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ABSTRACT1 
 
Glutamic acid is an additive compound widely added to food to enhance the savory taste (umami). 

Lactic acid bacteria (LAB) are included in Generally Recognized as Safe (GRAS) and have the potential to 
produce various metabolite compounds, including glutamic acid, through fermentation. LAB can be isolated 
from salted mustard greens and dangke cheese. This study aimed to analyze the effect of LAB isolate types 
and fermentation time on the production of glutamic acid, glutamic acid profiling, and molecularly identify the 
LAB genus that produces the highest glutamic acid based on the 16S rRNA gene. The fermentation process 
of LAB was carried out using four selected isolates: D16, D15, S4, and S15, which were isolated from salted 
mustard greens and dangke cheese. Each isolate was incubated for five different incubation times: 0, 12, 
24, 48, and 72 h. The identification of glutamic acid was carried out using the Thin Layer Chromatography 
(TLC) method, its quantification by spectrophotometry, and profiling by High-Performance Liquid Chroma-
tography (HPLC). In addition, molecular identification of the highest-producing LAB isolate was conducted 
based on the 16S rRNA gene. The results showed that isolate S4 from salted mustard greens produced the 
highest glutamic acid after 48 h, with 670.05 mg/L and a total glutamic acid of 0.23% (w/w) based on HPLC 
results. Isolate S4 is known to be molecularly similar to the Pediococcus pentosaceus species. Local LAB 
isolates from salted mustard greens and dangke cheese can produce glutamic acid that can be used to 
enhance the taste of fermented foods. 
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INTRODUCTION 
 

Glutamic acid is an additive widely added to food 
to enhance the savory taste (umami). Glutamic acid 
in the form of salt is known as Monosodium 
Glutamate (MSG), and its consumption in Indonesia 
continues to increase yearly. According to Mahdi and 
Hidayat (2022), the potential production capacity of 
monosodium glutamate in Indonesia in 2026 is 
expected to reach 80,000 tons/year. In particular, 
China leads in the production and consumption of 
MSG worldwide, followed by several Southeast Asian 
countries, including Indonesia, Vietnam, and 
Thailand. This growth can be attributed to the 
increasing standard of living, cultural shifts, dietary 
changes, the development of the food processing 
industry, and population growth and urbanization 
(Thuy et al., 2020). 

Glutamic acid is a raw material used to produce 
MSG. MSG production is carried out considering 
various factors, including primary raw materials, 
price, temperature, pH, product conversion, purity, 
catalysts, and waste (Mahdi and Hidayat, 2022). 

 
*Corresponding Author: E-mail: nurjannah.suroso@gmail.com 

MSG production is currently widely carried out 
through microbial fermentation processes because 
the cost of producing MSG through biosynthesis is 
low, the product purity is greater than 80%, and there 
is minimal waste (Mahdi and Hidayat, 2022). In 
addition, the microbes currently known for MSG 
production are Corynebacterium glutamicum and 
Brevibacterium lactofermentum. Although Gram-
positive, part of their cell envelopes resemble those 
of Gram-negative bacteria because they have an 
outer lipid layer composed of mycolic acids, making 
them less susceptible to antibiotics (Ganguly, 2023; 
Zhao et al., 2015).  

One way to contribute to industrial fermentation 
technology research is to explore the potential of LAB 
as a starter for glutamic acid production. LAB, which 
is classified in the Generally Recognized as Safe 
(GRAS) category, is non-pathogenic, safe for 
consumption, and tolerant to acid and bile, producing 
antimicrobial substances (Shehata et al., 2016). In 
addition, LAB improves taste and nutrition, extends 
shelf life, and makes essential metabolites such as 
organic acids (lactic acid, acetic acid), vitamins, fatty 
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acids, peptides, and glutamic acid through fermen-
tation (Wang et al., 2021; Wang et al., 2023). 
Lactobacillus, Levilactobacillus brevis PML1, 
Lactiplantibacillus plantarum 1058, and 
Limosilactobacillus fermentum 4–17 are types of 
lactic acid bacteria that can produce glutamic acid 
(Ghazanfari et al., 2023).  

Salted mustard greens and dangke cheese are 
examples of Indonesian fermented foods rich in 
nutrients, where the fermentation process involves 
LAB, which plays a role in glutamate synthesis. LAB 
isolates from salted mustard greens and dangke 
cheese, such as Leuconostoc mesenteroides, 
Lactobacillus plantarum, Lactobacillus brevis, and 
Pediococcus cerevisiae, have the potential to 
produce various beneficial metabolites (Chun et al., 
2017). Although various microbes can be present in 
fermented products, traditional fermented foods often 
have a unique microbial profile for each product 
(Baek et al., 2024). 

