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This study focuses on enhancing the production of gamma-aminobutyric acid 
(GABA), a non-protein amino acid with various physiological benefits, using 
Lactiplantibacillus plantarum B7 isolated from Budu (fermented anchovy sauce). 
Through a combined optimisation method, including one factor at a time, two-
level factorial design, steepest ascent, and central composite design, the GABA 
production was improved from 11.68 g/L (unoptimised approach) to 32.18 g/L 
(equivalent to a 175.51% increment) along with increased cell growth. These 
improvements were achieved by developing an optimum fermentative medium 
(modified MRS medium containing 1% glucose, 2.5% yeast extract, 2 ppm each 
of tween 80, calcium carbonate, and potassium iodide together with 335.61 mM 
of initial MSG and 0.723 mM of PLP with an initial pH of 5.66) and conditions (at 
35.6ºC with 125 rpm for 63.66 h). Further enhancements were achieved through 
repeated batch fermentation using watermelon rind and apple immobilised cells, 
resulting in GABA productions of 218.48 g/L (equivalent to a 570.18% increment) 
and 195.44 g/L (equivalent to a 499.51% increment), respectively, compared to 
free cells GABA production (32.6 g/L) in single batch fermentation mode. 
Additionally, compared to free cells, L. plantarum B7 was able to maintain 50% 
of its cell viability when immobilised on both natural supports even after the 12th 
cycle of RBF. In fermented milk product, optimisation led to an increase GABA 
concentration from 1.29 g/L to 4.85 g/L (equivalent to a 275.97% increment) 
using a food-grade medium (10% of skim milk containing 50 mM of food-grade 
MSG and 0.3 mM of food-grade PLP, incubated at 35.6ºC with 125 rpm for 48 
h). The use of watermelon rind-immobilised L. plantarum B7 in a food-grade 
medium for fermented milk production exhibited superior GABA (5.98 g/L) and 
lactic acid (7.48 g/L) production, with a high viable cell count retained after 28 
days of storage at 4ºC. Overall, the study showcases the potential of L. 
plantarum B7 in combination with optimisation, whole-cell immobilisation, and 
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repeated batch fermentation for improved GABA production in functional food 
and pharmaceutical applications. 
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PENINGKATAN BIOSINTESIS ASID GAMA-AMINOBUTIRIK DARI 
LACTIPLANTIBACILLUS PLANTARUM B7 MELALUI KAEDAH 

PENGOPTIMUMAN, IMMOBILISASI DAN FERMENTASI KELOMPOK 
BERULANG SERTA APLIKASI POTENSINYA. 
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SANGKARAN A/L PANNERCHELVAN 
 

Disember 2023 

 

 

Pengerusi  : Profesor Madya Murni Halim, PhD 
Fakulti        : Bioteknologi dan Sains Biomolekul 
 
