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Article Information  ABSTRACT 
Received: 2nd March 2025  Background: Lactobacillus acidophilus, a key member of the lactic acid bacteria (LAB) group, 

contributes significantly to both human and animal health by enhancing the microbiome. This study 

explores the bioactive compounds produced by L. acidophilus isolated from the Synkromax probiotic, 

with a focus on their antimicrobial, antifungal, and anticancer properties. Methodology: The cell-free 

supernatant (CFS) of L. acidophilus was subjected to solvent extraction to isolate secondary metabolites, 

while peptides, including bacteriocins, were partially purified using ammonium sulfate precipitation. 

Metabolite profiling was conducted using Gas Chromatography-Mass Spectrometry (GC-MS/MS), and 

Thin Layer Chromatography (TLC) was used for qualitative analysis. The antimicrobial and antifungal 

activities of the extracts were evaluated using the well diffusion method against pathogens, including 

Escherichia coli, Staphylococcus aureus, Klebsiella pneumoniae, Aspergillus niger, and Aspergillus 

flavus. The cytotoxic potential of the partially purified bacteriocin extract (PPBE) was assessed using 

the MTT assay on MCF-7 breast cancer cells. Results and Discussion: GC-MS/MS analysis identified 

a diverse range of bioactive secondary metabolites. Both CFS and partially purified peptides 

demonstrated significant antimicrobial and antifungal activity. The PPBE also exhibited strong 

cytotoxicity against MCF-7 cells, with an IC₅₀ value of 72.3991 µg/mL, indicating promising anticancer 

potential. Conclusion: Lactobacillus acidophilus from Synkromax produces a variety of bioactive 

compounds with potent antimicrobial, antifungal, and anticancer activities. These findings support its 

potential application in therapeutic development and enhancing food safety. 
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INTRODUCTION 
Lactobacillus acidophilus is a type of probiotic bacteria that 
supports a healthy balance for our gut system through boosting 
the immune system and improving digestive health. It enhances 
the immune system, development, and feed efficiency in animals 
while reducing the need for antibiotics. In individuals, it 
supports immunity, digestive health, and may also benefit 
cardiovascular and mental health [1]. Across species, L. 
acidophilus plays a significant role in maximizing gut health and 
function. Additionally, by promoting the formation of antibodies 
and enhancing immune cell activity, these microorganisms 
strengthen the immune system and increase resistance to 
infections and illnesses [2]. Probiotics are an excellent substitute 
for antibiotics because they enhance the utilisation of nutrients 
by breaking down complex feed ingredients, which raises 
growth rates and feed conversion ratios. They also stabilise the 
gut flora and lessen stress. They also reduce the likelihood of 
antibiotic resistance. L. acidophilus is a symbiotic partner of the 
host in the digestive system [3]. It mainly coexists in the small 
intestine and cecum, where it helps to maintain a healthy 
microbial community [4]. L. acidophilus helps build a strong 
defense against a wide range of infections frequently found in 
animal farming conditions through this immunomodulatory 
function [5]. This is especially important in systems of intensive 
farming when animals are frequently subjected to stimuli that 
can impair their immune systems. Additionally, L. acidophilus 
is essential for enhancing nutritional absorption in the animal's 
digestive system [6]. This probiotic strain enhances growth rates 
and feed conversion ratios by producing enzymes that break 
down complex proteins and carbohydrates, thereby facilitating 
the absorption of essential nutrients. This is advantageous for the 
general health and well-being of the animal as well as for the 
profitability of livestock operations [7].  
 
Moreover, adding L. acidophilus to animal feed provides an 
ecologically friendly and sustainable approach to livestock 
management [8]. Although there are many potential advantages 
to using L. acidophilus in animal feed, maintaining the 
probiotic's viability and stability throughout feed processing and 
storage poses difficulties. Considering the significance of L. 
acidophilus, optimizing its ability to support animal health 
necessitates attention to storage conditions, suitable formulation 
methods, and rigorous quality control measures. Commercial 
Lactobacillus acidophilus supplements have gained popularity 
in both human and animal nutrition due to the probiotic's 

advantages for immune system and digestive health [9]. These 
supplements offer benefits such as stronger immune system 
support, improved nutrient absorption, reduced reliance on 
antibiotics, and enhanced digestive health [10]. The need for a 
deeper understanding of strain-specific effects, formulation 
compatibility issues, stringent quality control procedures, and 
viability concerns is one of the challenges [11]. The sensitivity 
of L. acidophilus to environmental factors is still a consideration, 
even though these supplements utilize cutting-edge technologies 
to ensure stability during manufacturing and storage. To fully 
realize the potential benefits of commercially available L. 
acidophilus across various applications, different research 
studies with rigorous quality assurance are essential. These 
challenges include variability in product quality, the impact of 
formulation on efficacy, and cost implications [12]. In this study, 
we have assessed the L. acidophilus commercial spray-dried 
powder provided by SynkroMax Biotech Private Limited. 
Thirumazhisai, Chennai- 600124, Tamil Nadu, India, and 
preserved at the Centre of Bioscience and Nanoscience 
Research, Eachanari, Coimbatore- 641021, Tamil Nadu, India. 
The efficacy of the product was determined by examining the 
biological activity of cell-free supernatant (CFS) and partially 
purified bacteriocin extract (PPBE) against common foodborne 
pathogenic bacteria and fungi. The partially purified extract’s 
cytotoxic effects were assessed on MCF-7 cancer cell lines. 
Furthermore, GC-MS/MS analysis was performed on the 
bacterial spent supernatant extracted with ethyl acetate overnight 
to profile the various beneficial metabolites secreted by L. 
acidophilus. By characterizing the functional profile of L. 
acidophilus from Synkromax, this study aimed to uncover its 
therapeutic relevance and provide insights that could enhance its 
application in food safety, human health, and veterinary 
medicine. 
 
