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Abstract: Acne vulgaris is an inflammatory disorder of the pilosebaceous unit,
characterized by lesions such as comedones, papules, pustules, nodules, and cysts. This
study aimed to assess the effectiveness of Andaliman Extract Nanoemulgel (Zanthoxylum
Acanthopodium DC) in treating acne lesions in male Wistar rats (Rattus Novergicus)
induced with Propionibacterium acnes. This experiment involved 30 male Wistar rats aged
6-8 weeks, weighing 150-200 grams, divided into 6 groups: 1) normal, 2) negative control
(P. acnes induction and base gel), 3) positive control (P. acnes induction and Mediklin TR
gel), 4) Treatment 1 (P. acnes induction and 2% Nanoemulgel), 5) Treatment 2 (P. acnes
induction and 3.5% Nanoemulgel), and 6) Treatment 3 (P. acnes induction and 5%
Nanoemulgel). The Nanoemulsion was applied for 10 days to evaluate the healing of acne
lesions on the skin of Wistar rats. The results indicate that Andaliman Extract Nanoemulgel
significantly promoted the healing of lesions caused by Propionibacterium acnes. In
conclusion, Nanoemulgel with Andaliman fruit extract at concentrations of 2% and 5%
demonstrated the highest effectiveness in anti-acne treatment.
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INTRODUCTION

Acne vulgaris (AV) is a chronic inflammatory condition of the pilosebaceous
unit, primarily triggered by the accumulation of excess sebum and the proliferation
of Cutibacterium acnes (formerly known as Propionibacterium acnes)." The
condition commonly affects predilection sites such as the face, neck, shoulders,
chest, back, and upper arms.? According to the Global Burden of Disease (GBD)
report, the incidence of AV is approximately 85% among individuals aged 12-25
years, with the highest prevalence observed in females aged 14-17 years (83—
85%) and males aged 16-19 years (95-100%).®> A survey in Southeast Asia
reveals that AV cases account for 40—-80% of dermatological issues.® Based on the
European S3 Acne Guideline, AV can be classified into comedonal acne,
papulopustular acne (mild to moderate severity), severe papulopustular acne,
moderate nodular acne, severe nodular acne, and conglomerate acne.*

The pathogenesis of AV is influenced by several factors, including
increased sebum production, abnormal keratinocyte proliferation, bacterial
colonization, and inflammation. These factors can be exacerbated by lifestyle
choices, such as diet, inadequate skin hygiene, cosmetic usage, and stress.®
Although various topical and systemic therapies are available for AV, many have
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limitations, including potential side effects, resistance, and high recurrence rates.
These challenges highlight the need for alternative, effective treatments that
leverage natural resources.

Indonesia, renowned for its biodiversity, has abundant natural resources
that have been traditionally used for medicinal purposes due to their safety,
availability, and minimal side effects.® One such resource is Andaliman
(Zanthoxylum acanthopodium DC), a plant endemic to the North Tapanuli and
Toba Samosir regions in North Sumatra.” Andaliman thrives at elevations of 900—
2000 meters above sea level with an annual rainfall of 170-180 days.2 Traditionally
used as a spice in Batak cuisine and for medicinal purposes, Andaliman is rich in
bioactive compounds such as flavonoids, alkaloids, saponins, and terpenoids.®
These compounds exhibit a wide range of pharmacological activities, including
antibacterial, anti-acne, anti-aging, antiviral, anticancer, antihyperglycemic,
hepatoprotective, antifungal, and antipreeclampsia properties. Additionally,
Andaliman is rich in essential oils with potent antibacterial and antioxidant
activities."®

Topical formulations, such as lotions, ointments, and creams, are
commonly used for AV treatment. However, they often face limitations such as
poor drug penetration, low drug-loading capacity, and stability issues.™
Transparent gels, though offering improved stability, may not effectively deliver
lipophilic drugs. To address these limitations, nanoemulgel formulations have been
developed. Nanoemulgels are emulsions with droplet sizes ranging from 1 to 100
nm, suspended in a hydrogel base. This formulation enhances drug delivery by
temporarily disrupting the lipid bilayer structure, allowing for better penetration of
active substances.'®'* The inclusion of oil, surfactant, and cosurfactant
components further increases therapeutic efficacy.™

