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INTRODUCTION  

 

Herbal plants are integral to promoting a healthy lifestyle due to significant 

medicinal properties, minimal adverse effects, and cost-effectiveness (Jain et al., 2018). 

According to numerous studies, bioactive compounds from herbal plants have strong 

antibacterial activity, underscoring the potential as alternative drugs against chemically 

resistant and sensitive bacteria (Fazly et al., 2018). Currently, about 80% of people in 

developing countries rely on medicinal herbs as the primary source of care (Rupani & 

Chavez, 2018).  
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Herbal plants are increasingly being used as alternatives to synthetic 

antibacterials due to their cost-effectiveness and minimal adverse effects. 

Among various plants, the neem leaves (Azadirachta indica A. Juss) have 

been extensively utilized in traditional medicine for their antiviral, 

antifungal, insecticidal, and antibacterial properties. This study aimed to 

identify antibacterial compounds extracted from neem leaves with potential 

activity against Vibrio parahaemolyticus in the vannamei shrimp (Penaeus 

vannamei). The antibacterial compounds were identified using GC-MS (Gas 

Chromatography-Mass Spectrometry), while the antibacterial activity was 

evaluated through disc diffusion tests with concentrations of 50, 75, and 100 

mg/mL, followed by a minimum inhibitory concentration (MIC) test. The 

GC-MS analysis revealed 12 peak compounds in the neem leaf extract, 

detected as secondary metabolites from the mycosporin, phenol, alkaloid, 

triterpenoid, phytosterol, and steroid groups. The antibacterial activity test 

showed inhibition zone diameters of approximately 12.8, 11.5, and 10.1mm 

at concentrations of 100, 75, and 50mg/ mL, respectively, with minimum 

inhibitory concentrations of 25 and 12.5mg/ mL. Based on these results, the 

neem leaf extract shows promise as an alternative antibacterial agent. 
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The neem tree (Azadirachta indica A. juss), commonly referred to as neem, 

nimtree, or indica lilac, belongs to the Meliaceae family and the Azadirachta genus. This 

tree is native to tropical and subtropical countries such as India, Bangladesh, Nepal, 

Thailand, and Indonesia (Kozłowski et al., 2020). Neem has a long history of use as a 

herbal medicine, with records from the Center for Traditional Medicine and Research 

(CTMR) library in Chennai, India, indicating that every part of the plant can be used as a 

cure for diseases including ulcers and smallpox (Gupta et al., 2017). This plant, widely 

distributed worldwide, is a source of various new medicinal compounds that contribute 

significantly to healthcare (Tibebu et al., 2018). Several previous studies have confirmed 

that neem leaves have anti-arthritis, anti-gastric, hypoglycemic, antipyretic, antifungal, 

antibacterial, larvicidal, and immunomodulatory activities (Srivastava et al., 2020; 

Fisayomi et al., 2022). 

Neem leaves serve as natural ingredients for antibacterial agents due to the presence 

of secondary metabolite compounds such as flavonoids, steroids, alkaloids, and saponins 

(Saxena, 2015; Pratiwi, 2022). In addition, the extract has been widely used as a 

medicine for microbial and parasitic infections, especially in livestock (Tibebu et al., 

2018). Ibrahim and Kebede (2020) stated that neem leaves extracts, specifically those 

extracted using methanol showed an antibacterial activity in vitro against S. aureus, E. 

coli, P. aeruginosa, and C. albicans. 

Food-borne pathogenic bacteria such as Vibrio sp. are a major concern, causing 

food poisoning and various diseases (Singh et al., 2023). Vibrio is an inherited pathogen 

responsible for the occurrence of gastroenteritis and other cases of foodborne infections 

in humans, especially from contaminated food, such as seafood. In addition, this infection 

is responsible for losses in the livestock and aquaculture industry (Heng et al., 2017). 

