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ABSTRACT 

Kratom (Mitragyna speciosa Korth.) is a tropical plant native to Southeast Asia and has demonstrated 

antibacterial activity; however, information regarding its activity against biofilm formation by 

Cutibacterium acnes remains limited. This study aimed to evaluate the antibacterial and biofilm 

formation inhibitory activities of ethanolic kratom leaf extract against C. acnes. Antibacterial activity 

was evaluated using the disc diffusion assay. Biofilm formation inhibition was assessed using a 

microtiter plate crystal violet assay with optical density measurement at 595 nm. The extract was 

tested at 1%, 0.5%, 0.25%, and 0.125% (w/v). The 1% extract produced the largest antibacterial 

inhibition zone among the extract treatments (10.8 mm). In the biofilm assay, the 1% extract 

produced 70.67% inhibition after 24 h and 58.75% after 48 h. The lowest tested concentration 

producing at least 50% biofilm inhibition was 0.5% (w/v) at both time points. These findings indicate 

concentration-related antibacterial and biofilm formation inhibitory activities of kratom leaf extract 

against C. acnes. The specific active compounds responsible for these effects remain to be identified. 

 

Keywords: Cutibacterium acnes, antibacterial, biofilm formation inhibition, kratom leaf, acne. 

 

 

INTRODUCTION 

Mitragyna speciosa Korth. (kratom) is a tropical 

member of the Rubiaceae that is widely 

distributed in Southeast Asia, including 

Indonesia, Thailand, Malaysia, Myanmar, and 

the Philippines (Firmansyah et al., 2021). 

Kratom leaves contain several classes of 

secondary metabolites, including alkaloids, 

flavonoids, terpenoids, glycosides, and saponins 

(Yuniarti et al., 2020; Masriani et al., 2023). 

Mitragynine is one of the major alkaloids 
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reported in kratom leaves (Firmansyah et al., 

2021; Sudarwati, 2021). Previous studies have 

reported antibacterial activity of kratom 

preparations, supporting further investigation of 

this plant as a source of antimicrobial 

compounds (Suhaimi et al., 2019; Puspasari & 

Krismonika, 2020). 

Acne vulgaris is a multifactorial inflammatory 

disorder of the pilosebaceous unit involving 

altered follicular keratinization, sebum 

production, host inflammatory responses, and 

changes in the skin microbiome. Cutibacterium 

acnes is a common skin commensal, and acne is 

not explained simply by an increased total 

abundance of this organism. Rather, disease-

associated phylotypes, microbiome imbalance, 

host responses, and biofilm formation may 

contribute to inflammation and persistence 

(Dréno et al., 2018; Coenye et al., 2022). 

Biofilm growth can increase bacterial tolerance 

to antimicrobial treatment and may therefore 

represent a relevant target for anti-acne 

strategies (Coenye et al., 2022). 

Plant-derived extracts are of interest as potential 

sources of antibacterial and biofilm-modulating 

agents, and several plant-derived preparations 

have shown activity against acne-associated 

bacteria and biofilms (De Canha et al., 2020). 

However, qualitative detection of a 

phytochemical class does not establish that the 

detected compounds are responsible for a 

biological effect. For kratom in particular, any 

relationship between the observed activity and 

specific alkaloids, flavonoids, phenolics, or 

other constituents requires chemical 

characterization, fractionation, or testing of 

purified compounds (Yuniarti et al., 2020; 

Masriani et al., 2023). 

Previous studies have reported antibacterial 

activity of kratom preparations against acne-

associated bacteria. Suhaimi et al. (2019) 

reported antibacterial activity of kratom leaf 

extract against C. acnes, while Puspasari and 

Krismonika (2020) reported inhibition of 

Staphylococcus epidermidis by kratom leaf 

extract. Putri et al. (2023) also demonstrated 

antibacterial activity of kratom root and stem 

extracts against C. acnes. In contrast, evidence 

regarding the effect of kratom leaf extract on C. 

acnes biofilm formation remains limited. 

Therefore, this study aimed to evaluate the 

antibacterial activity and inhibition of biofilm 

formation by ethanolic kratom leaf extract 

against C. acnes. 