MATERIALS AND METHODS 
Preparation of culture medium and streaking 
MRS agar medium (Hi-Media) was used as a selective medium 
for preliminary screening, and 0.5 grams of L. acidophilus 
commercial spray-dried powder formulation, produced by 
SynkroMax Biotech Private Limited, was used in the study [13]. 
On the prepared sterile MRS agar, a loopful of the sample was 
streaked, and the plate was then incubated at 37 °C for 48 hours. 
The colony's shape on the cultured plate was inspected, and 
Gram staining was performed to confirm the culture's 
homogeneity. 
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Primary streak method for bacteriocin production screening 
The individual colony was isolated, subcultured, and analyzed 
for its inhibition effect by the primary streak method [14]. The 
pathogens were lawn cultured on Mueller-Hinton agar medium, 
and the isolated L. acidophilus was streaked against a specific 
set of pathogens and incubated at 37°C for 24 h. 
 
Inoculum preparation 
To prepare the inoculum, a loopful of L. acidophilus culture was 
transferred into 100 mL of sterilized MRS broth. The mixture 
was then incubated for 48 hours at 36°C and 170 rpm in a rotary 
shaker. All analytical-grade chemicals used in the experiment 
were acquired from Hi-Media in India. CFS was prepared from 
the cultured broth by centrifuging it for 10 min at 6000 rpm in a 
cooling centrifuge. The supernatant was then separated into two 
portions; one portion was subjected to partial purification of 
bacteriocin using ammonium sulfate precipitation for additional 
characterization, while the CFS was sent for secondary 
metabolite analysis by Gas Chromatography-tandem mass 
spectrometry (GC-MS/MS) [14]. 
 
Extraction of Secondary Metabolites 
The CFS was mixed with ethyl acetate in a separating funnel and 
left undisturbed overnight to allow thorough extraction of the 
bioactive compounds. After the extraction period, the ethyl 
acetate layer was carefully separated from the aqueous layer. 
The solvent was then evaporated to dryness, leaving behind a 
residue of the extracted compounds [15]. This residue was 
subsequently re-dissolved in a small volume of the same solvent 
in preparation for further analysis using GC-MS/MS (Eurofins 
EAG Materials Sciences LLC, Columbia) for secondary 
metabolite profiling. 
 
Thin layer chromatography 
TLC is a chromatographic method used to identify the different 
types of components in a mixture using a thin stationary phase 
supported by an inert solid backing.  To trace the presence of 
bioactive components in CFS and PPBE. 10 μL of each sample 
was spotted on the bottom of the plate using a capillary tube. The 
mobile phase consists of a solvent mixture of methanol and 
acetic acid (9:1), which was used to dissolve both the crude and 
refined extracts. Then, the spotted TLC plates were positioned 
at an angle in a developing chamber with the mobile phase buffer 
system. The plates were taken out once the mobile phase reached 
its ¾ of its distance. The plates were then drizzled with ninhydrin 
(0.2 in 100 mL of acetone) and dried in an oven at 50 °C for 5 

min [18]. Photography technique was used to visualize color 
development and detection. The distance moved by the solute 
and solvent was measured. The RF value was calculated. The 
retention factor value was calculated for the separated spot. 

         𝑹𝑹𝑭𝑭 𝒗𝒗𝒗𝒗𝒗𝒗𝒗𝒗𝒗𝒗 =
𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺 𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎 𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇 𝒐𝒐𝒐𝒐𝒐𝒐𝒐𝒐𝒐𝒐𝒐𝒐

𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺 𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇  

Antimicrobial Activity 
For antimicrobial activity assessment, the well diffusion method 
has been followed according to the CLSI guidelines. The 
antibacterial and antifungal potency of CFS and PPBE was 
tested against common foodborne pathogens, including E. coli, 
S. aureus, K. pneumoniae, A. niger, and A. flavus. 100μL of each 
bacterial culture was added to the respective Mueller-Hinton 
agar plates and spread using a sterile L-rod; likewise, fungal 
strains were added to the respective malt agar plates and spread 
uniformly using a sterile L-rod.  Well were bored using a sterile 
cork borer to the centre of the test plates. Then the test samples 
were loaded into the allotted well, along with their positive and 
negative controls for checking antibacterial and antifungal 
activities against the test pathogenic microorganisms [16]. Each 
experiment was carried out in triplicate, and the average value 
has been recorded for the results. The experimental results have 
been confirmed as statistically significant using a t-test. 
 