While previous studies have demonstrated the anti-acne potential of
Andaliman fruit extract, there is limited research on its incorporation into advanced
nanoemulgel formulations. Additionally, the effectiveness of nanoemuigel
formulations of Andaliman extract in managing acne induced by Propionibacterium
acnes in animal models remains unexplored. This study aims to evaluate the anti-
acne efficacy of Andaliman nanoemulgel in white male Wistar rats induced with
Propionibacterium acnes, addressing the gap in utilizing this potent natural
resource in innovative drug delivery systems.

MATERIAL AND METHOD
2.1. Materials and Tools

Wistar rats 6-8 weeks, oven, evaporator, blender, 40 mesh sieve, UV-Vis
spectrophotometer, digital balance, Buchner funnel, filter paper, Particle Size
Analyzer, magnetic stirrer, ultrasonicator, centrifuge, waterbatch, stirrer, vortex
mixer, dissolution tester, laboratory glassware, analytical balance, stirrer, gloves,
and documentation tools, Metil Paraben, Kitosan, Propyl Paraben, Methanol,
Aquadest, Tween 80, PEG 400, Carbopol 940. Acetate Acid 1% and Ethanol 96%.

2.2. Methods

Two kilograms of Andaliman fruit were dried in an oven with a blower at
55°C for 5 hours. The dried fruit was then ground, yielding 700 grams of powder,
and extracted via maceration. Methanol was used as the solvent with a ratio of 1:3
(w/v) Methanol serves as a polar and versatile solvent, capable of extracting both
polar and non-polar components. The extraction process utilized various
concentrations of methanol to optimize the yield of antioxidants '°. According to
Ghanimi R., et al. the methanol extract proven to have a greater concentration of
flavonoids than the other extracts (such as ethanol, ethyl acetate and water
extracts) '°. The maceration process with the solvent was carried out for 24 hours.



Tanessa, et al Jurnal Teknologi Laboratorium 2 (2024) 126-134

The maceration filtrate was concentrated using an evaporator at 55°C, yielding a
thick extract ’.

Nanoemulsions were invented using spontaneous emulsification method.
Emulsion system contain of an oil phase and water phase. Spontaneous
emulsification technique was done by adding the oil phase to water phase
dropwise'®. During the water phase, Methyl Paraben and Propyl Paraben were
dissolved in heated distilled water, which was then cooled, followed by the addition
of Tween 80 in distilled water. The mixture was stirred using a magnetic stirrer for
30 minutes at 5000 rpm (Mass 1). PEG was then added to the andaliman extract
and stirred with a magnetic stirrer for 20 minutes at 5000 rpom (Mass 2). Mass 1
and Mass 2 were gradually combined dropwise using a pipette. The mixture was
then stirred with a magnetic stirrer for 8 hours at 5000 rpm and subsequently
sonicated "7,

The Nanoemulgel was prepared by first dispersing 10mL of carbopol 940
in warm distilled water for 24 hours and dissolving chitosan in 10 mL of 1% acetic
acid. The dissolved chitosan was neutralized with 10 mL of 0.1 N NaOH until
reaching pH 5. A portion of the swollen Carbopol 940 was transferred to a mortar
and mixed with methylparaben dissolved in 96% ethanol until homogenous.
Triethanolamine was added and mixed until homogenous. The remaining
nanoemulsion and carbopol were slowly added while stirring until a homogeneous
gel mass formed. Chitosan was then slowly added while stirring until a
homogeneous gel mass formed "'°. Carbopol 940 was widely use as gelling agent
in cosmetic, known for its excellent compatibility, stability, non-toxic nature, and
soft application on the skin. It serves several functions, including maintaining
emulsion stability, suspending solid particles in liquids and regulating the
consistency of cosmetic formulations ?°. Meanwhile Chitosan enhance the
mechanical structures of Nanoemulsion through electrostatic interactions and
increasing the stability of the emulsified system 2'.

