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ABSTRACT: Plant extracts contain secondary metabolites such as flavonoids and phenolic 
compounds with antibiotic activity. Antibiotic activity test can be done by using the Kirby-Bauer 

disc method which the antibiotic activity is indicated by the formation of a clear zone. This 

research was conducted using extracts of Moringa oleifera leaves and Opuntia 

cochenillifera cladode extracted using ethyl acetate as a solvent. Antibiotic activity test 

against Staphylococcus aureus bacteria was done in Mannitol Salt Agar and Luria Bertani Agar 

media. The Kirby-Bauer discs used are Antimicrobial Disc Oxoid® and Filter Paper. The results 

of this study show that the use of the Antimicrobial Disc Oxoid® and Filter Paper shows no 

statistical difference in clear zone results (t-value = 0,45; p-value = 0,655; with α = 95%). While 

the Clear Zone results on Mannitol Salt Agar gave better results than Luria Bertani Agar and were 

statistically significant (t-value = 2,46; p-value = 0,02; with α = 95%). These findings indicate that 

filter paper can be an inexpensive alternative for the antibiotic test with no significantly different 
result compared to commercial antibiotic disc. However, an antibiotic test against Staphylococcus 

aureus is better done on Mannitol Salt Agar (MSA) compared to Luria Bertani Agar (LBA). 
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INTRODUCTION 

Staphylococcus aureus is a commensal gram-positive bacteria that 

colonize the human nasal mucosa and causes severe infection. The main problem 

in combating Staphylococcus aureus infection is the prevalence of multi-drug 

resistance, especially due to misuse (excess or abuse) of antibiotics (Eswari & 

Yadav, 2019). The increase in antibiotic resistance is estimated to cause the death 

of up to 10 million cases per year by 2050 (Jugreet & Mahomoodally, 2020). 

Exploration of alternative antibiotics needs to be done to solve the problem of the 

increase in antibiotic-resistant bacteria. Medicinal plant extract is one promising 

alternative antibiotics source (Langeveld et al., 2014). Medicinal plants such as 

Moringa oleifera are widely used for traditional medicine such as to treat dental 

caries, syphilis, typhoid, diarrhea, epilepsy, purgative, prostate cancer, fever, and 
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HIV-AIDS (Dzotam et al., 2016). Moringa oleifera contains secondary 

metabolites including alkaloids, flavonoids (quercetin and kaempferol) (Lin et al., 

2018; Wang et al., 2017), saponins, and tannins (Sulastri et al., 2018), which have 

antibiotic activity (Ilanko et al., 2019). Other used medicinal plant in this study, 

Opuntia cochenillifera, contain phenolic compounds, flavonoids, and 

anthocyanins (Alves et al., 2017), with antibacterial activity. Cladode is part of 

Opuntia cochenillifera that contain alkaloids, saponin, tannins, terpenes, 

flavonoid, and hydroxi flavones (Monrroy et al., 2017). One of the mechanisms of 

action of antibiotics from plant extract is through inhibition of peptidoglycan 

synthesis. Many of the proteins involved in this pathway are mur enzymes and the 

Penicillin Binding Proteins (PBPs), which are known as good targets for 

antibiotics (Liu & Breukink, 2016; Tomoda, 2016). 

One of the important things to determine the antibiotic activity of a 

compound is the method of determining antibiotic activity. Kirby-bauer disc 

method is one of the major methods to test antibiotic susceptibility. The Kirby-

bauer disc method relies on the diffusion of the test substance from the filter discs 

to the bacterial cultures (Kourmouli et al., 2018). The disk diffusion method is 

included in the agar diffusion method because the plant extract diffuses from its 

reservoir through the agar medium. The reservoir (Filter Paper Disc) is placed on 

top of an agar surface. If tested plant extracts compounds have antibiotic activity, 

the inhibition zone will be developed around the filter paper disk after incubation. 

The diameter of the inhibition zone describes the antimicrobial potency of plant 

extracts (Horváth et al., 2016). One of the most commonly used discs for 

antibiotic susceptibility test is the commercial Antimicrobial Disc. In this study, 

we tested the use of inexpensive filter paper as an alternative to commercial 

antimicrobial discs. 