Cytotoxicity of the Purified Extract 
The MCF-7 cell line cultures were grown in DMEM medium in 
a CO2 incubator with controlled conditions, which included 
maintaining a temperature of 37°C, 80% humidity, and 5% CO2. 
Following a 48-hour cultivation period, cells were examined 
under an inverted microscope to determine cellular viability, 
which was then analyzed using a microplate reader. Different 
concentrations of PPBE were used for the investigation. Every 
prepared sample was added along with the MCF-7 cell line and 
a negative control. Following 24 hours of incubation, cells were 
treated with trypsin and DMSO in turn. Then, after 20 
microliters of MTT dye were added to the wells. Following an 
additional 24-hour incubation period, optical density readings 
were obtained using an ELISA reader (Robonik) at a wavelength 
of 570 nm [17]. The experimental results have been confirmed 
as statistically significant using a t-test. 
 
RESULTS AND DISCUSSION 
Screening of Secondary metabolites in CFS. 
Gas Chromatography- tandem Mass Spectrometry was 
performed to analyze the secondary metabolites present in the 
overnight solvent-extracted sample derived from CFS. The 
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resulting chromatograms displayed distinct peaks, each 
representing significant compounds detected in the sample. 
Through MS/MS analysis, the molecular identities of these 
compounds were confirmed by examining their fragmentation 
patterns. This allowed for a precise characterization of the 
metabolites present, providing valuable insights into significant 
constituents of the sample and the potential bioactive 

compounds associated with bacteriocin production, as shown in 
Figure 1 and in Tables 1 and 2. A similar screening of secondary 
metabolites was reported in a study involving Bacillus 
thuringiensis culture supernatant [18,19]. This comprehensive 
analysis lays the groundwork for understanding the functional 
properties of these metabolites and their potential applications in 
various industries.  

Table 1: List of compounds detected in chromatogram interpretation.  

Peak 
Retention 

Time 
Compound 

Name 
Match 
factor Formula 

2D-structure created using 
PubChem as a reference Biological Activity 

1 3.5680 Lactic acid 96.9 
 

C₃H₆O₃ 
 

 

Antibacterial and 
Antifungal activity [20]. 

2 3.8969 2,3-Butanediol 94.1 C4H10O2 

 

Pesticidal, insecticidal, 
Antitumor, and anti- 
inflammatory [20]. 

3 5.0374 Butanoic 
acid,2-methyl 90.3 C5H10O2 

 

Antibacterial and 
Antioxidant [21]. 

4 7.9851 Heptane,3,3,5-
trimethyl 

85.8 C10H22 

 

Antimicrobial 
properties [22]. 

5 8.8988 Nonane,4,5-
dimethyl 94.7 C11H24 

 

Antimicrobial, Antioxidant, 
Anticancer [23]. 

6 10.0726 3-Ethyl-3-
methylheptane 89.9 C10H22 

 

Antibacterial, Antifungal, 
Anti- 

inflammatory properties 
[22]. 

7 11.6072 Cyclopentadie
ne,decamethyl 83.2 C10H30O5Si5 

 

Anti-oxidant, Anti- fungal 
[20]. 

8 12.3608 Naphthalene 99.3 C10H8 

 

Anti-inflammatory, 
Antioxidant 

activities [23]. 

9 14.4771 Undecane,4-
ethyl 88.6 C13H28 

 
Antimicrobial [24]. 

10 16.2385 Dodecane,4,6-
dimethyl 89.5 C14H30 

 
Flavouring agent [25]. 

11 18.5279 Pentadecane 86.4 C15H32 
 

Flavouring agent [26]. 
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Peak Retention 
Time 

Compound 
Name 

Match 
factor 

Formula 2D-structure created using 
PubChem as a reference 

Biological Activity 

12 19.8823 
2,6,10-

Trimethyltride
cane 

93.8 C16H34 
 

Antifungal, Antioxidant, 
Cancer 

preventive, Nematicide, 
Hypercholesterolemic, 

Lubricant [27]. 

13 19.8829 Hexadecane 92.0 C16H34 

 

Cytotoxicity, Antimicrobial, 
Antioxidant, Antipyretic 

[28]. 

14 20.2142 2,4-Di-tert-
butylphenol 92.7 C14H220 

 

Antimicrobial and 
Antitumor 

characteristics [29]. 

15 20.6014 
Hexadecane,2,

6,11,15-
tetranethyl 

98.3 C20H42 
 

Cytotoxicity & 
Dyspepsia,[30]. 

16 22.9037 Heneicosane 92.3 C21H44 
 

Anti-HIV, 
Antioxidant,Antimicrobial 

[31]. 

17 23.4205 Heptadecane 86.3 C17H36 
 

Antimicrobial [32]. 

18 24.7621 

1,2-
Benzenedicarb

oxylic acid, 
bis- 

(2methylpropy
l)este 

96.1 C16H22O4 

 

Antibacterial and 
Antioxidant [33]. 

19 26.1622 Eicosane 84.7 C20H42 
 

Antihyperglycemic, 
Antimicrobial, Cytotoxic & 
Antioxidant Properties [34]. 