 
Kajian ini memberi tumpuan kepada peningkatan penghasilan asid gama-
aminobutirik (GABA), sejenis asid amino bukan protein dengan pelbagai faedah 
fisiologi, menggunakan Lactiplantibacillus plantarum B7 yang diasingkan 
daripada Budu (sos ikan bilis). Melalui kaedah pengoptimuman gabungan, 
termasuk satu faktor pada satu masa, reka bentuk faktorial dua peringkat, 
pendakian paling curam, dan reka bentuk komposit pusat, penghasilan GABA 
telah dipertingkatkan daripada 11.68 g/L (pendekatan tidak dioptimumkan) 
kepada 32.18 g/L (bersamaan kenaikan 175.51%), bersama dengan 
peningkatan pertumbuhan sel. Peningkatan ini dicapai dengan membangunkan 
medium fermentasi optimum (medium MRS yang diubah suai mengandungi 1% 
glukosa, 2.5% ekstrak yis, 2 ppm setiap tween 80, kalsium karbonat, dan kalium 
iodida bersama dengan 335.61 mM MSG permulaan dan 0.723 mM PLP dengan 
pH permulaan 5.66) dan keadaan fermentasi optimum (pada suhu 35.6ºC 
dengan 125 rpm selama 63.66 jam). Peningkatan selanjutnya dicapai melalui 
fermentasi kelompok berulang menggunakan sel yang diimobilisasi dengan kulit 
tembikai dan epal, yang telah menghasilkan pengeluaran GABA masing-masing 
sebanyak 218.48 g/L (bersamaan kenaikan 570.18%) dan 195.44 g/L 
(bersamaan kenaikan 499.51%), berbanding penghasilan GABA (32.6 g/L) 
daripada sel bebas dalam mod fermentasi sekelompok. Selain itu, berbanding 
dengan sel bebas, L. plantarum B7 dapat mengekalkan 50% kebolehhidupan 
selnya apabila diimobilisasi pada kedua-dua sokongan semula jadi walaupun 
selepas kitaran ke-12 RBF. Dalam produk susu fermentasi, pengoptimuman 
telah meningkatkan kepekatan GABA, daripada 1.29 g/L kepada 4.85 g/L 
(bersamaan kenaikan 275.97%) menggunakan medium gred makanan (10% 
susu skim yang mengandungi 50 mM MSG gred makanan dan 0.3 mM PLP gred 
makanan, diinkubasi pada 35.6ºC dengan 125 rpm selama 48 jam). Penggunaan 
L. plantarum B7 yang diimobilisasi dengan kulit tembikai dalam medium gred 
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makanan untuk penghasilan susu fermentasi menunjukkan penghasilan GABA 
(5.98 g/L) dan asid laktik (7.48 g/L) yang lebih baik, dengan kadar sel yang tinggi 
dikekalkan selepas 28 hari penyimpanan pada 4ºC. Keseluruhannya, kajian ini 
menunjukkan potensi L. plantarum B7 dalam kombinasi pengoptimuman, 
imobilisasi sel sepenuhnya, dan fermentasi kelompok berulang untuk 
meningkatkan pengeluaran GABA dalam aplikasi makanan fungsian dan 
farmaseutikal. 
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CHAPTER 1 
 

INTRODUCTION 

 
 
Gamma-aminobutyric acid (GABA), a non-protein amino acid where the amino 
group is attached to γ-carbon, is widely spread in nature (Guo et al., 2023). The 
primary enzyme, glutamic acid decarboxylase (GAD), is responsible for 
catalysing the irreversible α-decarboxylation of L-glutamic acid to GABA in the 
presence of the coenzyme pyridoxal-5'-phosphate (PLP) (Yogeswara et al., 
2020; Wu et al., 2018). The history of GABA began in the early 1880s; where the 
first chemical synthesis of GABA was reported, and it was recognised as a 
natural metabolite product of plants and microbes (Diez-Gutiérrez et al., 2020; 
Wu et al., 2018). Later, in 1950, GABA's role as a significant inhibitory 
neurotransmitter in the human brain system was recognised. 
 

GABA is a well-known bioactive compound for its numerous physiological and 
pharmacological roles in humans (Guo et al., 2023; Ochoa-de la Paz et al., 
2021). This has given rise to innovative ideas and ground-breaking approaches 
to develop more effective GABA-based medicinal interventions for various 
diseases, including diabetes, cancer, asthma, cardiovascular, nervous system, 
and brain disorders (Diez-Gutiérrez et al., 2020; Grewal, 2020). Numerous 
organisms, including bacteria, yeasts, fungi, moulds, mammals, and plants have 
been studied as potential natural sources of GABA (Sahab et al., 2020). 
However, GABA from microbes has received more attention because the factors 
influencing its production are easier to control compared to plants that have low 
concentrations of GABA and animals which have GABA that cannot cross the 
blood-brain barrier, thus limiting its function for the human body (Sahab et al., 
2020; Gasmi et al., 2022).  
 