The selection of LAB strains that produce 
glutamic acid and elucidation of their metabolic 
pathways remain to be explored. Therefore, this study 
aimed to examine the total amino acids, including 
glutamate, obtained from the fermentation of the 
highest glutamic acid-producing LAB isolates, explain 
the possible metabolic pathways involved, and 
molecularly identify the LAB genus producing the 
highest glutamic acid based on the 16S rRNA gene. 
The medium used in this study was De Man, Rogosa, 
and Sharpe (MRS) broth supplemented with 0.5% 
citrate (%w/v). The research results are expected to 
aid in selecting the optimal LAB strain from native 
microorganisms that are well-adapted, competitive, 
and possess high metabolic capacity. 

MATERIALS AND METHOD 
 
Materials 

The cultures and materials used in the study 
included four LAB isolates: S4 and S15 (from salted 
mustard greens), and D15 and D16 (from dangke 
cheese). All isolates were obtained from the 
Biotechnology Laboratory of Diponegoro University. 
Other materials included De Man, Rogosa, and 
Sharpe (MRS) broth media (Himedia, Germany),  
MRS agar media (Himedia, Germany), citric acid 
(Merck, Germany), n-butanol (Merck, Germany), 
acetic acid (Merck, Germany), glutamic acid (Merck, 
Germany), ninhydrin (Merck, Germany), InstaGene 
Matrix, MyTaq® master mix, primers 27F (5’-
AGAGTTTGATCCTGGCTCAG-3’) and 1492R (5’-
GGTTACCTTGTTACGACTT-3’), agarose gel (Merck, 
Germany), staining gel (Red Safe), DNA ladder, and 
Tris-acetate-EDTA (TAE) buffer 1X. 

 

Rejuvenation and characterization of LAB iso-
lates  

All LAB isolates were rejuvenated using the 
streak plate method in quadrants on MRS agar 
supplemented with CaCO3 and then incubated at 37 
°C for 24−48 h (Sasmita et al., 2018). Pure LAB 
isolates were characterized macroscopically and 
microscopically with Gram staining. After that, the 
catalase test and fermentation-type test were 
continued (Abdullah et al., 2021; Ismail et al., 2017). 
 
LAB growth curve preparation 

Single colonies from each LAB isolate from 
salted mustard greens and dangke cheese were 
inoculated into 15 mL of NaCl each and equated to 
the McFarland 0.5 standard. The next stage was to 
create a growth curve by taking 5% inoculum and 
then inoculating it into 80 mL of MRS broth while 
adding 0.5% citrate (%w/v). Furthermore, the 
inoculated broth was incubated at room temperature 
for 72 h. LAB growth was observed by observing the 
absorbance value at 12, 24, 48, and 72 h at 600 nm 
using a UV-Vis spectrophotometer (Shimadzu UV-
1280, Shimadzu Corp., Japan). 
 
Glutamic acid production from LAB isolates 

The preparation of LAB fermentation medium for 
glutamic acid production refers to Lee et al. (2021), 
namely by inoculating 5% of each LAB inoculum into 
80 mL of MRS broth media, adding 0.5% citrate (v/v). 
After that, it was incubated for 0, 12, 24, 48, and 72 h 
at room temperature at a speed of 150 rpm. MRS 
broth supplemented with 0.5% citrate without adding 
LAB isolates was used as a control.  

The samples consist of all four LAB isolates (S4, 
S15, D15, and D16) and the control, which were 
incubated under the same time variations (0, 12, 24, 
48, and 72 h at room temperature). All observed 
parameters (pH, total lactic acid, glutamic acid 
identification, and spectrophotometric quantification) 
were applied to every sample at each time point. 
HPLC and molecular identification analyses were 
conducted only for isolate S4 at 48 h, as it produced 
the highest glutamic acid concentration. 

 
pH measurement 

Value of pH was observed to determine the level 
of acidity produced by LAB fermentation in each 
treatment of different LAB isolates after an incubation 
period of 0, 12, 24, 48, and 72 h using a universal pH 
indicator (Merck, Germany). 
 
Measurement of total lactic acid  

Samples were taken from all LAB isolates and 
the control at all incubation times (0, 12, 24, 48, and 
72 h).  A one mL sample of each culture was diluted 
30 times in distilled water. Then, the sample was 
added with 2−3 drops of 1% phenolphthalein indicator 
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and titrated with a standardized 0.1 N NaOH solution. 
The change of the solution to pink marked the 
endpoint of titration. 
 
Identification of glutamic acid by thin layer 
chromatography (TLC) 

Identification of glutamic acid was carried out by 
thin-layer chromatography (TLC) of silica gel plates 
(Macherey Nagel, Macherey-Nagel GmbH & Co. KG, 
Germany), referring to the modified method 
(Ghazanfari et al., 2023). The supernatant of the 
fermentation culture solution was obtained by 
centrifugation at 10,000 rpm for 15 min. After that, 
80% ammonium sulfate was added to the 
supernatant and centrifuged (Ohaus FrontierTM 
5718R, Ohaus Instruments Co. Ltd., China) again at 
10,000 rpm at 4 °C for 20 min. The supernatant was 
taken, and the analysis was carried out using a 
mobile phase of n-butanol: acetic acid: water (1:2:4 
v/v). Pure glutamic acid was used as the standard. To 
visualize the separated compounds, the plate was 
sprayed with 0.5% ninhydrin solution in 96% ethanol 
and then placed in an oven at 90 °C for 10 min.  
 