20 31.3636 

Hexadecanoic 
acid,2-

hydroxy-1-
(hydroxymeth
yl)ethyl ester 

97.2 C19H38O4 

 

Antimicrobial [35]. 

21 31.6781 

Phthalic 
acid,di(2-

propylprntyl)e
ster 

97.9 C24H42O4 

 

Antimicrobial activity &  
Antioxidant [20]. 

22 33.0509 

Octadecanoic 
acid,2-

hydroxy-1-
ethyl ester 

92.5 C21H42O4 

 

Anti-tumourogenic, 
Antidiabetic, 

Anticancer, Haemolytic, 
Pesticide, Skin irritant [36]. 

23 33.3607 Tetracosane 84.1 C24H50 
 

Cytotoxicity on malignant 
cells, Laxative, 

Antibacterialand 
Anti-inflammatory [37]. 
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Figure 1: GC-MS/MS Chromatogram of CFS. 

 
THIN LAYER CHROMATOGRAPHY 
TLC was conducted to identify bacteriocins present in both the 
CFS and the PPBE. Upon visualization with ninhydrin, purple-
colored spots were observed in both samples, as illustrated in 
Figure 2. The presence of these spots indicates the successful 
separation and detection of proteinaceous compounds, 
suggesting that bacteriocins were present in both crude and 
partially purified samples. The intensity and number of spots in 
the partially purified extract were more prominent, reflecting the 
enrichment of bacteriocin through the partial purification 
process. The Rf values for the predominant stained spots of CFS 
and PPBE have been determined to be 0.68 and 0.75, 
respectively. These findings confirm the successful partial 
purification of bacteriocin and highlight the effectiveness of 
TLC in providing a preliminary qualitative analysis. Further 
studies, such as an antimicrobial study, were conducted to 
investigate bacteriocin activity. 
 
ANTIBACTERIAL ACTIVITY OF CFS AND PPBE 
The antimicrobial activity of the CFS and the PPBE was 
evaluated against common foodborne pathogens, specifically 
Gram-negative and Gram-positive bacteria, as well as two 
pathogenic fungi, using the well diffusion method. As presented 
in Figure 3, both samples exhibited significant antibacterial and 
antifungal activity. According to the results, Table 3 illustrates 
the zone of clearance acquired from the results, including 
positive (Ampicillin) and negative (phosphate buffer saline) 
controls.  

 
Figure 2: Thin layer chromatography for (A) CFS and (B) 
partially purified Bacteriocin extract using ninhydrin 
staining. 
 
These findings suggest that the extracts contain bioactive 
compounds, likely including bacteriocins, which are effective in 
inhibiting a broad spectrum of bacterial and fungal pathogens. 
Notably, the partially purified extract demonstrated greater 
effectiveness, indicating that the purification process enriched 
the concentration of active antimicrobial agents. The outcome 
suggested that observed inhibition in test samples was not an 
artifact of the buffer or other application method.  
 
In another recent study, bacteriocin was reported to show good 
inhibition against pathogens such as Escherichia coli and 
Shigella flexneri [38]. These results emphasize the effectiveness 
of the probiotic product against bacterial and fungal pathogens, 
highlighting its potential as a natural antimicrobial alternative. 
The enhanced activity of the partially purified extract suggests a 
promising formulation for various applications. 

 
Figure 3: Antibacterial activity through the well diffusion 
method. Test microorganisms: (A) K. pneumoniae, (B) E. 
coli. (C) S. aureus. T1 - CFS, T2 - PPBE, T3 - Ampicillin 
standard disc (positive control), T4 - Phosphate buffer saline 
(negative control).  
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Table 3: Zone of inhibition (observed diameter in mm) 
against the microbes, E. coli, K. pneumoniae, and S. aureus. 

Name of 
Organism 

CFS 
(T1) 

PPBE 
(T2) 

Ampicillin 
(positive 
Control) 

(T3) 

Phosphate 
buffer saline 

(negative 
control) (T4) 

E. coli 11±0.1 12±0.5 10±0.2 Nil 
S. aureus 19±0.2 21±0.2 10±0.2 Nil 

K.pneumoniae 16±0.1 20±0.4 15±0.3 Nil 
 

 
Figure 4: Antifungal activity through well diffusion method 
Test Fungus (A) Aspergillus niger, (B) Aspergillus flavus F1- 
CFS, F2- PPBE, F3- Positive control Disc, F4- Phosphate 
buffer saline.  
 
Table 4: Zone of inhibition (diameter) against A. niger and 
A. flavus. 

Name of 
Organism 

CFS F1 
(mm) 

Purified 
F2 

(mm) 

Fluconazole 
F3 

(mm) 

Phosphate  
buffer  
saline 

F4(mm) 

A.niger 15±0.2 Nil Nil Nil 
A.flavus 13±0.4 11±0.19 10±0.24 Nil 

 
CYTOTOXICITY OF THE PPBE 
The PPBE exhibited strong cytotoxicity against MCF-7 cells, 
with an IC₅₀ value of 72.3991 µg/mL, indicating promising 
anticancer potential. Figure 5 presents the dose-response curve 
for MCF 7 cells treated with PPBE. Table 5 provides a summary 
of the data obtained for samples ranging from 25 μg/mL to 100 
μg/mL. Figure 6 depicts the microscopic image of MCF-7 cells 
treated with PPBE at concentrations ranging from 25 µg/mL to 
100 µg/mL. Concentration-dependent trends in lowering cell 
viability with increasing concentrations. These results are 
consistent with previous studies that have identified probiotics 
and their metabolites as potential anti-cancer agents [39]. 

