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ABSTRACT 

GABA is a non-protein amino acid that acts as a neurotransmitter and helps to 

reduce stress, promote muscle building, and reduce fat accumulation.  Some probiotics such 

as Bacillus spp. have been reported as a potential GABA producer and antioxidant activity.  
In this study, 22 isolates of Bacillus spp.  isolated from honey and stingless honey samples 

were investigated the GABA production.  The result showed three isolates, namely BPW-

SB21, BPW-SB17, BPW-14 were able to produce a maximum amount of GABA of  

985.59 ±0.4 ng/mL, 963.65 ±1.3 ng/mL and 962.51 ±1.1 ng/mL, respectively. In addition, 

antioxidant activity was examined by DPPH assay and the result demonstrated that BPW-

SB2 , BPW-SB21 , BPW-SB1  were able to produce a maximum amount of anti-oxidation of 

75.44 ±0.5% , 72.30 ±1.6% , 70.80 ±0.2% , respectively. The results suggest that the newly 

isolates of Bacillus from honey and stingless honey samples may be a promising bacterial 

candidate for use as a potential GABA producer with antioxidant activity. 
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INTRODUCTION 

Gamma-aminobutyrate (GABA) is an amino acid derivative not found in 

proteins and is commonly observed in germinating grains. Microorganisms such as 

Lactobacillus and Bacillus can produce GABA, a process achieved through the 

decarboxylation of L-glutamic acid (Ngo & Vo, 2019; Wang et al., 2019).  The 

production of GABA is dependent on the process of decarboxylation. This involves 

stripping the carboxyl group from L-glutamic acid, turning it into GABA. 

Recognized for its health benefits, GABA can lower blood pressure, promote 

relaxation, and alleviate stress (Ngo & Vo, 2019). This has led to its 

supplementation in animal feed, improving productivity and stress management in 

animals (Yowtak et al., 2013; Zhang et al., 2022). Further, certain probiotic strains, 

notably Bacillus, can also produce antioxidants, enhancing their value as additives in 

animal feed (Adebayo-Tayo & Fashogbon, 2020 ; Gangalla et al., 2021). Bacillus 

have been previously identified in honey and stingless bee samples. Considering the 

vast distances bees, including stingless varieties, travel in their nectar quest, they 

might introduce an array of microorganisms, possibly affecting nectar purity 

(Saleem et al., 2021).  

Therefore, our study aims to isolate Bacillus from honey and stingless honey, 

focusing on those strains capable of generating GABA and antioxidants. 

 

 

METHODOLOGY 

 

Bacillus Isolation from Honey and Stingless Nectar Samples 

A total of nine samples were collected from the beekeeping community 

enterprise group located in Phatthalung Province during the months of October and 

November 2022. This comprised three honey samples and six stingless nectar 

samples. Each honey and stingless honey sample was first diluted using a 0.85% 

saline solution. From these diluted solutions, aliquots of 0.1 mL were carefully 

spread across Glucose-Yeast-Peptone (GYP) agar plates. The inoculated GYP agar 

plates were subsequently placed in an incubator set at 37°C. The growth of bacterial 

colonies was monitored over a duration ranging from 24 to 48 hours. Following 

incubation, bacterial colonies manifesting on the agar were selected at random and 

streaked onto new GYP agar plates. This sub-culturing process was iteratively 

performed to ensure the isolation of single colonies, indicative of a pure culture.  

The isolated pure bacterial cultures were then transferred to vials and stored in a 

deep freezer at -80°C for future use. 
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Identification of Bacillus 

Bacteria were identified by screening for their preliminary properties, i.e., 

colony appearance, catalase activity, Gram staining and cell morphology. The 

bacteria that gave a positive catalase test were then selected. Gram-positive and rod 

shape were further verified using Matrix-Assisted Laser Desorption/Ionization 

Time-of-Flight Mass Spectrometer (MALDI-TOF MS). 

