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ARTICLE INFO ABSTRACT

Acne is generally associated with Propionibacterium acnes, which is treated by administering
anti-acne medication. The anti-acne drugs currently available are synthetic ingredients that cause
side effects. The side effects of this synthetic anti-acne drug can be eliminated by chemicals
derived from natural plants, such as those found in teak flower (Tectona grandis) essential oil.
Therefore, this study aims to determine bioactive compounds' content and test teak essential oil's
anti-acne activity. The steps taken in this research: The extraction of teak flower essential oil is
made by steam distillation. The teak flower essential oil was then analyzed using a Gas
Chromatography Mass Spectrophotometer (GC-MS). The results were evaluated using the
MASLAB program and then analyzed using the PubChem NCBI database and PASS Online.
The results of the GC-MS analysis showed that there were 47 bioactive compounds. The
Copyright: © 2023 Diningrat et al. This is an open- ~ PubChem analysis results showed that 13 compounds had antibacterial activity. The antibacterial
access article distributed under the terms of the activity as an anti-acne agent of teak flower essential oil was assessed using the disc diffusion
Creative Commons Attribution License, which  method according to the Bauer method. The results of the PASS Online analysis showed that the
permits  unrestricted  use,  distribution, and  antibacterial mechanism, Protein synthesis inhibitor, membrane permeability inhibitor and cell
reproduction in any medium, provided the original  wall synthesis inhibitor, with the highest Pa value of 0.804 in the compound Benzyl benzoate
author and source are credited. Benzoic acid, phenylmethyl ester (CAS) and the lowest Pa value was 1H-Benzimidazole, 2-
(methylthio)-(CAS) 2-thiomethylbenzimidazole. Based on the results of the antibacterial activity
test, it has strong activity against Propionibacterium acnes with an inhibition zone value of 23.1;
15; 15.4; 11.3 which has the potential as an anti-acne.
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Introduction

Acne is a multifactorial chronic skin disease characterized
by infection of the pilosebaceous parts of the skin, such as comedones,
papules, pustules, nodules, and cysts, with a predilection for the face,
neck, shoulders, chest, back, and upper arms.***® This acne is a
common skin disease and attacks almost 80%-100% of the population,
the bacteria that causes it is known as Propionibacterium acnes.>**®
So far, treatment of acne infections usually uses antibiotics or
synthetics, both oral and topical. However, the drug can cause
bacterial resistance within a few weeks of use.® This acne medication
also causes side effects from using the drug.® Natural plant ingredients
are reported to be able to eliminate the shortcomings of synthetic
drugs.®®
Teak plants are reported to have bioactive compounds including
sitosterol, sambelulinate, eugenin, quercetin, camphor, flavonoids, and
tannins which are found in the stems and are extracted with
ethanol.'***2 Meanwhile, flowers contain kaempferol, quercetin,
myricetin, quercetin-3-glucosides, eugenol, and triterpenoids.*****®
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These compounds are reported to have pharmacological activity as
antibacterials.®*"** Isolation of bioactive compounds by distillation of
essential oils is reported to be able to isolate more volatile bioactive
compounds compared to other extraction methods.'**"*8

Therefore, this research aim is the important of study the bioactive
compound profile of teak flower essential oil and test its potential as
an antibacterial on Propionibacterium acnes to treat acne. The
approach to providing the outcomes of this research objective was
carried out by isolating essential oils from teak flowers using steam
distillation. The essential oil produced was analyzed using GC-MS
(gas chromatography-mass spectrometry).”” The GCMS results were
further analyzed using the Pubchem database
(https://pubchem.ncbi.nim.nih.gov/)*® and PASS online'. These
results will provide data about the activity of bioactive compounds in
working as antibacterials that eliminate Propionibacterium acnes
which causes acne. The antibacterial activity test of teak flower
essential oil was carried out using the disc method.