Chemical and biosynthetic (enzymatic or whole-cell biocatalysis and microbial 
fermentation) methods are the two major approaches to produce GABA (Oketch-
Rabah et al., 2021; Yogeswara et al., 2020). Although the chemical route is 
relatively simple and fast, the biosynthetic approach is preferred for the synthesis 
of GABA because the reaction process is easier and involves milder reaction 
conditions, high product yield and catalytic efficiency, as well as more 
sustainable and environmentally friendly (Lyu et al., 2022). Additionally, the 
chemical synthesis approach is less effective for producing GABA, particularly in 
the food industry, due to the use of potentially hazardous or corrosive chemicals, 
low selectivity, producing unwanted byproducts, and potential environmental 
contamination issues (Oketch-Rabah et al., 2021). Through enzymatic or whole-
cell biocatalysis approaches, isolated GADs or recombinant host strains 
expressing GAD act as catalysts for the biotransformation of L-glutamate to 
GABA. The enzymatic properties of the chosen GADs contribute to the efficient 
GABA production in these systems. Although these approaches are able to 
produce mass GABA titers, the complexity and expensive operational processes 
favour microbial fermentation for GABA production (Grewal, 2020). Furthermore, 
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GABA produced through fermentation by naturally occurring microbes is 
preferred due to the growing demand for naturally-made nutritional supplies 
(Wan-Mohtar et al., 2020), inexpensive, safe, and can be directly marketable as 
a functional food item (Diez-Gutiérrez et al., 2020). 
 

Lactic acid bacteria (LAB), Streptococcus salivarius and Escherichia coli are 
among the most studied microorganisms to produce GABA naturally (Kim et al., 
2022a; Yogeswara et al., 2020). Among these, many researchers prefer LAB for 
GABA synthesis due to its readily available nature, distinct physiological 
characteristics, and generally recognized as safe (GRAS) status (Kim et al., 
2022a). Numerous LAB species from various sources, particularly those derived 
from fermented foods, have shown the ability to biosynthesise GABA at various 
levels (Cui et al., 2020). However, it is still insufficient to meet the market demand 
for the production of GABA-related or GABA-enriched products by using the 
natural GABA production capabilities of LAB. Therefore, optimisation of the 
fermentation medium and fermentation parameters (temperature, initial pH, 
initial monosodium glutamate (MSG) concentration, initial pyridoxal-5'-
phosphate (PLP) concentration, and incubation time) could be used to increase 
the GABA titer (Thuy et al., 2021; Cai et al., 2023). One-factor-at-a-time (OFAT), 
orthogonal design, artificial neural network (ANN) and response surface 
methodology (RSM) are some examples of the optimisation techniques that can 
be used to improve GABA production (Wu et al., 2018). For instance, according 
to Wu et al. (2018) and Park et al. (2021), optimisation using the OFAT method 
produced a maximum GABA up to 62.523 g/L by Levilactobacillus brevis RK03 
and 19.8 g/L by Lactiplantibacillus plantarum EJ2014, respectively. Also, various 
studies used RSM to improve GABA levels; for example, Sharafi and Nateghi 
(2020), produced the highest GABA (19.9 g/L) by Levilactobacillus brevis TD10 
using Box-Behnken’s RSM. Besides that, Lactiplantibacillus plantarum FRT7 
produced the maximum GABA content (1158.6 ± 21.22 mg/L) after being 
optimised using the central composite design’s RSM (Cai et al., 2023). 
 

Immobilisation techniques are widely used approaches to improve various 
metabolic productions and cell viability. Accordingly, various studies have been 
conducted to investigate GABA production employing whole cell and/or GAD 
enzyme immobilisation approaches (Dahiya et al., 2021; Son et al., 2022). Due 
to expensive purification procedures and rapid loss of function, whole-cell 
immobilisation is preferred over using immobilised GAD to produce GABA (Son 
et al., 2022). For example, gellan gum-immobilised Levilactobacillus brevis 
GadAΔC14 was found to produce up to 87.56 g/L of GABA under optimal 
experimental conditions for ten consecutive reaction cycles (Lyu et al., 2019). 
However, due to the limitations of using both natural and synthetic polymers as 
whole-cell carriers, natural supports from plant-based materials as carriers have 
attracted more attention from researchers (Bisht et al., 2023). Besides, plant 
sources are commonly used as whole-cell matrices due to their low cost, 
widespread nature, and sustainable agro-waste management. In particular, fruit 
and fruit waste, are among the most highly investigated plant sources to improve 
various targeted productions and cell stability (Budžaki et al., 2022; Vitola et al., 
2020). 
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Repeated batch fermentation (RBF) is a technique that is frequently used in a 
variety of microbiological productions, particularly those derived from bacteria 
and yeast, such as ethanol, lipids, and organic acids (Sriputorn et al., 2023; 
Rahman et al., 2021; Luongo et al., 2019). Its benefits over conventional batch 
fermentation include the preparation of a single inoculum for multiple batches, 
higher and sustained productivity in a short duration, and more user-friendly 
operational control than continuous mode (Sriputorn et al., 2023). Numerous 
studies have employed RBF combined with an immobilisation strategy to further 
enhance various targeted production (Sriputorn et al., 2023; Milessi et al., 2020; 
Ng et al., 2020; Chen et al., 2019). 
 

