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Abstract

The popularity of non-dairy probiotic products continues to persist as
the consumers prefer functional foods satisfying their health needs. Among
these promising foods, probiotic grape drink would have beneficial effects
on modifying gastrointestinal flora and human health. In this study, the
pasteurized grape drink was inoculated by three species of lactic acid
bacteria (Lactobacillus delbrueckii, Lactobacillus plantarum and
Lactobacillus rhamnosus) separately, and the samples were subjected to
non-fermented conditions. The samples were kept in the refrigerator at4°C
for 4 weeks to determine microbial viability and sensory evaluation during
cold storage. Based on the results obtained, Lactobacillus rhamnosus and
Lactobacillus delbrueckii displayed greater surviving than Lactobacillus
plantarum during cold storage. Sensory evaluation outcome indicated that
grape juice inoculated with Lactobacillus rhamnosus showed higher overall
acceptability over 4 weeks of storage. The findings revealed that
sustainability and sensory properties of probiotic products are important
from the consumers’ point of view; therefore, production of probiotic grape
juice by Lactobacillus rhamnosus, due to its higher viability and desirable
organoleptic properties, is suggested.
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1. Introduction

According to the definition by the Food and
Agriculture  Organization and World Health
Organization, consumption of desired amount of prob-
iotics may lead to several health benefits e.g. in the
intestinal micro-flora and improvements in intestinal
functioning [1]. In order to receive the beneficial
effects of probiotics, the viable cell count of these
microorganisms should be 10° CFU ml™ in the
product. Fermentation time, storage temperature and
oxygen content of the product have important effect
on the viable cell count of probiotics [2]. Several rese-
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arches are performed worldwide to explore the
viability of probiotics and suitability of fruit juices as
an alternative medium for non-dairy probiotic
products. Yoong et al. (2004) determined the suit-
ability of tomato juice, as a raw material, for the
production of probiotic drink by Lb. acidophilus
LA39, Lb. plantarum C3, Lb. casei A4 and Lb. delbr-
ueckii D7. Their study indicated that the viable cell
count of Lb. acidophilus and Lb. delbrueckii ranged
from 10° to 108 CFU ml™ after 4 weeks of storage at
4°C [3]. Yoon et al. (2006) also reported the viability
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of Lb. casei A4, Lb. plantarum C3 and Lb. delbrueckii
D7 in cabbage juice during cold storage (4 C) for four
weeks. Lb. delbrueckii and Lb. plantarum grew well in
low pH and high acidity, and reached to 10°-10” CFU
ml™. However, Lb. casei lost its viability after two
weeks of cold storage [4].

Due to beneficial effects of probiotics on
gastrointestinal tract and the important role of sensory
properties based on the consumers’ point of view, in
this study, the viability and overall acceptability of
three strains (Lb. plantarum, Lb. rhamnosus and Lb.
delbrueckii) were studied in non-fermented grape
drink for 4 weeks at 4 C.

2. Materials and Methods

Commercial concentrated grape juice was supplied
from Takdaneh Iran Co. (Tehran, Iran) and kept at 4°C
prior to use.

2.1. Strains and Cultures

Lb. plantarum PTCC, Lb. delbrueckii PTCC 1737
and Lb. rhamnosus PTCC 1657 were obtained from
Iranian Research Organization for Science and
Technology (Tehran, Iran). All bacterial cultures were
grown at 30°C for 24 h in MRS broth and were used
asan inoculum. 10’ CFU ml™ was inoculated to grape
juice and all the samples were kept in the refrigerator
for 4 weeks at 4°C. The microbiological analysis and
sensory properties were assessed on the 0, 7, 14, 21
and 28 days of cold storage.

2.2. Microbiological analysis

The viable count of Lb. plantarum, Lb. rhamnosus
and Lb. delbrueckii was determined by the standard
plate count method using Man-Rogosa-Sharpe agar
(MRS agar) on the 0, 7, 14, 21 and 28 days of cold
storage, and the results were expressed as CFU ml™
juice.

2.3. Sensory evaluation

Ten trained panelists pointed out the qualitative
aspects of non-fermented grape juice as color, flavor,
aroma and overall acceptability. Furthermore, the
hedonic rating of the non-fermented grape juice was
used for evaluating the consumers’ preference [5].