MATERIALS AND METHODS 

Research Design 

This in vitro experimental study evaluated the 

antibacterial activity and inhibition of biofilm 

formation by kratom leaf extract against 

Cutibacterium acnes. The extract was tested at 

1%, 0.5%, 0.25%, and 0.125% (w/v). 

Antibacterial activity was assessed by disc 

diffusion, whereas biofilm formation inhibition 

was quantified by crystal violet staining in 96-

well microtiter plates with optical density 

measurement at 595 nm, following established 

antibacterial and biofilm assay approaches 

(Nasution et al., 2023; Tobi et al., 2022; Hamzah 

et al., 2021). 

Materials 

The materials used in this study included 2 N 

sulfuric acid, concentrated hydrochloric acid, 

distilled water, Brain Heart Infusion (BHI) 

medium, Nutrient Agar (NA), 96% ethanol, 1% 

FeCl₃, chloroform, magnesium powder, Lugol’s 

solution, 0.05 M ammoniacal chloroform, 

crystal violet, Mayer’s reagent, Liebermann-

Burchard reagent, and safranin. Medi-Klin® 

topical solution containing clindamycin 

phosphate 1% (w/v) was used as the positive 

control in the antibacterial and biofilm formation 

inhibition assays. 

Methods 

Plant material 

Fresh mature leaves of Mitragyna speciosa 

Korth. were collected from a single plant in 

Senyiur Village, Muara Ancalong District, East 

Kutai Regency, East Kalimantan Province, 

Indonesia.  

Plant authentication 

Botanical identification and authentication were 

performed at the Laboratory of Ecology and 

Tropical Forest Biodiversity Conservation, 

Faculty of Forestry, Mulawarman University, 

Samarinda, Indonesia, using morphological 

characteristics and taxonomic references. The 

determination certificate number was 

298/UN17.4.08/LL/2023. 
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Preparation of extract 

Fresh mature kratom leaves were air-dried at 

room temperature and ground into powder. A 

total of 200 g of the powdered material was 

placed in a dark container and macerated with 

96% ethanol for 72 h, with stirring every 8 h and 

protection from direct sunlight. After 

maceration, the mixture was allowed to stand 

overnight and subsequently filtered to separate 

the plant residue from the macerate. The 

resulting filtrate was concentrated using a rotary 

evaporator at 40°C and further concentrated in a 

water bath until a thick ethanolic extract was 

obtained. The extraction procedure was based on 

maceration methods described for ethanolic 

plant extracts (Hamzah et al., 2021; Asworo & 

Widwiastuti, 2023). 

Qualitative phytochemical screening 

The ethanolic kratom leaf extract was 

qualitatively screened for alkaloids, flavonoids, 

terpenoids/steroids, phenolic compounds, and 

saponins using standard color and precipitation 

reactions (Octaviani et al., 2022; Masriani et al., 

2023). These tests were used only to indicate the 

presence or absence of broad metabolite classes 

and were not a chemical standardization assay. 

No specific positive reference controls were 

used for the qualitative phytochemical reactions. 

Alkaloid test 

Kratom leaf extract was mixed with 10 mL of 

ammoniacal chloroform and 2 N sulfuric acid. 

The mixture was shaken for 2 min and allowed 

to separate into two layers. The upper layer was 

collected and treated with Mayer reagent. 

Formation of a yellowish-white precipitate was 

interpreted as a positive reaction for alkaloids 

(Siskawati et al., 2023). 

Flavonoid test 

Kratom leaf extract was treated with 0.2 g 

magnesium powder and several drops of 

concentrated HCl. Development of an orange-

red to purple color was interpreted as a positive 

reaction for flavonoids (Kurnianto et al., 2021). 

Terpenoid and steroid test 

Kratom leaf extract was treated with two drops 

of Liebermann-Burchard reagent. A brownish-

red/red-purple color was interpreted as a positive 

reaction for terpenoids, whereas a blue-green 

color was interpreted as a positive reaction for 

steroids (Irfansyah et al., 2024). 

Phenolic test 

Kratom leaf extract was treated with 1% FeCl₃. 

Development of a dark green to black coloration 

was interpreted as a positive reaction for 

phenolic compounds (Masriani et al., 2023; 

Bawekes et al., 2023). 