A common type of Vibrio sp. is Vibrio parahaemolyticus, which causes vibriosis in 

shrimp, potentially leading to foodborne illness (Letchumanan et al., 2015). Rising 

ocean temperatures and climate change have led to the prevalence of V.  

parahaemolyticus. The first case was detected in 1951 by Tsunesa-buri Fujino at the 

Research Institute of Microbial Disease (RIMD), Osaka University, from an outbreak of 

acute gastroenteritis (Letchumanan et al., 2019). These bacteria have a single flagellum, 

are curved rod-shaped (Yeoh et al., 2021; Fu et al., 2023), and attack vannamei shrimp 

(Chunguang et al., 2023). 

V. parahaemolyticus is a negative halophilic bacteria distributed worldwide and 

causes damage to the hepatopancreas of infected shrimp (Thammatinna et al., 2020). It 

is the causative agent of early mortality syndrome, now called acute hepatopancreatic 

necrosis (AHPND), which is hard to be treated in the shrimp farming industry (Kalatzis 

et al., 2018). The bacteria infect shrimp through oral transmission, colonizing the gut and 

hepatopancreas (Lee et al., 2015). V. parahaemolyticus is also highly resistant to 

antibiotics widely used in aquaculture activities (You et al., 2021). This is due to the high 

adaptability to hyperosmotic and high-alkaline environments by using various carbon 
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sources, amino acids, and substrates (Zhang et al., 2021). Therefore, this research aimed 

to determine the antibacterial compounds of neem leaf extract that have the potential as 

antibacterial against V. parahaemolyticus in vannamei shrimp (Panaeus vannamei). 

 

MATERIALS AND METHODS  

 

Preparation of samples 

Neem leaves were collected from trees growing wild in Makassar City, and then 

treated with water until becoming clean, followed by drying at room temperature. 

Subsequently, the completely dry leaves were mashed using a blender to powder, which 

was weighed (Vicencio, 2020). 

Procedures 

Neem leaves extract 

 Extraction was carried out based on the method of Nyalo et al. (2023), namely 

modified maceration. The fine powder was soaked with methanol solvent in a ratio of 1:3 

and allowed to stand for 24h in a shaker incubator. The solution was then filtered using 

Whatman No. 1 filter paper to separate the filtrate and debris. The same procedure was 

carried out three times until a non-concentrated filtrate with a light green color indicator 

was obtained. Furthermore, the filtrate was concentrated separately using a rotary 

evaporator at 90rpm under vacuum to ensure perfect evaporation of the solvent. To obtain 

the amount of extract yield, the formula proposed by Dhanani et al. (2017) was used. 

The neem leaves extract obtained was stored in a cooler at 8°C for further use. 

 

 
 

To determine the antibacterial compounds, GC-MS analysis was carried out using 

GCMS-QP2010 ultra (Shimadzu). Following the procedures referenced by Khayyat and 

Roselin (2018), particle-free neem leaves extract was taken up to 1µL and injected into 

the injector with a separation ratio of 10:1. All data were obtained by collecting a full-

scan mass spectrum with a range of 40–55μm. The constituent composition of the crude 

extract was expressed as a percentage by peak area. Furthermore, the identification and 

characterization of the compounds in various extracts were based on GC runtimes. These 

mass spectra have been computer-matched (>70%) to the standards available in the NIST 

08 mass spectrum library. 
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Bacteria preparation 

A pure bacteria stock of V. parahaemolyticus on thiosulfate citrate bile salt sucrose 

(TCBSA) media was cultured on tryptic soy agar (TSA) media tilted using a single dose 

aseptically, then incubated for 24h at 30°C. The sample was further cultured on tryptic 

soy broth (TSB) media with a volume of 5ml in a test tube and incubated for 24h 

(Hikmawati et al., 2019), followed by the inhibition and minimum inhibitory 

concentration tests.  

a. Inhibition level test 

The antibacterial activity test was carried out using the Kirby-Bauer method, 

namely disc diffusion (Singha et al., 2023), with slight modifications. The solid extract 

was dissolved using methanol, homogenized with a vortex, and then diluted with 

concentrations of 100, 75, and 50mg/ mL-1. Subsequently, about 20µL were dripped on a 

6mm-diameter paper disc and incubated to evaporate the solvent at 45°C. The same 

procedure was carried out for the positive control, oxytetracycline (OTC) 0,5mg.mL-1, 

and the negative control, methanol. 