Another factors that influence the clear zone results are the media used 

when testing antibiotic activity. The agar media must allow free diffusion of the 

antimicrobial from the disc. Mannitol Salt Agar (MSA) is used as a selective and 

differential medium for the isolation and identification of Staphylococcus aureus. 

Mannitol Salt Agar (MSA) contains peptones and beef extract, which essential 

nutrients for growth. The 7,5% concentration of sodium chloride results in the 

partial or complete inhibition of bacterial organisms other than Staphylococci. 

Fermentation of mannitol (in MSA) leads to acid production, detected by phenol 

red indicator, aids in the differentiation of Staphylococcal species. Coagulase 

positive Staphylococci (e.g., Staphylococcus aureus) produce yellow colonies and 

a surrounding yellow medium (Aryal, 2019), Luria Bertani Agar (LBA) consists 

of tryptone, yeast extract, NaCl, and agar (Macwilliams & Liao, 2006). This study 

aimed to compare the use of commercial antimicrobial disc and filter paper, as 

well as the use of Mannitol Salt Agar (MSA) and Luria Bertani Agar (LBA) 

media in susceptibility testing of medicinal plant extracts against Staphylococcus 

aureus. 
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METHODS 

This study uses an experimental approach in the laboratory. This research 

method consists of several stages listed in Figure 1. 

 
Figure 1. Research Work Scheme. 

 

Plant Extraction 

The plant extraction process is done based on (Kher et al., 2019), with 

modifications. Moringa oleifera leaves and Opuntia cochenillifera cladode was 

extracted using ethyl acetate as a solvent. The plant samples were oven-dried at 

50°C until they reached a constant weight. After drying, the sample is crushed 

into a powder. Then, the plant samples were macerated using ethyl acetate solvent 

with a mass ratio of plant samples to the solvent volume of 1:10 for 24 hours. The 

filtrate is concentrated in a rotary evaporator until crude extract is obtained. 

Inoculation of Staphylococcus aureus to Agar Media 

Inoculation of Staphylococcus aureus was done using the swab technique 

based on Weme (2018), with modifications. One loop from a single colony of 

Staphylococcus aureus culture was inoculated aseptically into luria bertani broth 

media then incubated for 24 hours at 37o C. The sterile cotton is dipped in 

overnight-culture broth, then swab evenly over the surface of the agar medium. 

Kirby-Bauer Antimicrobial Susceptibility Test 

The antimicrobial activity assay is done based on (Yu et al., 2019), with 

modifications. Each of the Antimicrobial Disc Oxoid® and filter paper with a 

diameter of 5 mm was immersed in a plant extract with a concentration of 50 

mg/mL, 25 mg/mL, 12.5 mg/mL, and 6,25 mg/mL, and amoxicillin 25 mg/mL as 

a positive control and DMSO 1% as a negative control. After immersing for 1 

minute, each disc was placed on the surface of the media that had been inoculated 

with Staphylococcus aureus. Culture on solid media with a disc was incubated for 

24 hours at 37o C. 

Statistical Analysis 

Each plate consists of 6 test points that have been given a number code (1-

6) consisting of plant extracts of 50 mg/mL (1), 25 mg/mL (2), 12.5 mg/mL (3), 

6.25 mg/mL (4), amoxicillin 25 mg/mL (5), and DMSO 1% (6). The data entered 

are test points number 1 to 5, while negative control is not included in the 

statistical test because as a negative control it should be 0 in clear zone diameter. 

DMSO is widely used as a solvent for antibiotic compounds (Camp et al., 2020), 

and is known to have low toxicity (Phaechamud & Setthajindalert, 2018). Each 

test consists of 2 plates for Moringa oleifera leaves and 1 plate for Opuntia 

cochenillifera cladode so that each treatment consisted of 15 data replications. 

The t-test statistical test was used to compare whether the clear zone diameter 
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value between the two treatments was significantly different or not. Statistical 

analysis was done using minitab® with a confidence level of 95%. 

 

RESULTS AND DISCUSSION 

Comparison of Using Commercial Antimicrobial Disc and Filter Paper 

Disc diffusion is an excellent, inexpensive, and flexible method for 

Antibiotic Susceptibility Test (AST) and its quality is determined by the quality of 

discs and media (Ahman et al., 2019). The clear zone results after 24 hours 

incubation (Table 1) showed that the use of filter paper and commercial 

antimicrobial disc was not statistically significant (t-value = 0,45; p-value = 

0,655; with α = 95%). 