Total glutamic acid measurement by spectro-
photometry 

Total glutamic acid measurement was carried 
out by spectrophotometry (Maslami et al., 2023). As 
much as 1 mL of supernatant from lactic acid bacteria 
culture was taken, then 1 mL of 0.1% ninhydrin was 
added and vortexed. The sample solution was heated 
in boiling water for 5 min and then cooled with water. 
Then, the absorbance of each sample was read at 
570 nm. The absorbance values were converted into 
glutamic acid concentrations using a standard curve 
prepared with pure glutamic acid. 
 
Total amino acids by High-Performance Liquid 
Chromatography (HPLC) 

The S4 isolate, incubated for 48 h, was selected 
for further analysis due to its highest total glutamate 
concentration, as determined by spectrophotometry 
analyses. The analysis was conducted at the Palm Oil 
Research Center (PPKS) laboratory in Bogor. The 
analysis involved an HPLC (Shimadzu SCL-10A/ 
Shimadzu CBM-20A, Shimadzu Corp., Japan) test to 
determine the type of amino acids present in the 
sample solution, including total glutamate. Amino acid 
analysis was performed using a Thermo Scientific 
ODS-2 Hypersil column, with OPA derivatization and 
fluorescence detection.  

  
Molecular identification of LAB isolates with the 
16S rRNA gene 

Isolate S4 was selected for molecular identi-
fication because it produced the highest total 
glutamate compared to other isolates. DNA isolation 
was performed using the InstaGene Matrix protocol. 

Quantitative DNA analysis was performed using a 
nanodrop tool (Thermo Fisher Scientific, USA). PCR 
amplification of the 16S rRNA gene was performed 
using primers 27F (5’-
AGAGTTTGATCCTGGCTCAG-3’) and 1492R (5’-
GGTTACCTTGTTACGACTT-3’). Amplification 
began with the preparation of a 50 μL PCR mix 
consisting of 25 μL MyTaq™ Mix, 2 μL primer 27F, 
two μL primer 1492R, two μL (200 ng) DNA template, 
and ddH2O up to 50 μL. Furthermore, PCR (Labnet 
International Inc., USA) was carried out with a pre-
denaturation stage at 95 °C for three min, then lasted 
for 35 cycles, including denaturation at 95 °C for 45 
sec, primer attachment at 54 °C for one min, and 
extension at 72 °C for 90 sec. After that, the 
elongation phase was carried out at 72 °C for 10 min 
and the cooling phase at 4 °C for an unlimited time 
(Mardiana et al., 2020). The amplified DNA was 
electrophoresed with 1% agarose gel for 25 min at 
100 volts. The electrophoresis gel was soaked in a 
gel staining solution. The marker used was five μL of 
a kb DNA ladder. After electrophoresis, the resulting 
bands were observed by moving the agarose gel to a 
UV transilluminator. The sequencing results were 
edited using BioEdit and then Basic Local Alignment 
Search Tool (BLASTed) accessed through the 
National Center for Biotechnology Information (NCBI) 
website. After that, 10 BLAST sequences with the 
highest homology and one outgroup sequence with 
the same family were downloaded in FASTA format. 
Phylogenetic tree construction was performed using 
MEGA (Version 10.2), Molecular Evolutionary 
Genetics Analysis (MEGA) Software, USA. 
 
Data analysis 

Data analysis began with a normality test and a 
homogeneity test. If the results are normal and homo-
geneous, a two-way analysis of variance (ANOVA) 
was continued. Then, if the results obtained were 
significantly different between samples using SPSS 
Statistics (Version 26.0, IBM Corp., USA), the 
statistical analysis was continued with the Tukey test 
at a 95% confidence level. 

RESULTS AND DISCUSSION 
 
Characteristics of LAB isolates 

The macroscopic morphological characteristics 
of lactic acid bacteria isolated from salted mustard 
greens and dangke cheese were creamy white 
colonies, round with flat edges, and clear zones on 
MRSA media supplemented with 0.5% CaCO3. The 
resulting clear zones indicate that LAB isolates could 
produce acidic compounds. The macroscopic 
morphological characteristics of LAB isolated from 
salted mustard and dangke cheese can be seen in 
Table 1 and Figure 1. 
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Table 1. Macroscopic morphological characteristics of LAB isolated from salted mustard greens and dangke 
cheese 

Isolate Origin 

Colony Morphological Characteristics 

Shape Color Edge Elevation 
Colony 

Appearance 
Optical 

Properties 

S4 Salted mustard greens Round Creamy White Flat Convex Glossy Opaque 
S15 Salted mustard greens Round Creamy White Flat Convex Glossy Opaque 
D15 Dangke cheese Round Creamy White Flat Convex Glossy Opaque 
D16 Dangke cheese Round Creamy White Flat Convex Glossy Opaque 