Stock culture of V. parahaemolyticus bacteria was taken up to 107 cells/mL, then 

mixed homogeneously into TSA media, and slowly poured on a Petri dish medium (Basir 

et al., 2020). Subsequently, the incubated disc paper was placed on a Petri dish 

containing TSA media and V. parahaemolyticus bacteria followed by incubation for 24h 

at 37°C. After the incubation period, the inhibition zone around the disc paper was 

measured using a caliper, with each measurement written in mm from the edge of the 

disc, and antibacterial activity was determined when the inhibition zone was ≥1mm. The 

determination of the inhibition zone strength followed the method proposed by Davis 

and Stout (1971). 

 

Table 1. Inhibitory response according to Davis and Stout (1971) 

Diameter of clear zone (mm) Inhibitory response 

<5 Weak 

5-10 Moderate 

10-20 Strong 

>20 Very Strong 

b. Minimum inhibitory concentration (MIC) 

Minimum inhibitory concentration (MIC) was determined following the procedure 

described by Nikolic et al. (2014) and Nyalo et al. (2023), adjusted to an agar diffusion 

with disc paper. About 20µL of each neem leaves extract including 50, 25, 12.5, 6.25, 

3.125, 1.562, 0.781, and 0.390mg/ mL-1, was dripped onto the disc paper, then dried in an 
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incubator at 30°C before being placed on TSA media previously inoculated with  V. 

parahameolyticus bacteria and incubated for 24h. The lowest concentration of active 

extract that produced inhibition zone was considered the MIC value. The assessment was 

only carried out on extracts that have the potential to inhibit the test pathogenic bacteria. 

The MIC is defined as the lowest concentration of an antibiotic at which no 

bacterial growth is observed, disregarding the growth of one or two colonies (Singha et 

al., 2023). The lowest concentration of each extract that showed no visible growth was 

recorded as the MIC. 

Data analysis 

The data obtained included GC-MS analysis, inhibition strength, and minimum 

inhibitory concentration (MIC), which were then analyzed descriptively using tables and 

figures. 

. 

RESULTS  

 

Extraction 

The neem leaves extraction results (A. indica A. juss) are presented in Table (2). 

Table 2. Result of maceration extract 

Sample type 
Simplified 

weight  (g) 

Extract weight 

(g) 
Yield (%) 

neem leaves 1000 110.19 11.01 

 

Based on Table (2), from 1000g of extracted simplicia, it can produce 110.19g of 

thick extract with a percentage yield of 11.01%. 

GC-MS analysis 

Gas chromatograph has a wide range of applications, including the separation and 

analysis of mixtures containing several components. The results obtained during gas 

chromatograph of neem leaves extract are presented in Fig. (1). 
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Fig. 1. GC-MS analysis results neem leaf extract 

Based on the GC-MS analysis of neem leaves (A. indica A. juss), about 68 peaks 

were detected, and after descriptive analysis, 12 peaks were identified as secondary 

metabolite compounds (Table 3). 

Table 3. Secondary metabolite compounds of neem leaf extracts 

Peak 
Name of 

compound 

Other 

names 

Molecul

ar 

formula 

Retentio

n time 
%Area 

Compound 

class 

3 

3-Cyclopropyl-

4-hydroxy-

4,5,5-trimethyl-

oxazolidin-2-

one 

Mycospori

ne 

C14H24N2

O6 
3.844 0.62 

Mycosporine

s 

8 
Phenol, 2-

methoxy- 
Guaciacol C7H8O2 6.492 0.75 Fenol 

20 

Phenol, 2-

methoxy-4-(1-

propenyl)- 

(CAS) 

