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Abstract: Mulberry (Morus spp.) leaves have long been recognized in traditional medicine and are now studied 

extensively for their antibacterial, antioxidant, anti-inflammatory, and antidiabetic properties. Their abundance in 

tropical and subtropical regions, including Malaysia, makes them an accessible and sustainable resource for health 

applications. The accelerating threat of antimicrobial resistance has highlighted the importance of plant-derived 

compounds as potential alternatives or complements to conventional antibiotics. However, systematic evaluation 

of mulberry leaf extracts against environmental bacterial isolates remains limited. This study aimed to identify the 

phytochemical constituents of ethanolic mulberry leaf extract and evaluate its antibacterial activity against Gram-

positive bacteria isolated from different sources. Dried mulberry leaves were extracted in 70% ethanol, and the 

resulting crude extract was subjected to Fourier Transform Infrared (FTIR) spectroscopy and qualitative 

phytochemical assays. The antibacterial potential was assessed using the disc diffusion method against Gram-

positive isolates collected from the toilet and laboratory door handles. Extract concentrations of 20, 15, and 10 

mg/mL were tested alongside penicillin (positive control), ethanol (solvent control), and distilled water (negative 

control). FTIR and phytochemical tests confirmed the presence of bioactive compounds, including tannins, 

flavonoids, alkaloids, and terpenoids, which are known contributors to antimicrobial activity. Gram staining of 

isolates revealed purple cocci in clusters, consistent with Gram-positive Staphylococcus spp. Antibacterial assays 

demonstrated measurable inhibition zones across all extract concentrations, with the highest inhibition observed 

at 20 mg/mL (up to 5.49 mm). While inhibition zones were smaller than those of penicillin (14.30–23.95 mm), 

they exceeded those of solvent and negative controls, confirming bioactivity attributable to phytochemicals. In 

conclusion, ethanolic mulberry leaf extract exhibited modest but consistent antibacterial activity against Gram-

positive environmental isolates, reinforcing its potential as a cost-effective, plant-based antibacterial source.  

 

Keywords: Mulberry leaf extract, Phytochemical, Antibacterial activity, Gram-positive bacteria, FTIR 

spectroscopy 

 

INTRODUCTION 

Mulberry (Morus spp.) has been cultivated for generations and is deeply embedded in traditional medical practices 

across Asia, particularly in China, Korea, India, and Southeast Asia (Chen et al., 2022; Ercisli & Orhan, 2007). 

Historically, mulberry leaves have been used to treat fever, cough, inflammation, and metabolic diseases (Chen et 

al., 2024; Morales Ramos et al., 2021). Contemporary pharmacological research confirms that mulberry leaves are 

rich in bioactive secondary metabolites, including flavonoids, alkaloids, tannins, terpenoids, and phenolic acids, 

which underpin a broad spectrum of biological activities such as antioxidant, anti-inflammatory, antimicrobial, 

and antidiabetic effects (Chen et al., 2024; Jelled et al., 2017; Lee & Hwang, 2017). 

 

The global rise of antimicrobial resistance (AMR) poses a significant threat to human health, as multidrug-resistant 

bacteria increasingly undermine the effectiveness of standard antibiotics (World Health Organization, 2023). This 

challenge has driven interest in discovering new antimicrobials from natural, sustainable sources. In this context, 

the mulberry plant is rich in valuable phytochemicals that present a compelling alternative because it is widely 

available, cost-effective, and often multifunctional in its bioactivity (Batiha et al., 2023; Manzoor & Qayoom, 

2024). Its accessibility makes it an attractive candidate for developing plant-based antibacterial agents. 