 

    
A B C D 

 
Figure 1. Formation of a clear zone by LAB isolates on MRSA + 0.5% CaCO3 media; A= Isolate S15, B= 

Isolate S4, C= Isolate D16, D= Isolate D15 
 
According to Goa et al. (2022), LAB have the 

characteristics of a round shape and a cream color. 
LAB isolates isolated from tempeh probiotic drinks 
have the characteristics of small to medium round 
colonies with flat edges, convex elevations and 
produce clear zones on MRSA media supplemented 
with 5% CaCO3. Calcium carbonate (CaCO3) has 
buffer activity and is an initial screening for lactic acid 
bacteria. The lactic acid compound produced by LAB 
will react with CaCO3, so a clear zone appears around 
the colony after 48−72 h (Aýun et al., 2023). 

The microscopic characteristics results show 
that the LAB isolates from salted mustard greens and 
dangke cheese are a group of Gram-positive 
bacteria. Identification of LAB isolates from salted 
mustard and dangke cheese can be seen in Table 2. 
 
LAB growth curve 

All LAB isolates from salted mustard greens and 
dangke cheese were grown in MRSB media 
supplemented with 0.5% citrate (w/v) and incubated 
for 72 h at room temperature. LAB growth can be 
seen in Figure 2. The growth phase of LAB can be 
observed starting from the lag, log, and stationary 
phase (Gonzalez and Aranda, 2023). Isolates S4, 
S15, and D15 showed adjacent lag phases in the first 
hour of incubation. Then, isolates S4, S15, and D15 
showed log phases at 2 to 48 h incubation. The 
stationary phase of isolates S4, S15, and D15 began 
at 48 to 72 h of incubation. Isolate D16 showed a lag 
phase at 0 to 12 h, a log phase at 12 to 24 h, and a 
stationary phase at 24 to 72 h of incubation. The 
highest growth of isolates S4, S15, and D15 occurred 
at 48 h, with absorbance values at 600 nm of 2.03, 
2.24, and 2.27, respectively. In contrast, isolate D16 

reached its highest growth at 12 h of incubation, with 
an absorbance of 2.17. 

During the growth phase, primary and secondary 
metabolites are produced (Sheikh et al., 2024). 
Primary metabolites are produced in the tropho-
phase, which is the phase where microorganisms 
have sufficient nutrients or begin to be synthesized 
and produced in the early log phase, and production 
reaches its optimum level in the late log phase 
(Azizah et al., 2023; Maldonado-Ruiz et al., 2024). 
The idiophase is when secondary metabolites are 
produced, when exponential growth ends and enters 
the early stationary phase (Maldonado-Ruiz et al., 
2024; Sheikh et al., 2024). The trophophase, 
characterized by balanced microbial growth condi-
tions, produces essential primary metabolites (such 
as vitamins, amino acids, and nucleosides) and end 
products of primary metabolism (including lactic acid, 
ethanol, and acetone) (Ramesha and Deeksha, 
2019). At the same time, the idiophase involves the 
production of secondary metabolites such as 
antibiotics, pigments, and enzymes (Fachrial et al., 
2025; Guryanov and Naumenko, 2024; Ramesha and 
Deeksha, 2019). 

Referring to previous research, LAB isolates 
from fermented boza, as reported by Gökmen et al. 
(2024), showed an exponential phase until 18–20 h 
of incubation. The stationary phase occurred after 20 
h. In another study, as reported by Azhara et al. 
(2022), LAB isolates from spontaneous fermentation 
of robusta coffee beans entered a lag phase at 0−3 h 
of incubation with colonies ranging from 6.8−6.9 log 
CFU/g. The exponential phase occurred at 3 to 72 h 
of fermentation, with colonies ranging from 6.9 to 9.5 
log CFU/g. 
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Table 2. Identification of LAB isolated from salted mustard and dangke cheese 

Isolate Origin 
Microscopic Characteristics 

Catalase Test Fermentation Type Test 
Shape Gram 

S4 Salted mustard greens Cocci + Negative Homofermentative 
S15 Salted mustard greens Cocci + Negative Homofermentative 
D15 Dangke cheese Cocci + Negative Homofermentative 
D16 Dangke cheese Rod + Negative Heterofermentative 

 

 
Figure 2. Growth activity of LAB isolates on MRS 

broth media + 0.5% citrate (%w/v). 
Absorbance at 600 nm; fermentation time 
(h) 

 
pH and total lactic acid 

The results showed that the pH of the LAB 
culture from salted mustard greens and dangke 
cheese decreased after fermentation for 12 h. The pH 
value at the beginning of fermentation ranged from 5 
to 4. Evidence from previous research showed dadih 
fermented with Pediococcus acidilactici BK01 isolate 
reduced the pH from 5.20 to 5.10 after fermentation 
for 20 h (Melia et al., 2020). Pangestika et al. (2018) 
also stated that the pH value of the Lactobacillus 
acidophillus fermentation culture in media containing 
D-fructose decreased by ±3% when compared to 
media without D-fructose. Furthermore, Rahmayetty 
et al. (2022) reported that a significant decrease in pH 
occurred after LAB fermentation in molasses media 
for 24 h.  

