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ABSTRACT

Over the past two decades there has been a world-wide growing interest on healthy living and healthy eating. Based on our previous
research, Lactobacillus plantarum, have been extracted from traditional doogh in west region of Iran and grown in MRS broth have
shown the highest production of Gamma-Aminobutyric Acid (GABA) and by optimization of growth conditions the ability of GABA
production increased. The best conditions of the culture medium with the highest production of GABA were temperature 37.27 °C, pH
5.19, glutamic acid 250 mM and time 72 hours. Therefore, Lb. plantarum was added to whey protein drink containing concentrate of
banana and strawberry, and its viability, production GABA and sensory evaluation of drink was evaluated within 30 days’ storage. The
results showed that the highest viability (8.1 logi,cfu/ml) after 30 days of storage was observed in whey protein drink containing
concentrate of strawberry and storage at 25°C. The highest amount of GABA production (195.5 ppm) after 30 days of storage was
observed in whey protein drink containing concentrate of banana and stored at 25°C. No significant differences were found between the
sensory properties of the treatments. According to the results the whey protein drink containing banana stored at 25°C was recognized as
a superior treatment due to higher levels of GABA. In conclusion, using indigenous and traditional resistant species of probiotic bacteria
and optimizing bacterial growth conditions, more GABA can be produced in food products and a positive step towards the development

of functional products and the promotion of consumer health.
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INTRODUCTION

Over the past two decades there has been a world-wide growing interest on
healthy living and thus healthy eating. However, addition of synthetic chemicals
as preservatives within food industry remains unchanged. An example of such
chemicals is Gamma-Aminobutyric Acid (GABA), as a bioactive agent (Kim et
al., 2008).

GABA (y -aminobutyric acid) is a non-protein amino acid that is widely
distributed in nature among microorganisms, plants, animals. GABA acts as the
main inhibitory neurotransmitter in the mammalian central nervous system
(Okada et al., 2000). GABA improves the plasma concentration, growth
hormones and the protein synthesis in the brain, but inhibits small airway-derived
lung adenocarcinoma. Thus, GABA has hypotensive, tranquilizing, diuretic and
antidiabetic effects. GABA decrease the blood pressure in animals and human
subjects. The chronic GABA ingestion ranged from 0.3 to 300 mg/kg reduced
systolic blood pressure in spontaneously hypertensive rats. The administration of
GABA significantly decreased the blood pressure of spontaneously hypertensive
rats with a dose-dependent manner. The oral administration of GABA of 10 mg
daily for 12 weeks was effective for hypertensive patients (Park and Oh, 2006).
The daily oral administration of rice germ containing 26.4 mg GABA was
effective in treating neurological disorders. Furthermore, Furthermore,
consumption of GABA-enriched foods can inhibit cancer cell proliferation and
improve memory and the learning abilities. Therefore, GABA has been classified
as a bioactive component in foods and pharmaceuticals (Nomura et al., 1998).
Lactic acid bacteria play an essential role in fermentation processes and has been
used in food industry for centuries (Leroy et al., 2006). The use of lactic acid
bacteria producing GABA as starting point for fermentation could potentially
increase the synthesis of naturally based GABA (Dhakal et al., 2012). Thus
reducing the use of chemically synthesized GABA in food industry. It is possible
to use lactobacilli as a more cost-effective route to produce GABA within the
food industry (Yokoyama et al., 2002). For example, use of Lb. brevis is now
being considered as a cost-effective means of producing GABA from the waste
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products of alcoholic beverage industry. Almost all free glutamic acid was
converted into waste (Parvez et al., 2006). Whey protein-based beverages are
rich in protein providing an excellent source of food for athletes (Park and Oh,
2006). Whey protein drinks often consist of a liquidized product with isolated
part of the milk that is usually obtained by adding acid, heating, or coagulating
the liquid cheese, giving the final product its yellowish/greenish colour. Whey
proteins is a source of a-lactalbumin, B-lactoglobulin, bovine serum albumin,
caseinomacropeptides, immunoglobulins, lactoferrin, lysozyme, which are often
associated with health benefits, such as enhanced immunity, anticancer
properties, ant adhesive effect against pathogenic properties, as well as antiviral,
antimicrobial (iron binding properties) and antihypertensive properties (Birollo,
2000). Although whey proteins are present in relatively small amounts but it has
a high protein efficiency ratio, net protein utilization and biological value. In
terms of nutritive value, it is closest to the egg protein. According to the
definition given by the International Federation of Dairy Products (IDF), the
definition of cheese is as follows: “cheese is a fermented or non-fermentable
product that is obtained after the final milk, then the wheel and the mixture are
obtained, with a minimum dry matter of 24% and the isolated part is called whey
cheese (Harper, 2000). Whey protein has a beneficial organic matter that is fed
into the process of cheese production. Whey protein has a very high chemical
oxygen demand (COD) (up to 76,000 ppm) and biological oxygen demand
(BOD) (up to 40,000 ppm), thus considered as a highly polluted wastewater
(Goyal and Gandhi, 2008). Therefore, use of bacteria producing GABA could
reduce negative environmental impact of the waste produced as well as
potentially preventing loss of an important source of nutrition which could have
beneficial effects in disease prevention and/or disease treatment. Research
showed that Lb. plantarum DSM19463 in functional grape beverage produced
the highest GABA (59 uM/h) (Di Cagno et al., 2010). Similarly, the adding of
buckwheat