Subsequently, 30 male Wistar strain rats were acclimatized for 1 week.

Wistar rats were randomly divided into six groups where each group
consisted of 5 individuals:

1. Group 1 = Normal, no stressed.

2. Group 2 = Negative control, induced P.acnes 0.2 mg/kgBB within
intradermal, gel base.

3. Group 3 = Positive control, induced P.acnes 0.2 mg/kgBB within
intradermal, Mediklin TR gel applied on skin once a day for 10 days.

4. F1 = Treated 1, induced P.acnes 0.2 mg/kgBB within intradermal,
Nanoemulgel 2%.

5. F2 = Treated 2, induced P.acnes 0.2 mg/kgBB within intradermal,
Nanoemulgel 3,5%.

6. F3 = Treated 3, induced P.acnes 0.2 mg/kgBB within intradermal,
Nanoemulgel 5%.

Each control and treatment group was induced with Propionibacterium
acnes. On the 2nd day post-induction, acne lesions were measured. In the
treatment group, Nanoemulgel was applied topically once a day to the rats' skin
and observed for up to 10 days.

The data analysis using IBM SPSS 25 involved acne severity, which was
initially analyzed using descriptive statistics. Subsequently, the normality of the
data distribution was assessed using the Shapiro-Wilk test. This test was selected
due to small sample size and it appropriateness for detecting deviations from
normality. If the data followed a normal distribution, the analysis continued with
One Way ANOVA and Post Hoc tests. However, if data transformation did not
achieve normality, non-parametric analysis such as the Kruskal-Wallis test was
used instead.
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RESULTS AND DISCUSSION

Andaliman fruit, scientifically known as Zanthoxylum Acanthopodium, was
extracted using the maceration method, resulting in a methanol extract with the
following characteristics:

Table 1. Characteristic of Zanthoxylum Acanthopodium fruit Extract

Characteristic Amount
Fesh Herbal Weight (gr) 2 kg
Weight Herbal Powder (gr) 700 g
Solvent Volume (ml) 5000 ml
Extract Weight (gr) 75.30 g
Yield (%) 10.76 %

Table 1 shows that 2 kilograms of fresh andaliman fruit, yielded 75.3 grams
of extract. Therefore, the yield obtained from the methanol extract of andaliman is
10.76%. Andaliman fruit extract underwent a phytochemical analysis consisting of
phytochemical screening followed by flavonoid, alkaloid and total tanin
measurements. Screening of phytochemical results are described in Table 2.

Table 2. Phytochemical screening of Methanol Zanthoxylum Acanthopodium
fruit Extract

Phytochemical Reagents Results
FeClz 5% +
Flavonoid Mg(s) + HCL(p) -
NaOH 10% -
H2S04(p) -
Bouchardart +
Alkaloid Mayer +
Wagner +
Dragendorff +
Terpenoid dan Steroid Lieberman-Burchard -
Salkowsky -
Tanin FeCls 1% -
Saponin Aquadest+Alkohol 96% +
Glycoside Mollish +
Antosianin HCL 2M -

Based on Table 2, phytochemical screening showed that the Zanthoxylum
Acanthopodium fruit extract had phytochemicals, including flavonoid, alkaloid,
saponin dan glycoside.

Table 3 Evaluation of Organoleptic physics characteristic of Zanthoxylum
Acanthopodium fruit extract

Organoleptic F1 F2 F3
Evaluation
Odor distinctive smell distinctive smell distinctive smell
Color brown brown brown
Appearance nanoemulgel nanoemulgel nanoemulgel
Homogenity homogen homogen homogen
pH 6.42 6.38 6.36

Based on Table 3 The physics characteristic of Nanoemulgel
Zanthoxylum Acanthopodium fruit extract has the same odor, color, appearance,
and homogenity, with a pH range of 6.36-6.42. Spreadability shown on Table 4

pg. 129
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Table 4 Spreadability of physics
Acanthopodium fruit extract

characteristic of Zanthoxylum

. y 4.9
2 : 4.7
¥, [
4.4 .5
4 4
4
3.5
3
2
1
0
F1 F2 F3
HWeight0 BEWeight100 BEWoeight125
Formulation F1 F2 F3

