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Escherichia coli is an important bacterial pathogen associated with
various infections, and the increasing prevalence of antimicrobial
resistance highlights the need to investigate alternative antibacterial
agents. This study evaluated the antibacterial activity of ethanol
extracts of sappan wood (Caesalpinia sappan L.) and mint leaves
(Mentha piperita L.), individually and in combination, against E. coli
[insert the confirmed strain designation]. The extracts were prepared
by maceration using 70% ethanol. Antibacterial activity was assessed
using broth dilution and disk diffusion methods, while the
interaction between extracts was evaluated qualitatively using the
paper strip method. Disk diffusion tests were performed in
triplicate, and inhibition zone data were analyzed using one-way
analysis of variance (ANOVA) followed by Tukey’s post hoc test,
with statistical significance set at p < 0.05. The minimum inhibitory
concentration (MIC) could not be determined by visual observation
because the extracts’ color and turbidity interfered with the
assessment of bacterial growth. No alternative quantitative MIC
determination was performed; therefore, the MIC values remain
undetermined. The minimum bactericidal concentration (MBC),
determined by subculturing onto Endo Agar, was 12.5% for sappan
wood extract and 25% for mint leaf extract. Among the tested
combinations, the 2:1 ratio of sappan wood to mint leaf extract
produced the largest inhibition zone (27.28 + 0.33 mm; n = 3). One-
way ANOVA indicated significant differences among treatment
groups (p < 0.001). The paper strip test showed an inhibition pattern
suggestive of a possible synergistic interaction; however, this finding
was qualitative and was not confirmed using a combination index or
fractional inhibitory concentration index. These findings indicate
that the 2:1 combination exhibited the greatest antibacterial activity
among the tested formulations under the experimental conditions,
warranting further investigation using quantitative combination
methods.
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INTRODUCTION

Escherichia coli is a Gram-negative bacterium commonly found in the human gastrointestinal tract,
although certain pathogenic strains can cause infections, including urinary tract infections,
diarrhea, and wound infections. The increasing prevalence of antimicrobial resistance has made
bacterial infections more difficult to treat and has reduced the effectiveness of several commonly
used antibiotics. The World Health Organization reported that approximately one in six
laboratory-confirmed bacterial infections worldwide was resistant to antibiotic treatment in 2023,
highlighting the continuing need to investigate potential antibacterial agents and alternative
strategies for managing bacterial infections (World Health Organization, 2025). In this context,
medicinal plants have attracted research interest because their extracts contain diverse chemical
constituents that may exhibit antibacterial activity. However, their potential must be evaluated
experimentally before their effectiveness can be established.

Sappan wood (Caesalpinia sappan L.) and mint leaves (Mentha piperita L.) are two medicinal
plant materials that have been investigated for their potential antibacterial properties. Previous
studies have reported antibacterial activity of sappan wood extracts against pathogenic bacteria,
including E. coli, while research on M. piperita has also demonstrated antibacterial effects against
several bacterial species (Sujana et al., 2013; Indrayudha, 2021; Pattananandecha et al.,, 2022;
Chukiatsiri et al., 2024). Sappan wood has been reported to contain phenolic compounds, including
brazilin-related constituents, whereas mint leaves are associated with volatile compounds such as
menthol and menthone. Nevertheless, the presence and concentration of these individual
compounds in the extracts used in the present study were not determined through instrumental
chemical analysis. Therefore, their specific contributions to the observed antibacterial activity
cannot be established from the present data. The preliminary phytochemical screening performed
in this study provides information about broad classes of secondary metabolites but does not
confirm the identity, concentration, or individual antibacterial contribution of specific compounds.

One plant with potential for development as a source of natural antibacterial agents is
sappan wood (Caesalpinia sappan L.). Sappan wood contains various secondary metabolites,
including brazilin, brazilein, flavonoids, tannins, lignans, steroids, and terpenoids. Brazilin is one
of the characteristic compounds found abundantly in sappan wood and is known to contribute to
various biological activities. The presence of phenolic compounds and other secondary metabolites
provides a scientific basis for the use of C. sappan as a plant with potential antimicrobial activity
(Leswara et al., 2024; Chukiatsiri et al., 2024; Nirmal et al., 2015; Pattananandecha et al., 2022).