 

Previous studies have established the antibacterial properties of mulberry extracts against clinically significant 

pathogens, including Staphylococcus aureus, Escherichia coli, and Pseudomonas aeruginosa (Latifah et al., 2024; 

Suriyaprom et al., 2021; Wahab et al., 2020). These effects are primarily attributed to polyphenolic compounds 

and flavonoids, which compromise bacterial membranes, inhibit nucleic acid synthesis, and impair enzyme activity 

(Daglia, 2012; Zahra et al., 2024). Nevertheless, most investigations have focused on standard laboratory strains, 

with comparatively fewer studies examining environmental bacterial isolates from high-touch surfaces that are 

potential reservoirs for pathogen transmission in community and hospital settings. 
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In light of the pressing demand for effective, low-cost antimicrobials and the phytochemical potential of mulberry 

leaves, this work evaluates the functional groups and phytochemicals in ethanolic mulberry leaf extract using FTIR 

spectroscopy and qualitative assays. Furthermore, its antibacterial efficacy was assessed against Gram-positive 

bacteria obtained from environmental sources, thereby evaluating its potential as a sustainable, plant-derived 

antibacterial agent. 

 

MATERIALS AND METHODS 

Plant extraction.  

Dried mulberry leaf powder (25 g) was macerated in 70% ethanol (250 mL; 1:10 w/v) for 24 hours, stirred 2 h, 

filtered, and concentrated (heated to reflux; solvent removed at 175 atm). A stock (20 mg/mL in ethanol) was 

prepared with serial dilutions to 15 and 10 mg/mL.] 

 

ATR-FTIR spectroscopy 

Fourier-transform infrared (FTIR) analysis was performed using an Attenuated Total Reflectance-FTIR (ATR-

FTIR) spectrometer (Spectrum Two™, PerkinElmer). The spectrometer was equilibrated, and a background 

spectrum was recorded to remove ambient interference. Samples were then scanned over the 4000–400 cm⁻¹ range 

at a resolution of 4 cm⁻¹, and the resulting spectra were interpreted to assign the functional groups present in the 

extract. 

 

Phytochemical tests 

Alkaloid’s test: A clean test tube was filled with 2 mL of 20 mg/mL mulberry extract, 0.2 mL of diluted 

hydrochloric acid (HCl), and 1 mL of Mayer's reagent. After gently stirring the mixture, an orange-brown 

precipitate formed, which indicated that the mulberry leaf extract contained alkaloids. 

 

Flavonoid test: Two to three drops of sodium hydroxide were added to 2 mL of the 20 mg/ml mulberry extract in 

a clean test tube. A deep yellow colour appeared, but it gradually disappeared and became colourless when a few 

drops of dilute HCl were added, indicating that flavonoids were present. 

 

Terpenoid test: In a tube test, 0.5 mL of the 20 mg/mL mulberry leaf extract solution was mixed with 2 mL of 

chloroform. After gently mixing the solution, 3 mL of concentrated sulphuric acid (𝐻₂𝑆𝑂₄) was added. The mixture 

was examined for the development of a reddish- 

brown interface between the sulphuric acid (𝐻₂𝑆𝑂₄) and chloroform (𝐶𝐻₃𝐶𝑙) layers after the two liquids separated 

into separate layers. This reddish-brown interface acted as confirmation that the extract contained terpenoids. 

 

Tannins’ test: A total of 2 mL of 5% iron (III) chloride (FeCl₃) solution was added to a clean test tube that contained 

5 mL of the 20 mg/mL mulberry extract solution. A greenish-black precipitate formed, indicating the presence of 

tannins. 

 

Bacterial isolation from the environment  

Environmental swabs were collected from laboratory and toilet door handles, cultured on nutrient agar, and sub-

cultured three times by streaking to acquire a pure colony. Gram staining was conducted and observed under light 

microscopy to confirm the presence of Gram-positive or Gram-negative negative bacteria for antibacterial activity. 

 

Antibacterial testing 

Disc diffusion on nutrient agar inoculated with broth cultures (20 µL spread per sector) compared 20, 15, and 10 

mg/mL extract versus 70% ethanol (solvent control), penicillin (positive control), and distilled water (negative 

control). Paper discs (~6 mm) were soaked with test solutions; plates were incubated at 37°C for 18 h. Inhibition 

zone diameters were measured thrice with a Vernier calliper and averaged. The disc diffusion plates were repeated 

2-3 times. 