 
Figure 5: Dose response curve for MCF 7 cells treated with 

PPBE 

Figure 6: Microscopic image of MCF 7 cells treated with 
PPBE in the range of (25µg-100 µg/mL). Control without 
extract (B), treated with 25 µg/mL of PPBE sample (C), 
treated with 100 µg/mL of PPBE sample. 
 
Table 5: Effect of the PPBE obtained from L. acidophilus on 
MCF-7 Cell viability 

Concentration 
(μg/mL) 

Average percentage of cell death (Mean 
average percentage calculated in triplicate) 

25 38.55 ± 0.33% 
50 43.50 ± 0.19% 
75 56.50 ± 0.28% 

100 65.75 ± 0.24% 
 
CONCLUSION 
The study results provide promising evidence of the 
effectiveness of SynkroMax Biotech’s Lactobacillus 
acidophilus product. The cell-free supernatant (CFS) extract, 
partially purified bacteriocin extract (PPBE), and other 
metabolites produced by L. acidophilus during the stationary 
phase are rich in bioactive compounds, exhibiting better 
antimicrobial, probiotic, and therapeutic potential. These 
substances, including primary and secondary metabolites, 
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contribute to the bacterium’s ability to inhibit pathogenic 
microorganisms, promote gut health, and improve immune 
function. The antimicrobial activity of bacteriocins, combined 
with the acidification caused by lactic acid production, creates 
an effective defense mechanism against foodborne pathogens 
and spoilage organisms, making these metabolites valuable in 
food preservation. Moreover, the probiotic benefits of L. 
acidophilus are supported by its production of health-promoting 
metabolites that improve digestive health and enhance the gut 
microbiome. Even though L. acidophilus is a widely used 
probiotic and generally considered safe for most people. There 
are some limitations and potential risks to be aware of, such as 
people with weakened immune systems who have undergone 
chemotherapy and organ transplant recipients.  
 
Additionally, it may be at risk of allergic reactions to inactive 
ingredients in supplements, such as dairy-based media and 
capsules. Furthermore, its effects can be strain-specific and 
dose-dependent. However, further in vivo validation studies are 
needed in the future. In conclusion, the bioactive compounds 
produced by this microbe offer numerous applications in food, 
health, and pharmaceutical industries, supporting the 
development of natural preservatives, probiotics, and novel 
antimicrobial agents. 
 
ACKNOWLEDGMENT 
The authors sincerely thank the Centre for Bioscience and 
Nanoscience for the invaluable opportunity to utilize their lab 
facilities and extend gratitude to SynkroMax Biotech Private 
Limited for generously providing their probiotic product for 
research. 
 
AUTHOR’S CONTRIBUTION  
Venkatesa Prabhu Sundramurthy carried out the original draft 
writing, visualization, and investigation. Sasidharan Satheesh 
Kumar and Ramachandra Ragunathan contributed to the 
investigation, review, validation, and editing. Madhusree was 
involved in editing, formal analysis, data curation, and 
conceptualization. Lochana Devi P. contributed to the formal 
study. All authors have contributed significantly to the work and 
approved the final manuscript. 
 
CONFLICT OF INTEREST  
Proper consent was obtained from SynkroMax Biotech Private 
Limited for validating the efficacy of its probiotic product. The 
authors declare no conflicts of interest related to this research. 

FINANCIAL ASSISTANCE  
None 
 
REFERENCES 
[1] Foysal MJ, Fotedar R, Siddik MAB, Tay A. Lactobacillus 

acidophilus and L. plantarum improve health status, modulate gut 
microbiota and innate immune response of marron (Cherax 
cainii). Scientific Reports, 10(1), (2020) 
https://doi.org/10.1038/s41598-020-62655-y. 

[2] Gao H, Li X, Chen X, Hai D, Wei C, Zhang L, Li P. The 
functional roles of Lactobacillus acidophilus in different 
physiological and pathological processes. Journal of 
Microbiology and Biotechnology, 32(10), 1226–1233 (2022) 
https://doi.org/10.4014/jmb.2205.05041. 

[3] Tegegne BA, Kebede B. Probiotics, their prophylactic and 
therapeutic applications in human health development: A review 
of the literature. Heliyon, 8(6), e09725 (2022) 
https://doi.org/10.1016/j.heliyon.2022.e09725. 

[4] Zhou R, Ren Z, Ye J, Fan Y, Liu X, Yang J, Li J. Fermented 
soybean dregs by Neurospora crassa: A traditional prebiotic food. 
Applied Biochemistry and Biotechnology, 189, 608–625 (2019) 
https://doi.org/10.1007/s12010-018-02931-w. 