 

Table 1. Clear Zone Comparison of Disc. 

 Filter Paper Antimicrobial Disc Oxoid® 

Clear Zone 
Average (mm) 

11.27 ± 4.91 12.07 ± 4.79 
 

Image 

  
 
 

 
 
 
 
 
 
 
 

 
 

Statistical Analysis T-Value = 0.45  P-Value = 0.655 with α = 95% 

*Additional Information: Clear Zone is Indicated by a Blue Dotted Line. 

 

The commercial oxoid antibiotic discs are made from paper which 

conforms to the WHO and FDA standards (Joshi et al., 2008). During the 

incubation period, the plant extract diffuses from the disc into the agar medium 

seeded with the test microorganism. The active antimicrobial extracts or 

compounds result in zones of inhibition around the disc, which give information 

about the value of the Minimum Inhibitory Concentration (MIC). Moringa 

oleifera contains bioactive compounds such as 9-Octadecenoic acid (z)-, 

heptadecanoic acid and phytol acetate (Syeda & Riazunnisa, 2020). Opuntia 

cochenillifera cladode contains flavonoids, phenols, alkaloids, tannins, and 

saponins (Pooja & Vidyasagar, 2016). 

Factors influencing the size of inhibition zones are the size of the filter 

paper disk, the amount of compound placed onto the disk, the type and 

concentration of the agar, the thickness and pH of the medium, the microbial 

strain tested, and the incubation temperature (Horvath et al., 2016). The average 

clear zone value of the filter paper (11,27 ± 4,91 mm) was smaller than the 

Antimicrobial Disc Oxoid® (12,07 ± 4,79 mm) but did not differ significantly. 

5mm 

5 mm 
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Antimicrobial Disc Oxoid® is made of unique inert material which enhances their 

absorption hence allowing faster adheration of discs to the media (Justesen et al., 

2013). 

The active compounds of the extract are less retained in the filter paper 

than a commercial antimicrobial disc (Royo et al., 2010), so that in this study, 2 

sheets of filter paper were placed on the media. Research from Ogba et al. (2017), 

shows that locally prepared discs using whatman filter paper 3 are more effective 

than commercial discs. These results indicate that the use of filter paper (2 layers) 

can provide clear zone results that are not significantly different from commercial 

antimicrobial discs. Filter paper can be an inexpensive alternative to commercial 

antimicrobial discs with results that are not significantly different. 

Comparison of Using Mannitol Salt Agar and Luria Bertani Agar 

Media is one of the factors that influence clear zone results (Ahman et al., 

2019). The results of this study indicate that the use of Mannitol Salt Agar (MSA) 

is better than Luria Bertani Agar (LBA) for antibiotic susceptibility for 

Staphylococcus aureus. 

 

Table 2. Clear Zone Comparison of Media. 

 Mannitol Salt Agar Luria Bertani Agar 

Clear Zone Average 
(mm) 

13.47 ± 3.81 9.73 ± 4.46 
 

Image 

 
 
 
 
 
 
 

 
 
 
 
 
  

 

Statistical Analysis T-Value = 2.46  P-Value = 0.020 with α = 95% 

*Additional Information: Clear Zone is Indicated by a Blue Dotted Line. 

 

Clear zone results on Mannitol Salt Agar (MSA) gave better results than 

Luria Bertani Agar (LBA) and were statistically significant (t-value = 2,46; p-

value = 0,02; with α = 95%). MSA has been used for many years as a selective, 

differential medium for the isolation of Staphylococcus aureus (Sharp & Searcy, 

2006). Several factors that affect the accuracy and repeatability of disc diffusion 

methods include bacterial inoculum preparation, manual streaking of media plates, 

disk content, agar medium, nutritional requirements, incubation temperature and 

atmosphere, incubation time, and subjectivity of inhibition zone reading 

(Cherkaoui et al., 2020). Fermentation of mannitol (in MSA) leads to acid 

production, detected by phenol red indicator, aids in the differentiation of 

5mm 5 mm 
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Staphylococcal species. Coagulase positive Staphylococci (e.g., Staphylococcus 

aureus) produce yellow colonies and a surrounding yellow medium (Aryal, 2019). 