 

GABA Production Assay 

The isolated Bacillus was cultured in Luria-Bertani (LB) medium, 

supplemented with 0.5 g of monosodium glutamate (MSG). The culture was 

maintained at 30°C with agitation at 100 rpm for a duration of 5 days. Following 

incubation, the cell-free supernatant was obtained by centrifuging the culture at 

5,000 rpm for 10 minutes. Then, the cell-free supernatant was subjected to analysis 

using the QuickDetect™GABA ELISA kit (ELISA et al., USA). A standard solution 

was prepared by combining 50 µL of the provided standard GABA and 50 µL of 

standard diluent. In each well of the ELISA plate, 10 µL of the test sample was 

added. To the same well, 40 µL of sample diluent was introduced. Subsequently, 

100 µL of HRP-conjugate reagent was added to each well. The plate was then 

incubated at 37°C for 60 minutes. Following the incubation, 50 µL of chromogen 

solution A and 50 µL of chromogen solution B were added to each well. The 

contents were gently mixed and incubated at 37°C for 15 minutes in dark conditions. 

The optical density (OD) was measured at a wavelength of 450 nm. 

 

Antioxidant Activity Assay Using 2,2-Diphenyl-1-picrylhydrazyl (DPPH) 

The cell-free supernatant was utilized to assess the scavenging ability 

through the DPPH assay. Ascorbic acid, acting as the standard antioxidant, was 

prepared at concentrations of 10, 20, 40, 60, 100, and 200 mg/L, respectively. Into 

each well of a 96-well plate, 100 µL of the sample was added. To this, 100 µL of a 

0.6 mM DPPH solution was added and mixed thoroughly by shaking. The plate was 

then incubated in the dark for 30 minutes. After incubation, the absorbance of each 

well was measured using a microplate reader at a wavelength range of 515-517 nm.  

Presence of antioxidants in the sample would lead to a color change of the solution 

from purple to yellow. The obtained absorbance values were used to determine the 

percentage scavenging ability, calculated through a specified equation. 

 

% scavenging ability = [(ADPPH – Asample) / ADPPH]×100 

Asample:  is the absorbance of the sample set. 

ADPPH:  is the absorbance of DPPH solution without sample. 
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RESULTS AND DISCUSSION 

 

Bacillus Isolation 

In the present research, Bacillus strains showcasing GABA production and 

antioxidant activity were isolated from both honey and stingless honey samples 

sourced from various regions of the country. Zulkhairi Amin et al. (2019) 

documented the prevalence of Bacillus bacteria within honey and stingless bee 

honey, emphasizing their promising probiotic attributes. Given the diverse floral 

sources, it was anticipated that honey samples might exhibit a high incidence of 

GABA-producing Bacillus and potential antioxidant contaminants. 

From a total of three honey and six stingless honey samples, as many as 115 

bacterial isolates were successfully isolated. Notably, among these isolates, 22 were 

identified as gram-positive, rod-shaped bacteria exhibiting catalase enzyme 

production. Further validation using the MALDI Biotyper (Bruker Daltonik GmbH, 

Germany) confirmed these 22 isolates as Bacillus spp. Detailed findings associated 

with these isolates are presented in Table 1. 

 
Table 1. The results of the identification of bacteria by MULDI-TOF 

Isolates Morphology Gram 

staining 

Catalase 

test 

MULDITOF identification 

BPW-SB1 bacilli Positive  + Rummeliibacillus pycnus 

BPW-SB2 bacilli Positive  + Bacillus amyloliquefaciens 

BPW-301 bacilli Positive  + Bacillus amyloliquefaciens 

BPW-3 bacilli Positive  + Bacillus amyloliquefaciens 

BPW-SB4 bacilli Positive  + Bacillus amyloliquefaciens 

BPW-SB5 bacilli Positive  + Bacillus pumilus 

BPW-SB6 bacilli Positive  + Bacillus megaterium 

BPW-7 bacilli Positive  + Bacillus mojavensis 

BPW-SB8 bacilli Positive  + Bacillus licheniformis 

BPW-SB9 bacilli Positive  + Bacillus subtilis 

BPW-g1 bacilli Positive  + Bacillus pumilus 

BPW-702 bacilli Positive  + Bacillus subtilis 

BPW-SB10 bacilli Positive  + Bacillus thuringiensis 

BPW-M bacilli Positive  + Bacillus subtilis 

BPW-SB12 bacilli Positive  + Bacillus megaterium 

BPW-SB14 bacilli Positive  + Bacillus amyloliquefaciens 

BPW-SB16 bacilli Positive  + Fructobacillus fructosus 

BPW-SB17 bacilli Positive  + Fructobacillus fructosus 

BPW-SB18 bacilli Positive  + Fructobacillus fructosus 

BPW-SB19 bacilli Positive  + Bacillus subtilis 

BPW-SB21 bacilli Positive  + Fructobacillus fructosus 

BPW-SB22 bacilli Positive  + Bacillus amyloliquefaciens 
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GABA Synthesis and Antioxidant Activity 