[5] Kehinde BA, Panghal A, Garg MK, Sharma P, Chhikara N. 
Vegetable milk as probiotic and prebiotic foods. Advances in 
Food and Nutrition Research, 94, 115–160 (2020) 
https://doi.org/10.1016/bs.afnr.2020.06.003. 

[6] Tuohy KM, Brown DT, Klinder A, Costabile A, Fava F. Shaping 
the human microbiome with prebiotic foods – current 
perspectives for continued development. Diet-Microbe 
Interactions in the Gut: Effects on Human Health and Disease, 1, 
53–71 (2015) https://doi.org/10.1016/B978-0-12-407825-
3.00005-8. 

[7] Luo C, Wang L, Chen Y, Yuan J. Supplemental enzyme and 
probiotics on the growth performance and nutrient digestibility of 
broilers fed with a newly harvested corn diet. Animals (Basel), 
12(18), 2381 (2022) https://doi.org/10.3390/ani12182381. 

[8] Anee IJ, Alam S, Begum RA. The role of probiotics on animal 
health and nutrition. Journal of Basic and Applied Zoology, 82, 
52 (2021) https://doi.org/10.1186/s41936-021-00250-x. 

[9] Shah AB, Baiseitova A, Zahoor M, Ahmad I, Ikram M, Bakhsh 
A, Shah MA, Ali I, Idress M, Ullah R, Nasr FA, Al-Zharani M. 
Probiotic significance of Lactobacillus strains: A comprehensive 
review on health impacts, research gaps, and future prospects. 
Gut Microbes, 16(1), 2431643 (2024) 
https://doi.org/10.1080/19490976.2024.2431643. 

[10] de Assis BBT, Pimentel TC, Dantas AM. Biotransformation of 
the Brazilian Caatinga fruit-derived phenolics by Lactobacillus 
acidophilus La-5 and Lacticaseibacillus casei 01 impacts 
bioaccessibility and antioxidant activity. Food Research 

https://doi.org/10.1038/s41598-020-62655-y
https://doi.org/10.4014/jmb.2205.05041
https://doi.org/10.1016/j.heliyon.2022.e09725
https://doi.org/10.1007/s12010-018-02931-w
https://doi.org/10.1016/bs.afnr.2020.06.003
https://doi.org/10.1016/B978-0-12-407825-3.00005-8
https://doi.org/10.1016/B978-0-12-407825-3.00005-8
https://doi.org/10.3390/ani12182381
https://doi.org/10.1186/s41936-021-00250-x
https://doi.org/10.1080/19490976.2024.2431643


Journal of Applied Pharmaceutical Research 13 (3); 2025: 192 – 201  Kumar et al.  
 

 
 Journal of Applied Pharmaceutical Research (JOAPR)| May – June 2025 | Volume 13 Issue 3 |  200 

International, 146, 110435 (2021) 
https://doi.org/10.1016/j.foodres.2021.110435. 

[11] Emmanuel ES, Priya SS, George S. Isolation of biosurfactant 
from Lactobacillus sp. and study of its inhibitory properties 
against E. coli biofilm. Journal of Pure and Applied 
Microbiology, 13(1), 1–7 (2019) 
https://doi.org/10.22207/JPAM.13.1.44. 

[12] Mohammed RR, Mohammed MR. Antimicrobial activity of 
probiotic Lactobacilli against some pathogenic bacteria. 
Preprints, (2022) https://doi.org/10.21203/rs.3.rs-1772979/v1. 

[13] Corry JEL, Curtis GDW, Baird RM. de Man, Rogosa and Sharpe 
(MRS) agar. Progress in Industrial Microbiology, 37, 511–513 
(2003) https://doi.org/10.1016/S0079-6352(03)80066-8. 

[14] Anupama R, Balasingh A. Isolation, purification and 
characterisation of bacteriocin producing Lactobacillus species 
and its antimicrobial efficacy against food borne pathogens. 
Indian Journal of Microbiology Research, 5(2), 147–150 (2020) 
https://doi.org/10.18231/2394-5478.2018.0030. 

[15] Karuppusamy M, Kumar SS, Selvam H, Sangapillai K, 
Kamachisundaram KK, Rama BK. Anti-quorum sensing activity 
and bioactive components of marine-derived bacteria. Journal of 
Pure and Applied Microbiology, 18(3), (2024) 
https://doi.org/10.22207/jpam.18.3.55. 

[16] Pranav R, Kumar S, Rangaraj P, Sangapillai K, Ragunathan R. 
Exploring the therapeutic potential of cinnamon and clove 
essential oils for mitigating foodborne diseases: Bioactivity and 
molecular interactions. Food Science and Applied Biotechnology, 
7(1), 122–132 (2024) 
https://doi.org/10.30721/fsab2024.v7.i1.318. 

[17] Ganesh Moorthy SR, Kumar SS, Devandaran K, Anguchamy S, 
Ragunathan R, Johney J. Evaluation of the antimicrobial, 
antioxidant, and cytotoxicity against MCF-7 breast cancer cell 
lines of Phyllanthus emblica L. bark extract. Journal of Natural 
Remedies, 24(5), 1091–1097 (2024) 
https://doi.org/10.18311/jnr/2024/36228. 