Acetyleug

enol 
C12H14O3 10.438 2.72 Fenol 

24 l-Proline, N-

propoxycarbony
Strigosine C14H25O4 11.644 1.22 Alkaloid 
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l-, isobutyl ester 

28 

2-Hydroxy-1-

(1'-pyrrolidiyl)-

1-buten-3-one 

Arekolin 
C8H13N

O2 
12.744 1.03 Alkaloid 

30 

Phenol, 4-

ethenyl-2,6-

dimethoxy- 

Dihyclroc

onifery 
C10H14O3 13.315 2.27 Fenol 

38 

1,2(equat)-

dimethyl-trans-

decahydroquino

l-4-one 

Lupinine 
C10H19N

O 
18.455 0.06 Alkaloid 

62 

Cholest-5-en-3-

ol, 24-

propylidene-, 

(3.beta.)- 

Lupeol C30HS0O 37.792 0.03 Tripterpenoid 

64 
.beta.-Sitosterol 

acetate 

Beta-

sitosterol 

acetate 

C31H52O2 40.129 0.05 Fitosterol 

65 

BUFA-20,22-

DIENOLIDE, 

14,15-EPOXY-

3,5,16-

TRIHYDROXY-

, 

(3.BETA.,5.BET

A.,15 

Cinobufag

in 
C26H34O6 42.087 0.08 Steroid 

67 Campesterol 
Campester

ol 
C28H48O 43.392 0.04 Fitosterol 

68 

STIGMASTA-

5,22-DIEN-3-

OL 

Stigmaster

ol acetate 
C31H50O2 44.146 0.15 Fitosterol 
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Table (3) shows that the most prominent antibacterial compound of neem leaves 

methanol extract was Phenol, 2-methoxy-4-(1-propenyl)- (CAS) located at peak 20 with a 

retention value of 2.72%, followed by Phenol, 4-ethenyl-2,6-dimethoxy-, at peak 30 with 

a retention value of 2.27% and l-Proline, N-propoxycarbonyl-, isobutyl ester at peak 24 

with a retention value of 1.22%. The three compounds are included in the class of 

phenols and alkaloids. 

Inhibition level test 

The antibacterial test results of neem leaves extract (A. indica A. juss) on V. 

parahaemolyticus bacteria are presented in Table (4). 

Table 4. Inhibition level test results 

Concentration 

(mg/mL-1) 

Inhibition diameter (mm) 
Average (mm) Category 

1 2 3 

100 12.8 13.2 12.4 12.8 strong 

75 10.9 11.7 12.0 11.5 strong 

50 10.0 10.2 10.2 10.1 strong 

control + 23.6 24.1 23.4 23.7 very strong 

control - 0 0 0 0 none 

 

As shown in Table (4), the antibacterial activity test results indicated that the largest 

diameter was produced at a concentration of 100mg.mL-1, with an average inhibition 

zone diameter of 12.8mm. At concentrations of 75 and 50mg/ mL-1, the average 

inhibition zone diameter was 11.5 and 10.1mm, respectively. The positive control, 

oxytetracycline (OTC) 0.5mg.mL-1 produced an average inhibition zone diameter of 

23.7mm, and the negative control, methanol solvent, had no inhibition zone, as presented 

in Fig. (2).  
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Fig. 2. Inhibition level test result 

 

Minimum inhibitory concentration (MIC)  

The minimum inhibitory concentration test data obtained are depicted in Table (5). 

Table 5. MIC test results 

Extract 

concentration 

(mg.mL-1) 

Results 

Repeat 1 Repeat 2 Repeat 3 

50 + + + 

25 + + + 

12.5 + + + 

6.25 - - - 

3.12 - - - 

1.56 - - - 

0.78 - - - 

0.39 - - - 

Note : (+) : Zone  of inhibition formed, (-) : No zone of inhibition. 
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As shown in Table (5), inhibition zones were formed at three concentrations, 

namely 50, 25, and 12.5mg.mL-1. Based on these results, the minimum concentration that 

could inhibit the growth of V. parahaemolyticus bacteria was determined to be 12.5 and 

25mg.mL-1. At this concentration, an inhibition zone was formed around the disc paper, 

but it was less clear. The inhibition zone resembled a circle inside a clear zone that did 

not grow bacteria. Different results were found at concentrations of 6.25, 3.12, 1.56, 0.78, 

and 0.39mg.mL-1, where no inhibition zone was formed. 