In addition to sappan wood, mint leaves (Mentha piperita L.) are also plants with potential
as a source of natural antibacterial agents. Mint leaves contain various bioactive compounds,
particularly menthol, menthone, flavonoids, phenolic compounds, and other volatile components.
These components can affect bacterial cell structure and function through interactions with cell
membranes and disruption of metabolic processes. The volatile compounds in M. piperita may also
contribute to antimicrobial activity because some of these components are lipophilic and can
interact with bacterial membranes (Afrin et al., 2023; Sujana et al., 2013; Pulipati et al., 2016; Porwal
et al., 2025).

The use of two antibacterial agents in combination may produce different activity
compared with the use of each agent alone. Combinations containing bioactive compounds with
different mechanisms of action may produce additive or synergistic effects. Sappan wood contains
phenolic compounds such as brazilin and brazilein, whereas mint leaves contain components such
as menthol, menthone, flavonoids, and phenolic compounds. The different characteristics of these
compounds provide a basis for investigating whether mutually enhancing interactions occur when
the two extracts are used together. However, the presence of a synergistic effect needs to be
demonstrated experimentally because the response to a combination may be influenced by
concentration, component ratio, and the characteristics of the bacteria used (Nirmal et al., 2015;
Indrayudha, 2021).
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Studies on antibacterial combinations have also shown that the use of plant extracts
together with other antibacterial agents can produce different types of interactions.Indrayudha
(2021) reported that a combination of peppermint leaf ethanol extract and amikacin exhibited
antibacterial activity against Klebsiella pneumoniae, Staphylococcus aureus, and E. coli, and
showed a synergistic interaction pattern under certain conditions. These findings provide a basis
for the potential role of M. piperita extract in antibacterial combination systems. However, that
study used an antibiotic as the combination partner, whereas the simultaneous use of sappan wood
and mint leaf extracts against E. coli has been less extensively studied (Indrayudha, 2021).

In the present study, antibacterial activity was assessed using disk diffusion, while the
interaction between the extracts was examined qualitatively using the paper strip method. These
methods provide complementary information: disk diffusion allows comparison of inhibition-zone
diameters, whereas the paper strip method permits observation of changes in inhibition-zone
morphology where the two agents interact. However, qualitative changes in the inhibition zone
cannot establish the magnitude of synergy or provide a quantitative interaction index. Moreover,
the MIC of each extract could not be determined by visual observation because the color and
turbidity of the extracts interfered with the assessment of bacterial growth. Although the minimum
bactericidal concentration (MBC) was subsequently determined by subculture, MBC results cannot
replace MIC measurements for calculating FICI. Therefore, the interaction observed in this study
should be interpreted as a qualitative pattern suggestive of a possible synergistic interaction, rather
than definitive quantitative evidence of synergy.

Despite previous reports of the antibacterial activity of sappan wood and mint leaf
extracts, the interaction between these two extracts against E. coli requires further experimental
clarification. Specifically, it remains uncertain whether their combination produces a genuinely
synergistic effect and how different proportions of sappan wood and mint leaf extracts influence
the observed antibacterial response. Evaluating the 1:1, 1:2, and 2:1 ratios can identify which tested
formulation produces the largest inhibition zone, although quantitative confirmation of synergy
would require additional MIC-based combination testing, such as a checkerboard assay with FICI
calculation. Addressing these questions is important to distinguish enhanced antibacterial activity
from a true synergistic interaction and to establish the appropriate interpretation of the
experimental findings.

Accordingly, this study aimed to evaluate the antibacterial activity of ethanol extracts of
sappan wood (C. sappan L.) and mint leaves (M. piperita L.), individually and in combination,
against E. coli; determine the MBC of each extract when the MIC could not be reliably assessed;
compare the antibacterial activity of combinations at ratios of 1:1, 1:2, and 2:1; and qualitatively
examine the interaction pattern of the most active combination using the paper strip method. By
distinguishing inhibition-zone activity from quantitative evidence of synergy, this study provides
preliminary experimental information on the antibacterial potential of the two extracts and
identifies the need for further MIC-based combination testing.

RESEARCH METHOD

This laboratory experimental study evaluated the antibacterial activity of ethanol extracts of
sappan wood (Caesalpinia sappan L.) and mint leaves (Mentha piperita L.) against Escherichia coli. The
study included extract preparation, phytochemical screening, bacterial identification,
determination of minimum inhibitory concentration (MIC) and minimum bactericidal
concentration (MBC), disk diffusion testing, and qualitative assessment of extract interactions
using the paper strip method.

