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Abstract

This study aimed to evaluate the y-aminobutyric acid (GABA) production and antioxidant activity during fresh cheese processing
with single and co-fermentation processes of the high-GABA producing strain, Lactobacillus plantarum L10-11. For a mini-batch
of fresh cheese, milk with 0.1% monosodium glutamate was fermented for 18 h and GABA production was monitored by thin
layer chromatography and ion chromatography. GABA could be detected in co-L10-11 at 12 h of fermentation and at greater
amounts after 18 h. The 18 h fermented milk of co-L10-11 and single-L10-11 contained GABA at 11.30 and 1.21 mg/100 mL,
respectively, while GABA was not detected in the control. After whey separation, GABA remained in the cheese curd portion,
resulting in 14.91 mg/100 g being found in the co-L10-11 cheese curd. ABTS antioxidant and metal chelating activities
significantly increased during 18 h of fermentation and were retained in the cheese curd in the range of 783.11-922.00 pumol
TE/kg and 216.71-266.98 umol EDTA equivalents/kg cheese, respectively. Moreover, there were no significant difference in
the textural characteristic between co-L10-11 and the control cheese curd. These results suggested that Lb plantarum L10-11

could be exploited as adjunct to improve health-promoting effects of the GABA in fresh cheese.

Keywords: Lb plantarum; GABA; antioxidant activity; co-fermentation; cheese curd.

Practical Application: Lb. plantarum L10-11 has great potential as a co-starter culture by enhancing GABA content in fresh
cheese which can be considered as an alternative health-promoting fermented milk product.

1 Introduction

Gamma-aminobutyric acid (GABA), a non-protein amino
acid produced by the glutamate decarboxylation pathway, is
distributed widely among microorganisms, animals and plants,
and it acts as the major inhibitory neurotransmitter of the central
nervous system (Wong et al., 2003). GABA possesses positive
effects on stress control (Vaiva et al., 2004), has a tranquilizing
effect (Pearl et al., 2006), prevents hypertension (Tsai et al., 2006),
and diabetes (Hagiwara et al., 2004). Due to its physiological
functions as a bioactive compound, interest in the production
and comprehensive analysis of GABA has recently increased.
Biosynthetic methods have focused mainly on lactic acid bacteria
(LAB) because of their application in the food industry as they
are considered to be GRAS (generally regarded as safe) and
also as they are used as probiotics (Dhakal et al., 2012); live
microorganisms which exert beneficial health effects when
adequate amounts are consumed. The most interesting and
practical groups of LAB which produce high levels of GABA
and have been isolated include: several strains of Lactobacillus
(Lb.) and Lactococcus (Lc.), such as Lb. plantarum from cheese
(Siragusa et al., 2007) and Thai fermented fish (Tanamool et al.,
2020), Lc. lactis from kimchi and yoghurt (Lu et al., 2008).

Therefore, GABA has contributed to research on the development
of GABA-fortified foods such as soybean yogurt (Park & Oh,
2007), black raspberry (Kim et al., 2009) fermented milk (yogurt)
(Linares et al., 2016), and cheese (Carafa et al., 2019).