 

FINDINGS 

FTIR analysis of the ethanolic mulberry leaf extract revealed characteristic peaks corresponding to major 

phytochemical groups (Figure 1). These peaks are consistent with the presence of hydroxyl, aromatic, and 

nitrogen-containing functional groups, supporting the phytochemical richness of the extract. The qualitative 

phytochemical tests confirmed these findings (Table 1). Collectively, these results demonstrate that the mulberry 

leaf extract is rich in bioactive secondary metabolites, including tannins, alkaloids, flavonoids, and terpenoids, 

which are widely associated with antimicrobial, antioxidant, and anti-inflammatory activities. Flavonoids and 

phenolic compounds are frequently implicated in disrupting bacterial cell membranes and inhibiting the functions 

of enzymes and nucleic acids. The results presented here are consistent with the broader literature. In a recent 
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study, Kim et al. (2022) demonstrated that Morus alba leaf extract suppressed the growth of Streptococcus mutans 

and Fusobacterium nucleatum, likely via similar phenolic/flavonoid mechanisms (Kim & Kang, 2022). 

 

Environmental swabs from both toilet and laboratory door handles yielded Gram-positive cocci upon staining 

(Figure 2). The cells appeared violet to purple, confirming their ability to retain crystal violet dye due to thick 

peptidoglycan cell walls. The cocci were predominantly arranged in clusters, a morphology typically associated 

with Staphylococcus spp. These findings validate the suitability of the isolates as test organisms for evaluating the 

antibacterial efficacy of the extract, consistent with previous findings (Latifah et al., 2024; Suriyaprom et al., 2021; 

Wahab et al., 2020). 

 

The antibacterial effects of ethanolic mulberry leaf extract at concentrations of 20, 15, and 10 mg/mL were 

evaluated against the isolates (Table 2). All concentrations produced measurable inhibition zones, with diameters 

ranging from 1.97 to 5.49 mm. The 20 mg/mL concentration consistently yielded the largest inhibition zones, 

particularly against the laboratory door’s knob isolate AL (5.49 mm), indicating a dose-dependent relationship. 

The 15 mg/mL and 10 mg/mL concentrations still exhibited inhibitory effects, albeit smaller in diameter, indicating 

a reduction in potency with dilution. 

 

When compared to the solvent control (70% ethanol), the extract exhibited greater inhibition across most isolates, 

confirming that the activity was attributable to phytochemicals rather than residual ethanol. The negative control 

(distilled water) showed negligible inhibition (≤ 2.31 mm), further supporting this conclusion. However, penicillin, 

the positive control, produced significantly larger inhibition zones (14.30–23.95 mm), highlighting the 

comparatively weaker antibacterial potency of the extract against environmental Gram-positive bacteria. 

 

The modest inhibition observed suggests that white mulberry leaf extract does not rival the potency of standard 

antibiotics; its activity is biologically relevant and may be enhanced through higher concentrations, purification, 

or synergistic combination with antibiotics. Previous reports have similarly attributed the antibacterial action of 

mulberry extracts to phenolic compounds and flavonoids, which disrupt microbial membranes and interfere with 

metabolic pathways (Suriyaprom et al., 2021; Lee & Hwang, 2017). 

 

Our results show modest inhibition zones (maximum ~5.49 mm) for the highest extract concentration (20 mg/mL), 

whereas the standard antibiotic (penicillin) demonstrated significantly larger zones (~15–25 mm). This is in line 

with many plant extract studies, which show that extracts often require much higher concentrations to approach 

antibiotic efficacy. For example, Suriyaprom et al. (2021) reported that white mulberry extract showed activity 

against key foodborne bacteria. However, their MICs are generally low (~0.32–0.64 mg/mL for some species) 

compared to others (Suriyaprom et al., 2021). In our research, higher concentrations are required, suggesting that 

the crude extract has lower potency or contains fewer active compounds. Additional research should involve 

chromatographic fractionation, determine the minimum bactericidal concentration (MBC) and minimum 

inhibitory concentration (MIC), and assess any potential synergistic effects with traditional antibiotics. 