Sappan wood and mint leaves were dried, powdered, and extracted separately by
maceration using 70% ethanol. For each plant material, 500 g of powder was used. The resulting
extracts were concentrated by evaporation, yielding 45 g of sappan wood extract and 72 g of mint
leaf extract, corresponding to extraction yields of 9.0% and 14.4%, respectively. The extracts were
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subjected to preliminary phytochemical screening for flavonoids, alkaloids, tannins, saponins, and
triterpenoids/steroids. The bacterial isolate was identified through macroscopic examination,
microscopic examination using Gram staining, and biochemical testing. The specific strain
designation and source of the E. coli isolate were not documented in the available method
description and should be added if this information is available in the laboratory records.

The MIC and MBC were investigated using a dilution method with extract concentrations
of 100%, 50%, 25%, 12.5%, 6.25%, 3.125%, 1.562%, 0.781%, 0.39%, and 0.195%. The preparations
were incubated at 37°C for 24 h. MIC was intended to be determined as the lowest concentration
that visibly inhibited bacterial growth. However, the intense color and turbidity of the extracts
interfered with visual assessment; therefore, a reliable MIC endpoint could not be established. No
alternative quantitative MIC method was performed. MBC was determined by subculturing
samples onto Endo Agar and identifying the lowest concentration that showed no bacterial colony
growth after incubation. The MBC values were 12.5% for sappan wood extract and 25% for mint
leaf extract.

The antibacterial activity of the individual extracts and their combinations was evaluated
using the disk diffusion method on Mueller-Hinton agar. The tested treatments comprised sappan
wood extract, mint leaf extract, and combinations at sappan wood-to-mint ratios of 1:1, 1:2, and 2:1.
Ciprofloxacin was used as the positive control, and dimethyl sulfoxide (DMSO) was used as the
negative control. The plates were incubated at 37°C for 18-24 h, after which inhibition-zone
diameters were measured in millimeters. Each treatment was tested in triplicate. The available
method description does not specify the disk diameter, extract volume applied per disk, final
concentration of each extract in the combinations, or the bacterial inoculum standardization
procedure; these details should be added from the original laboratory records where available.

The 2:1 combination produced the largest inhibition zone among the tested extract
treatments. However, the ratio represents the relative proportion of the extracts and does not, by
itself, specify the final dose applied to each disk. The basis of the ratio and the final concentration
and volume of each extract should therefore be clarified if recorded. The paper strip method was
used to qualitatively examine the interaction pattern of the most active combination. Because this
method provides a visual assessment and no MIC-based fractional inhibitory concentration index
(FICI) was calculated, the observed pattern was interpreted as suggestive of a possible interaction
rather than definitive quantitative evidence of synergy.

Inhibition-zone data were analyzed using SPSS version 25. Data normality was assessed
using the Shapiro-Wilk test, and homogeneity of variance was assessed using Levene’s test. Data
meeting the assumptions for parametric analysis were evaluated using one-way analysis of
variance (ANOVA), whereas the Kruskal-Wallis test was used when the relevant assumptions
were not met. Post hoc comparisons were conducted as appropriate, including Tukey’s test
following a significant ANOVA result. Statistical significance was set at p < 0.05. The original
results reported significant differences among treatment groups (p < 0.001). The three replicates
reported for each treatment must be clarified as independent experimental replicates or technical
replicates. The ANOVA F statistic, degrees of freedom, effect size, and confidence intervals should
be reported using the original statistical output and raw data.

RESULTS AND DISCUSSIONS

Extract Characteristics

Extraction of 500 g of sappan wood powder and 500 g of mint leaf powder using 70%
ethanol yielded 45 g and 72 g of concentrated extracts, respectively. The corresponding extraction
yields were 9.0% for sappan wood and 14.4% for mint leaves (Table 1). Extraction yield was
calculated as the mass of concentrated extract divided by the initial mass of dried plant powder,
multiplied by 100.