Saponin test 

Kratom leaf extract was mixed with 10 mL 

distilled water and shaken vigorously for 10 min. 

Persistent foam of approximately 1–10 cm that 

remained for 15 min was interpreted as a positive 

reaction for saponins (Masriani et al., 2023). 

Bacterial strain, culture conditions, and 

inoculum preparation 

Cutibacterium acnes ATCC 6919 was used as 

the test microorganism. The bacterium was 

cultured in Brain Heart Infusion (BHI) medium 

at 37°C for 24 h. The bacterial suspension was 

adjusted spectrophotometrically to an optical 

density of 0.1 at 600 nm (OD600 = 0.1) and 

subsequently diluted to OD600 = 0.01 for use in 

the antibacterial and biofilm formation 

inhibition assays, following the inoculum-

preparation approach reported by Mochtar et al. 

(2022). No strain-specific OD-to-CFU 

calibration or viable-count verification was 

documented; therefore, the inoculum density is 

reported based on OD600 rather than as an 

estimated CFU/mL. The source of the working 

culture and the atmospheric conditions used 

during cultivation and subsequent assays were 

not documented in the available study records. 

Gram staining 

A bacterial smear was prepared on a microscope 

slide, air-dried, and sequentially stained with 

crystal violet, Lugol iodine, decolorized with 

alcohol, and counterstained with safranin 

according to a standard Gram-staining procedure 

(Deswita et al., 2021). Stained preparations were 

examined microscopically to confirm the Gram-

positive coryneform morphology expected for C. 

acnes (Pribadhi et al., 2023). Cell dimensions 

were not used as a quantitative identification 

criterion in this study. 
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Antibacterial activity 

Antibacterial activity was evaluated using the 

disc diffusion method on Nutrient Agar (NA) 

inoculated with a standardized suspension of 

Cutibacterium acnes ATCC 6919. Kratom leaf 

extract was prepared at concentrations of 1%, 

0.5%, 0.25%, and 0.125% (w/v), and sterile 

paper discs were immersed in the respective 

extract solutions before being placed on the 

inoculated agar surface. Medi-Klin® solution 

containing 1% (w/v) clindamycin phosphate was 

used as the positive control and was applied 

using the same disc-immersion procedure. A 

negative control was included for comparison. 

The plates were incubated at 37°C for 24 h. After 

incubation, the diameters of the clear inhibition 

zones surrounding the discs were measured in 

millimeters in two perpendicular directions. 

Each treatment was evaluated in triplicate (n = 

3), and the results were expressed as mean ± 

standard deviation. The disc-diffusion procedure 

was adapted from established antibacterial 

testing of ethanolic plant extracts (Nasution et 

al., 2023). 

Biofilm formation inhibition assay (24 and 48 h) 

The assay was designed to evaluate inhibition of 

biofilm formation rather than eradication of 

preformed biofilms. Each treatment well 

contained 75 μL of Brain Heart Infusion (BHI) 

medium, 15 μL of Cutibacterium acnes ATCC 

6919 suspension, and 10 μL of kratom leaf 

extract at concentrations of 1%, 0.5%, 0.25%, or 

0.125% (w/v), resulting in a final volume of 100 

μL per well. BHI medium without bacterial 

inoculum was used as the blank, whereas 

bacterial suspension without extract treatment 

served as the untreated growth control (negative 

control). Medi-Klin® solution containing 1% 

(w/v) clindamycin phosphate was used as the 

positive control. The microplates were incubated 

at 37°C for 24 or 48 h. After incubation, the 

wells were washed three times with sterile 

distilled water to remove non-adherent cells. 

Subsequently, 125 μL of 1% crystal violet 

solution was added to each well to stain the 

attached biofilm biomass. The wells were then 

washed three times to remove excess crystal 

violet, and the retained stain was solubilized 

with 200 μL of 96% ethanol. Optical density was 

measured at 595 nm using a microplate reader. 