The total lactic acid produced by LAB isolates 
from salted mustard and dangke cheese increased 
with increasing fermentation time. The total amount of 
lactic acid produced during fermentation presented in 
Table 3. 

The increase in total lactic acid was due to the 
increasing number of LAB colonies, so the total lactic 
acid produced also increased. The S4 isolate yielded 
the highest total lactic acid content after 72 h, at 
2.67%. This study aligns with the research of 
Rahmayetty et al. (2022), which reported that LAB 
fermentation in molasses media produced the highest 

lactic acid concentration at 72 h of 23.1 ppm. 
Pediococcus acidilactici BK01 produced 0.61% lactic 
acid after fermentation for 20 h (Melia et al., 2020). 
LAB utilizes carbon sources in the media to be 
converted into lactic acid compounds. During 
fermentation, bacteria convert carbon sources, such 
as sugar, into lactic acid and energy to form new cells. 
The decrease in total lactic acid is due to the side 
effects of the subsequent reaction, which converts 
lactic acid into other compounds (Rahmayetty et al., 
2022).  

The results of the statistical analysis test show 
that the total lactic acid data are normally distributed 
and homogeneous. This result is supported by the 
Shapiro-Wilk and Levene test significance values of 
0.110 and 0.113, respectively, which are greater than 
0.05. In addition, statistical analysis also shows no 
interaction between fermentation time and the type of 
LAB isolate in determining total lactic acid, as 
indicated by a Sig. Value at 0.245, greater than 0.05. 
However, the significant difference in total lactic acid 
was less than 0.05 based on the fermentation time 
factor variable and the type of LAB isolate factor. 

 
Identification of glutamic acid by TLC 

The glutamic acid identification test results 
showed that glutamic acid could be successfully 
identified from all samples. This result is indicated by 
the Rf value of the glutamate standard (0.3), which 
matches the Rf value of the sample under the same 
chromatographic conditions. This match confirms that 
the method used was able to separate glutamic acid 
from other compounds. The Rf value represents the 
ratio between the distances traveled by the solute and 
the solvent (mobile phase) from the origin on TLC 
plate (Guadarrama-Pérez et al., 2024). Reported Rf 
values from other studies may vary depending on the 
stationary and mobile phases used; for example, 
Hussein et al. (2021) reported an Rf of 0.51 for urine 
samples, and Tunio et al. (2022) reported 0.076 for 
glutamate, both obtained under different chromato-
graphic conditions. 

Glutamate compounds can be observed on TLC. 
The standard solution used is pure glutamic acid at a 
concentration of 700 ppm. Figure 3 shows the 
identification of glutamate with TLC. The TLC results 
in Figure 3 confirmed the presence of glutamate in the 
fermentation broth of several isolates, as indicated by 
the appearance of purple spots with Rf values 
matching the glutamate standard. 
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Table 3. Percentage of total lactic acid (%) produced by LAB isolated from salted mustard greens and dangke 
cheese 

Isolate 
Total Lactic Acid (%) 

0 h 12 h 24 h 48 h 72 h 

S4 1.02±0.31a 1.61±0.78ab 2.03±0.53ab 2.28±0.38ab 2.67±0.44b 
S15 0.95±0.21a 1.50±0.64ab 1.84±0.71ab 2.16±0.39ab 2.29±0.20b 
D15 1.02±0.31a 1.80±0.63a 2.19±0.37a 2.16±0.38a 2.13±0.14a 
D16 0.99±0.32a 1.21±0.22a 1.73±0.32a 1.76±0.28a 1.86±0.46a 
Control 1.08±0.26a 1.08±0.26a 1.08±0.26a 1.08±0.26a 1.08±0.26a 

Note: Different notations in the same row indicate significant effects (p<0.05) in the Tukey test. The control was MRSB + 
citrate media without the addition of BAL isolates. Data are presented as mean ± standard deviation (SD) from three 
independent replicates (n= 3) 

 

 
 

Figure 3. Identification of glutamate by TLC: A), E) Standard control of glutamate 700 ppm; Supernatant from 
the culture of isolate D16 after fermentation for 24 h (B), 48 h (C), 72 h (D); F) Isolate S4 after 
fermentation for 48 h; G) Isolate S15 after fermentation for 48 h; H) Isolate D15 after fermentation 
for 48 h 

 