Dinar Wahyu Nan Dini, Antibacterial activity of combined ethanol extracts of sappan wood (caesalpinia
sappan l.) and mint leaves (mentha piperita 1.) against escherichia coli



900 ISSN 2086-7689 (Print) | 2721-9453 (Online)

Table 1. Yield of sappan wood and mint leaf extracts
Sample Powder weight (g)  Extract weight (g)  Yield (%)
Sappan wood 500 45 9.0
Mint leaves 500 72 144

The mint leaf extract had a higher yield than the sappan wood extract. This difference
indicates that a greater mass of concentrated extract was recovered from the mint leaf material
under the extraction conditions used. However, extraction yield alone does not establish
antibacterial potency or the concentration of individual active compounds. The difference may be
associated with the composition of each plant material and the compounds extracted by 70%
ethanol, although these factors were not separately evaluated in this study.

The measured moisture content was 5.99 £ 0% for sappan wood extract and 8.99 £ 0% for
mint leaf extract. Both values were below 10%. Any claim that these values meet a formal quality
standard should be supported by a specific, applicable reference that defines the standard for the
type of extract examined. The yield calculation described above is a gravimetric calculation; it
should not be presented as compliance with a particular pharmacopoeial or regulatory yield
standard unless that standard was actually used.

Phytochemical Screening
Preliminary phytochemical screening identified several classes of secondary metabolites in
both extracts. The results are presented in Table 2.

Table 2. Phytochemical screening results of the extracts

Compound class Sappan wood  Mint leaves
Flavonoids + +
Alkaloids +* +*
Tannins + +
Saponins + +
Triterpenoids/ steroids + +

The screening results indicate that the extracts contained detectable members of the tested
phytochemical classes. Nevertheless, these qualitative tests do not establish the identity or
concentration of individual compounds. Although previous studies have reported brazilin-related
constituents in sappan wood and volatile constituents such as menthol and menthone in
peppermint, these compounds were not individually identified or quantified in the extracts used in
the present study. Therefore, the phytochemical findings provide preliminary information about
the chemical classes detected but do not demonstrate which compounds were responsible for the
observed antibacterial effects. Claims about specific compounds or their mechanisms should be
treated as hypotheses informed by previous literature rather than as direct findings of this
experiment. Chromatographic analysis, such as HPLC or GC-MS where appropriate, would be
required to characterize relevant constituents more specifically.

Minimum Inhibitory Concentration and Minimum Bactericidal Concentration

The dilution test was performed at concentrations of 100%, 50%, 25%, 12.5%, 6.25%,
3.125%, 1.5625%, 0.7812%, 0.3906%, and 0.1953%. Following incubation, all tubes containing
sappan wood and mint leaf extracts remained visually turbid at the tested concentrations.
Consequently, the MIC could not be reliably determined because the color and turbidity of the
extracts interfered with the visual assessment of bacterial growth. The individual observations are
shown in Table 3.

Table 3. MIC test results
Concentration (%) SappanwoodR1 R2 R3 MintleavesR1 R2 R3
100 + + o+ + + o+
50 + + o+ + + o+
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Concentration (%) Sappanwood Rl R2 R3 MintleavesR1 R2 R3

25 + + + + + +
12.5 + + + + + +
6.25 + + + + + +
3.125 + + + + + +
1.5625 + + + + + +
0.7812 + + + + + +
0.3906 + + + + + +
0.1953 + + + + + +

Note: (+) bacterial growth present/turbid observation

The results in Table 3 do not establish an MIC endpoint. No alternative quantitative MIC
method was performed in this study; therefore, MIC values should not be inferred from the
turbidity observations. This limitation is particularly important when interpreting the combination
experiments because an MIC-based interaction index cannot be calculated without reliable MIC
values for the individual extracts and their combinations.

The MBC test was subsequently performed by subculturing the tested preparations onto
Endo Agar. The results are presented in Table 4.

Table 4. MBC test results
Concentration (%) Sappanwood R1 R2 R3 MintleavesR1 R2 R3

100 - - - - - -

50 - - - - - -

25 - - - - - -
125 - - - + + o+
6.25 + + + + + +
3.125 + + + + + +
1.5625 + + + + + +
0.7812 + + + + + +
0.3906 + + + + + +
0.1953 + + o+ + + o+

Note: (+) bacterial growth present; (—) n

o

bacterial growth

The MBC was 12.5% for sappan wood extract and 25% for mint leaf extract. Under the
conditions of this experiment, the sappan wood extract therefore reached the no-growth endpoint
at a lower tested concentration than the mint leaf extract. This finding is consistent with the larger
inhibition zone produced by the individual sappan wood extract in the disk diffusion assay.
However, the results do not identify the specific chemical constituents responsible for this
difference. Any explanation involving brazilin, flavonoids, tannins, or other compounds should be
presented as a possible explanation based on previous literature, not as a mechanism confirmed by
the current experiment (Nirmal et al., 2015; Pattananandecha et al., 2022).