Weight (gry 0 100 125 0 100 125 0 100 125

Spreadability 35 4.0 44 40 45 48 42 47 49
(cm)

Table 5§ Comparison of Acne Severity Measurement

Groups Mean Average Mean Score
Group 2 13.33£3.00 12.58
Group 3 13.17+3.17 11.26
F3 13.83+5.00 13.63
F2 11.8313.00 9.59
F1 12.50+5.00 13.22

Table 5 presents the results of Kruskal-Wallis test, which showed a
significant difference between treatment groups indicates the effectiveness of
Andaliman Nanomulgel in reducing acne lesions. Analysis of mean ranks indicated
that group F3 had a higher average rank (Mean Rank = 13.63) compared to group
2 (Mean Rank = 11.26), group 3 (Mean Rank = 12.58), F2 (Mean Rank = 9.59),
and F1 (Mean Rank = 13.22). The significant Kruskal-Wallis test values (Asymp.
Sig. < 0.05) for all treatment groups suggest a significant difference in treatment
effects on different days of experimentation (H1, H3, H6, H8, H10).

Mean rank analysis showed treatment F3 had the highest average rank,
followed by F1, group 3, group 2, and F2. This indicates that Andaliman

pg. 130
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Nanoemulgel, especially in treatment F3, which contains the highest bioactive
compounds in 5% Nanoemulgel.

Propionibacterium acnes is a bacterium that causes acne vulgaris %2
Propionibacterium acnes produces proteins that degrade skin tissue, leading to
infammation. Phytochemical screening data of methanol extract from Andaliman
revealed the presence of several phytochemical compounds such as flavonoids,
alkaloids, saponins, and terpenoids. According to research of (Fajryana et al., 2022),
these gsompounds have been found to inhibit the growth of Propionibacterium
acnes “°.

According to (Ira Syaputri et al., 2022), flavonoids are effective
antimicrobial agents against various microorganisms because they have the ability
to form complexes with bacterial cell proteins through hydrogen bonding. This
interaction destabilizes the bacterial cell wall and cytoplasmic membrane,
rendering the proteins biologically inactive, thereby rendering the bacterial cell
proteins inactive biologically. Alkaloids possess antibacterial properties by
intercalating with DNA, disrupting the peptidoglycan components of bacterial cells.
Saponins absorbed onto the cell surface cause damage by increasing membrane
permeability, leading to cell death. Terpenoid compounds inhibit bacterial growth
by disrupting the formation process of cell membranes and walls 2*. Research of
Nafyad et.al., Methanol crude extracts showed better antimicrobial activity in
medicinal plants . Study conducted by Chiuman et.al., proves Methanol and
Nanoemulsion Andaliman showed antibacterial activites against E.Coli 2.
Methanol extract are limited solubility in water, it penetrate the outer membrane of
bacteria and disturbed cellular function, metabolism, and loss of cellular
constituents, leading their death #’.

Nanoemulgel is a type of emulsion with droplet sizes ranging from 1-100
nm. It is suspended in a hydrogel making it ideal for topical delivery. According to
(Imanto et al., 2019) and (Indalifiany et al., 2021), nanoemulgel is one of the most
promising topical delivery systems because it offers dual release capabilities: gel
and nanoemulsion . The addition of drug solutions can enhance stability and
drug release. In this study, the administration of 5% and 2% Andaliman
Nanoemulgel was effective as an antimicrobial and anti-inflammatory agent.The
Kruskal-Wallis test revealed that treatment F3 demonstrated the most significant
reduction in acne severity, as indicated by a mean rank of 13,63. Based on the
study of Amelia et al., proves that higher concentration of Andaliman shown to be
more effective in inhibiting bacteria growth %,

These findings are consistent with research conducted by (Hanum
Ismanelly and Laila, 2018), where ethanol extract of Andaliman significantly healed
acne within 4 weeks. Physical observations also showed a reduction in
inflammation levels due to the properties of Andaliman that are absorbed by the
skin, influenced by metabolism, moisture, and skin thickness. Flavonoids present
in Andaliman are effective antibacterial and anti-inflammatory agents for acne-
prone skin .