Each treatment and control was evaluated in 

triplicate (n = 3). The crystal violet microtiter-

plate procedure was based on previously 

reported biofilm assays (Tobi et al., 2022; 

Hamzah et al., 2021; Henra et al., 2025; Henra 

et al., 2026). The percentage of biofilm 

formation inhibition was calculated using the 

following equation:

 

                           (OD untreated control – OD treated sample) 

             Biofilm Inhibition (%)  =                                                                                    x 100 

                         OD untreated control 

Where OD untreated control represents the mean 

OD595 of the untreated bacterial growth control, 

and OD treated sample represents the mean 

OD595 of the corresponding extract-treated 

group. The lowest tested concentration 

producing ≥ 50% inhibition of biofilm formation 

was identified for each incubation period. 

Statistical analysis 

Three replicate measurements were available for 

each experimental group (n = 3). Data are 

presented as mean ± standard deviation (SD). 

Normality was assessed using the Shapiro-Wilk 

test. For the antibacterial assay, differences 

among treatment groups were analyzed using 

one-way analysis of variance (ANOVA), 

followed by Tukey’s honestly significant 

difference (HSD) post hoc test. For the biofilm 

formation inhibition assay, one-way ANOVA 

was performed separately for the 24-h and 48-h 

incubation periods using the four extract-

treatment groups and the positive-control group. 

Tukey’s HSD post hoc test was applied when the 

overall ANOVA indicated a statistically 

significant difference. Statistical significance 

was set at p < 0.05. The untreated bacterial 

growth control was used as the reference for 

calculating the percentage of biofilm formation 

inhibition and was not included among the five 

treatment groups used for post hoc comparisons. 

Statistical analyses were performed using 

GraphPad Prism 8.0. 
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RESULTS AND DISCUSSION 

The extract 

Maceration of 200 g of dried kratom leaf powder 

with 96% ethanol yielded 38.96 g of 

concentrated extract, corresponding to a yield of 

19.48% (Table 1). The use of 96% ethanol is 

consistent with the extraction procedure and 

extract-yield data reported for this study. 

Extraction yield is influenced by solvent 

composition, extraction time, particle 

characteristics, and other processing conditions 

(Asworo & Widwiastuti, 2023; Senduk et al., 

2020).

 

Table 1. Results of extract yield 

Solvent Weight of Simplisia (g) Extract Weight (g) Yield (%) 

Ethanol 96% 200 38.96 19.48 

The 19.48% yield reflects the mass of 

concentrated extract recovered relative to the 

starting dried plant material. Maceration is a 

low-temperature extraction procedure 

commonly used for plant materials because it 

can limit thermal degradation of heat-sensitive 

constituents (Asworo & Widwiastuti, 2023). 

Because extraction yield depends on solvent 

composition, particle size, plant-to-solvent ratio, 

extraction time, and residual moisture, direct 

comparison with other studies should be made 

only when these parameters are comparable 

(Senduk et al., 2020). The present yield therefore 

describes extraction recovery and should not be 

interpreted as a direct measure of biological 

potency. 

The use of 96% ethanol allows extraction of a 

broad range of relatively polar and moderately 

non-polar constituents and is commonly used in 

phytochemical studies of plant materials 

(Wendersteyt et al., 2021; Yuniarti et al., 2020). 

However, the extract was not chemically 

standardized in the present study; consequently, 

the concentration of mitragynine or other 

individual constituents in the test solutions is 

unknown. 

After solvent removal at 40°C, the concentrated 

extract was used for qualitative phytochemical 

screening and preparation of the antibacterial 

and biofilm-formation test concentrations. 

Similar low-temperature concentration 

approaches have been used for ethanolic plant 

extracts to obtain concentrated material for 

subsequent biological testing (Hamzah et al., 

2021). 

Screening of phytochemicals  

Qualitative phytochemical screening detected 

alkaloids, flavonoids, steroids, and phenolic 

compounds, whereas terpenoids and saponins 

were not detected (Table 2). These findings are 

broadly consistent with previous reports 

showing that kratom leaves contain multiple 

classes of secondary metabolites, although the 

detected profile may vary with plant source and 

extraction conditions (Yuniarti et al., 2020; 

Masriani et al., 2023; Maulia et al., 2021). 

The screening results provide only class-level 

qualitative information. Differences between 

studies may arise from plant origin, solvent 

composition, extraction conditions, and the 

sensitivity of color- or precipitation-based 

reactions (Putri & Lubis, 2020; Masriani et al., 

2023). In the present study, no quantitative 

alkaloid, flavonoid, or phenolic assay and no 

chromatographic profiling were performed. 