Materials and Methods

Plant collection

The flower of Tectona grandis was collected from April to May 2023
at (coll. no: Diningrat-2001; ITB campus Jl. Ganesha, Bandung
District, West Java Province; the coordinates of the location at -
6.887664346483448, 107.60932232621624). The plant sample was
authenticated at Herbarium Bandungense, Institute Technology
Bandung of Indonesia, Bandung for its identification by Arifin Surya
Dwipa, PhD., and the voucher specimen 4087/V.C0O2.2/PL/2023 was
deposited in the same institute.
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Preparation of Teak Flower Essential Oil

Steam distillation is selected as a method to isolate teak flower
essential oil. Two hundred and fifty grams (250 g) of teak flower buds
were put in a steam flask and 600 mL distilled water were added into a
1000 mL round bottom flask, and the essential oil collection device
was assembled after mixing evenly. The extraction was carried out by
heating with water vapor for 6 hours and stopped when the yield of the
product no longer increased. The essential oil was cooled and
collected and dried with an appropriate amount of anhydrous sodium
sulfate, then the oil phase was separated out and weighed (m?). The
experiment was repeated three times and the average value was taken.
Finally, the E-oil was analyzed with GC or GC-MS (sealed and stored
in cold storage away from light, if necessary).*®*",

The GC-MS analysis

The GC-MS technique is used to identify the phytochemical
compounds contained in a plant. It is a process of gas chromatography,
detecting volatile substances and compounds, while mass spectrometry
is the process of identifying molecular compounds through molecular
weights and determining their molecular formulas. The GC-MS
method is very suitable for volatile essential oils.®**° Before the real
operation, the instrument was checked for gas flow starting at a low
flow rate by opening the main and secondary valves on the carrier gas
tank until it showed the 15-psi needle; this allows 2-5 mL/min carrier
gas flow for the packed column or 0-5 mL/min for the capillary
column. The column was heated to the desired initial temperature.
Then, the detector temperature was set at 10-25 °C higher than the
column temperature, and so was the injection port temperature.

The speed (rate) of the gas flow was then increased to 25-30
ml/minute in the packing column, or until the optimum gas flow rate
was achieved. When using a flame ionization detector, it is necessary
to pay attention to the presence of hydrogen gas and air flowing into
the detector. The sample was dissolved in a volatile solvent, and the
volume of the sample injected depended on the type of detector used.
For this purpose, in the GCMS tool, the settings are as follows TCD =
101, FID = 1-10 1, BCD = 0.1-5 I with a micro syringe, during elution
was during the PASSage of the sample from the injection port to the
signal detector. From this detector, it would be recorded as a
chromatogram on a simple recorder or processed by a microprocessor
and displayed on the monitor screen. The chromatogram is displayed
by the microprocessor to determine each component simultaneously.

Data analysis technique

The data obtained from the results of this study were qualitative data,
which were analyzed descriptively in the form of tables and pictures.
Qualitative data included the identification of the bioactive compounds
of teak flower essential oil obtained from the GC-MS chromatograms.
The information was analyzed using the PubChem software program
to identify the activity of these compounds and the canonical smiles
were used as advanced analysis codes with the PASS online software
to determine compounds that have potential as antibacterials.

The disc diffusion method for antimicrobial susceptibility testing was
carried out according to the Bauer method to assess the presence of
antibacterial activities of teak flower essential oil against
Propionibacterium acnes.?**"? A bacteria culture (which has been
adjusted to 0.5 McFarland standard), was used to lawn Muller Hinton
agar plates evenly using a sterile swab. The plates were dried for 15
minutes and then used for the sensitivity test. The discs which had
been impregnated with a series of teak flower essential oils were
placed on the MuellerHinton agar surface. Each test plate comprises
six discs. One positive control, which is a standard commercial
antibiotic disc, one negative control, and four treated discs. The
standard antibiotic discs were clindamycin, and the negative control
was distilled water. The plate was then incubated at 37°C for 24 hours
in the test. After the incubation, the plates were examined for
inhibition zone. The inhibition zones were then measured using
calipers and recorded. The tests were repeated three times to ensure
reliability.
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Result and Discussion

