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ABSTRACT: This study investigated the effect of diode laser irradiation on the 

antibacterial activity and metabolite profile of a local Lactobacillus isolate and evaluated 

its potential to modulate the production of bioactive antimicrobial metabolites. A local 

Lactobacillus isolate, designated Lactobacillus sp, was selected based on its inherent 

antibacterial activity against the tested pathogenic bacteria. De Man, Rogosa and Sharpe 

(MRS) broth adjusted to pH 5 was used for bacterial cultivation and antimicrobial 

metabolite production. Cultures were incubated at 40 °C for 60h under shaking 

conditions. The inoculum was exposed to diode laser irradiation at wavelengths of 532 

and 650 nm for 1, 2, and 3 min, with a non-irradiated culture serving as the control. Each 

treatment was performed in five replicates. The antibacterial activity of the treated and 

control cultures was evaluated against Escherichia coli and Staphylococcus aureus using 

an agar-based antimicrobial assay. Furthermore, Gas Chromatography–Mass 

Spectrometry (GC-MS) was used to characterize the metabolite profiles and identify 

compounds detected following laser exposure. The results demonstrated that laser 

irradiation enhanced the antibacterial activity of Lactobacillus sp., with the response 

varying according to the irradiation wavelength and exposure conditions. Compared with 

the non-irradiated control, selected irradiation treatments increased the antibacterial 

activity, as evidenced by the greater inhibition of the tested bacterial pathogens. 

Furthermore, GC–MS analysis revealed qualitative and quantitative alterations in the 

detectable metabolite profile, including the appearance or increased abundance of several 

compounds with reported or potential antimicrobial properties. These findings suggest 

that laser irradiation may enhance the antibacterial potential of Lactobacillus sp. by 

modulating its metabolite production. These findings suggest that diode laser irradiation 

can influence the metabolic behavior of Lactobacillus sp and may serve as a physical 

stimulus for modulating the production of bioactive antimicrobial metabolites. Further 

studies are required to elucidate the underlying mechanisms and experimentally confirm 

the antimicrobial contribution of the individual compounds identified by GC-MS. 
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INTRODUCTION 

widely recognized as beneficial microorganisms that contribute 

effects are mediated through several complementary 

gut microbiota, and inhibition of potentially pathogenic 

represent important biological pathways through which probiotics may 

epithelial cells and immune components, probiotic 

ent and proliferation of harmful bacteria (Jadah & Al-Rubaye, 2025). 

several competitive and 

antagonistic mechanisms. These include competition 

and interference with the adhesion of pathogens to intestinal epithelial 

availability of attachment sites required 

by pathogenic bacteria, 

microorganisms produce a range of biologically active inhibitory 

conditions for competing microorganisms and contribute 

to the 

substances produced by lactic acid bacteria, bacteriocins 

potential applications in food and pharmaceutical systems 

producing 

bacteriocin-like inhibitory substances. These antimicrobial 

structure and mode of action. One of the best-characterized bacteriocins 

positive bacteria. Nisin interacts with specific components of the 

Such interactions may lead to loss of membrane integrity, 

The 

antimicrobial properties of lactic acid bacteria 

conventional chemical preservatives. Foodborne microorganisms 

spoilage and the transmission 

of foodborne diseases 

ble microorganisms while maintaining the sensory and nutritional characteristics 

complementary preservation strategy 

because they can act directly against 

lactic acid bacteria in food preservation is therefore associated 

microbiological safety and quality of food products throughout 

storage. Their 

incorporation into natural biopreservation systems (Zapaśnik 

food matrix, target microorganism, storage conditions, 

tical suitability of individual probiotic or lactic acid 

of a local Lactobacillus sp. isolate and investigate whether 

2025). 

Particular attention is given to the ability of the bacterial 

contribute to the development of safer and more sustainable 
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MATERIALS AND METHODS

Microorganisms 

The Lactobacillus isolate 

biochemical tests, followed by molecular identification 

based on 16S design as 

representative Gram-positive and Gram-negative bacterial 

following the approach described by Meradji et al. (2023). 