All isolates produced visible glutamate spots at 
48 h, suggesting this time point may correspond to 
peak glutamate production. However, the intensity 
varied, possibly due to differences in metabolic 
activity or growth phase. These findings indicate that 
glutamate biosynthesis by lactic acid bacteria is time-
dependent and strain-specific. Each isolate exhibited 
the most consistent and intense glutamate production 
over time, particularly at 48 h of fermentation, 
indicating its potential as a promising candidate for 
glutamate biosynthesis in future applications. 
Previous studies by Maslami et al. (2018) showed 
that out of 17 LAB successfully isolated from budu 
fish, only 16 isolates could produce glutamic acid. 
The highest glutamic acid production was observed 
in isolate IB.9, which produced 13.03 mg/mL after 72 
h of incubation. Meanwhile, Ghazanfari et al. (2023) 
also detected glutamate compounds produced by 
LAB isolates fermented with media containing food 
waste, as determined by the TLC method. The 
difference in glutamic acid production of each isolate 
was due to the different abilities of each LAB strain 
(Maslami et al., 2018). Several genera of bacteria that 
can produce glutamate include Brevibacterium, 

Corynebacterium, Microbacterium, and Micrococcus 
(Shangguan et al., 2023). 

 
Total glutamic acid by spectrophotometry 

The glutamic acid produced by LAB isolates from 
salted mustard and dangke cheese showed no 
difference among treatments. The amount of total 
glutamic acid produced during fermentation 
presented in Table 4. The maximum amount of total 
glutamic acid was produced by isolates S4, S15, and 
D15 at 48 h, and isolate D16 at 72 h. The addition of 
citrate to the MRSB medium triggers glutamate 
production. There were five pathways to form 
glutamic acid, derived from the following precursors: 
citrate, glutamine, histidine, proline, and putrescine. 
Citrate compounds can be synthesized from pyruvate 
in the L. lactis strain IL1403, as this bacterium 
possesses the necessary genes to convert citrate into 
glutamate (Lee et al., 2021). Glutamic acid synthesis 
is attributed to increase regulation of genes encoding 
citrate synthase (cs), isocitrate dehydrogenase 
(icdh), and glutamate dehydrogenase (gdh), and 
decreased regulation of genes encoding the 
oxoglutarate dehydrogenase complex (odhc) 
(Shangguan et al., 2023). 

  A         B       C       D    E        F       G       H 
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Table 4. Total glutamic acid (mg/L) produced by LAB isolated from salted mustard greens and dangke cheese 

Isolate 
Total Glutamic Acid (mg/L) 

0 h 12 h 24 h 48 h 72 h 

S4 632.17±14.40a 665.40±55.63a 651.06±29.84a 670.05±51.44a 660.35±30.48a 
S15 646.11±37.05a 656.31±40.54a 648.84±30.14a 658.54±21.89a 642.47±11.52a 
D15 648.84±30.14a 644.40±22.16a 640.35±16.12a 658.54±21.89a 646.11±13.41a 
D16 641.36±30.06a 647.12±17.89a 645.10±12.27a 649.24±21.10a 650.05±7.69a 
Control 636.82±20.11a 642.47±20.80a 639.44±16.06a 642.58±19.33a 641.36±18.28a 

Note: The same notation in the same row indicates no significant difference in the Tukey test. The control was MRSB + 
citrate media without the addition of BAL isolates. Data are presented as mean ± standard deviation (SD) from three 
independent replicates (n= 3) 

 
Several factors, such as fermentation media and 

the type of bacterial isolate used, cause differences 
in total glutamic acid production by LAB. Several 
strains of lactic acid bacteria fermented in MRS media 
with the addition of 20% glycerol (v/v) produced 
different total glutamic acid. The highest glutamate 
production was found in P. acidilactici UP-1, and the 
lowest was in P. pentosaceus UP-2 (Toe et al., 2019). 
M17 broth media, given different precursors, 
produced different total glutamate levels. Media 
enriched with 0.5% citrate precursor had the highest 
total glutamate production by Lactococcus lactis 
(108.42 pmol/µL), whereas media enriched with 0.5% 
glutamine had the lowest glutamate production (60.65 
pmol/µL) (Lee et al., 2021). 

The results of the statistical analysis test showed 
that the total glutamic acid data were normally 
distributed and homogeneously distributed. This 
result can be seen from the Sig—Shapiro-Wilk and 
Levene test values at 0.280 and 0.051, giving higher 
value than 0.05. In addition, statistical analysis 
showed no interaction between fermentation time and 
the type of LAB isolate in determining total glutamic 
acid, as indicated by a significance value of 1, which 
is greater than 0.05. In addition, there was no 
difference in total glutamic acid (Sig.)>0.05 based on 
the fermentation time factor variable and the type of 
LAB isolate factor. 

 
Total amino acids by HPLC 

Isolate S4 was selected for further testing based 
on the results of the spectrophotometric analysis, 
which showed that this isolate produced the highest 
total concentration of glutamate, 670.05 mg/L, among 
all tested isolates. Therefore, S4 was chosen for 
subsequent confirmation and quantification using 
HPLC to validate and further characterize its 
glutamate production capacity. Selecting the isolate 
with the highest glutamate yield is critical in screening 
for potential candidates for industrial or biotech-
nological applications. The present findings showed 
that 15 amino acids were identified from the fermen-
tation sample of isolate S4. Table 5 shows the total 
amino acid produced by isolate S4 after fermentation 
for 48 h. 