The 7,5% concentration of sodium chloride results in the partial or 

complete inhibition of bacterial organisms other than Staphylococci. Luria Bertani 

Agar (LBA) consists of tryptone, yeast extract, NaCl, and agar (Macwilliams & 

Liao, 2006). The use of MSA will limit the contamination of other bacteria than 

Staphylococcus aureus. The results of this study indicate that the use of selective 

media provides the best clear zone results for the antibiotic susceptibility test. 

Mannitol Salt Agar (MSA) is the right medium for the antibiotic susceptibility test 

for Staphylococcus aureus. 

 

CONCLUSIONS 
In conclusions, the use of the Antimicrobial Disc Oxoid® and filter paper 

shows no statistical difference in clear zone results (t-value = 0,45; p-value = 

0,655; with α = 95%). While the clear zone results on Mannitol Salt Agar (MSA) 

gave better results than Luria Bertani Agar (LBA) and were statistically 

significant (t-value = 2,46; p-value = 0,02; with α = 95%). These findings indicate 

that filter paper can be an inexpensive alternative for the antibiotic test with no 

significantly different result compared to commercial antibiotic disc. However, an 

antibiotic test against Staphylococcus aureus is better done on Mannitol Salt Agar 

(MSA) compared to Luria Bertani Agar (LBA). 

 

RECOMMENDATIONS 

Further research could focus on identifying the active compounds in 

medicinal plant extracts and testing their efficacy against a broader range of 

antibiotic-resistant bacteria. Moreover, additional studies may explore the use of 

other cost-effective and accessible alternatives to commercial antimicrobial discs. 

Finally, future research could investigate the optimal agar media and testing 

conditions for accurate and reliable testing of antibiotic susceptibility. 

 

ACKNOWLEDGMENT 

This study was supported by the Ministry of Research, and Technology/ 

National Research and Innovation Agency (RISTEKBRIN), Republic of 

Indonesia, and Institut Teknologi Sepuluh Nopember (ITS), Surabaya, Indonesia 

under a grant number of 3/AMD/E1/KP.PTNBH/2020 and 1177/PKS/ITS/2019. 

 

REFERENCES 

Ahman, J., Matuschek, E., and Kahlmeter, G. (2019). The Quality of 

Antimicrobial Discs from Nine Manufacturers-EUCAST Evaluations in 

2014 and 2017. Clinical Microbiology and Infection, 25(3), 346-352. 

Alves, F.A.L., Andrade, A.P.D., Bruno, R.D.L.A., Silva, M.G.D.V., Souza, 

M.D.F.V., and Santos, D.C.D. (2017). Seasonal Variability of Phenolic 

Compounds and Antioxidant Activity in Prickly Pear Cladodes of Opuntia 

and Nopalea Genres. Food Science and Technology (Campinas), 37(1), 

536-543. 

https://e-journal.undikma.ac.id/index.php/bioscientist


Bioscientist : Jurnal Ilmiah Biologi 
E-ISSN 2654-4571; P-ISSN 2338-5006 

Vol. 11, No. 1, June 2023; Page, 456-464 

https://e-journal.undikma.ac.id/index.php/bioscientist 

 

 

 

462 
 

Aryal, S. (2019). Mannitol Salt Agar for the Isolation of Staphylococcus aureus. 

Retrieved May 5, 2023, from Interactwebsite: 

https://microbiologyinfo.com/mannitol-salt-agar-for-the-isolation-of-

staphylococcus-aureus/. 

Camp, J.E., Nyamini, S.B., and Scott, F.J. (2020). CyreneTM is a Green 

Alternative to DMSO as a Solvent for Antibacterial Drug Discovery 

Against ESKAPE Pathogens. RSC Medicinal Chemistry, 11(1), 111-117.  

Cherkaoui, A., Renzi, G., Fischer, A., Azam, N., Schorderet, D., Vuilleumier, N., 

and Schrenzel, J. (2020). Comparison of the Copan WASPLab 

Incorporating the BioRad Expert System Against the SIRscan 2000 

Automatic For Routine Antimicrobial Disc Diffusion Susceptibility 

Testing. Clinical Microbiology and Infection, 26(5), 619-625. 