[18] Elayaraja S, Annamalai N, Mayavu P, Balasubramanian T. 
Production, purification and characterization of bacteriocin from 
Lactobacillus murinus AU06 and its broad antibacterial spectrum. 
Asian Pacific Journal of Tropical Biomedicine, 4, S305–S311 
(2014) https://doi.org/10.12980/apjtb.4.2014c537. 

[19] Hossain MI, Sadekuzzaman M, Kim HS, Mizan MFR, Kim YH, 
Ha SD. Mode of action and bactericidal activity of lactic acid 
bacteria isolated from Kimchi against multidrug-resistant 
pathogenic bacteria. Food Control, 114, 107226 (2020) 
https://doi.org/10.1016/j.foodcont.2020.107226. 

[20] Asha DD, Appalaraju B, Kiran T, Roy A. In vitro antibacterial 
effect of Lactobacillus acidophilus against pathogens causing 
food-borne diseases. International Journal of Nutrition, 
Pharmacology, Neurological Diseases, 12(2), 53–59 (2022) 
https://doi.org/10.4103/ijnpnd.ijnpnd_68_21. 

[21] Al-Marzoqi AH, Hadi MY. Determination of metabolites 
products by Cassia angustifolia and evaluate antimicrobial 
activity. Journal of Pharmacognosy and Phytotherapy, 8(3), 23–
31 (2016) https://doi.org/10.5897/JPP2015.0367. 

[22] Andersone A, Janceva S, Lauberte L, Ramata-Stunda A, 
Nikolajeva V, Zaharova N, Rieksts G, Telysheva G. Anti-
inflammatory, anti-bacterial, and anti-fungal activity of 
oligomeric proanthocyanidins and extracts obtained from 
lignocellulosic agricultural waste. Molecules, 28(2), 863 (2023) 
https://doi.org/10.3390/molecules28020863. 

[23] Kurashov EA, Fedorova EV, Krylova JV, Mitrukova GG. 
Assessment of the potential biological activity of low molecular 
weight metabolites of freshwater macrophytes with QSAR. 
Scientifica, 2016, 1205680 (2016) 
https://doi.org/10.1155/2016/1205680. 

[24] Egharevba GO, Dosumu OO, Oguntoye SO, Njinga NS, Dahunsi 
SO, Hamid AA, Anand A, Amtul Z, Ujjukuri P. Antidiabetic, 
antioxidant and antimicrobial activities of extracts of Tephrosia 
bracteolata leaves. Heliyon, 5(8), e02275 (2019) 
https://doi.org/10.1016/j.heliyon.2019.e02275. 

[25] Amatya S, Pandey RD, Khadka P, Huang MH, Wu SN, Wang JP. 
Biological study of naphthalene derivatives with anti-
inflammatory activities. Drug Development Research, (2023) 
https://doi.org/10.1002/ddr.10327. 

[26] Joshi S, Amatya S, Pandey RD, Khadka P, Bhattarai J. 
Antimicrobial, antioxidant, antidiabetic, cytotoxic activities and 
GC-MS analysis of methanolic extract of Elaeocarpus sphaericus 
leaves from Nepal. International Journal of Advanced Research 
in Chemical Science, 8(1), 11–23 (2021) 
http://doi.org/10.20431/2349-0403.0801002. 

[27] AlRaddadi TM, Bahaffi SO, Alkhateeb LA, Sadaka MW. 
Analysis of bioactive compounds present in Boerhavia elegans 
seeds by GC-MS. Open Chemistry, 22(1), 20240068 (2024) 
https://doi.org/10.1515/chem-2024-0068. 

[28] Choo CY, Chan KL, Sam TW, Hitotsuyanagi Y, Koichi T. The 
cytotoxicity and chemical constituents of the hexane fraction of 
Typhonium flagelliforme (Araceae). Journal of 
Ethnopharmacology, 77, 129–131 (2001) 
https://doi.org/10.1016/S0378-8741(01)00274-4. 

[29] Annamalai A, Perumal P, Rajaram R, Dhanasundaram S. 
Isolation and characterization of 2,4-di-tert-butyl phenol from the 
brown seaweed Dictyota ciliolata and assessment of its 
antioxidant and anticancer characteristics. Biocatalysis and 
Agricultural Biotechnology, 54, 102933 (2023) 
http://doi.org/10.1016/j.bcab.2023.102933. 