Amino acids are the essential components of 
protein and are substrates for protein synthesis. 

Amino acids consist of essential amino acids and 
non-essential amino acids. Essential amino acids are 
amino acids that cannot be synthesized de novo, so 
they are obtained from outside the body, such as food 
(Gwin et al., 2020). In contrast, non-essential amino 
acids are amino acids that can be produced in the 
body. Non-essential amino acids consist of alanine, 
arginine, aspartic acid, asparagine, cystine, cysteine, 
glutamic acid, glutamine, glycine, proline, and serine 
(Kamble et al., 2021). 

 
Table 5. Total amino acids analyzed by HPLC in 

isolate S4 after 48 h of fermentation  
Parameter Total (%w/w) 

Aspartic acid 0.15 
Threonine 0.05 
Serine 0.09 
Glutamic 0.23 
Glisine 0.07 
Alanine 0.08 
Valine 0.21 
Methionine 0.26 
Ileusine 0.05 
Leusine 0.06 
Tyrosine 0.10 
Phenylalanine 0.08 
Histidine 1.16 
Lisine 0.08 
Arginine 1.24 

Total amino acid 3.91 

 
Based on Table 5, it is known that there are 

seven types of essential amino acids produced by 
isolate S4, namely histidine, leucine, threonine, 
valine, methionine, isoleucine, phenylalanine, and 
eight non-essential amino acids, namely serine, 
aspartic acid, arginine, lysine, glutamate, glycine, 
alanine, and tyrosine. Arginine is the amino acid with 
the highest content, followed by histidine, methionine, 
and glutamate. Amino acids have various health 
benefits in addition to their role in protein synthesis. 
Amino acids are components of proteins and natural 
organic compounds containing nitrogen, which are 
essential for health. Amino acids show a broad 
spectrum of biological activities, including their ability 
to activate NRF2, a transcription factor that regulates 
endogenous antioxidant responses (Egbujor et al., 
2024). 
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In addition to protein synthesis, amino acids play 
a role in the adaptation of LAB to their environment. 
Amino acids (especially glutamine, glutamic acid, and 
arginine) adapt lactic acid bacteria to acidic 
environments. NH3 synthesized during amino acid 
deamination can increase the pH value inside and 
outside the cell, thereby protecting cells from acid 
stress (Papadimitriou et al., 2016). As a bioactive 
molecule, glycine regulates gene expression for 
cytoprotection, protein configuration and activity, and 
other critical biological processes, including gluta-
thione synthesis (Quintanilla-Villanueva et al., 2024). 
The amino acids L-cysteine, L-alanine, and L-
histidine can function as nitrogen sources, enhance 
microbial growth, and act as electron transporters in 
microbial biochemical reactions (Helmstetter et al., 
2019; Liu et al., 2022). D-leucine and D-methionine 
can act as signaling molecules to regulate cell wall 
biogenesis and biofilm integrity, trigger microbial 
biofilm disintegration at low concentrations to regulate 
bacterial population distribution and affect the 
surrounding ecosystem (Liu and Chen, 2018; Liu et 
al., 2022; Wang et al., 2022).  

The content of L-aspartate and glycine 
correlates with the yield of lactic acid in anaerobic 
fermentation (Song et al., 2023). Cysteine has been 
shown to increase the yield of lactic acid from food 
waste by up to 13%. The addition of cysteine 
increases the activity of α-glucosidase and the rate of 
hydrolysis and, at the same time, increases the 
abundance of Lactobacillus in the acidification stage 
and lactate dehydrogenase, all of which also support 
lactic acid production. However, adding valine has 
been shown to reduce the yield of lactic acid by 18%, 
and the results imply that valine appears to inhibit 
carbohydrate conversion (Zhou et al., 2024). 

Amino acids can also play a role in the taste of 
fermented foods. Free amino acids produced through 
proteolysis can be converted into various compounds 
that play a role in taste, including ammonia, amines, 
aldehydes, phenols, indoles, and alcohols, all of 
which can contribute to the taste of yogurt (Chen et 
al., 2017).  L-glycine and L-glutamic acid significantly 
reduced the production of intracellular reactive 
oxygen species and the levels of malondialdehyde 
and carbonylated proteins. They simultaneously 
increased the ATP levels in P. pentosaceus R1 
bacteria under H2O2-induced stress. L-glycine and L-
glutamic acid also suppressed bacterial membrane 
deformation and cell damage. In addition, L-glycine 
and L-glutamic acid significantly increased the 
activities of superoxide dismutase and glutathione 
peroxidase and increased the total antioxidant 
capacity of bacteria. Thus, L-glycine and L-glutamic 
acid can alleviate oxidative stress caused by H2O2 
through direct antioxidant effects and enhance the 
activities of bacterial antioxidant enzymes (Zhang et 
al., 2022). 