Cheese is defined as a fresh or mature product derived
from milk coagulation, in which a series of biological and
biochemical changes take place during the cheese-making
process. It is therefore an important source of a wide range of
biologically active components (Walther et al., 2008) which provide
probiotic microorganisms to human intestine (Prezzi et al., 2020;
Grom et al., 2020). Several bioactive compounds in cheese are
derived from LAB metabolism which plays a crucial role during
the process of cheese-making. During fermentation, starter
LAB hydrolyses lactose to produce high amounts of lactic acid
and other organic acids, while non-starter LAB (NSLAB) are
responsible for the ripening process (Settanni & Moschetti,
2010). LAB also contain proteinase enzymes that contribute
to the proteolysis of cheese proteins during milk coagulation
and cheese ripening, and promote the development or release
of bioactive peptides, amino acids and their derivatives which
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contribute to the development of texture and flavor in the final
cheese (Leroy & De Vuyst, 2004; Pagthinathan & Nafees, 2015),
whilst also increasing health-promoting substances (Santiago-
Lépezetal., 2018). Several studies have demonstrated that some
of the released peptides exhibit biological properties including
antioxidants (Geurts et al., 2012; Abadia-Garcia et al., 2013),
antimicrobials (Rizzello et al., 2005; Théolier et al., 2014), anti-
inflammatories (Sprong et al., 2010), and angiotensin-converting
enzymes (ACE) (Torres-Llanez et al., 2011). Although many
studies on the production of GABA and antioxidant activity
of bioactive peptides generated during cheese ripening have
been conducted, little work has been done on the production
of these compounds in fresh cheese (Abadia-Garcia et al., 2013;
Hernandez-Galén et al., 2017). Furthermore, GABA has also been
detected in commercial fresh cheese at variable concentrations
range of 10-900 mg/ kg cheese (Diana et al., 2014). Therefore, it
would be valuable to know if this type of cheese contains GABA
and/or antioxidant activity so that it could potentially offer an
additional food value. Previously, an isolate of Lb. plantarum
L10-11 from fermented fish (Plaa-som) has been characterized
as a high-GABA producing strain which yields 5 times higher
GABA content than the reference control: Thai fermented
vegetables with the addition of 1% MSG (w/v) (Tanamool et al.,
2020). Therefore, to assess the potential of a health-promoting
cheese product, an investigation of GABA yield and antioxidant
properties from the use of either a single or a co-starter culture
in fresh cheese manufacturing were investigated in this study.

2 Materials and methods
2.1 Bacterial strains and culture conditions

A GABA-producing LAB strain of Lactobacillus plantarum
L10-11 which was isolated from Thai fermented fish (Plaa-
som) in the fresh market at Nong Khai province, Thailand
(Tanamool et al., 2020) was kindly obtained from Asst. Prof.
Dr. Wichai Soemphol. The stock cultures were kept at -20 °C
and then streaked on MRS agar plus 0.5% calcium carbonate
and anaerobically incubated at 37 °C for 24 h. Single colony of
fresh culture was then inoculated into MRS broth and incubated
at 37 °C for 24 h. For stock culture preparation, Lb. plantarum
L10-11 was inoculated (2% v/v) into MRS broth and incubated at
37 °Cfor 18 h. Then the starter culture was obtained by washing
with 0.9% sodium chloride solution and centrifuging at 2,000xg
for 5 min. before being suspended with sterilized milk.

2.2 Fresh cheese manufacture

For cheese manufacture, the processing of single cream cheese
was elaborated (Phadungath, 2005) in mini-cheese batches. Three
mini-cheese batches (triplicate) were manufactured with different
LAB cultures: fermentation by a commercial starter (control),
single fermentation of Lb. plantarum L10-11 (single-L10-11) and
co-fermentation with the commercial starter and Lb. plantarum
L10-11 (co-L10-11). Whole milk (approximately 3.8% fat
content) was previously supplemented with 0.10% monosodium
glutamate (MSG), pasteurized at 80 °C for 10 min and then
cooled to 40 °C. The commercial mesophilic starter cultures of
5 UC of Lactococcus lactis spp. lactis and Lactococcus lactis spp.
cremonis (Lyofast MWOO030, SACCO, Italy) were used as the

reference (control) for cheese production. The starter culture of
Lb. plantarum L10-11 suspension (approx. 10" cells/mL) was
inoculated (1% v/v) with single and co-fermentation (as adjunct).
Milk underwent long-set incubation at 37 °C for 18 h after which
the samples were collected for analysis. The curd was then cut
into 1.5 cm® cube blocks and heated at 45-50 °C for 30 min
with gentle stirring (for more effective whey separation). Fresh
cheese was obtained by allowing the whey to drain out from
the curd using a muslin cloth in a vat at 4 °C overnight. After
whey separation, the cheese curds were collected for analysis.

2.3 Measurement of pH and Titratable Acidity (TA)

The pH was measured at 25 °C using a pH meter (pH Master
LAB, Dynamica, UK). TA was determined by titration with
0.1 N NaOH using 9 g of the sample in 18 mL of distilled water.
TA was estimated as amount of lactic acid (g/100 g).

2.4 Amount of Lactic Acid Bacteria (LAB)

The number of LAB was determined using pour plate
method with MRS agar. The sample was serially diluted with
0.1% peptone solution to a suitable dilution. All samples were
anaerobically incubated at 37 °C for 24 h. LAB viable cell count
was expressed as a log CFU value.