[30] Mimica-Dukic N, Bozin B, Sokovic M, Simin N. Antimicrobial 
and antioxidant activities of Melissa officinalis L. (Lamiaceae) 
essential oil. Journal of Agricultural and Food Chemistry, 52(9), 
2485–2489 (2004) http://doi.org/10.1021/jf030698a. 

https://doi.org/10.1016/j.foodres.2021.110435
https://doi.org/10.22207/JPAM.13.1.44
https://doi.org/10.21203/rs.3.rs-1772979/v1
https://doi.org/10.1016/S0079-6352(03)80066-8
https://doi.org/10.18231/2394-5478.2018.0030
https://doi.org/10.22207/jpam.18.3.55
https://doi.org/10.30721/fsab2024.v7.i1.318
https://doi.org/10.18311/jnr/2024/36228
https://doi.org/10.12980/apjtb.4.2014c537
https://doi.org/10.1016/j.foodcont.2020.107226
https://doi.org/10.4103/ijnpnd.ijnpnd_68_21
https://doi.org/10.5897/JPP2015.0367
https://doi.org/10.3390/molecules28020863
https://doi.org/10.1155/2016/1205680
https://doi.org/10.1016/j.heliyon.2019.e02275
https://doi.org/10.1002/ddr.10327
http://doi.org/10.20431/2349-0403.0801002
https://doi.org/10.1515/chem-2024-0068
https://doi.org/10.1016/S0378-8741(01)00274-4
http://doi.org/10.1016/j.bcab.2023.102933


Journal of Applied Pharmaceutical Research 13 (3); 2025: 192 – 201  Kumar et al.  
 

 
 Journal of Applied Pharmaceutical Research (JOAPR)| May – June 2025 | Volume 13 Issue 3 |  201 

[31] Moein M, Zomorodian K, Almasi M, Moein S. Preparation and 
analysis of Rosa damascena essential oil composition and 
antimicrobial activity assessment of related fractions. Iranian 
Journal of Science and Technology, Transactions of Science, 41, 
87–94 (2017) https://doi.org/10.1007/s40995-017-0220-2 

[32] Patil V, Jadhav (Rathod) V. GC-MS and FTIR analysis of 
methanolic leaf extract of Rhynchosia minima (L.) DC. Current 
Botany, 11, 221–225 (2021) 
https://doi.org/10.25081/cb.2020.v11.6415. 

[33] Kumar A, Kaur S, Dhiman S, Singh PP, Thakur S, Sharma U, 
Kumar S, Kaur S. 1,2-Benzenedicarboxylic acid, bis (2-methyl 
propyl) ester isolated from Onosma bracteata Wall. inhibits MG-
63 cells proliferation via Akt-p53-cyclin pathway. Research 
Square Preprint, (2021) https://doi.org/10.21203/rs.3.rs-
182390/v1. 

[34] Barathikannan K, Venkatadri B, Khusro A, Al-Dhabi NA, 
Agastian P, Arasu MV, Choi HS, Kim YO. Chemical analysis of 
Punica granatum fruit peel and its in-vitro and in-vivo biological 
properties. BMC Complementary and Alternative Medicine, 16, 
264 (2016) https://doi.org/10.1186/s12906-016-1237-3. 

[35] Shaaban MT, Ghaly MF, Fahmi SM. Antibacterial activities of 
hexadecanoic acid methyl ester and green-synthesized silver 
nanoparticles against multidrug-resistant bacteria. Journal of 
Basic Microbiology, 61(6), 557–568 (2021) 
https://doi.org/10.1002/jobm.202100061. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[36] Al-Seadi HL, Sabti MZ, Taain DA. GC-MS analysis of papaya 
leaf extract (Carica papaya L.). IOP Conference Series: Earth 
and Environmental Science, 910(1), 012011 (2021) 
https://doi.org/10.1088/1755-1315/910/1/012011. 

[37] Shaikh JU, Darren G, Evelin T. Evaluation of cytotoxic activity 
of patriscabratine, tetracosane and various flavonoids isolated 
from the Bangladeshi medicinal plant Acrostichum aureum. 
Pharmaceutical Biology, 50(10), 1276–1280 (2012) 
https://doi.org/10.3109/13880209.2012.673628. 

[38] Dameshghian M, Tafvizi F, Tajabadi Ebrahimi M. Anticancer 
potential of postbiotic derived from Lactobacillus brevis and 
Lactobacillus casei: In vitro analysis of breast cancer cell line. 
Probiotics and Antimicrobial Proteins, (2024) 
https://doi.org/10.1007/s12602-024-10288-2. 

[39] Simons A, Alhanout K, Duval RE. Bacteriocins, antimicrobial 
peptides from bacterial origin: Overview of their biology and 
their impact against multidrug-resistant bacteria. 
Microorganisms, 8(5), 639 (2020) 
https://doi.org/10.3390/microorganisms8050639. 

https://doi.org/10.25081/cb.2020.v11.6415
https://doi.org/10.21203/rs.3.rs-182390/v1
https://doi.org/10.21203/rs.3.rs-182390/v1
https://doi.org/10.1186/s12906-016-1237-3
https://doi.org/10.1002/jobm.202100061
https://doi.org/10.1088/1755-1315/910/1/012011
https://doi.org/10.3109/13880209.2012.673628
https://doi.org/10.1007/s12602-024-10288-2
https://doi.org/10.3390/microorganisms8050639

	Journal of Applied Pharmaceutical Research
	Volume 13 Issue 3, Year of Publication 2025, Page 192 – 201
	ABSTRACT
	INTRODUCTION
	Materials and Methods
	Results and Discussion
	Conclusion
	Acknowledgment
	Author’s Contribution
	Conflict of Interest
	Financial assistance
	References