The result of the distillation of teak flower essential oil takes
approximately 8 hours, with the plant part dried beforehand until the
water content has completely run out. This is intended so that the
results obtained from essential oils are more optimal. The oil result
obtained was 14.9 ml/75 grams. The GC-MS analysis showed a
prediction of compounds containing a total of 47 compounds in the
essential oil extract. Among the 47 compounds, the highest retention
peak was 28.68 m/z, and the lowest was 5.40 m/z. Table 1 shows the
results of the GC-MS analysis of Teak Flower Essential Oil. Table 1
and Figure 1 show that the number of phytochemical compounds
contained in teak flower essential oil is 46 peaks, starting from 6-
Methyl-5-hepten-2-one, 5-Hepten-2-one, 6-methyl-(CAS)
Methylheptenone with the lowest retention time of 5.40 to the last
vineomycinone B2 Methyl ether with the highest retention time of
28.68.

The bioinformatics for the molecular characterization stage and the
GC-MS results were analyzed using Pubchem
(http://pubchem.ncbi.nIm.nih.gov/) and PASS Online software. Then,
the analysis was carried out using data obtained from the NCBI library
of chemical compounds. Identification of the compound resulting from
GC-MS, which includes the properties of the compound's molecular
structure and obtaining a canonical smile that serves as a code for
further analysis, and others use PubChem online software.

PASS Online (Prediction of Activity Spectra for Substances) is a PC-
based software used to predict the biological activity of a compound.
Many analyses with PASS have been carried out, namely 205,000
compounds and the results have more than 3,750 biological
activities.?’

Table 2 shows the results of the analysis of antibacterial mechanisms
that have the potential to be anti-acne. Among the 29 compounds with
antibacterial bioactivity, 11 were obtained through antibacterial
mechanisms. Antibacterial mechanisms were identified from the
results of the PASS Online software analysis, named cell wall
synthesis inhibitors, protein synthesis inhibitors, and membrane
permeability inhibitors.

Table 2 shows, a comparison of the Pa values of antibacterial
compounds as cell wall synthesis inhibitors, protein synthesis
inhibitors, and membrane permeability inhibitors the highest Pa value
was 0.804 in the compound Benzyl benzoate Benzoic acid, and
phenylmethyl ester (CAS), while the lowest Pa value was 0.115 in the
compound 1H-Benzimidazole, 2-(methylthio)-(CAS) 2-
thiomethylbenzimidazole. Table 2 shows the comparison of the Pa
values of antibacterial compounds as cell wall synthesis inhibitors,
protein synthesis inhibitors, and membrane permeability inhibitors can
be seen. The highest Pa value was 0.804 in the compound Benzyl
benzoate $$ Benzoic acid, and phenylmethyl ester (CAS), while the
lowest Pa value was 0.115 in the compound 1H-Benzimidazole, 2-
(methylthio)- (CAS) 2-thiomethylbenzimidazole.

The antibacterial activity of Propionibacterium acnes growth was
conducted in triplicate at four series of teak flower oil concentrations
(%gr/mL): 0.1, 0.25, 1, and 4, using the disk diffusion method.
Clindamycin was used as a positive control and distilled water as a
negative control. Inhibitory activity was indicated by the presence of a
clear zone that formed around the paper disc (Figure 2). The average
value of the inhibition zone for each treatment can be seen in Table 3.
Based on Table 3, the inhibition zone on the growth of
Propionibacterium acnes increased by the decreasing of the
concentration series of teak flower essential oil. A small concentration
of teak flower essential oil (0.1%) obtained the highest mean value of
the inhibition zone (23.1 mm * 4.42). In the clindamycin as a
comparison, the average value of the inhibition zone was (33.9 %
0.25).