Antibacterial Activity Using the Disk Diffusion Method

Antibacterial activity was subsequently determined based on inhibition zone diameter.
The positive control, ciprofloxacin 5 pg/mL, produced a mean inhibition zone of 39.58 + 1.02 mm,
whereas the negative control, 1% DMSO, produced no inhibition zone. These results indicate that
the test method was able to distinguish the antibacterial activity of the test materials and that 1%
DMSO did not produce an inhibitory effect under the study conditions.

Table 5. Antibacterial activity of extracts and combinations against E. coli

Treatment Replication I Replication I1 Replication 111 Mean + SD Category
(mm) (mm) (mm) (mm)
Ciprofloxacin 5 40.55 39.70 38.50 39.58 £1.02 Very strong
ug/mL
DMSO 1% 0 0 0 0 No inhibition

zone
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Treatment Replication I Replication II Replication III Mean + SD Category
(mm) (mm) (mm) (mm)
Sappan wood 14.10 13.60 15.20 14.30 £ 0.81 Strong
extract
Mint leaf extract 10.10 9.60 9.10 9.60 £ 0.50 Moderate
EKS1:EDM 1 13,10 14.90 14,30 14,10 £ 0,91 Strong
EKS1:EDM2 15.80 15.87 16.08 15.92 £0.22 Strong
EKS2:EDM 1 27.25 27.05 27.54 27.28+0.33 Very strong

Note: EKS = sappan wood extract; EDM = mint leaf extract

The results showed that all individual extracts and combinations were able to inhibit the
growth of E. coli. Sappan wood extract produced an inhibition zone of 14.30 + 0.81 mm, which was
larger than that produced by mint leaf extract, 9.60 £ 0.50 mm. This result is consistent with the
MBC findings, in which sappan wood had a lower bactericidal concentration. This activity was
likely associated with the flavonoid, tannin, saponin, and phenolic compounds in sappan wood,
which can disrupt bacterial cell structure and function (Batubara et al., 2010; Nirmal et al., 2015).

The findings demonstrate that the measured antibacterial response differed among the
tested formulations. However, disk diffusion results can be affected by both antibacterial activity
and the ability of extract constituents to diffuse through agar. Furthermore, the manuscript does
not provide the final concentration and volume of each extract applied to the disks. The ratio alone
is insufficient to establish the actual dose of each component. Consequently, the larger inhibition
zone of the 2:1 combination should be interpreted as enhanced inhibition under the specific disk
diffusion conditions, rather than definitive evidence of synergy.

The original analysis reported that the data met the assumptions of normality and
homogeneity and were analyzed using one-way ANOVA, followed by Tukey’s post hoc test. The
overall significance value reported as 0.000 should be written as p < 0.001. The complete ANOVA
table, including the F statistic and degrees of freedom, as well as the exact post hoc comparisons,
effect size, and confidence intervals, should be added using the original statistical output. These
values cannot be reconstructed reliably from the summary means and standard deviations alone,
particularly without confirmation of the replication structure.

Interaction Pattern of the Combination Using the Paper Strip Method

The 2:1 combination of sappan wood and mint leaf extracts was selected for qualitative
assessment using the paper strip method because it produced the largest inhibition zone in the disk
diffusion assay. The original observation showed a change in the inhibition-zone morphology at
the intersection of the strips. The original figure documenting this observation should be retained
as Figure 1.

Figure 1. Antibacterial activity test of the combination of sappan wood and mint leaf extracts using
the paper strip method

The observed inhibition-zone pattern suggests a possible interaction between the two
extracts under the test conditions. Nevertheless, the paper strip method provides a qualitative
observation and does not quantify the magnitude of interaction. A larger inhibition zone from a

Science Midwifery, Vol.14, No. 4, October 2026: pp 896-905



Science Midwifery  ISSN 2086-7689 (Print) | 2721-9453 (Online) o 903

combination cannot by itself distinguish synergistic activity from the combined contribution of the
individual extracts, differences in component concentrations, or differences in agar diffusion.