2.5 Monitoring of GABA production by Thin Layer
Chromatography (TLC)

Qualitative detection of GABA production during 0 and 18 h
fermentation by pre-staining TLC was conducted according to
the method of Qiu et al. (2010) on a silica-gel TLC plate (Sigma-
Aldrich Co., Germany). Milk and fermented milk extracts were
prepared by protein precipitation; milk was mixed with equal
volumes of 4% (w/v) trichloroacetic acid (TCA) and allowed to
stand for 10 min before centrifugation at 8,000xg for 10 min.
1 puL of milk extract was then spotted on TLC plates (2 times) and
compared with 1 mg/L of standard GABA and MSG solution.
TLC plates were developed using the n-butanol: acetic acid:
distilled water (5:3:2, v/v/v) solvent mixture with 2% (w/v)
ninhydrin as the mobile phase. Then, the plate was heated at
100 °C for 5 min until spots appeared.

2.6 Quantification of GABA and glutamate by ion-
chromatography

Glutamate and GABA that accumulated in the milk,
18 h fermented milk or cheese curds were quantified by ion
chromatography (Amino Pac PA10 column, 250x2.0 mm i.d)
with an electrochemical detector (ICS3000, Dionex). Milk and
fermented milk extracts were obtained from protein precipitation
by TCA according to the methods mentioned earlier. For cheese
curd samples, water-soluble extracts (WSE) were prepared
following the procedure of Kuchroo & Fox (1982). Ten grams of
cheese were homogenized in 20 mL of deionized water using a
homogenizer at 6,000xg for 2 min. The homogenates were held
onice for 1 h. Then, the WSE were obtained by centrifugation at
8,000xg for 10 min at 4 °C. Milk extract and WSE were diluted
to 1:10 with sodium acetate buffer and filtered through 0.45 pm
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nylon membrane before injection (25 pl). A linear gradient profile
of the mobile phase (filtered using 0.22 pm nylon membranes),
comprising DI water (solvent A), 250 mM NaOH (solvent B)
and 1 M sodium acetate buffer (solvent C) which were: 84%A
and 16%B (0-12 min), 68%A and 32%B (12-16 min), 36%A,
24%B, and 40%C (16-40 min), 20%A and 80%B (40-42 min),
and 84%A and 16%B (42-65 min), was applied at a flow rate
0f 0.25 mL/min.

2.7 Determination of antiradical activity

ABTS was conducted using the method of Re et al.
(1999) with slight modification. The solution of 2,2’-azino-bi
(3-ethylbenzothiazoline-6-sulphonic acid) diammonium salt
(ABTS) was mixed with a 2.45 mM potassium persulfate (K,SO,)
solution, then incubated in the dark for 12 h. The activated
ABTS solution was diluted with 0.1 M phosphate buffer until
the absorbance was 1.000 + 0.05. The analysis was performed by
mixing the sample of 20 uL with 2 mL of ABT'S solution, incubated
in the dark at room temperature for 5 min. The absorbance
was measured at 734 nm by spectrophotometer. The values
were compared to the Trolox standard and expressed as pmol
Trolox equivalents (TE)/ L of fermented milk or umol TE/ kg
of fresh cheese.

2.8 Determination of metal chelating activity

Metal (iron) chelating activity was measured as described
by Chew et al. (2009) with slight modification. The solution
of 0.25 mM ferrous sulphate (0.4 mL) and 0.25 mM ferrozine
(0.8 mL) was subsequently added into 0.4 mL of the sample. After
incubation for 10 min, the ferrozine-Fe?* complex formation
was recorded at absorbance of 562 nm. Chelating activity was
calculated comparable to sodium EDTA standard and expressed
as umol EDTA equivalents/ L of fermented milk or umol EDTA
equivalents/ kg of fresh cheese.

—&—control =M single-L10-11 =s¢+ co-L10-11

T T )
0 6 12 18
Fermentation time (hour)

Titratable acidity (g/100g)

2.9 Texture evaluation

Texture evaluation of fresh cheese was performed using
a CT3 Texture analyzer (Brookfiled, MA, USA). Fresh cheese
curd prepared in a brick-like shape (5x5x3 cm) were wrapped
in aluminum foil and kept at 4 °C. A texture profile analysis
(TPA) were performed at room temperature by compressing
twice to 50% of their original height with a compression flat
headed plunger (TA11/1000, 25.4 mm diameter) at a constant
rate of 1 mm/s. Hardness, cohesiveness, springiness, gumminess,
and chewiness were evaluated. These parameters were obtained
from the Texture Pro CTV 1.8 software.

