-nanochitin-nanolignocellulose as a novel prebiotic gastrointestinal-
resistant matrix, Applied Food Biotechnology, 4, 3, 179-191, 2017.

[26] Yin J.,, WuB.,LiuS., HuS., Gong T., Cherr G.N., Zhang X., RenH.,
Xian Q., Rapid and complete dehalogenation of halonitromethanes in
simulated gastrointestinal tract and its influence on toxicity,
Chemosphere, 211, 1147-1155, 2018.

[27] Krasaekoopt W., Chea P., Probiotication of fruit juices. Senior
project. Faculty of Biotechnology. University of Assumption, Thailand, p.
56-59, 2007.

[28] Pereira A.L.F., Maciel T.C., Rodrigues S., Probiotic beverage from
cashew apple juice fermented with Lactobacillus casei, Food Research
International, 44, 5, 1276-1283, 2011.

[29] Yoon K.Y., Woodams E.E., Hang Y.D., Fermentation of beet juice
by beneficial lactic acid bacteria, Lebensmittel-Wissenschaft Technology,
38, 1, 73-75, 2005.

[30] Tripathi M.K., Giri S.K., Probiotic functional foods: Survival of
probiotics during processing and storage, Journal of Functional Foods, 9,
225-241, 2014.

[31] Mousavi Z., Mousavi S., Razavi S., Emam-Djomeh Z., Kiani H.,
Fermentation of pomegranate juice by probiotic lactic acid bacteria,
World Journal of Microbiology and Biotechnology, 27, 1, 123-128, 2011.

6. ACKNOWLEDGEMENTS

[32] Champagne C.P., Rarmond Y., Gagnon R., Viability of Lactobacillus
Rhamnosus ROO11 in an apple-based fruit juice under simulated storage
conditions at the consumer level, Journal of Food Science, 73, 5, 221-
226, 2008.

[33] Yoon K.Y., Woodams E.E., Hang Y.D., Production of probiotic
cabbage juice by lactic acid bacteria, Bioresource Technology, 97, 12,
1427-1430, 2006.

[34] Sheehan V.M., Ross P., Fitzgerald G.F., Assessing the acid tolerance
and the technological robustness of probiotic cultures for fortification in
fruit juices, Innovative Food Science and Emerging Technologies, 8, 2,
279-284, 2007.

[35] Palles T., Beresford T., Condon S., Cogan T.M., Citrate metabolism
in Lactobacillus casei and Lactobacillus plantarum, Journal of Applied
Microbiology, 85, 1, 147-154, 1998.

[36] Kun S., Rezessy_Szabo J.M., Nguyen Q.D., Hoschke A., Changes of
microbial population and some components in carrot juice during
fermentation with selected Bifidobacterium strains, Process Biochemistry,
43, 816-821, 2008.

[37] Buruleanu L., Manea I., Bratu M.G., Avram D., Nicolescu C.L.,
Effects of prebiotics on the quality of lactic acid fermented vegetable
juices, Ovidius University Annals of Chemistry, 20, 1, 102-107, 20009.

[38] Costa M.G., Fonteles T.V., deJesus A.L., Rodrigues S., Sonicated
pineapple juice as substrate for Lactobacillus casei cultivation for
probiotic beverage development: process optimisation and product
stability, Food Chemistry, 139, 261-266, 2013.

[39] Tsen J.H., Lin Y.P., King V.A.E., Banana purees fermentation by
Lactobacillus acidophilus immobilized in Ca-alginate, Journal of General
Application and Microbiology, 49, 6, 357-361, 2003.

[40] Malganji S., Sohrabvandi S., Jahadi M., Nematollahi A., Sarmadi B.,
Effect of refrigerated storage on sensory properties and viability of
probiotic in grape drink, Applied Food Biotechnology, 3, 1, 59-62, 2017.
[41] Ellendersen L.S.N., Granato D., Guergoletto B.K., Wosiacki G.,
Development and sensory profile of a prebiotic beverage from apple
fermented with Lactobacillus casei, Engineering in Life Sciences, 12, 1-
11, 2012.

[42] Luckow T., Delahunty C., Which juice is ‘healthier’? A consumer
study of probiotic non-dairy juice drinks, Food Quality Preferences, 15,
7-8, 751-759, 2004.

We would like to thank the National Nutrition and Food Technology Research Institute (NNFTRI), Shaheid Beheshti University
of Medical Sciences, and Research Center for Food Hygiene and Safety, Shahid Sadoughi University of Medical Sciences (Yazd, Iran)

for financial support of this research project.

© 2018 by the authors. This article is an open access article distributed under the terms and conditions of the Creative
Commons Attribution license (http://creativecommons.org/licenses/by/4.0/).

Page | 3681


http://www.academicjournals.org/journal/AJB/article-abstract/FF953F310154
http://www.academicjournals.org/journal/AJB/article-abstract/FF953F310154
http://www.academicjournals.org/journal/AJB/article-abstract/FF953F310154
https://www.sciencedirect.com/science/article/pii/S0045653518315145#!
https://www.sciencedirect.com/science/journal/00456535
https://www.sciencedirect.com/science/article/pii/S1756464614001716
https://www.sciencedirect.com/science/article/pii/S1756464614001716
http://europepmc.org/search;jsessionid=t1VUuH1SXeESGjhcJfxw.4?page=1&query=AUTH:%22Costa+MG%22
http://europepmc.org/search;jsessionid=t1VUuH1SXeESGjhcJfxw.4?page=1&query=AUTH:%22Fonteles+TV%22
http://europepmc.org/search;jsessionid=t1VUuH1SXeESGjhcJfxw.4?page=1&query=AUTH:%22de+Jesus+AL%22
http://europepmc.org/search;jsessionid=t1VUuH1SXeESGjhcJfxw.4?page=1&query=AUTH:%22Rodrigues+S%22