and quinoa sourdough with Lb. plantarum C48 enriched the GABA production
and reached to 643 +13mg/kg (Coda et al., 2010). This study was designed to
investigating the potential of GABA production by probiotic bacteria in whey
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protein drink and studying the microbiological and sensory properties of
probiotic whey protein drink.

MATERIAL AND METHODS
Chemicals and equipment

Triethylamine, acetonitrile, dihydrogen phosphate, acetonitrile, methanol from
Merck, Germany and phenyl isothiocyanate and Ortho-Phthalic Aldehyde (OPA)
and GABA standard was purchase from Sigma Aldrich, USA, and whey
protein was bought from the company “Kabir Jolgeh Industries”, Iran. Sugar
bought from the company Neishekar. Tehran, Iran. Lb. plantarum were taken
from the Takgene Zist Company, Tehran, Iran.

Preparation of whey protein drink containing concentrate of banana and
strawberry inoculated with lactic acid bacteria

Based on our previous research, Lb. plantarum, have been extracted from
traditional doogh in west region of Iran and grown in MRS broth have shown the
highest concentration of Gamma-Aminobutyric Acid (GABA) production
(115.24 ppm) and by optimization of growth conditions the ability of GABA
production increased to 170.492 ppm (Zarei et al., 2018). The best conditions of
the culture medium with the highest production of GABA were temperature
37.27 °C, pH 5.19, glutamic acid 250 mM and time 72 hours. To produce the
drink based on whey protein, 40% strawberry or banana concentrates were mixed
with 3% sugar, 36% water, and 21% whey protein. To create an optimal
condition for GABA production by Lb. plantarum, the 250 mM glutamic acid
was added to the formulation and then the pH was adjusted to 5.19 with sodium
bicarbonate. The drinks pasteurized at the temperature of 85°C for 10 min and
then Lb. plantarum bacteria (108 cfu/ml) was added into the mixture and allowed
fermentation process to initiate and propagate at 37°C for 72 hours. Afterwards,
the mixtures were kept at 4 °C and 25°C and assessments of pH, microbial count
prior to the fermentation, 72 hours after fermentation, 2 hours after production,
and on days 15 and 30 of the storage were carried out. The content of the
produced GABA was assessed on days 15 and 30 of storage and the sensory
evaluation done, 2 hours after production, 15 and 30 days of storage.

Viable counts of the bacteria

Lactic acid bacteria activity was detected by measuring the viable colonies in the
whey protein drinks. The diluted samples were inoculated to MRS agar plates in
triplicate and the plates were incubated at 37 °C for 72 h. Microbial count prior of
the fermentation, 72 hours after fermentation, 2 hours after production, on the
15™ and 30" days of the storage were evaluated. Viable colonies were counted
and expressed as log cfu/ml.