2.10 Statistical analysis

All investigations were performed in triplicate. Data were
subjected to analysis of variance (ANOVA). Comparison of the
mean values was carried out using Duncan’s multiple range test
(DMRT). The Statistical Package for Social Science SPSS version
22.0 (trial version) was used.

3 Results and discussion
3.1 pH and titratable acid changes during milk fermentation

Lb. plantarum has been detected and used as an adjunct
in cheese production as a probiotic (Siragusa et al., 2007;
Zhang et al.,, 2013). Fresh cheeses were produced according
to the long-set cheese production method, which takes only
16-18 h for milk fermentation (milk curdling). Fermented milk,
with commercial starter (control) and co-fermentation of Lb.
plantarum L10-11 (co-L10-11), resulted in a dramatic decrease
of pH between 0-6 h, after which it gradually decreased at 12 h
and then tended to be constant (Figure 1A). Whereas, the single
fermentation by Lb. plantarum L10-11 (single-L10-11) showed a
gradual decrease of pH after 12 h of fermentation. On the contrary,
these changes were correlated to the changes of acid production

1.2 q
—e—control =M= single-L10-11 +=sher co-L10-11
14

Fermentation time (hour)

—e—control - M-single L10-11 & coL10-11

LAB count (logCFU/g)

o

12 18
Fermentation time (hour)

Figure 1. Changes in pH (A), titratable acidity (B), and viable lactic acid bacteria (LAB) count (C) at 18 h of milk fermentation; control —
commercial cheese starter, single-L10-11 - single fermentation of 1% Lb. plantarum, co-L10-11 - co- fermentation of 1% Lb. plantarum with

commercial starter, respectively.
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(Figure 1B). The amount of titratable acid in fermented milk
of the control and co-L10-11 revealed a gradual increase from
0-6 h (from 0.18 to 0.74 g/100 g sample), then a slight increase
before tending to be constant at 18 h. While single-L10-11 did
not show fast acid production, more than 0.70% of acidity
increase was observed after 12 h. However, pH and titratable
acidity at the end of fermentation (18 h fermented milk) were
not significantly different, showing the range of 4.26-4.28 and
0.83-0.96 g/100 g sample, respectively (Table 1).

3.2 Kinetic growth during milk fermentation

During milk curdling, LAB plays an important role in
the hydrolysis of lactose to produce high concentrations of
lactic acid and other organic acids. High amounts of LAB
were in commercial and co-fermented milk (9.02 and 9.16 log
CFU/mL, respectively) which increased during the first 0-12 h
of fermentation and slightly decreased or remained constant
after that (Figure 1C). These might have contributed to the
rapid decrease in pH (Figure 1A) and increase in titratable acid
from 0-12 h (Figure 1B). In addition, single-L10-11 showed a
continued increase in LAB count during 18 h fermentation which
reached a maximum of 8.27 log CFU/mL. The constant LAB
count in single-L10-11 and co-L10-11 after 12 h fermentation
also indicated that Lb. plantarum L10-11 could live under acidic
conditions and play an important role during late fermentation
and storage. These results revealed that the commercial starter
culture, containing Lactococcus lactis spp. lactis and Lactococcus
lactis spp. cremonis, might contribute to rapid acid production
during the initial stages of fermentation, while Lb. plantarum
L10-11 (NSLAB) could slowly generate the acidity in fermented
milk and could be used as adjunct. These results coincide with
Valencia-Garcia et al. (2018) which reported the behaviors of LAB
isolated from artisanal fermented milk. The rapid acidification

of Lactococcus lactis (normally used as primary culture) was
detected during the first 6 h of incubation while slow acid
production was found in Lactobacillus plantarum and highly
changed after 12 h of incubation.