Therefore, these results cannot identify the 

compound or compound class responsible for the 

antibacterial or biofilm formation inhibitory 

activity. 

The positive Mayer reaction supported the 

presence of alkaloids, consistent with the 

formation of a characteristic precipitate in 

qualitative alkaloid testing (Putri & Lubis, 

2020). The orange color in the magnesium/HCl 

reaction supported the presence of flavonoids 

(Dewi et al., 2021). The green Liebermann-

Burchard reaction was consistent with steroids, 

whereas the absence of the characteristic 

terpenoid coloration supported a negative 

terpenoid result (Nurjannah et al., 2022). The 
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FeCl₃ reaction supported the presence of 

phenolic compounds (Bawekes et al., 2023). The 

saponin reaction was negative because persistent 

foam was not observed. These observations 

should be interpreted as preliminary 

phytochemical screening rather than chemical 

standardization of the extract. 

Table 2. Results of phytochemical screening. 

Compound Result Description 

Alkaloid + White precipitate 

Flavonoid + Orange color 

Terpenoid - No red/purple coloration 

Steroid + Green coloration 

Phenolic + Dark green/black coloration 

Saponin - Foam not persistent 

Description: 

(-) Negative = Does not contain compounds; (+) Positive = Contains compounds 

 

Identification of Cutibacterium acnes 

Microscopic examination after Gram staining 

showed purple, pleomorphic rod-

shaped/coryneform cells consistent with a 

Gram-positive Cutibacterium morphology 

(Figure 1), in agreement with previous 

descriptions of C. acnes morphology and Gram-

staining characteristics (Sasebohe et al., 2023; 

Pribadhi et al., 2023). Gram staining was used as 

a basic morphological quality check. The test 

strain used in this study was C. acnes ATCC 

6919, as specified in the Materials and Methods. 

 

Figure 1. Cutibacterium acnes ATCC 6919 after 

Gram staining. 

 

Antibacterial results 

Antibacterial testing using the disc diffusion 

method produced clear inhibition zones around 

the discs. Figure 2 shows the inhibition zones 

obtained at the tested extract concentrations and 

with the positive control. 

Among the tested extract concentrations, 1% 

(w/v) produced the largest mean inhibition zone 

(10.83 ± 0.76 mm), followed by 0.5% (8.67 ± 

2.08 mm), 0.25% (5.50 ± 1.00 mm), and 0.125% 

(3.67 ± 1.26 mm). The positive control 

(clindamycin phosphate 1% w/v) produced an 

inhibition zone of 11.67 ± 3.06 mm, whereas the 

negative control produced no measurable 

inhibition zone. One-way ANOVA showed an 

overall difference among the five treatment 

groups, F(4,10) = 10.45, p = 0.0013. Tukey's 

HSD showed significant differences between 

0.125% and 0.5% (adjusted p = 0.0465), 0.125% 

and 1% (p = 0.0052), 0.125% and the positive 

control (p = 0.0024), 0.25% and 1% (p = 

0.0329), and 0.25% and the positive control (p = 

0.0140); all other pairwise comparisons were not 

significant. These results indicate a 

concentration-related increase in inhibition-zone 

diameter. Descriptive categories such as 

“strong,” “moderate,” or “weak” were not used 

because no validated interpretive standard for 

crude plant extracts was applied. Disc-diffusion 

zone diameters reflect both antibacterial activity 

and diffusion of extract constituents through 

agar and should not be interpreted using clinical 

antibiotic breakpoints. Previous studies likewise 

reported antibacterial activity of kratom 

preparations against acne-associated bacteria, 

although direct comparison is limited by 

differences in plant material, extraction 

procedure, test concentration, and assay 
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conditions (Suhaimi et al., 2019; Putri et al., 

2023). Clindamycin, used here as the positive 

control, is a lincosamide antibiotic that inhibits 

bacterial protein synthesis through binding to the 

50S ribosomal subunit (Luchian et al., 2021).

 

 

Figure 2. Disc-diffusion assay of kratom leaf extract at (a) 1%, (b) 0.5%, (c) 0.25%, and (d) 0.125% (w/v), 

and (e) positive control (Medi-Klin, clindamycin phosphate 1% w/v solution). 