Quantitative approaches such as a checkerboard assay with calculation of the fractional
inhibitory concentration index (FICI) can be used to evaluate extract interactions when reliable
MIC values are available. Time-kill experiments can provide complementary evidence by
examining bacterial survival over time. Other interaction models, including Bliss independence,
Loewe additivity, or ZIP, may also be considered when the experimental design and data meet the
requirements of those analyses. None of these quantitative analyses was performed in the present
study (Hanifa et al., 2022; Novitri & Kurniati, 2021).

Accordingly, the paper strip findings should be described as a qualitative pattern
suggestive of a possible interaction, rather than proof of synergism. The present results support
further evaluation of the 2:1 combination but do not establish the type or magnitude of the
interaction. In addition, because the individual compounds were not identified or quantified, the
observed response cannot be attributed directly to brazilin, menthol, menthone, or any other
specific compound. Overall, the study found that the 2:1 combination produced the largest
inhibition zone among the tested extract formulations, while sappan wood extract had a lower
MBC than mint leaf extract. These are the principal experimental findings. Further studies using
reliable MIC determination, quantitative combination testing, and chemical characterization would
be needed to confirm whether the observed interaction is synergistic and to investigate the
compounds potentially contributing to the antibacterial response.

CONCLUSION

The ethanol extracts of sappan wood (Caesalpinia sappan L.) and mint leaves (Mentha piperita L.)
exhibited antibacterial activity against Escherichia coli under the experimental conditions. Among
the tested formulations, the combination at a 2:1 ratio of sappan wood to mint leaf extract
produced the largest inhibition zone, measuring 27.28 + 0.33 mm. The MBC values were 12.5% for
sappan wood extract and 25% for mint leaf extract. The paper strip test revealed an interaction
pattern suggesting potential synergy between the two extracts. However, because the MIC could
not be reliably determined and no quantitative combination assay or fractional inhibitory
concentration index (FICI) was obtained, synergism cannot be conclusively established. Further
studies should employ a checkerboard assay with FICI calculation and, where appropriate,
complementary methods such as time-kill analysis to quantitatively characterize the interaction
between the extracts.

ACKNOWLEDGEMENTS

The authors would like to thank Universitas Setia Budi Surakarta, particularly the Faculty of
Pharmacy, for providing facilities and support during the research. The authors also thank all
laboratory staff who assisted throughout the research process. Special thanks are extended to Dr.
Ana Indrayati, S.5i., M.Si. and apt. Ghani Nurfiana Fadma Sari, M.Farm., as academic supervisors,
for their guidance, supervision, and valuable suggestions throughout the research and manuscript
preparation. The authors also thank all parties who provided assistance and support, both directly
and indirectly, enabling the completion of this study.

References

Afrin, A., Ahmed, A. U., Zannat, K. E., Tanzim, S. M., Saha, B. C,, Joynal, J. B., Aktar, M., Nira, N. H., Sabrin,
F., Nahar, S, Jahan, S., Shimu, R. N., & Hossain, M. A. (2023). Antibacterial activities of mint (Mentha
piperita) leaf extracts (aqueous) against two food borne infection causing pathogens: Staphylococcus
aureus and Escherichia coli. Mymensingh Medical Journal, 32(3), 659-665.

Al-Malkey, M. K., Mater, H. N., & Habash, N. K. (2025). Antibacterial activity of Mentha piperita extraction

Dinar Wahyu Nan Dini, Antibacterial activity of combined ethanol extracts of sappan wood (caesalpinia
sappan l.) and mint leaves (mentha piperita 1.) against escherichia coli



904 ISSN 2086-7689 (Print) | 2721-9453 (Online)

against  uropathogenic  bacteria. = Microbes  and  Infectious  Diseases,  6(3),  6134-6140.
https:/ /doi.org/10.21608 / MID.2025.375960.2701