3.3 GABA production during milk fermentation

TLC plates were preliminarily screened for GABA production
during milk fermentation. The conversion of MSG to GABA
began to be observed at 12 h of co-L10-11 fermentation
(Figure 2). Finally, the amount of GABA and glutamate in the
18 h fermented milk were quantified by ion chromatography.
As can be seen in Table 1, co-L10-11 gave the highest GABA
of 11.30 mg/100 mL, whilst low levels were detected in single-
L10-11 (1.21 mg/100 mL) and none in the control. Thus, this
suggested that in co-L10-11 treatment, commercial culture could
transform lactose to lactic acid rapidly decreasing the pH value
to a favorable condition for glutamate decarboxylase (GAD)
enzyme of Lb. plantarum L10-11 to convert MSG to GABA
as shown by the lowest amount of glutamate and the highest
amount of GABA. In a previous study, it was reported that Lb.
plantarum L10-11 was clearly involved in the conversion of MSG
to GABA and the highest GABA production was obtained when
the initial pH of MRS was in the range of 5.0-6.0 (Tanamool et al.,
2020). Also, the optimal pH for GABA production by different
LAB strains was previously determined and mostly exhibited
in the acidic pH range of 4-6 (Dhakal et al., 2012). The acidic
pH value was also the principal regulator of GABA synthesis
by inducing the GAD activity which catalyzed the conversion
of L-glutamate (or its salts) into GABA through a single step
of a-decarboxylation (Battaglioli et al., 2003). Therefore, co-
fermentation of the commercial culture and Lb. plantarum
L10-11 could possibly increase the rate of the GABA production.

Table 1. Chemical properties of the initial milk and 18 h fermented milk with single and co-fermentation of Lb. plantarum L10-11.

. . 18 h fermented milk
Analysis Initial (Oh) -

control Single-L10-11 Co-L10-11

pH 6.56 % 0.02 427 +0.06™ 428+ 0.07™ 426 +0.01™

Titratable acid (g/100 g) 0.17 £ 0.01 0.83 +0.03° 0.96 + 0.03* 0.85 +0.03°

GABA (mg/100 mL) ND 121 %0.08 11.30 + 1.48°

Glutamate (mg/100 mL) 26.74 + 1.55 25.94 + 1.37¢ 14.43 +1.38° 11.21 £ 1.71¢
ABTS (umol TE/L) 263.78 + 35.03 976.00 + 14.81° 634.89 + 108.73" 898.78 + 105.01°
?::le ;l;;l]f‘:/’g 118.72 + 17.42 172.08 + 25.68™ 153.56 + 27.05™ 150.05 + 21.82

*“Values in the same row with different letters are significantly different (p < 0.05). "Values in the same row are not significantly different (p > 0.05). ND = not detected.

MsG GABA control

single L1011 co L1011 control  single L1011 co L1011

control single L1011 co L1011 control single L1011 col1011 GABA

oh 6h

12h 18h

Figure 2. TLC chromatogram of GABA and glutamate changes during 18 h milk fermentation with single and co-fermentation of Lb. plantarum

L10-11.
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The addition of MSG, the flavor enhancer, might have an
influence on the sensory profile (umami taste) of fresh cheese.
Normally free glutamic acid, during cheese age, has been found
in some cheese (Cheddar, Emmental and Parmigiano Reggiano
cheese) and is concurrent with the increase in umami intensities
(Weaver & Kroger, 1978; Ninomiya, 1998). Furthermore, the MSG
is an alternative for reducing the sodium content in food and also
cheese (Rodrigues et al., 2014), since it contains approximately
13% sodium which is less than half of the sodium contained in
NaCl. Sodium reduction with flavor enhancer addition (arginine,
yeast extract, oregano extract, MSG) contributed to sensory profile
in cheese (Silva et al., 2018; Rodrigues et al., 2014). Therefore,
the remaining glutamic acid and also sodium might affect the
sensory profile of cheese whereby optimized intense research
should be done in further study.

3.4 Antiradical and iron chelating activities during milk
fermentation

The occurrence of ABTS radical scavenging of milk significantly
increased after milk fermentation. ABTS radical scavenging of the
control and co-L10-11 (ranged from 898.78-976.00 pmol TE/L)
were significantly higher than that of single-L10-11 (634.89 umol
TE/L) (Table 1) while no DPPH radical scavenging ability
were detected in any of 18 h fermented milk (data not shown).
The different actions associated with the same sample with the
two testing methods might be attributed to the different structures
of the radicals that may behave differently based on the peptides
present in the sample (Abadia-Garcia et al., 2013). Moreover,
the ABTS assay is applicable to both hydrophilic and lipophilic
antioxidant systems and better estimates the antioxidant ability
of food items (Floegel et al., 2011) and is also more compatible
to the water-soluble substances in curded milk.