DISCUSSION 

 

Neem leaves contain various antibacterial compounds with numerous biological 

applications for effective curative and healing roles (Aisha, et al., 2022). According to 

several studies, neem is rich in various compounds that have pharmacological potential as 

insecticidal and antimicrobial agents (Islas et al., 2020). The maceration method is a cold 

extraction method and is the simplest method. Additionally, the use of the maceration 

method was chosen because neem leaves have a soft texture, and the extraction process 

does not use heating, which will affect the content of compounds in neem leaf extract 

(Wahyulianingsih et al., 2016). Meanwhile, methanol was chosen as a solvent because it 

has universal properties so that it can attract most of the chemical compounds contained 

in simplisia (polar and non-polar) (Salamah & Widyasari, 2015). 

The research of Hasnaeni et al. (2019) revealed that the use of the maceration 

method with 70% methanol on beta-beta wood stems obtained higher yields of 2.352% 

compared to reflux and sokletasi methods, whose results were only 1.611 and 0.960%. 

Ibrahim and Kebede (2020) suggests that neem leaf extract extracted by maceration 

method using methanol solvent has the highest antibacterial activity on bacteria 

staohylococcus aureus, salmonella typhi, and streptococcus agalactiae compared to using 

solvents in the form of aquadest. Moreover, the heat treatment given can reduce the 

effectiveness of the plant material.  

After GC-MS testing, 12 types of secondary metabolite compounds were obtained, 

and there were similarities in several previous studies in the form of mycosporine, 

phenols, alkaloids, tripterpenoids, Phytosterols and steroids. Secondary metabolite 

compounds were found in neem leaf extract in the form of 3-Cyclopropyl-4-hydroxy-

4,5,5-trimethyl-oxazolidin-2-one, Phenol, 2-methoxy-, Phenol, 2-methoxy-4-(1-propenyl)- 

(CAS), l-Proline, N-propoxycarbonyl-, isobutyl ester, 2-Hydroxy-1-(1'-pyrrolidiyl)-1-

buten-3-one, Phenol, 4-ethenyl-2,6-dimethoxy-, 1,2(equat)-dimethyl-trans-

decahydroquinol-4-one, Cholest-5-en-3-ol, 24-propylidene-, (3.beta.)-, .beta.-Sitosterol 

acetate, BUFA-20,22-DIENOLIDE, 14,15-EPOXY-3,5,16-TRIHYDROXY-, 

(3.BETA.,5.BETA.,15, Campesterol, dan STIGMASTA-5,22-DIEN-3-OL. Some research 

studies on neem leaves also show the results of the same compound content, such 

as phytosterols (Virshette et al., 2020), mycosporine (Lepidoptera et al., 2021), dan 
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steroids (Binta et al., 2022) phenols (Fisayomi et al., 2022), triterpenoids (Manerlin et 

al., 2023), and alkaloids (Bolaji et al., 2024).  

The highest percentage area of secondary metabolite compounds in neem leaf 

extracts after GC-MS testing is in the type of phenol compounds with a range of 0.75–

2.75%. Phenol is a secondary metabolite compound that exhibits many diverse biological 

activities and is recognized for its ability to change the characteristics and structure of 

proteins, including antibacterial activity (Shahidi & Dissanayaka, 2023). Phenol acts as 

an antibacterial by damaging bacterial cell membranes, inhibiting virulence factors such 

as enzymes and toxins, and suppressing bacterial biofilm formation (Majdanik et al., 

2018), resulting in the disruption of plasma membrane stability (Górniak et al., 2019). 