CONCLUSION

Based on the research findings, the following conclusions can be drawn
from this study: Nanoemulgel Andaliman fruit extract at doses of 5% and 2% are
the most effective doses in reducing the number of acne lesions and decreasing
inflammation. The phytochemical screening of methanol extract from Andaliman
identified several compounds including flavonoids, alkaloids, saponins, and
terpenoids. These phytochemicals effectively act as antimicrobial agents that
inhibit acne in rats. The results suggest that Andaliman Nanoemulge, particularly
at 5%concentration, could be developed as an alternative topical treatment for
acne vulgaris, offering potential benefits over conventional therapies due to its
natural origin and effectiveness.



Tanessa, et al Jurnal Teknologi Laboratorium 2 (2024) 126-134

AUTHORS’ CONTRIBUTIONS
All authors contributed equally to this work.

FUNDING INFORMATION
Self Funding.

DATA AVAILABILITY STATEMENT
The utilized data to contribute to this investigation are available from the
corresponding author on reasonable request.

DISCLOSURE STATEMENT

The views and opinions expressed in this article are those of the authors and do
not necessarily reflect the official policy or position of any affiliated agency of the
authors. The data is the result of the author's research and has never been
published in other journals.

REFERENCE

1. Sifatullah N, Zulkarnain Z. Jerawat (Acne vulgaris): Review penyakit infeksi
pada kulit. Pros Semin Nas Biol. 2021;(November):19-23. http://journal.uin-
alauddin.ac.id/index.php/psb/article/view/22212%0Ahttp://journal.uin-
alauddin.ac.id/index.php/psb/article/download/22212/12470

2. Afriyanti RN. Mikrbiologi Umum. J Major. 2015;4(6):102-109.

3. Wetarini K. Acne Vulgaris in Adults: A Brief Review on Diagnosis and
Management. Int J Res Rev. 2020;7(5):5.

4. Thiboutot DM, Dréno B, Abanmi A, et al. Practical Management of Acne for
Clinicians: An International Consensus from the Global Alliance to Improve
Outcomes in Acne. Vol 78.; 2018. doi:10.1016/j.jaad.2017.09.078

5. Fitriana SAS, Oktavian PY, Afrida DI, et al. Gaya hidup dan cara mengatasi
acne (studi pada mahasiswa universitas airlangga). J Farm Komunitas.
2018;5(2):62-68.

6. Simanjuntak, H.A., Purba, H., Pasaribu, C., Ginting, J.G., Rahmiati, &
Situmorang, T.S. (2023). Potensi Buah Andaliman (Zanthoxylum
acanthopodiumDC.) sebagai Antibakteri Terhadap Salmonella typhi. Journal of
Natural Sciences. 4(2): 86-93.

7. Asbur Y, Khairunnisyah K. Pemanfatan andaliman (Zanthoxylum
acanthopodium DC) sebagai tanaman penghasil minyak atsiri. Kultivasi.
2018;17(1):537-543. doi:10.24198/kultivasi.v17i1.15668

8. Melvin E.S dan Paini S. W. et al. Karakteristik Pengeringan Andaliman
(Zanthoxylum Acanthopodium DC) dengan Pengering Swirl Fluidized Bed.
Jurnal Teknologi Pangan dan Gizi. Vol 19 (1): 14-21,2020.