The development of iron chelating activity also increased during
fermentation but was not significantly different between the three
sets of the fermented milk which ranged from 150.05-172.08 pmol
EDTA equivalent/L. As similarly to Abubakr et al. (2012) findings
which showed an increase in ferrous chelating activity of whey
from a 24h fermented milk which was incubated with LAB isolates
from different food samples as compared to the milk control.
The initial iron-chelating activity in this study was 118.72 pmol
EDTA equivalent/L, which was due to the ability of certain milk
proteins (such as lactoferrin serum albumin and casein) to bind
with iron (Tong et al., 2000). On the other hand, the peptides
generated during fermentation which might contain more of
phosphoryl serine groups or the carboxyl group of the amino
acids asparagine and glutamine have a higher propensity for
iron-binding (Wong and Kitts, 2003).

During milk coagulation, the action of milk enzymes and
enzymes from the culture starter proteolyse milk proteins (caseins)
into polypeptides or several fractions of peptides. Some peptides
are bioactive and play an important role in health benefits such
as antioxidant activity and antihypertension (Torres-Llanez et al.,
2011; Geurts et al., 2012; Abadia-Garcia et al., 2013). Therefore,
the enzymes in milk as well as the enzymes from the commercial
starter or Lb. plantarum L10-11 might contribute to the proteolysis
of casein protein during milk coagulation and might increase the
antioxidant properties of fermented milk. In cheese production,

Food Sci. Technol, Campinas, v42, e03121, 2022

antioxidant activity has been reported to mainly depend on
ripening time (Gupta et al., 2009). However, there are several
studies indicating that the antioxidant peptides are released not
only during ripening but also during cheese making (coagulation
step) (Herndndez-Galan et al., 2017; Abadia-Garcia et al., 2013).
The difference in antioxidant activity can be ascribed to the
diverse hydrolysates in cheese by distinctive LAB strains as each
strain of LAB has proteases which account for the cleavage into
specific peptides. This cleavage forms peptides with varying
antioxidant capacities due to peptide structure, arrangement
of the amino acids within the structure, and size of the peptide
(Tagliazucchi et al., 2019; Mushtaq et al., 2016).

3.5 Chemical properties of fresh cheese curd

After coagulation, the curds were cut, cooked, and drained
in muslin cloth overnight; the appearance of fresh cheese is
shown in Figure 3. All mini batch fresh cheese had a moisture
content range of 74.07-74.90% with a pH range of 4.17-4.37.
After whey separation, the amount of GABA in co-L10-11 and
single-L10-11 fresh cheese remained at 14.91 and 2.48 mg/100 g,
respectively, as shown in Table 2. The WSE portion of cheese
which might have consisted of peptides also had the ability to
scavenge free radicals and iron chelating activities which ranged
from 783.11-922.00 pmol TE/kg of cheese and 216.71-266.98 pmol
EDTA equivalent/kg of cheese, respectively. This result implied
that GABA as well as bioactive peptides, which are water-soluble
substances, still existed during whey separation process in fresh
cheese.

The GABA content of 34 types of artisanal Spanish cheese
showed an average of 330 mg/kg which were not influenced
by ripening stage or milk source (Diana et al., 2014). Among
these, the GABA content of three types of fresh cheeses ranged
between 10-900 mg/kg. To date, studies on the production of
GABA in cheese are mainly in ripened cheese. Other studies
have reported the presence of GABA in laboratory cheddar
cheese cultured with Lactococcus lactis ssp. lactis 712 which
was as high as 383.2 ug/g cheese and also in some varieties of
commercial cheese: Gouda, Cheddar, Blue and Edam chesses
0f 177,48, 7.1, and 4.2 pg/g cheese, respectively (Nomura et al.,
1998). Carafa et al. (2019) showed an increase in GABA during
ripening, with the highest content occurring in S. thermophiles 84C
after 9 days of ripening (84 + 37 mg/kg) and in co-fermentation
of S. thermophiles 84C — Lb. brevis DSM 32386 and commercial
S. thermophiles — Lb. brevis DSM 32386 after 20 days of ripening
(91 + 28 and 88 + 24 mg/kg), respectively.