Phenol compounds are also referred to as reactive oxygen species (ROS), which affect 

various cellular mechanisms, such as proliferation and metabolism, or damage to 

biomolecules that cause cell and tissue injury (Naz et al., 2022). 

Aside from neem leaves, other herbal plants also contain similar secondary 

metabolite compounds, such as papaya (Candra et al., 2024), Verbascum sinaiticum 

(Qetetina) (Legesse et al., 2024), Congou black tea (Liu et al., 2024), and butterfly 

flower (Tunggal et al., 2024). These plants contain flavonoids, tannins, phenols, 

alkaloids, saponins, and steroids, differing only in terms of concentration, presumably 

due to the use of different polar solvents. 

The inhibitory levels of the compounds, as shown in Table (4), indicate that neem 

leaves methanol extract has antibacterial activity against V. parahaemolyticus bacteria 

with an average diameter of 12.8, 11.5, and 10.1mm. According to Davis and Stout 

(1971), an inhibition zone diameter greater than 10mm is considered strong in inhibiting 

the rate of bacteria growth (Yunita et al., 2023). Another study also found that the neem 

inhibited various types of bacteria, including Vibrio alginoticus and Escherichia coli with 

a diameter of 8.2 and 7mm, respectively, as well as Helicobacter pylori with a diameter 

of 11mm (Saxena et al., 2021; Singh et al., 2023). In other studies, green tea leaves 

extract produced an inhibition zone of 14.4 to 16.4mm against V. parahaemolyticus 

bacteria (Kongchum et al., 2016), while basil leaves produced an inhibition of about 

8.67mm (Snoussi et al., 2016). Disparities in the diameter may be caused by both the 

method and the concentration of bacteria used (Yunita et al., 2023). 

 Differences in the diameter of the inhibition zone can also be caused by variations 

in the solvents used and the incubation temperature. For example, Ibrahim and Kebede 

(2020) found that extraction using ethanol showed the highest activity compared to 

aquadest solvent. Additionally, neem leaves extract showed an increased activity after 

exposure to 45°C for 30 minutes using pathogenic test bacteria such as Staphylococcus 

aureus, Streptococcus agalctiae, Salmonella Typhi, and Shigella boydii. In a study 

conducted by Prateek et al. (2023), ethanol extract showed an antibacterial activity of 

19mm on Staphylococcus aureus and 16mm on Escherichia coli. Factors such as crop 
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age, harvest time, drying, and processing of ingredients also influence the efficacy of 

plant extract (Ibrahim & Kebede, 2020). 

Based on the results, the MIC was found to be 12.5 and 25mg.mL-1, determined by 

observing the lowest extract concentration that can fully inhibit the growth of the test 

bacteria used, as detected by the naked eye (Ibrahim & Kebede, 2020). Similarly, Ali et 

al. (2021) found that concentrations of 12.5 and 25mg.mL-1 inhibited the growth of 

Pasteurella multocida. Ibrahim et al. (2023) also demonstrated similar results for 

Aeromonas sobria bacteria. Other results were obtained when testing neem leaves extract 

using the agar well diffusion method with Mycrosporum gypsum and Trichophyton 

mentagrophytes, where MIC ranged from 125–250µg/ mL (Thakur et al., 2019). 

Furthermore, the use of well diffusion method can inhibit bacteria growth at a 

concentration of 10.42µg, indicating that the method also affects the results of MIC test. 

Differences were observed when the neem leaves extract was combined with essential oil, 

showing MIC in the range of 0.25–5.0g/ mL (Tiple et al., 2023). According to Ibrahim 

and Kebede (2020), a higher MIC value indicates that the plant extract has a weaker 

activity. 

CONCLUSION  

 

In conclusion, the neem leaves extract has antibacterial compounds, supporting the 

potential as a natural ingredient in the treatment of microbial infections. Based on the 

results, the extract can be developed as an antibacterial agent against V. parahamolyticus 

attack on vannamei shrimp farming. 
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