2.4 Statistical analysis

All experiments were performed in triplicate, and
the results are expressed as meantSD. The SAS
software (ver. 9) was used to analyze the experimental
data (SAS Institute, Cary, NC, USA). Differences at
p<0.05 were considered to be significant.

3. Results and Discussion
3.1. Viability of probiotics during cold storage

Table 1 illustrates the effect of cold storage on the
viability of three lactic acid bacteria in non-fermented
grape drink during 4 weeks at 4'C. There was a
significant difference (p<0.05) in the initial viable
counts of Lb. plantarum compared to Lb. rhamnosus
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and Lb. delbrueckii. In addition, this significant
decrease (p<0.05) in viability of Lb. plantarum was
continued during the 7" and 14" days of cold storage.
Notably, Lb. rhamnosus and Lb. delbrueckii showed
no significant decrease in viability during the 7" and
14" days of cold storage. As shown in the Table,
during the 21* and 28" days of cold storage, there was
a significant difference (p<0.05) in the viable count of
all three strains in the samples. Therefore, the type of
incorporated species (such as Lb. plantarum, Lb.
rhamnosus and Lb. delbrueckii) and storage period
have a significant effect on the viable counts of
probiotics.

According to the research conducted on orange,
pineapple and cranberry juice by Sheehan et al.
(2007), Lb. rhamnosus GG, Lb. casei DN-114 001 and
Lb. paracasei NBFC43338 could grow well on these
juices, and their viable cell counts reached to 10’ CFU
ml™ in orange juice and 10° CFU ml™ in pineapple
juice during 12 weeks of cold storage [6]. Champagen
et al. (2008) reported that Lb. rhamnosus could grow
well on fruit juice (mixture of different fruits)
compared to Lb. acidophilus [7].

Yoon et al. (2005) studied the viability of
probiotics in red beet juice during the cold storage.
According to the results, the viable cell count of Lb.
acidophilus remained 10°-10% CFU ml™ after 4 weeks
of cold storage. However, Lb. plantarum lost its
viability during the cold storage [8]. The same result
was reported in the current study, and Lb. plantarum
had less viability than the other two strains.

Mousavi et al. (2011) studied the viability of
probiotics in pomegranate juice during the cold
storage. There was 2 CFU ml™ decrease in the viable
cell count of Lb. plantarum after one week of cold
storage. This decrease was due to the low pH and
existence of some metabolites such as organic acids
[9]. A similar result was obtained in the present study
on non-fermented grape juice. After two weeks of
storage, the viable cell count of probiotics was
reduced in a significant amount.

Daneshi et al. (2012) examined the effect of cold
storage on viability of probiotic bacteria in carrot
fortified milk. Lb. plantarum, Lb. rhamnosus and
B.lactis showed a slight reduction in cell counts;
however, in contrast to three other strains, Lb. acido-
philus count remained stable at 6.6 log CFU ml™
during the cold storage [10]. In our study, Lb.
rhamnosus showed higher viability than the other two
strains; this finding is incompatible with Daneshi et al.
results. Alegre et al. (2011) reported that Lb. rhamn-
osus remained viable in orange juice and apple
wedges over 12 and 4 weeks of cold storage at 4°C,
respectively [11]. The same process was performed on
grape juice in the present study, the findings of which
reflect similar viability results.

Temperature, which enhances the mortality effect
of organic acids, is one of the most important factors
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
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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,
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leading to viability increase when confronted with
hostile conditions throughout acidic situation during
storage at refrigeration temperature [6].

Table 1. Effect of cold storage on the viability of probiotic microorganism ((log CFU ml™) in grape drink

Time (days) 0 7 14 21 28
Treatment

Lb. delbrueckii 8.6 8.03> 8.14" 7.95% 7.77%
Lb. plantarum 7.59° 7.259 7.18¢ 7.15¢ 6.94¢
Lb. rhamnosus 8.44% 8.42% 8.41% 8.38% 8,38

The means in the column shown with different letters are significantly different (p<0.05).

3.2. Effect of cold storage on sensory evaluation in
non-fermented probiotic grape juice

Ten trained panelists assessed the sensory
evaluation of non-fermented samples on 0, 7, 14, 21
and 28 days of cold storage. Sensory properties
included flavor, odor, color and overall acceptability.