Measuring pH

pH measurements for all samples were monitored using a pH meter Oakton 510
(Oakton Instruments, USA) standardized with buffers 7 and 4.

GABA assay using HPLC

The drink sample was filtered through a 0.45 pwm membrane filter (Pall
Acrodisc® Syringe Filters, Ann Arbor, MI, USA) and analysed by HPLC.
Derivation was conducted accordance to the method of Bartolomeo et al. After
centrifuge (25°C, 10 min, and 12000g) about20 ul of supernatant were
pouredinto a 2 mlvialand 20 pl Borate buffer was added and mixed
vigorously. 10 ul OPA was added to the sample and then it was kept for 1 min at
ambient temperature. After 1 min, 5 pl of Acetic acid 5% was added to the
sample. After derivation, 20ul of each sample was injected to a capillary C18
Column model Rstech Hector-M (150 mm x 4.6 mm x 0.5 pm) at 25°C, with
UV-VIS detector (Younglin Acme 9000) in A=338 nm, Sodium dihydrogen
phosphate 40 mM as mobile phase A (pH 7.8) and
Acetonitrile / Methanol / water in volume ratio of 10:45:45 as mobile
phase B were used. Stock solution (1 mgmL™) of GABA was prepared in water,
and then successively diluted to 50% to create different concentrations. Analyse
content was determined from the corresponding calibration curves. The amount
of GABA was calculated by comparing the peak area with the corresponding
GABA standard. GABA concentration was stated based on ppm.

Sensory assessment

The whey protein drink samples were analysed for taste and smell and overall
acceptability during storage at 4 and 25 °C using 5 hedonic methods (5 = like
very much, 4 = like moderately, 3 = neither like nor dislike, 2 = dislike
moderately and 1 = dislike very much) by 10 trained panellists from the
Department of Food Science and Technology, in one session, in identical
containers (Larmond, 1977).

Statistics

Statistical analyses were performed using the MINITAB 14 and expressed as
mean =+ standard division of three replicates (p<0.05).

RESULTS

Changes viable counts of probiotic bacteria in whey protein drink during
fermentation and storage time

The viable counts of L. plantarum in the whey protein drink containing
concentrate of banana or strawberry fermented for 72 h and then kept for 30 days
are shown in Table 1. The highest viability (9.51 + 0.127 log cfu/ml) was
observed in the the whey protein drink containing concentrate of banana 72 h
after fermentation and then kept at 4 °C. The viable counts were continuously
decreased 72 h after fermentation until 30" days of storage. The lowest viable
counts (7.015 +0.247 log cfu/ml) were in the whey protein drink containing
concentrate of strawberry stored for 30 days at 25 °C.

According to the results of Table 5, storage time, type of the sample and their
interaction had significant effect (P <0.05) on the viability of Lactobacillus
plantarum.

Table 1 Viability (log cfu /ml) whey protein drink containing banana or strawberry concentrate stored at 4 °C and 25 °C for 30 days.

after 72 h

2 hours after

Treatment Before fermentation fermentation at 37 °C production Days 15 Days 30
\S':ghr% ‘;{c’ztgi'g concentrate banana 8.2320.113% 9.380:£0.099 A 9.350:£0.042 A 8.185£0.091 & 7.645£0.148 *C
\s'x)hr% ‘;ﬁ?&”" concentrate banana 825540219 9.51£0.127 9.495+0.063 8.455:0.081 %8 8.100+£0.254 %
Whey protein + concentrate 8.250£0.141 % 9.180+0.113% 9.115:0.077 7.975£0.071 % 7.015£0.247
strawberry stored at 25°C

Whey protein+ concentrate 8.245£0.205% 9.355£0.077° 9.215£0.049 ™ 8.205£0.077® 7.475£0.090

strawberry stored 4°C

Different capital letters in each row showed significant (P<0.05) differences.
Different small letters in each column showed significant (P<0.05) differences.
The results are shown as mean + standard deviation.