The synthesis of pure GABA or GABA-related products in various sectors, such 
as the pharmaceutical, agro-chemical, and food industries, has increased in 
demand due to its vast health benefits (Gramazio et al., 2020; Xie et al., 2019). 
However, due to the various challenges of developing pure GABA (as a 
supplement or medicine) from natural sources, simpler, cheaper, and more 
effective GABA-containing products such as GABA-enriched functional foods 
can be excellent alternative products. Among numerous GABA-enriched 
functional foods, GABA-enriched dairy products, particularly fermented milk, are 
in high demand. However, the quantity of GABA produced by natural bacteria in 
fermented milk is often very low  (Santos-Espinosa et al., 2020). This could be 
improved by optimisation of fermentation conditions and medium (Sharafi & 
Nateghi, 2020; Galli et al., 2022) along with whole-cell immobilisation technique. 
Besides enhancing productivity, whole-cell immobilisation fruits and fruit wastes 
could also improve cell stability and the sensory qualities of the fermented milk 
(Kandylis et al., 2021; Ng et al., 2020; Jasińska et al., 2018). 

 

The beneficial effects of GABA in humans are hindered by the presence of the 
blood-brain barrier, which restricts the flow of it beyond the central nervous 
system (CNS). To overcome this limitation, GABA requires uptake from external 
sources such as plants (vegetables and fruits), animals (meat), and 
microorganisms. However, most vegetables and fruits contain a relatively low 
amount of GABA and the efforts to enhance their GABA production levels are 
challenging. On the other hand, there is currently no substantial evidence or 
research supporting meat as a significant GABA source. Furthermore, GABA 
sourced from meat is not ideal for vegan and vegetarian communities. This 
brings the focus to microorganisms, particularly naturally occurring lactic acid 
bacteria, as a preferred and highly sought-after source of GABA. Nevertheless, 
the GABA generated spontaneously by these bacteria is insufficient to exhibit its 
advantageous benefits. 
 

Therefore, this study was focused on improving GABA production by naturally 
GABA-producing lactic acid bacteria, Lactiplantibacillus plantarum B7, that have 
been isolated from fermented food (Budu). The production of GABA and the cell 
viability of L. plantarum B7 were improved via a combination of optimisation 
approaches, followed by further enhancement of the production of GABA and 
lactic acid using a whole-cell immobilisation strategy with repeated batch 
fermentation using natural supports (selected fruits and fruit wastes). The study 
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also describes an application of GABA by developing a novel GABA-enriched 
fermented milk using an optimisation and whole-cell immobilisation approaches 
using the ideal fruit and fruit waste supports. The specific objectives of this study 
were: 
 
1. To screen, identify and characterise GABA-producing LAB from various 

fermented food sources. 
2. To optimise the experimental conditions and fermentative medium to 

produce maximum GABA using selected LAB. 
3. To characterise for the ideal natural supports for the immobilisation of 

Lactiplantibacillus plantarum B7 and further improve the GABA production 
via repeated batch fermentation using optimised experimental conditions. 

4. To develop and analyse GABA-enriched fermented milks produced through 
selected natural supports immobilised Lactiplantibacillus plantarum B7 
under optimised fermentation parameters. 
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