 

Biofilm formation inhibition results 

Crystal violet measurements were converted to 

percentage inhibition relative to the untreated 

growth control. Because the extract was present 

from the beginning of incubation, the assay 

quantifies prevention/inhibition of biofilm 

formation rather than eradication of an 

established biofilm, consistent with the 

interpretation of microtiter-plate biofilm 

inhibition assays (Tobi et al., 2022; Hamzah et 

al., 2021). The mean inhibition values at 24 and 

48 h are summarized in Figure 3. 

At 24 h, the positive control produced 79.18% 

biofilm inhibition, while kratom extract 

produced 70.67%, 65.84%, 49.93%, and 46.44% 

inhibition at 1%, 0.5%, 0.25%, and 0.125% 

(w/v), respectively. The one-way ANOVA 

across the positive-control and extract-treatment 

groups was significant, F(4,10) = 5.50, p = 

0.0133. Tukey's HSD identified significant 

differences between the positive control and 

0.25% extract (adjusted p = 0.0367) and between 

the positive control and 0.125% extract (p = 

0.0193); all other pairwise comparisons were not 

significant. At 48 h, the positive control 

produced 65.91% inhibition, and the extract 

produced 58.75%, 56.94%, 45.61%, and 40.53% 

inhibition at 1%, 0.5%, 0.25%, and 0.125% 

(w/v), respectively. The overall difference 

among these five groups was not significant, 

F(4,10) = 2.11, p = 0.1537. At both time points, 

0.5% (w/v) was the lowest tested extract 

concentration producing at least 50% inhibition. 

Because the tested concentrations were discrete 

and no validated dose–response model was 

fitted, 0.5% is reported as the lowest tested 

concentration meeting the ≥ 50% criterion rather 

than as an exact MBIC₅₀. The lower inhibition 

observed after 48 h than after 24 h is consistent 

with the greater persistence and structural 

complexity that can develop as C. acnes biofilms 

mature, although the present assay does not 

directly measure matrix architecture or biofilm 

viability (Coenye et al., 2022; Henra, et al., 

2025; Henra et al., 2026). Studies of plant-

derived compounds against C. acnes have 

similarly shown that inhibition of biofilm 

formation can occur independently of 

eradication of established biofilms (De Canha et 

al., 2020). The observed concentration-response 

trend may reflect greater exposure to one or 

more extract constituents at higher 

concentrations; however, the qualitative 

phytochemical data do not identify the active 

compound(s), and specific attribution to 

alkaloids or mitragynine is not supported by this 

study.
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Figure 3. Inhibition of Cutibacterium acnes biofilm formation after 24 h and 48 h of incubation. Bars represent 

mean ± SD derived from three replicate measurements (n = 3) reported in the thesis. Percent inhibition was 

calculated relative to the untreated growth control. At 24 h, Tukey's HSD indicated no significant difference 

between clindamycin phosphate 1% and the 1% kratom extract (adjusted p = 0.8427). At 48 h, the overall 

ANOVA was not significant; therefore, post hoc significance claims were not made. 

 

CONCLUSIONS 

The 96% ethanolic leaf extract of kratom 

(Mitragyna speciosa Korth.) showed 

antibacterial activity and inhibited 

Cutibacterium acnes ATCC 6919 biofilm 

formation under the conditions tested. The 1% 

(w/v) extract produced the largest antibacterial 

inhibition zone among the extract treatments 

(10.83 ± 0.76 mm) and the highest biofilm 

inhibition among the extract concentrations, 

reaching 70.67% at 24 h and 58.75% at 48 h. The 

lowest tested concentration producing ≥50% 

biofilm inhibition was 0.5% (w/v) at both time 

points; an exact MBIC₅₀ was not determined 

because a validated dose-response model was 

not fitted. Qualitative phytochemical screening 

detected alkaloids, flavonoids, steroids, and 

phenolic compounds; however, the specific 

compounds responsible for the antibacterial and 

biofilm formation inhibitory activities remain 

unknown. Further studies should chemically 

standardize the extract, identify active 

constituents, validate activity across well-

characterized C. acnes strains, and clarify 

mechanisms of action. 
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