 

 

 
Figure 1 FTIR peaks from ethanolic mulberry leaf extract 
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Table 1 Overview of FTIR peaks and corresponding phytochemical tests with colorimetric outcomes from 

ethanolic mulberry leaves extract 

Test / Assay FTIR band(s) (cm⁻¹) 
Key features / 

significance 

Colour before 

test 

Colour 

change after 

test 

Tannins test 
3339.67 (O–H), 1599.31 

(aromatic C=C) 

Astringent; 

antioxidant; potential 

antimicrobial 

Light brown 

or colourless 

Brownish or 

yellowish 

Alkaloids 

(Mayer’s) 

1599.31 (N–H bending), 

1258.54 (C–N stretching) 

Nitrogen-containing 

metabolites; 

antimicrobial, anti-

inflammatory, 

neuroprotective 

Colourless 
Orange-brown 

precipitate 

Alkaline reagent 

test (phenolics/ 

flavonoids) 

3339.67 (O–H / phenolic) 

Indicates phenolic 

compounds 

(tannins/flavonoids) 

with antioxidant & 

antimicrobial activity 

Deep yellow 

Gradually 

turns 

colourless 

Terpenoids 
2933.40 (C–H stretching), 

1258.54 (C–O stretching) 

Bioactive; anti-

inflammatory, 

anticancer, 

antimicrobial; present 

in essential oils 

Pale/ 

colourless 

Reddish 

brown 

 

 
Figure 2 Gram-stained bacterial isolates collected from door handles and visualized under a light microscope at 

100× magnification. (A) Bacterial smear from a toilet door’s knob showing Gram-positive cocci in clusters. (B) 

Another view of the toilet door’s knob, isolated with densely aggregated Gram-positive cocci. (C) Laboratory 

door’s knob isolate revealing Gram-positive cocci arranged in irregular clusters. (D) Additional smear from the 

laboratory door’s knob displaying numerous Gram-positive cocci in dense aggregates. The purple/violet 

colouration indicates retention of crystal violet, confirming Gram-positive cell wall structure. 
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Table 2 Antimicrobial activity of different concentrations of ethanolic extract of mulberry leaves on isolated 

bacteria from different sources 

Solutions testing 

on disc diffusion 

Inhibition zone (mm) 

Toilet Door’s 

Knob  

(AT) 

 

Toilet Door’s 

Knob  

(BT) 

Laboratory 

Door’s Knob  

(AL) 

Laboratory 

Door’s Knob  

(BL) 

Extract 20 mg/mL 2.76 3.45 5.49 1.97 

Extract 15 mg/mL 3.95 3.54 4.44 4.49 

Extract 10 mg/mL 3.48 2.94 4.45 3.09 

Ethanol 70% 2.33 2.57 5.01 3.20 

Penicillin 23.95 20.58 21.82 14.30 

Distilled water 1.56 1.96 2.31 1.95 

 

CONCLUSION 

This study demonstrated that ethanolic mulberry (Morus spp.) leaf extract contains a diverse array of 

phytochemicals, including tannins, flavonoids, alkaloids, and terpenoids, as confirmed by FTIR analysis and 

qualitative assays. These bioactive compounds are widely reported to contribute to antimicrobial, antioxidant, and 

anti-inflammatory effects. The most excellent antibacterial activity was observed against Gram-positive cocci at a 

concentration of 20 mg/mL, indicating a dose-dependent effect. Although the inhibition zones were smaller than 

those produced by penicillin/streptomycin, they exceeded those of the solvent and negative controls, verifying that 

the activity was attributable to phytochemicals rather than residual ethanol. Overall, the findings highlight 

mulberry leaves as a readily available and cost-effective natural resource with modest antibacterial potential. 

 

COMPLIANCE OF ETHICAL STANDARDS 

Not applicable. 