Dzotam, J.K., Touani, F.K., and Kuete, V. (2016). Antibacterial and Antibiotic-

Modifying Activities of Three Food Plants (Xanthosoma mafaffa Lam., 

Moringa oleifera (L.) Schott and Passiflora Edulis Sims) Against 

Multidrug - Resistant (MDR) Gram - Negative Bacteria. BMC 

Complementary and Alternative Medicine, 16(1), 1-8. 

Eswari, J.S., and Yadav, M. (2019). New Perspective Of Drug Discovery from 

Herbal Medicinal Plants : Andrographis Paniculata and Bacopa monnieri 

(Terpenoids) and Novel Target Identification Against Staphylococcus 

aureus. South African Journal of Botany, 124(1), 188-198. 

Horváth, G., Bencsik, T., Ács, K., and Kocsis, B. (2016). Chapter 12 - Sensitivity 

of ESBL-Producing Gram-Negative Bacteria to Essential Oils, Plant 

Extracts, and Their Isolated Compounds. Antibiotik Resistance, 1(1), 239-

269. 

Ilanko, P., McDonnell, P.A., Vuuren, S.V., and Cock, I.E. (2019). Interactive 

Antibacterial Profile of Moringa oleifera Lam. Extracts and Conventional 

Antibiotics Against Bacterial Triggers of Some Autoimmune 

Inflammatory Diseases. South African Journal of Botany, 124(1), 420-435.  

Joshi, A., Iyer, V., Balasubramaniam, U., Kagal, A., and Bharadwaj, R. (2008). 

Comparison of Efficacy of Three Commercially Available Antibiotic 

Discs. Indian Journal of Medical Microbiology, 26(2), 160-162. 

Jugreet, B.S., and Mahomoodally, M.F. (2020). Essential Oils from 9 Exotic and 

Endemic Medicinal Plants from Mauritius Shows In Vitro Antibacterial 

and Antibiotic Potentiating Activities. South African Journal of Botany, 

132(1), 355-362. 

Justesen, U.S., Acar, Z., Olsson, K., Jensen, T.G., Kerrn, M.B., Skov, R.L., and 

Hansen, B.G. (2013). Comparison of Rosco Neo-Sensitabs with Oxoid 

Paper Disks in EUCAST Disk Diffusion Antimicrobial Susceptibility 

Testing on Mueller-Hinton Agar. European Journal of Clinical 

Microbiology & Infectious Diseases, 32(1), 621-625. 

Kher, M.N., Sheth, N.R., and Bhatt, V.D. (2019). In Vitro Antibacterial 

Evaluation of Terminalia Chebula as an Alternative of Antibiotics Against 

Bovine Subclinical Mastitis. Animal Biotechnology, 30(2), 151-158. 

https://e-journal.undikma.ac.id/index.php/bioscientist


Bioscientist : Jurnal Ilmiah Biologi 
E-ISSN 2654-4571; P-ISSN 2338-5006 

Vol. 11, No. 1, June 2023; Page, 456-464 

https://e-journal.undikma.ac.id/index.php/bioscientist 

 

 

 

463 
 

Kourmouli, A., Valenti, M., Rijn, E.V., Beaumont, H.J.E., Kalantzi, O.I., 

Schmidt-Ott, A., and Biskos, G. (2018). Can Disc Diffusion Susceptibility 

Tests Assess the Antimicrobial Activity of Engineered Nanoparticles?. 

Journal of Nanoparticle Research, 20(3), 1-7. 

Langeveld, W.T., Veldhuizen, E.J.A., and Burt, S.A. (2014). Synergy Between 

Essential Oil Components and Antibiotics: A Review. Critical Reviews in 

Microbiology, 40(1), 76-94. 

Lin, M., Junjie, Z., and Chen, X. (2018). Bioactive Flavonoids in Moringa 

oleifera and Their Health-Promoting Properties. Journal of Functional 

Foods, 47(1), 469-479. 

Liu, Y., and Breukink, E. (2016). The Membrane Steps of Bacterial Cell Wall 

Synthesis as Antibiotic Targets. Antibiotics, 5(3), 1-22. 