Changes of pH whey protein drink during fermentation and storage time

Table 2 shows the changes of pH in whey protein drink during the storage period.
The initial pH of the whey protein drink was 5.19. The pH decreased throughout
30 days’ storage. After 30 days of storage the highest pH (pH=3.81) was
observed in the whey protein drink containing concentrate of banana and stored
at 4 °C and the lowest pH (3.72) was observed in the whey protein drink
containing concentrate of strawberry and stored at 25 °C.

The analysis of variance of pH, in Table 5. showed that the storage time, type of
sample and their interactions had significant (P<0.05) effect on the pH variation
of whey protein drinks.
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GABA production in whey protein drink during storage time

The results of GABA production in whey protein drink during fermentation and
storage time are shown in Figure 1, and their chromatograms have been shown in
Figure 2 and 3. The amounts of GABA decreased during the storage time. The
highest of GABA production (252.5ppm) was observed at whey protein drink
containing banana concentrate stored at 25 °C on the 15" day and the lowest
GABA content (131.5ppm) was observed in whey protein drink containing
strawberry concentrate stored at 4 °C. According to the results, drinks containing
banana concentrate with similar storage conditions produced higher GABA levels
than drinks containing strawberry concentrate.

Table 5 shows the analysis of variance of GABA production in whey protein
drink containing concentrate of banana and strawberries stored at 4 and 25 °C.
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According to the results of the effect of the storage time (days 15 and 30), effect
of type of the sample (whey drinks containing strawberry and banana
concentrates kept at 4 and 25 °C), and their interaction (sample type and storage
time) on the amount of GABA changes was significant (p<0.05). According to

the F factor, the effect of storage time on GABA changes in whey protein drink
was significantly higher than other factors.

Table 2 pH changes of whey protein drink containing banana or strawberry concentrate stored at 4 °C and 25 °C for 30 days.

- after 72 h 2 hours after
Treatment Before fermentation fermentation production Days 15 Days 30
Whey protein+ concentrate banana 5.19+0.000* 4.265+0.021 % 4.23+0.001 *® 4.07£0.014 ¢ 3.7740.028
stored at 25°C
Whey protein+ concentrate banana 5.19+0.000* 4.295+0.007 % 4.255+0.007° 4.105+0.006 3.81£0.000
stored at 4°C
Whey protein + concentrate aA B aB bC aD
strawberry stored at 25°C 5.19+0.000 4.250+0.014 4.224+0.015 4.04+0.014 3.725+0.021
Whey protein+ concentrate 5.19+0.000* 4.285+0.007 % 4.24+0.014° 4.10£0.013% 3.795£0.035 %
strawberry stored 4°C
Different capital letters in each row showed significant (P<0.05) differences.
Different small letters in each column showed significant (P<0.05) differences.
The results are shown as mean + standard deviation.
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Figure 1 Results of GABA production in whey protein drink containing banana or strawberry concentrate stored at 4 °C and 25 °C on Day 15" and Day 30"
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Figure 2 Chromatograms of the gamma-aminobutyric acid (GABA) production by lactic acid bacteria in drinks at day 15" a) whey protein drink containing banana
concentrate in 25 °C c) whey protein drink containing banana concentrate in 4 °C, b) whey protein drink containing strawberry concentrate in 25 °C d) strawberry juice

whey protein 4 °C.
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Figure 3 Chromatograms of the gamma-aminobutyric acid (GABA) production by lactic acid bacteria in drinks at day 30" a) whey protein drink containing banana
concentrate in 25 °C ¢) whey protein drink containing banana concentrate in 4 °C, b) whey protein drink containing strawberry concentrate in 25 °C d) strawberry juice

whey protein 4 °C.

Sensory evaluation

Changes of taste and smell of whey protein drink during storage time

The mean taste and smell scores of the drink samples are presented in Table 3.

The results showed that taste and smell of strawberry and banana inoculated with
Lb. plantarum decreased during the 30 days’ storage, this decrease was not

significant (p>0.05) in whey protein drinks containing banana concentrates and
strawberries kept at 4 °C, but significant (p<0.05) for whey protein drinks
containing banana concentrate and strawberries kept at 25 °C.