 

REFERENCES  

Batiha, G. E. S., Al-Snafi, A. E., Thuwaini, M. M., Teibo, J. O., Shaheen, H. M., Akomolafe, A. P., Teibo, T. K. A., 

Al-kuraishy, H. M., Al-Garbeeb, A. I., Alexiou, A., & Papadakis, M. (2023). Morus alba: a comprehensive 

phytochemical and pharmacological review. Naunyn-Schmiedeberg’s Archives of Pharmacology, 396(7), 1399–

1413. https://doi.org/10.1007/S00210-023-02434-4 

 

Chen, C., Mokhtar, R. A. M., Sani, M. S. A., & Noor, N. Q. I. M. (2022). The Effect of Maturity and Extraction 

Solvents on Bioactive Compounds and Antioxidant Activity of Mulberry (Morus alba) Fruits and Leaves. 

Molecules, 27(8), 2406. https://doi.org/10.3390/MOLECULES27082406 

 

Chen, R., Zhou, X., Deng, Q., Yang, M., Li, S., Zhang, Q., Sun, Y., & Chen, H. (2024). Extraction, structural 

characterization and biological activities of polysaccharides from mulberry leaves: A review. International Journal 

of Biological Macromolecules, 257, 128669. https://doi.org/10.1016/J.IJBIOMAC.2023.128669 

Daglia, M. (2012). Polyphenols as antimicrobial agents. Current Opinion in Biotechnology, 23(2), 174–181. 

https://doi.org/10.1016/j.copbio.2011.08.007 

 

Ercisli, S., & Orhan, E. (2007). Chemical composition of white (Morus alba), red (Morus rubra) and black (Morus 

nigra) mulberry fruits. Food Chemistry, 103(4), 1380–1384. https://doi.org/10.1016/J.FOODCHEM.2006.10.054 

Jelled, A., Ben Hassine, R., Thouri, A., Flamini, G., Chahdoura, H., El Arem, A., Ben Lamine, J., kacem, A.,  

 

Haouas, Z., Ben Cheikh, H., & Achour, L. (2017). Immature mulberry fruits richness of promising constituents in 

contrast with mature ones: A comparative study among three Tunisian species. Industrial Crops and Products, 95, 

434–443. https://doi.org/10.1016/J.INDCROP.2016.10.053 
 

Kim, D., & Kang, K. H. (2022). Anti-Inflammatory and Anti-Bacterial Potential of Mulberry Leaf Extract on Oral 

Microorganisms. International Journal of Environmental Research and Public Health, 19(9), 4984. 

https://doi.org/10.3390/IJERPH19094984/S1 

 

https://doi.org/10.1007/S00210-023-02434-4
https://doi.org/10.3390/MOLECULES27082406
https://doi.org/10.1016/j.copbio.2011.08.007
https://doi.org/10.1016/J.FOODCHEM.2006.10.054
https://doi.org/10.1016/J.INDCROP.2016.10.053


37 
 

Latifah, A., Andarwulan, S., Ardiyanti, S., Hakiki, M., Buana Surabaya, A., & Banyuwangi, S. (2024). Test the 

Effectiveness of Mulberry Leaf Extract (Morus Nigra) Against the Inhibitory Power of Pseudomonas Sp.: Test the 

Effectiveness of Mulberry Leaf Extract (Morus Nigra) Against the Inhibitory Power of Pseudomonas Sp. 