MacWilliams, M.P., and Liao, M.K. (2006). Luria Broth (LB) and Luria Agar 

(LA) Media and Their Uses Protocol. American Society for Microbiology, 

1(1) 1-4. 

Monrroy, M., García, E., Ríos, K., and García, J.R. (2017). Extraction and 

Physicochemical Characterization of Mucilage from Opuntia 

cochenillifera (L.) Miller. Journal of Chemistry, 1(1), 1-9. 

Ogba, O.M., Udo, N.I., Etoh, P.C.I., and Olorode, O.A. (2017). Evaluation of the 

Potency of Commercial and Locally Prepared Evaluation of the Potency of 

Commercial and Locally Prepared Antibiotic Discs on Clinical Bacterial 

Isolates in Calabar, Nigeria. International Journal of Biomedicine & Life 

Sciences, 2(1), 1-7. 

Phaechamud, T., and Setthajindalert, O. (2018). Antimicrobial In-Situ Forming 

Gels Based on Bleached Shellac and Different Solvents. Journal of Drug 

Delivery Science and Technology, 46(1), 285-293. 

Pooja, S., and Vidyasagar, G.M. (2016). Phytochemical Screening for Secondary 

Metabolites of Opuntia cochenillifera (L.) Mill. International Journal of 

Life Sciences Research, 4(2), 145-151. 

Royo, M., Pan, I.F., and Maté, J.I. (2010). Antimicrobial Effectiveness of 

Oregano and Sage Essential Oils Incorporated in to Whey Protein Films or 

Cellulose-Based Filter Paper. Journal of the Science of Food and 

Agriculture, 90(9), 1513-1519. 

Sharp, S.E., and Searcy, C. (2006). Comparison of Mannitol Salt Agar and Blood 

Agar Plates for Identification and Susceptibility Testing of Staphylococcus 

aureus in Specimens from Cystic Fibrosis Patients. Journal of Clinical 

Microbiology, 44(12), 4545-4546. 

Sulastri, E., Zubair, M.S., Anas, N.I., Abidin, S., Hardani, R., Yulianti, R., and 

Aliyah. (2018). Total Phenolic, Total Flavonoid, Quercetin Content and 

Antioxidant Activity of Standardized Extract of Moringa oleifera Leaf 

from Regions with Different Elevation. Pharmacognosy Journal, 10(6), 

104-108. 

Syeda, A.M., and Riazunnisa, K. (2020). Data on GC-MS Analysis, In Vitro Anti-

Oxidant and Anti-Microbial Activity of the Catharanthus Roseus and 

Moringa oleifera Leaf Extracts. Data in Brief, 29(1), 1-10. 

https://e-journal.undikma.ac.id/index.php/bioscientist


Bioscientist : Jurnal Ilmiah Biologi 
E-ISSN 2654-4571; P-ISSN 2338-5006 

Vol. 11, No. 1, June 2023; Page, 456-464 

https://e-journal.undikma.ac.id/index.php/bioscientist 

 

 

 

464 
 

Tomoda, H. (2016). New Approaches to Drug Discovery for Combating MRSA. 

Chem. Pharm. Bull., 64(2), 104-111. 

Wang, Y., Gao, Y., Ding, H., Liu, S., Han, X., Gui, J., and Liu, D. (2017). 

Subcritical Ethanol Extraction of Flavonoids from Moringa oleifera Leaf 

and Evaluation of Antioxidant Activity. Food Chemistry, 218(1), 152-158.  

Weme, E.T. (2018). Rapid Antimicrobial Susceptibility Testing of Positive Blood 

Cultures by Direct Inoculation and Reading of Disc Diffusion Tests After 

3-4 Hours. APMIS: Journal of Pathology, Microbiology and Immunology, 

126(11), 870-876. 

Yu, H., Liu, M., Liu, Y., Qin, L., Jin, M., and Wang, Z. (2019). Antimicrobial 

Activity and Mechanism of Action of Dracocephalum moldavica L. 

Extracts Against Clinical Isolates of Staphylococcus aureus. Frontiers in 

Microbiology, 10(1), 1-10. 

 

https://e-journal.undikma.ac.id/index.php/bioscientist