Table 5 shows the analysis variance of taste and smell of whey protein drinks.
According to the results, storage time and type of the sample (whey drinks
containing strawberry and banana concentrates kept at 4 and 25 °C) had
significant effect on taste and smell changes.

Table 3 Taste and smell results of whey protein drink containing banana or strawberry concentrate stored at 4 °C and 25 °C for 30 days

Treatment 2 hours after production Days 15 Days 30
Whey protein+ concentrate banana  5.00£0.000** 4.205+0.247% 4.495+0.247%
stored at 25°C

Whey protein+ concentrate banana  5.00:£0.000* 4.075+0.247°% 4.110+0.084 %
stored at 4°C

Whey protein  + concentrate  5.00+£0.000* 4.66£0.219% 4.675+£0.233%
strawberry stored at 25°C

Whey  protein+  concentrate  5.00:+£0.000* 4.205+0.205 % 4.180+0.084 %

strawberry stored 4°C

Different capital letters in each row showed significant (P<0.05) differences.
Different small letters in each column showed significant (P<0.05) differences.

The results are shown as mean + standard deviation.
Overall acceptability of whey protein drink during storage time

The mean overall acceptability scores of the drink samples are presented in Table
4. There was a slight but not statistically significant (p>0.05) reduction in overall
acceptability rate of samples during 30 days’ storage. The highest overall
acceptance score (4.675) after 30 days of storage was belonged to whey protein
drink sample containing strawberry concentrate kept at 25°C, and the lowest total
acceptance rating (4.115) was belonged to whey protein drink sample containing
concentrate of banana stored in 4°C (Table 4).

Table 5 shows the analysis variance of overall acceptability of whey protein
drinks. According to the results, storage time had significant (p<0.05) effect on
overall acceptability of whey protein drink changes. The effect of type of the
sample and the interaction effect of type of the sample and storage time on the
overall acceptability of treatments was not significant (p>0.05).

Table 4 Results of overall acceptability whey protein drink containing banana or

strawberry concentrate stored at 4 °C and 25 °C for 30 days.

Treatment

2 hours after
production

Days 15

Days 30

Whey protein+
concentrate
banana stored at
25°C

Whey protein+
concentrate
banana stored at
4°C

Whey protein +
concentrate
strawberry stored
at 25°C

Whey protein+
concentrate
strawberry stored
4°C

5.00+0.000 2

5.00+0.000 %

5.00+0.000 %

5.00+0.000

4.577+0.247%

4.100+0.353

4.710+0.268 A

4.300+0.226%

4.635+0.205 %

411540219

4.675+0.247 A

4.410+0.240%

Different capital letters in each row showed significant (P<0.05) difference.
Different small letters in each column showed significant (P<0.05) difference.
The results are shown as mean + standard deviation.
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Table 5 Analysis variance of variables

Time of storage (A)

Type of sample (B) Interaction (AxB)

Variables
(P) (@] (P) (P (P) (@)
viability L.plantarum 0.000* 258.60 0.000* 19.53 0.015* 2.98
pH 0.000* 10306.68 0.000* 18.89 0.000* 18.89
GABA 0.000* 84.02 0.000* 38.86 0.018* 6.17
Taste and smell 0.000* 38.25 0.007* 6.55 0.215 1.66
Overall acceptability 0.000* 19.41 0.208 2.29 1.12 0.408
*Significant P<0.05
DISCUSSION causes that Krebs cycle to be decolorized and prevents CO, production from L-

Changes viable counts of probiotic bacteria in whey protein drink during
fermentation and storage time