Glutamate is associated with umami taste. It is 
used in savory foods such as spices, herbs, meat 
products, soups, and broths to enhance flavor and 
deliciousness (Zhang et al., 2017). In enterocytes, 
glutamate is transaminated into various amino acids, 
mainly alanine and proline, aspartate, and citrulline 
(Cynober, 2018). 
 
Molecular identification of LAB isolates with the 
16S rRNA gene 

Isolate S4 was molecularly identified using the 
16S rRNA gene and achieved a purity of 2.13, with an 
A260/280 ratio of 1.32 and a total DNA concentration 
of 1326.3 ng/µL. The purity value in the range of 
1.8−2.0 indicates that the DNA sample has good 
purity. Purity results lower than 1.8 indicate that the 
concentration of innate protein is relatively high. In 
comparison, if the purity results are higher than 2.0, 
the DNA concentration is relatively high (Syahputra et 
al., 2016). 

The 16S rRNA gene amplification results were 
analyzed by electrophoresis and using a 1 kb marker 
ladder. The results showed that isolate S4 could 
produce DNA bands with a length range of 1500 bp 
in the agarose gel electrophoresis results. The 
electrophoresis results are shown in Figure 4. The 
16S rRNA gene is approximately 1,500 to 1,600 base 
pairs (bp) in length in most bacteria. It consists of nine 
variable regions that allow taxonomic identification of 
the microbial community (Yeo et al., 2024). 
 

 
 
Figure 4. Visualization of electrophoresis results of 

isolate S4 sample with 1 kb DNA ladder 
(M) 

 
The phylogenetic tree of isolate S4 is presented 

in Figure 5. The phylogenetic tree showed that isolate 
S4 had a bootstrap value of 100 with the species 
Pediococcus pentosaceus strain HBUAS62112. The 
bootstrap value in a phylogenetic tree indicates how 
often the same branch is observed across 100 
repetitions of phylogenetic tree creation using 
resampled data sets (Ojha et al., 2022). 

1500 bp 

M 
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Figure 5. Phylogenetic tree of isolate S4 with Neighbor-Joining (NJ) analysis and Bootstrap phylogeny test, 
1000 replicates 

 
A bootstrap threshold above 70% is commonly 

used to indicate well-supported branches in a 
phylogenetic tree (Lemoine and Gascuel, 2024). 
Isolate S4 was Gram-positive, catalase-negative, and 
had a coccus-shaped morphology. Pediococcus 
pentosaceus is a lactic acid bacteria belonging to the 
Lactobacillaceae family, genus Pediococcus, with 
coccus-shaped characteristics, and is a non-motile 
facultative anaerobic Gram-positive bacteria (Chen et 
al., 2020). In another study, Pediococcus pento-
saceus can be isolated from fermented sausages 
from the Basilicata region (Southern Italy) (Tathode et 
al., 2024). 

Pediococcus strains are used as natural 
preservatives to extend the shelf life and hygienic 
food quality due to their unique properties in 
producing bacteriocins. These bacteria work against 
bacteria that cause food contamination, such as 
Staphylococcus aureus, Listeria monocytogenes, 
and Clostridium botulinum. Pediococcus pento-
saceus can also be found in the intestines of marine 
shrimp from the Mediterranean Sea (Zaghloul and 
Halfawy, 2024). A study by Toe et al. (2019) showed 
that glutamate can be produced by several strains of 
Pediococcus pentosaceus from Malaysian fermented 
food. Pediococcus pentosaceus UL-6, UP-2, UB-8, 
and UL-2 each produced glutamate of 38.87 mg/L, 98 
mg/L, 45.81 mg/L, and 66.64 mg/L, respectively. 

 
 

CONCLUSION 
 

Glutamic acid production could be influenced by 
LAB isolate type and fermentation time, with isolate 
S4 from salted mustard greens producing the highest 
glutamate concentration at 48 h of fermentation. 
Amino acid profiling confirmed the presence of 
glutamic acid along with other amino acids, including 
arginine, histidine, methionine, and valine, produced 
during fermentation. Molecular identification based 
on 16S rRNA gene analysis revealed that isolate S4 
had similarities with the species Pediococcus 
pentosaceus. Based on the citrate-supplemented 
fermentation medium, it is likely that glutamic acid 
was synthesized through the conversion of α-
ketoglutarate via the citrate metabolism pathway. 
These results highlight P. pentosaceus as a 
promising native LAB strain, and emphasize the 
importance of selecting strains based on both 
glutamate yield and their broader amino acid profile 
to enhance the nutritional and functional value of 
fermented products. Further analysis, such as 
variations in fermentation substrates, is needed to 
determine the production capacity of other LAB 
isolates, and molecular identification tests of the gdh 
gene are required to determine the genomic pathway 
of glutamic acid biosynthesis in LAB. 
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