Arip, M., Selvaraja, M., Mogana, R., Tan, L. F,, Leong, M. Y., Tan, P. L, Yap, V. L., Chinnapan, S., Tat, N. C,,
Abdullah, M., Dharmendra, K., & Jubair, N. (2022). Review on plant-based management in combating
antimicrobial resistance: Mechanistic —perspective. Frontiers in Pharmacology, 13, 879495.
https://doi.org/10.3389/fphar.2022.879495

Arta Putra, I. P. W. G. (2022). Prevalensi Escherichia coli pada spesimen urin penderita infeksi saluran kemih di
RSUP Sanglah tahun 2019. E-Jurnal Medika Udayana, 11(4), 58.
https://doi.org/10.24843 / mu.2022.v11.104.p09

Batubara, I., Darusman, L. K., Mitsunaga, T., Rahminiwati, M., & Djauhari, E. (2010). Potency of Indonesian
medicinal plants as tyrosinase inhibitor and antioxidant agent. Journal of Biological Sciences, 10(2), 138-
144. https:/ /doi.org/10.3923 /ibs.2010.138.144.

Chukiatsiri, K., Tippaya, K., & Ngasaman, R. (2024). Pharmaceutical activity of sappan wood extract
(Caesalpinia sappan L.) for treating Escherichia coli infection in piglets. Open Veterinary Journal, 14(4),
973-979. https:/ /doi.org/10.5455/OV].2024.v14.i4 .4

Hudz, N., Kobylinska, L., Pokajewicz, K., Hor¢inova Sedlackova, V., Fedin, R., Voloshyn, M., Myskiv, I,
Brindza, J., Wieczorek, P. P., & Lipok, J. (2023). Mentha piperita: Essential oil and extracts, their biological
activities, and perspectives on the development of new medicinal and cosmetic products. Molecules,
28(21). https:/ /doi.org/10.3390/ molecules28217444

Indrayudha, P. (2021). Antibacterial activity of combination of ethanol extract of peppermint leaves (Mentha
piperita L.) and amikacin against Klebsiella pneumoniae, Staphylococcus aureus, and Escherichia coli. Journal
of Nutraceuticals and Herbal Medicine, 4(1), 12-29. https:/ /doi.org/10.23917/jnhm.v4i1.15649

Irawan, E. W,, Sipahelut, S. G., & Mailoa, M. (2022). Potensi ekstrak kayu secang (Caesalpinia sappan L.) sebagai
pewarna alami pada selai pala (Myristica fragrans H.). Jurnal Teknologi Hasil Pertanian, 15(1), 74-85.
https://doi.org/10.20961/jthp.v15i1.58031

Jubair, N., Rajagopal, M., Chinnappan, S., Abdullah, N. B., & Fatima, A. (2021). Review on the antibacterial
mechanism of plant-derived compounds against multidrug-resistant bacteria. Evidence-Based
Complementary and Alternative Medicine, 2021, 3663315. https:/ /doi.org/10.1155/2021/3663315

Leswara, D. F., Nurhasanah, D., & Retno P., M. (2024). Uji aktivitas antibakteri infusa kayu secang (Caesalpinia
sappan L.) terhadap bakteri Escherichia coli ATCC 25922 dan Staphylococcus aureus ATCC 25923. Journal of
Pharmaceutical, 2(2), 70-82. https:/ /doi.org/10.30989 /jop.v2i2.1460

Lorent, J. H., Quetin-Leclercq, J., & Mingeot-Leclercq, M. P. (2014). The amphiphilic nature of saponins and
their effects on biological membranes. Organic & Biomolecular Chemistry, 12(44), 8803-8822.
https://doi.org/10.1039/C40OB01652A

Lukmayani, Y., Aryani, R., Hazar, S., & Mardliyani, D. (2022). Aktivitas antibakteri kombinasi ekstrak etanol
kayu secang dan minyak bunga cengkeh terhadap bakteri penyebab penyakit kulit. Jurnal Ilmu Farmasi
Farmasyifa, 5(1), 33-40.

Nirmal, N. P., et al. (2015). Antibacterial activities of standardized brazilin-rich Caesalpinia sappan extract.
Pharmaceutical Biology, 53(3), 320-328. https:/ /doi.org/10.3109/13880209.2014.982295

Nursifa, A. F., Hafiz, M. 1., Amalia, N. S., & Fasya, N. (2025). Mekanisme Escherichia coli dalam patogenesis
infeksi saluran kemih: Literature review, 5(2), 1495-1506.