Optimal Conditions for the Production of antibacterial 

Optimal Culture Media 

M17broth, Brain Heart Infusion (BHI) broth, Nutrient Broth (NB), and de Man–Rogosa–Sharpe (MRS) broth were 

comparatively evaluated to determine the most suitable culture medium for antibacterial production by the Lactobacillus isolate. 

Briefly, 30 mL of each sterile medium was inoculated with 5 mL of an actively growing, previously activated Lactobacillus culture 

and incubated overnight under the appropriate growth conditions. Following incubation, the cultures were centrifuged at 15,000 

rpm for 10 min to remove bacterial cells and cellular debris. The resulting supernatants were carefully collected and passed 

through sterile 0.22-µm Millipore membrane filters to obtain cell-free culture supernatants (CFCS), which were subsequently 

used for the assessment of antibacterial production (Zhang et al., 2020; Sakoui et al., 2024). 

pH Value 

Aliquots of 30 mL of MRS broth were prepared in separate sterile tubes and adjusted to five different pH levels (3, 4, 5, 6, and 

7). Each pH-adjusted medium was subsequently inoculated with 5 mL of a freshly prepared bacterial culture under aseptic 

conditions (Jadah & Al-Rubaye, 2025). 

Temperature 

An activated culture of the Lactobacillus isolate (5 mL) was used to inoculate flask (100 ml) containing 30 mL of MRS broth. The 

inoculated cultures were divided into five groups and incubated for 68 h under controlled temperature conditions of 30, 35, 40, 

45, and 50°C. Following incubation, the cultures were evaluated to determine the effect of temperature on the growth and/or 

antimicrobial activity of the Lactobacillus isolate (Agbankpe et al., 2019). 

 Period of Incubation 

To determine the optimal incubation period, five culture flasks containing 30 mL of MRS broth were prepared, inoculated, and 

statically incubated under controlled conditions at 40°C and pH 5.0. To assess the effect of duration on growth, the cultures 

were sampled across five discrete time intervals: 12, 24, 36, 48, and 60 hours (Gökmen et al., 2024). 

periment, two diode laser devices (JD-R303, HUONJE™, China

kept constant as indicated in Table 1. The laser irradiation 

, 

a fresh culture of the Lactobacillus isolate was incubated at 40 

of 10³ cells/mL to provide a standardized and uniform bacterial suspension 

groups, with five 

independent replicates for each group. The 

irradiated with a 650 nm diode laser and three groups irradiated with 

laser irradiation at a 

power output of 100 mW under dark-room 

ion was transferred into 100-mL Erlenmeyer flasks containing 

30 °C and 150 rpm for 3 days. After the 

incubation period, the 

activity of the Lactobacillus isolate (Jadah & Al-Rubaye, 2025; 
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hours of dynamic incubation, 15 mL of the bacterial broth culture was 

supernatant was partitioned into two portions: one portion 

was employed 

via a bench-top lyophilizer (Model LYO60B-1PT, 

Antibacterial sensitivity test 

Mueller–Hinton agar plates were prepared and separately inoculated with 

adjusted to the turbidity of a 0.5 McFarland standard, 

corresponding saline 

to obtain a final bacterial concentration of 10³ cells

bacterial suspension (10³ cells/mL) was uniformly spread over the 

wells measuring 6 

mm in diameter were aseptically prepared in 

into each well. The inoculated plates were incubated at 37 °C for 18 h, 

of the crude 

supernatant against the tested bacterial pathogens 

Table 1. Irradiation device specifications 

Parameter                  Value 

Laser wavelength   532 nm and 650 nm 

Laser output power   100 mW 

Operation mode   Continuous wave (CW) 

Exposure duration   1 min, 2 min, 3 min 

Beam diameter              0.7 mm 

Target sample    Bacterial suspension culture 

 

STATISTICAL ANALYSIS 
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