9. Linton JD, Klassen R, Jayaraman V, et al. No L&\ @ Fii & db & L 1o
R FEICBT B g B B AR AR (2 B 9 2 L B G A Title. Sustain.
2020;14(2):1-4. http://www.unpcdc.org/media/15782/sustainable procurement
practice.pdf%O0Ahttps://europa.eu/capacity4dev/unep/document/briefing-note-
sustainable-public
procurement%0Ahttp://www.hpw.gld.gov.au/SiteCollectionDocuments/Procur
ementGuidelntegratingSustainabilit

10. Adrian, Syahputra RA, Juwita NA, Astyka R, Lubis MF. Andaliman
(Zanthoxylum acanthopodium DC.) a herbal medicine from North Sumatera,
Indonesia:  Phytochemical and pharmacological review. Heliyon.
2023;9(5):e16159. doi:10.1016/j.heliyon.2023.e16159

11. Parihar, N., Saini, M., Soni, S. L., & Sharma, V. (2020). Emulgel: A Topical
Preparation. Asian Journal of Pharmaceutical Research and Development,
8(3), 196—-201. https://doi.org/10.22270/ajprd.v8i3.76



Tanessa, et al Jurnal Teknologi Laboratorium 2 (2024) 126-134

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Bashir M, Ahmad J, Asif M, Khan SUD, Irfan M, Y Ibrahim A, Asghar S, Khan
IU, Igbal MS, Haseeb A, Khalid SH, AS Abourehab M. Nanoemulgel, an
Innovative Carrier for Diflunisal Topical Delivery with Profound Anti-
Inflammatory Effect: in vitro and in vivo Evaluation. Int J Nanomedicine.
2021;16:1457-1472 https://doi.org/10.2147/IUN.S29465

Donthi MR, Munnangi SR, Krishna KV, Saha RN, Singhvi G, Dubey SK.
Nanoemulgel: A Novel Nano Carrier as a Tool for Topical Drug Delivery.
Pharmaceutics. 2023;15(1):1-28. doi:10.3390/pharmaceutics 15010164

Imanto T, Prasetiawan R, Wikantyasning ER. Formulasi dan Karakterisasi
Sediaan Nanoemulgel Serbuk Lidah Buaya (Aloe Vera L.). Pharmacon J Farm
Indones. 2019;16(1):28-37. doi:10.23917/pharmacon.v16i1.8114

Riyadi, P. H., Susanto, E., Anggo, A. D., Arifin, M. H., & Rizki, L. (2023). Effect
of methanol solvent concentration on the extraction of bioactive compounds
using ultrasonic-assisted extraction (UAE) from Spirulina platensis. Food
Research, 7(3), 59-66

Ghanimi, R., Ouhammou, A., El Atki, Y., El Hassan Bouchari, M., & Cherkaoui,
M. (2022). The Antioxidant Activities of Ethanolic, Methanolic, Ethyl Acetate,
and Aqueous Extracts of the Endemic Species, Lavandula mairei Humbert (A
Comparative Study between Cold and Hot Extraction). Ethiopian journal of
health sciences, 32(6), 1231-1236. https://doi.org/10.4314/ejhs.v32i6.21
Tanessa M, Praboswara GA, Chiuman L. Efektivitas dari Nanoemulsi Ekstrak
Andaliman (Zanthoxylum acanthopodium dc) Terhadap Profil Lipid pada Tikus
Jantan Wistar yang diinduksi Streptozotocin (STZ). J Heal Sci Gorontalo J
HeaSciCommunity.2023;7(1):27-34.
https://ejurnal.ung.ac.id/index.php/gojhes/index

Arianto A, Cindy C. Preparation and Evaluation of Sunflower Oil Nanoemulsion
As a Sunscreen. Open Access Maced J Med
Sci.https://doi.org/10.3889/0amjms.2019.497

Rienoviar, Setyangingsih D, Sudirman, Kasim F. Synthesis and
Characterization of Nanoemulsion Andaliman Aroma Compound. Int J Adv Sci
Eng Inf Technol. 2021;11(3):1022-1028. doi:10.18517/ijaseit.11.3.10569
Thomas N.A., Tungadi R.Latif M.S.,Sukmawati,M.E. (2023). Pengaruh
Konsentrasi Carbopol 940 Sebagai Gelling Agent Terhadap Stabilitas Fisik
Sediaan Gel Lidah Buaya (Aloe Vera). Indonesian Journal of Pharmaceutical
(e-Journal), 3(2), 316-32