The viability of Lb. plantarum had ascending trend up to 72 hours in all whey
protein drinks, which could be due to presences of nutritious elements within the
whey protein and utilisation of available sugar by Lb. plantarum. It is suggested
that probiotics viability increase during fermentation period may be due to
decrease in oxidation thus lower reduction potential as a result of diminishing
levels of soluble oxygen in the medium (Saarela et al., 2006; Sadaghdar et al.,
2012). Also research assessed the efficacy of whey proteins on the viability of
probiotic bacteria during their maintenance period and reported that application
of whey protein can significantly increase the viability of probiotic bacteria
(Doherty et al., 2011). In this study, viability of Lb. plantarum, 2 hours after
production up to 30" day of production, had descending trend in all samples
suggesting sugar consumption by Lb. plantarum, organic acids accumulation.
This was supported by low pH values seen during the maintenance period, an
effect was also reported previously (Donkor et al., 2006). Thus, showed that
higher pH of probiotic bacteria medium and the initial equal population (>10°
cfu/ml), results in the reinforcement and increase in viability rates of Lb.
plantarum and Lb. connection (Sheehan et al., 2007). Addition of whey proteins
can promote the buffer capacity and reduce the effect of the acidic environment
on bacteria viability (Nadal et al., 2010), thus improving overall acceptability.
Other research reported viability of Saccharomyces boulardii in the fermented
soybean drink reduced during storage period (Rekha and Vijayalakshmi,
2008), which was to low tolerability of Saccharomyces boulardii in an acidic
environment. Similarly, reported that the utilization of probiotic mixture
significantly enhances their viability due to the reinforcing and synergetic effects
of probiotic bacteria (Wang et al., 2007).

Changes pH of whey protein drink during fermentation and storage time

In this study, the initial pH of all study samples prior to fermentation process
were harmonized with no statistical difference between each sample. After 72
hours of fermentation, pH values of all samples significantly decreased compared
to the baseline suggesting bacterial consumption of available sugars in the
beverage leading to excess acid production within a given mixture. The highest
pH (4.295) was seen in the whey protein drink containing banana concentrate,
kept at 25°C, and the lowest pH (4.25) was seen in the whey protein drink
containing strawberry concentrate, kept at 4°C. There were no statistical
differences between the highest and the lowest pH changes indicating that the
overall sugar bacterial consumption and acid production were similar at two
storage conditions (4°C and 25°C). There were pH reductions during the
maintenance period (day 30). The highest pH value (3.81) was seen in whey
protein drink containing banana concentrate, kept at 25 °C, and the lowest pH
value (3.72) was seen in whey protein drink containing strawberry concentrate,
maintained at 4 °C, with no significant differences between the samples. This
finding suggest that homogeneity of sugar consumption and acid production by
lactobacillus within the two medium (sugar content in mixtures containing
strawberry and banana). Moreover, pH decrease during fermentation and
maintenance periods could be due to decarboxylation of sorbic acid by
Lb. plantarum, and its conversion into 1,3-pentadiene, as well as the production
of carbon dioxide and ethanol (Cagetti et al., 2013).

GABA production in whey protein drink during storage time

There was a remarkable increase in GABA production in all samples up to day
15™ which started to progressively decline towards the day 30. This decline could
be, at least in part, due to degradation of alanine transaminase throughout the
maintenance period (Le Vo et al., 2012). In order to the increase GABA
production, decarboxylase conversion and inhibition of GABA aminotransferase

are required (Wuand and Shabh, 2018). Decrease in GABA level could be due to

potential metabolism within citric acid cycle- conversion into succinic acid and
oxalate (succinic dehydrogenase and malic acid dehydrogenase). This path
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glutamine with subsequent reduction in GABA production (Le Vo et al., 2012).
A study reported optimal production of GABA from the fermented black
raspberry drink by Lb. Brevis bacteria occurred at 37°C with baseline pH of 5.5
(Kim et al., 2008). In this study, the maximum produced GABA content (195.5
ppm) on 30" day was seen with whey protein drink containing banana
concentrate, kept at 25°C and statistically had significant difference (p<0.05) with
the whey protein drink containing strawberry and banana concentrates and kept at
4°C. The minimum GABA production was in the whey protein drink treatment,
containing strawberry concentrate, and kept at 4°C (131.5 ppm), which
statistically had significant difference (p<0.05) with other treatments. The reason
of GABA production difference in the whey protein beverage, containing banana
and strawberry concentrates can be related to glutamic acid content percentage in
banana (18.9%) and strawberry (13.9%) reported that the produced GABA by
112 milligrams per 100 milliliters in soy milk is instrumental and adequate for
supplying pragmatic food. Thus research reported that the maximum produced
GABA was in the samples of black raspberry drink that have been fermented at
37°c and observed on day 15 of production (Kim et al., 2008). They reported that
the GABA content was higher than other treatments of the drinks that their initial
pH was 4.5, 5, and 5.5 (Sheehan et al., 2007; Nadal et al., 2010).