The assay revealed that all 22 Bacillus isolates synthesized GABA. Among 

them, BPW-SB21, BPW-SB17, and BPW-SB14 were the most prolific, registering 

GABA concentrations of 985.59 ±0.4, 963.65 ±1.3, and 962.51 ±1.1 ng/mL, 

respectively (Figure 1A). The BPW-SB1 exhibited the highest antioxidant activity. 

The percentage scavenging ability as determined by the DPPH assay was 75.44 ± 

0.5, 72.30 ± 1.6, and 70.80 ± 0.2, respectively (Figure 1B). The GABA synthesis in 

Bacillus spp. varies among species due to differences in the presence and activation 

of the glutamate decarboxylase (gad) gene.  

Although GABA production from the Bacillus isolates in this study was 

lower than several reports showcasing values in mg/mL, certain studies, such as 

those on B. subtilis in bioreactor systems, have demonstrated significantly higher 

outputs, reaching up to 12 mg/mL (Asun et al., 2022). It's pertinent to mention that 

the mentioned research used an elevated 5% MSG content under optimized 

conditions, whereas our study incorporated just 0.5% MSG, a tenth of the former. 

Regarding antioxidant activity, Bacillus amyloliquefaciens (BPW-SB2), 

Fructobacillus fructosus (BPW-SB21), and Rummeliibacillus pycnus (BPW-SB1) 

recorded percentages of 75.44 ±0.5, 72.30 ±1.6, and 70.80 ±0.2, respectively. When 

juxtaposed with literature, this study's Bacillus strains manifested greater scavenging 

abilities than those reported by Kadaikunnan et al. (2015) for B. amyloliquefaciens, 

which approximated 67.12%. 

The intriguingly high antioxidant activity in Bacillus may be attributed to 

their growth in nutrient-rich environments like honey and stingless honey. Such 

medium might supply Bacillus with essential nutrients, promoting robust synthesis 

of antioxidants such as various vitamins. This hypothesis warrants deeper 

exploration and validation.  

Isolating Bacillus from honey and stingless honey yielded a rich diversity of 

Bacillus strains, most being high-safety strains. Several strains, like  

B. amyloliquefaciens and B. subtilis, are already approved for probiotic use in both 

livestock and humans (Anadon et al., 2006; FAO., 2017). This underscores the 

potential to further develop and harness these Bacillus isolates for probiotic 

formulations. 
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Figure 1 A). Results of GABA production assay in Bacillus isolates from honey. and  

stingless honey by ELISA method. B). Antioxidant activity test results of samples 

from Bacillus supernatants showing antioxidant activity compared to vitamin C as 

standard antioxidant. 

 

CONCLUSIONS 

 

Through rigorous screening of Bacillus strains isolated from honey and 

stingless honey for gamma-aminobutyric acid (GABA) production and antioxidant 

activity, distinct strains showcased exemplary performance. F. fructosus BPW-

SB21 , F. fructosus BPW-SB17 , and B. amyloliquefaciens BPW-SB14  emerged as 

the premier GABA producers, registering concentrations of 985.59 ±0.4 , 963.65 

± 1 .3 , and 9 6 2 .5 1  ± 1 .1  ng/mL, respectively. In terms of antioxidant prowess,  

B. amyloliquefaciens BPW-SB2, F. fructosus BPW-SB21, and R. pycnus BPW-SB1 

stood out. Their scavenging abilities, as assessed through the DPPH assay, were 

75.44 ± 0.5, 72.30 ± 1.6, and 70.80 ± 0.2, respectively.    

Furthermore, this investigation underscores the potential of honey and 

stingless honey as rich reservoirs of diverse Bacillus strains, which bear significant 

promise for practical applications. 
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