In both animal and human studies, several researches have
demonstrated the reduction of high blood pressure effects of
GABA (Diana et al., 2014). In clinical trials, a treatment with
100 mL of fermented milk (10-12 mg of GABA content) or 50 g
of GABA-enriched cheese (16 mg of GABA) for 12 weeks, could
reduce blood pressure in hypertensive patients (Inoue et al.,
2003; Pouliot-Mathieu et al., 2013). In the present study, the
co-fermented L10-11 cheese (with addition of 0.1% monosodium
glutamate) contained GABA levels of 14.91 mg/100 g, which
is about half of the health’s reccommendation. However, it is
comparable to the other GABA cheese and covering the total
intake required to perceive positive effects on human wellbeing.
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(A) control

(B) single-L10-11

(C) co-L10-11

Figure 3. Appearance of fresh cheese curd fermented with commercial starter, control (A), single (B) and co-fermentation of Lb. plantarum

L10-11 (C).

Table 2. Chemical properties of fresh cheese curd with single and co-fermentation of Lb. plantarum L10-11.

. Cheese
Analysis -

Control Single-L10-11 Co-L10-11

pH™ 4.37 £0.01 4.17 £0.05 4.29 £0.07

Moisture content™ 74.90 £ 0.66 74.72£0.73 74.07 £0.78

GABA (mg/100 g) ND 2.48 +0.37° 14.91 £ 0.07°
Glutamate (mg/100 g) 14.25 +1.79* 7.91 +0.48° 2.61 £1.02°
ABTS (umolTE/kg)" 922.00 £ 96.15 783.11 +87.71 872.00 + 31.80
Metal chelating (umol EDTA/kg) 261.11 + 24.95* 216.71 +7.03° 266.98 + 26.25°

**Values in the same row with different letters are significantly different (p < 0.05). Values in the same row are not significantly different (p > 0.05). ND = not detected.

Table 3. Textural profile of fresh cheese curd with single and co-fermentation of Lb. plantarum L10-11.

Cheese
Texture profile -

Control Single-L10-11 Co-L10-11
Hardness (N) 3.65 +0.13° 2.64 +0.26° 2.92 +0.44°
Adhesiveness (m])™ 2.43 +1.30 2.10 +£1.82 1.93+1.11
Cohesiveness™ 0.14 £ 0.03 0.14 £ 0.03 0.18 £ 0.01
Springiness (mm)™ 4.66 + 0.84 3.83+0.85 4.08 £ 0.31
Chewiness (m])™ 1.93 £ 0.45 1.40 £ 0.10 1.60 £ 0.28
Gumminess (N)™ 0.41 +0.08 0.37 £0.05 0.42 +0.09

**Values in the same row with different letters are significantly different (p < 0.05). ™Values in the same row are not significantly different (p > 0.05).

Moreover, the antioxidant properties from bioactive peptides
in cheese might enhance the health-promoting ability of these
fresh cheeses.

3.6 Texture of fresh cheese curd

The appearance and textural profile of cheese curds are
shown in Figure 3 and Table 3. Fresh cheese curd produced
by single and co-fermentation exhibited significantly lower
values of hardness (p < 0.05) compared to the control cheese
curd. However, the adhesiveness, cohesiveness, springiness,
chewiness, and gumminess values did not differ significantly
(p>0.05) among the tested cheese curd. The results confirm that
adding Lb. plantarum L10-11 does not have much effect on the
textural properties of cheese curd.

4 Conclusions

The data obtained in this study demonstrated that co-
fermentation of commercial cheese starter with Lb. plantarum
L10-11 enhanced GABA content significantly. The chemical
and textural properties obtained from co-fermentation was
comparable to the commercial one. This may impact on the

satisfaction of consumer, therefore, the sensory test needs to
be conducted in future. These results have confirmed that Lb.
plantarum L10-11 might be exploited as bio-functional adjunct
cultures for promoting GABA biosynthesis in fresh cheese, and
should be considered as alternative health promoting product.
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