Odds, F. C. (2003). Synergy, antagonism, and what the chequerboard puts between them. Journal of
Antimicrobial Chemotherapy. https:/ /doi.org/10.1093 /jac/ dkg301

Pattananandecha, T., Apichai, S., Julsrigival, J., Ogata, F., Kawasaki, N., & Saenjum, C. (2022). Antibacterial
activity against foodborne pathogens and inhibitory effect on anti-inflammatory mediators” production
of brazilin-enriched extract from  Caesalpinia  sappan  Linn.  Plants,  11(13), 1698.
https://doi.org/10.3390/ plants11131698

Pulipati, S., Koushik, O., & Babu, P. (2016). Phytochemical analysis and antibacterial efficacy of Mentha piperita
(L.) ethanolic leaf extract against clinical isolates of uropathogens. British Microbiology Research Journal,
13(6), 1-5. https:/ /doi.org/10.9734/BMR] /2016/24031

Singh, et al. (2015). Antibacterial and antioxidant activities of Mentha piperita L. Arabian Journal of Chemistry,
8(3), 322-328. https:/ /doi.org/10.1016/j.arabjc.2011.01.019

Sujana, P., Sridhar, T., Josthna, P., & Naidu, C. V. (2013). Antibacterial activity and phytochemical analysis of
Mentha piperita L. (peppermint) — An important multipurpose medicinal plant. American Journal of Plant
Sciences, 4, 77-83.

Vaou, N., Vangelis, E., Boti, V., Baira, E.,, Mantzourani, I., Papanikolaou, E., & Kouskoumvekaki, I. (2022).

Science Midwifery, Vol.14, No. 4, October 2026: pp 896-905


https://doi.org/10.21608/MID.2025.375960.2701
https://doi.org/10.3389/fphar.2022.879495
https://doi.org/10.24843/mu.2022.v11.i04.p09
https://doi.org/10.3923/jbs.2010.138.144
https://doi.org/10.3390/molecules28217444
https://doi.org/10.23917/jnhm.v4i1.15649
https://doi.org/10.20961/jthp.v15i1.58031
https://doi.org/10.1155/2021/3663315
https://doi.org/10.30989/jop.v2i2.1460
https://doi.org/10.1039/C4OB01652A
https://doi.org/10.3109/13880209.2014.982295
https://doi.org/10.1093/jac/dkg301
https://doi.org/10.3390/plants11131698
https://doi.org/10.9734/BMRJ/2016/24031
https://doi.org/10.1016/j.arabjc.2011.01.019

Science Midwifery  ISSN 2086-7689 (Print) | 2721-9453 (Online) o 905

Towards the commercialization of plant extracts as antibacterial alternatives: Recent advances and
prospects. Antibiotics, 11(11), 1645-1662.

Vij, T., Anil, P. P,, Shams, R,, Dash, K. K,, Kalsi, R.,, Pandey, V. K., Harsényi, E., Kovacs, B., & Shaikh, A. M.
(2023). A comprehensive review on bioactive compounds found in Caesalpinia sappan. Molecules, 28(17),
6247. https:/ /doi.org/10.3390/ molecules28176247

Wang, C. M., Chen, H. T,, Wu, Z. Y., Jhan, Y. L., Shyu, C. L., & Chou, C. H. (2013). Antibacterial and
synergistic activity of pentacyclic triterpenoids isolated from Alstonia scholaris. Molecules, 18(2), 2056-
2075. https:/ /doi.org/10.3390/ molecules18022056

Wiegand, 1., Hilpert, K., & Hancock, R. E. W. (2008). Agar and broth dilution methods to determine the
minimal inhibitory concentration of antimicrobial substances. Nature Protocols, 3(2), 163-175.
https://doi.org/10.1038 /nprot.2007.521

World Health Organization. (2017). Prioritization of pathogens to guide discovery, research and development of new
antibiotics for drug-resistant bacterial infections, including tuberculosis. World Health Organization.

Dinar Wahyu Nan Dini, Antibacterial activity of combined ethanol extracts of sappan wood (caesalpinia
sappan l.) and mint leaves (mentha piperita 1.) against escherichia coli


https://doi.org/10.3390/molecules28176247
https://doi.org/10.3390/molecules18022056
https://doi.org/10.1038/nprot.2007.521