Changes of organoleptic properties of whey protein drink during storage
time

The bacterial population of lactic acid, present in probiotic products had
significant effect on product scent. Acid lactic cultivation metabolism may result
in the production of the compounds that have offensive sensory effects (smells)
on final product aroma and possibly impacting the taste. Probiotic products could
be acidic, have bitter and tangy tastes that may not be desirable to consumers
(Wu, 2018). In this study, the highest score (4.675) of taste and smell after 30
days of maintenance period was seen for whey protein drinks containing
strawberry concentrate and kept at 4°C, and the lowest score (4.110) was reported
for whey protein beverage containing banana concentrate and kept at 25°C.

The negative score on scent and smell during maintenance period could be due to
composite effects of probiotic bacteria activity, sugars consumption and organic
acid production within the mixture (Fernandez-Pascual et al., 2004). Moreover,
increase in overall acid production leading to generation of disulphide gases
could also contribute to the undesirable smell of the products at maintenance
period (Granato et al., 2010).

The score of overall acceptability affected by the score of products taste and
smell. The overall acceptability level was slightly decreased during the
maintenance period (after 30 days storage time). Maximum score of overall
acceptability after 30 days of storage period was 4.675 for whey protein drinks
containing strawberry concentrate and kept at 4 “C, whereas minimum score of
overall acceptability (4.115) was reported for whey protein drinks containing
banana concentrate kept at 25°C. This decrease in overall acceptability score in
the probiotic beverages during the maintenance period could be due to decreasing
pH value, Brix content, probiotic bacteria death, increase in cell accumulation,
increase in opacity, organic acid productions, and disulphide gases production,
which in turn impact scent, taste, and overall smell score, acceptance score
(Reddy et al., 2015).

In conclusion, using indigenous and resistant species of probiotic bacteria and
optimizing bacterial growth conditions, more GABA can be produced in food
products and a positive step towards the development of pragmatic products and
the promotion of consumer health.

CONCLUSION

The acid lactic bacteria were grown in optimum conditions at 37.27 °C, pH 5.19,
glutamic acid 250 mM and time 72h and then added to the whey protein drink
containing banana and strawberry concentrate and viability, GABA production
and sensory assessment was assessed for 30 days. The results showed that the
highest viability (9.51 + 0.127 log cfu/ml) was observed in the the whey protein
drink containing concentrate of banana 72 h after fermentation and kept at 4 °C.

After 30 days of storage the highest pH (pH=3.81) was observed in the whey
protein drink containing concentrate of banana and stored at 4 °C. The highest of
GABA production (252.5ppm) was observed at whey protein drink containing
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banana concentrate stored at 25 °C on the 15" day and the lowest GABA content
(131.5ppm) was observed in whey protein drink containing strawberry
concentrate stored at 4 °C. The results showed that taste and smell of strawberry
and banana inoculated with Lb. plantarum decreased during the 30 days’ storage.
This decrease was not significant (p>0.05) in whey protein drinks containing
banana concentrates and strawberries kept at 4 °C. The highest total acceptance
score (4.675) after 30 days of storage was belonged to whey protein drink sample
containing strawberry concentrate kept at 25°C.

The discovery of Lactobacillus extracted from traditional sources with the ability
to synthesize GABA may provide new opportunities in the design of promoting
reasonable foods with GABA-enriched benefits to consumer health. Such strains
will accelerate the development of fermented foods.
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