Diedrich C, Zittlau IC, Khalil NM, Leontowich AFG, Freitas RAd, Badea I,
Mainardes RM. Optimized Chitosan-Based Nanoemulsion Improves Luteolin
Release. Pharmaceutics. 2023; 15(6):1592.
https://doi.org/10.3390/pharmaceutics15061592

McLaughlin, J., Watterson, S., Layton, A. M., Bjourson, A. J., Barnard, E., &
McDowell, A. (2019). Propionibacterium acnes and Acne Vulgaris: New
Insights from the Integration of Population Genetic, Multi-Omic, Biochemical
and Host-Microbe Studies. Microorganisms, 7(5), 128.
https://doi.org/10.3390/microorganisms7050128

Fajryana A, Ginting CN, Chiuman L, Ginting SF. Antibacterial Activity of Garlic
Extract (Allium Sativum) using Fermentation and Non Fermentation towards
Propionibacterium Acne. IOP Conf Ser Earth Environ Sci. 2022;1083(1).
doi:10.1088/1755-1315/1083/1/012070

Ira Syaputri, Ermi Girsang, Linda Chiuman. Test of Antioxidant And
Antibacterial Activity of Ethanol Extract of Andaliman Fruit (Zanthoxylum
Acanthopodium Dc.) With Dpph (1.1-Diphenyl-2-Picrylhydrazil) Trapping
Method And Minimum Inhibitory Concentration. Int J Heal Pharm.
2022;2(2):215-224. doi:10.51601/ijhp.v2i2.3

Ibrahim, N., & Kebede, A. (2020). In vitro antibacterial activities of methanol
and aqueous leave extracts of selected medicinal plants against human

pg. 133



Tanessa, et al Jurnal Teknologi Laboratorium 2 (2024) 126-134

26.

27.

28.

29.

30.

pathogenic bacteria. Saudi journal of biological sciences, 27(9), 2261-2268.
https://doi.org/10.1016/j.sjbs.2020.06.04

Chiuman, L., Singh, W. N., Saragih, D. R. ., Rahyani, O. H. F., & Rena Meutia.
(2024). Antibacterial and Anti-Diarrheal Potential of Andaliman (Zanthoxylum
acanthopodium DC) Methanol and Nanoemulsion Extract. JST (Jurnal Sains
Dan Teknologi), 13(2). Retrieved from
https://ejournal.undiksha.ac.id/index.php/JST/article/view/80295

Kang, C. G., Hah, D. S., Kim, C. H., Kim, Y. H., Kim, E., & Kim, J. S. (2011).
Evaluation of antimicrobial activity of the methanol extracts from 8 traditional
medicinal plants. Toxicological research, 27(1), 31-36.
https://doi.org/10.5487/TR.2011.27.1.03

Indalifiany A, Malaka MH, Sahidin, Fristiohady A, Andriani R. Formulasi Dan
Uji Stabilitas Fisik Nanoemulgel Formulation And Physical Stability Test Of
Nanoemulgel Containing Petrosia Sp . J Farm Sains dan Prakt. 2021;7(3):321-
331.

Amalia, M., Yosuana, P. S., Mohammad, |. S. binti, Nababan, F. S. R,,
Zulkarnain, Wulandari, P., Nasution, A. H., & Syahputra, A. (2023). Inhibitory
test of andaliman (Zanthoxylum achantopodium DC) extract mouthwash
against dental plaque bacteria. Dental Journal, 56(2), 92-97.
https://doi.org/10.20473/j.djmkg.v56.i2.p92-9

Hanum Ismanelly T, Laila L. Evaluation of anti-aging and anti-acne effect of
andaliman (Zanthoxylum Acanthopodium DC.) ethanolic extract peel off gel
mask. Asian J Pharm Clin Res. 2018;11(Special Issue 1):90-93.
doi:10.22159/ajpcr.2018.v11s1.26576