PROFESSIONAL HEALTH JOURNAL, 6(1), 358–364. https://doi.org/10.54832/PHJ.V6I1.827 

 

Lee, Y., & Hwang, K. T. (2017). Changes in physicochemical properties of mulberry fruits (Morus alba L.) during 

ripening. Scientia Horticulturae, 217, 189–196. https://doi.org/10.1016/J.SCIENTA.2017.01.042 

 

Morales Ramos, J. G., Esteves Pairazamán, A. T., Mocarro Willis, M. E. S., Collantes Santisteban, S., & Caldas 

Herrera, E. (2021). Medicinal properties of Morus alba for the control of type 2 diabetes mellitus: a systematic 

review. F1000Research, 10, 1022. https://doi.org/10.12688/F1000RESEARCH.55573.1 

 

Suriyaprom, S., Kaewkod, T., Promputtha, I., Desvaux, M., & Tragoolpua, Y. (2021). Evaluation of Antioxidant 

and Antibacterial Activities of White Mulberry (Morus alba L.) Fruit Extracts. Plants, 10(12), 2736. 

https://doi.org/10.3390/PLANTS10122736 

 

Wahab, N. H. A., Hao, H. Z., & Misbah, S. (2020). EVALUATION OF PHYTOCHEMICAL AND 

ANTIBACTERIAL PROPERTIES OF WHITE MULBERRY (Morus alba). Malaysian Applied Biology, 49(4), 

107–112. https://doi.org/10.55230/MABJOURNAL.V49I4.1599 

 

Zahra, M., Abrahamse, H., & George, B. P. (2024). Flavonoids: Antioxidant Powerhouses and Their Role in 

Nanomedicine. Antioxidants, 13(8), 922. https://doi.org/10.3390/ANTIOX13080922 

  

https://doi.org/10.54832/PHJ.V6I1.827
https://doi.org/10.1016/J.SCIENTA.2017.01.042
https://doi.org/10.12688/F1000RESEARCH.55573.1
https://doi.org/10.3390/PLANTS10122736
https://doi.org/10.55230/MABJOURNAL.V49I4.1599


rcj,1h,1t rrrpust�k.1.111 I 
1,1,,,m1111 om .. ,· 

Univcrsili Tcknologi MARA 
Cawangan Pcrak 

K,1mp11s Seri lsk�ndar 
:12610 B,mJ;ir B,1ru Srri lsk�nd.ir, 

l'rr,ik J),irul Ridw,m, MALAYSIA 
Tl'I: l•·<,05) 374 2093/2453 F,iks: (+<,05) 374 2299 

M 
\·P:1:q,1·,:<,::•·:1,•�:,\
.!>.��,&-�
UNIVERSITI 

� ...... � 
TEKNOLOGI 

� MARA 

Surat kami : 700-KPK (PRP.UP.1/20/1) 

Prof. Madya Dr. Nur Hisham Ibrahim 
Rektor 
Universiti Teknologi MARA 
Cawangan Perak 

Tuan, 

-�fl::::.�, : 20 Januari 2023
G ,. 

I -1.,.,, \ 

ERIN1A

'-r• 

'·-y 

� J�JI 'l01J

/\TR 
-....;;::.._·--·-·-� 

PERMOHONAN KELULUSAN MEMUAT NAIK PENERBITAN UiTM CAWANGAN PERAK 
• MELALUI REPOSITORI INSTITUSI UiTM (IR)

• 

Perkara di atas adalah dirujuk.

2. Adalah dimaklumkan bahawa pihak kami ingin memohon kelulusan tuan untuk mengimbas
(digitize) dan memuat naik semua jenis penerbitan di bawah UiTM Cawangan Perak melalui
Repositori lnstitusi UiTM, PTAR.

3. Tujuan permohonan ini adalah bagi membolehkan akses yang lebih meluas oleh pengguna
perpustakaan terhadap semua maklumat yang terkandung di dalam penerbitan melalui laman
Web PT AR UiTM Cawangan Perak.

Kelulusan daripada pihak tuan dalam perkara ini amat dihargai. 

Sekian, terima kasih. 

"BERKHIDMAT UNTUK NEGARA" 

Saya yang menjalankan amanah, 

nar 

PROF. MADYA DR. NUR HISHAM IBRAHIM
REKTOR 
UNIVERSITI TEKNOLOGI MARA
CAWANGAN PERAK 
KAMPUS SERI ISKANDAR 

Powered by CamScanner 

https://digital-camscanner.onelink.me/P3GL/w1r4frhy