Table 2 shows flavor changes during the 0, 7, 14,
21 and 28 days of cold storage. Lb. plantarum and
control grape drink showed sharp flavors during 7
days of storage. However, in the study conducted by
Daneshi et al. (2012), the milk/carrot juice inoculated
with Lb. plantarum had higher sensory acceptability
over 20 days of storage [10]. After 14 days of storage,
Lb. rhamnosus had the highest flavor acceptance
among the other samples. Significant difference was
observed for Lb. rhamnosus and Lb. delbrueckii
compared to Lb. plantarum after 21 days of storage
(p<0.05). After 28 days of storage, Lb. rhamnosus
showed higher overall acceptability in flavor

comparing to the other strains. These findings indicate
that several factors should be taken into account,
including appropriate selection of probiotic cultures
and storage time. The flavor changes are time-
dependent and will alter during the storage time.

Table 2 shows the effect of cold storage on the
odor of non-fermented grape juice. Lb. rhamnosus and
control showed better odor than Lb. plantarum and Lb.
delbrueckii during 28 days of cold storage. The effect
of cold storage on the color of non-fermented grape
drink is presented in Tables 2. There was no
significant difference observed in the color of samples
during 28 days of cold storage. A same scenario was
observed for the color of the samples.

Table 2 illustrates the effect of cold storage on the
overall acceptability of non-fermented grape drink.
After 14 days of storage, Lb. rhamnosus showed the
highest acceptability comparing to the other samples.

Table 2. Effect of cold storage on the sensory properties of treatments with Lb. delbrueckii, Lb. plantarum, Lb.

rhamnosus and control

Time (days) Taste Odour Color Overall acceptance
Lb. delbrueckii

0 6° 6.6 5.6 20.6°

7 5.3% 4.9° 5.2% 18.05°

14 5.1° 5P 5P 17.65™

21 4° 4° 5.1° 15¢

28 3¢ 3.9° 5.1° 13.5°

Lb. plantarum

0 6° 6.6 5.6 20.6°

7 4.8° 5.2° 4.9° 17.3°

14 5.3% 4.7 5® 17.65°

21 3¢ 3.9¢ 5® 13.4°

28 2.9¢ 4¢ 5® 13.35¢

Lb. rhamnosus

0 6° 6.7 5.5® 20.61+1.39
7 4.9° 5.6° 5.2° 18.15+0.97
14 5.5% 5.9% 5.9 20.05+1.57
21 4¢ 5¢ 4.8 15.8+1.47
28 4¢ 5¢ 5P 16+1.98
Control

0 6° 6.7 528 20°

7 5.3% 5.1¢ 52 17.95¢

14 5.4% 4.8 5.1° 18°

21 5.4% 6° 5.12 18.6°

28 5P 5.7% 52 18.2"

The means in the column shown with different letters are significantly different (p<0.05)
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Moreover, there was a similar trend after 21 and 28
days of storage and Lb. rhamnosus samples did not
fail to meet consumer expectations. This result is
similar to the findings of Krasakapot and Kitsaw
research on the sensory properties of probiotic grape
and orange juice in 2010, which showed the
importance of flavor compared to odor from the
panelists points of view [5]. Periara et al. (2011)
studied the sensory properties of apple juice during the
cold storage. The results indicated that transparency
was reduced due to high biomass of lactobacillus
inoculated into apple juice; therefore, the turbidity was
increased. Besides, yellowness in the color of apple
juice during the cold storage was reported to be caused
by low pH [12].

4. Conclusion

The present study was undertaken to identify the
viability and sensory properties of probiotic grape
drink during cold storage at 4°C for 4 weeks. The
results showed that the viable cell count of Lb.
rhamnosus was greater than that of the other two
strains during the cold storage. Moreover, Lb.
rhamnosus was a suitable strain for incorporation into
grape drink in comparison with Lb. plantarum and Lb.
delbrueckii. According to the sensory evaluation
results, Lb. rhamnosus had higher overall acceptability
compared to Lb. delbrueckii and Lb. plantarum.
Finally, Lb. rhamnosus has promising potential to be
used as functional supplement in grape drink. It is
noteworthy to say that sensory properties of probiotic
products should be taken into account if they are
consumed in the form of food products rather than
medicine.
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