After knowing the area of the inhibition zone for each treatment group,
each treatment group was then classified based on the average
diameter of the inhibition zone (mm) by observed from the response
table for bacterial growth inhibition. Based on Table 4, shows that the
lower the concentration of teak flower essential oil is given, the
stronger the response is toward the inhibition of the growth of
Propionibacterium acnes. Likewise, clindamycin as a positive control
showed a strong inhibitory response. In contrast to the negative

5196

© 2023 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License



Trop J Nat Prod Res, November 2023; 7(11):5195-5202

control, which only used distilled water, it did not show any inhibition
response.

The volume of essential oils for the teak flowers was 14.9 ml per 3 kg
fresh flower. The yield obtained was 4.46%. Considerable amounts of
essential oils were extracted from the teak flowers. The differences in
the yields were due to differences in flower maturity and odor.
Moreover, the amount of the yield is influenced by geographical
origin, period of harvest, and condition of the teak varieties. The yield
percentage of essential oils depends upon the amount of time spent
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during extraction, as prolonged extraction time would have a high
chance of interaction between the solvent and the sample materials.?
A unfavorable, such as being too long during the drying process or too
long in storage.?* This can cause the flowers to be less well processed
and the oil to be taken, so it is feared that there will be a lot of loss of
teak oil in these teak flowers. The differences in isolation methods,
clove flower origins, and clove flower preparation before distillation
can affect the result of clove oil produced.?#%

ot Ll b

is__

= b o s

13

il kL

Aol d L

uwmml Lo J

.LLMJJML A Lk uh ’k (laiabaly 1y

41 42

\‘ i |

3 44

Wl |

j H‘ b hl\mju “ i

47 48

Figure 1: GC MS chromatogram of teak flower essential oil
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Caption:

1. 6-Methyl-5-hepten-2-one  5-Hepten-2-one, 6-methyl- (CAS)
Methylheptenone

2. 1,6-Octadien-3-ol, 3,7-dimethyl-beta-Linalool Linalol Li nalool

3. (E)-4,8-Dimethyl-1,3,7-nonatriene

4. Methyl salicylate Benzoic acid2-hydroxy-, methyl ester Analgit

5. Chavicol-4-allylphenol para- allyl phenol Phenol,4-(2-propenyl)-

6. alpha-Cubebene (-)-alpha-Cubebene

7. Phenol, 2-methoxy-4-(2-propenyl)-(CAS) Eugenol Engenol p-
Eugenol

8. Vanillin Benzaldehyde, 4-hydroxy-3-methoxy-Lioxin

Vanillaldehyde

9. Caryophyllene beta-Caryophyll en beta-Caryophyllene

10. alpha-Humulene (CAS) Humulene alpha-Caryophyllene alpha—
humulene

11. Naphthalene,1,2,3,5,6,8a-hexahydr 0-4,7
methylethyl)-, (1S-cis)-

12. beta-Selinene (CAS) Eudesma-4(14),11-diene (CAS) beta-
Eudesmene

13. alpha-Gurjunene

14. Guaia-1(10),11-diene alpha-Bulnesene

15. Naphthalene, 1,2,3,4-tetrahydro-1, 6-dimethyl-4-(1-methylethyl)-,
(1S-cis)-

16. Benzene,1-methyl-3-[(1-methylethylidene) cyclopropyl]-

17. 1-alpha,9-alpha-Dimethyl-cis bicyclo[4.3.0]non-7-en-2-one

18. triplal 1 (iff) 2,4-dimethyl-3- cyclohexene-1-carbaldehyde

19. Caryophyllenyl alcohol

20. (-)-Caryophyllene oxide (-)-.beta.-Caryophyllene epoxide

21. Camphene  (CAS) Bicyclo[2.2.1]heptane,  2,2-dimethyl-3-
methylene- (CAS)

22. Naphthalene, decahydrate- (CAS) Dec Decalin Dekalin Naphthan

23. (1S-(1Alpha,2alpha,4beta))-1-isopropenyl-4-methyl-1,2-
cyclohexanedio

24, cadina-1,4-diene

25. caryophylla-4(12),8(13)-dien-5.beta.-ol

26. caryophylla-3,8(13)-dien-5.beta.-0

27. Caryophyllenol-II Caryophyllenol 11

28. 2-Propenal, 3-(4-hydroxy-3-methoxyphenyl)-

29. Benzyl benzoate Benzoic acid, phenylmethyl ester (CAS) Ascabin

30. 6-Hydroxycariophyllene

31. trimethyl - perhydro — naphthalene trimethyl — decalin

32. Farnesol, acetate

33. Benzoic acid, 2-hydroxy-, phenylmethyl ester Salicylic acid,
benzyl ester

34. Dihydrophenanthropyrane

35. 4-Methylene-1-[4',6'-  dimethylpyrimidin-2'-yl]-3,5,6-trimethyl-
1H,3H, 6H-pyrim

36. Methyl 3-chloro-5-[(E)-3,7-dimethy
dimethoxy-2- methylbe.

37. 2-(5-Formyl-4-propyl-2-pyrrolyl)-5-(4-propyl-2-
pyrrolyl)thiophene

38. 4,6-Dimethyl-2-mercapto pyridine-3- carbonitrile

39. 1H-Benzimidazole, 2-(methylthio)-
thiomethylbenzimidazole

40. Benzotriazole, 1-(4-methyl-3-nitro benzoyl)-

41. 2-Methyl-6-methoxy-1-indenol

42. Cis-isoeugenol cis-1-hydroxy-2-  methoxy-4-propenyl-benzene
(e)- isoeugenol

43. (2)-5-tert-Butyl-8-(2-phenylethenyl) [2.2]metacyclophane

44. 3-Cyclopentylpropionamide, N-(3,4- dimethoxyphenethyl)-

45, 11-(1-Pyrenyl)undeca-10-ynal

46. 2'-Hydroxy-5'-methoxy acetophenone, acetate

47. vineomycinone B2 Methyl Ether

48. overall chromatogram

dimethyl-1-(1-

I-2,6-octadienyl]-4,6-

(CAS) 2-

The results of the GC-MS analysis of teak flower essential oil showed
the presence of 46 bioactive compounds contained in teak flower
essential oil. The bioactive compounds start with 6-Methyl-5-hepten-
2-one 5-Hepten-2-one,6-methyl-(CAS) Methylheptenone with the
lowest retention time was 5.40, followed by vineomycinone B2
Methyl Ether with a retention time of 28.68. The chemical components
of essential oils vary depending on geographical area, plant elements,
local climate, season, and experimental conditions?*?®. In addition,
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harvest and post-harvest treatments can affect the composition and
essential oils®. 13 compounds have antibacterial bioactivity as
follows: 1,6-octadien-3-ol, 3,7-dimethyl-beta-linalool linalol li nalool ;
alpha-cubebene  (-)-alpha-cubebene;  phenol,  2-methoxy-4-(2-
propenyl)-(CAS) eugenol eugenol p-eugenol; alpha-humulene (CAS)
humulene alpha-caryophyllene alpha —humulene;
naphthalene,1,2,3,5,6,8a-hexahydr 0-4,7 dimethyl-1-(1-methylethyl)-
,(1s-cis); beta-selinene (CAS) eudesma-4(14),11-diene (CAS) beta-
eudesmene; alpha-gurjunene; (-)-caryophyllene oxide $$ (-)-beta-
caryophyllene epoxide; cadina-1,4-diene; caryophyllenol-ii
caryophyllenol ii; benzyl benzoate benzoic acid, phenylmethyl ester
(CAS); 4,6-dimethyl-2-mercaptopyridine-3- carbonitrile; and 1h-
benzimidazole,2-(methylthio)- (CAS) 2-thiomethylbenzimidazole.
This has obtained 13 phytochemical compounds that have activity as
antibacterials from teak flower essential oil. These results are the
output of analysis with PubChem, which is a database that stores a
collection of molecular data information consisting of three
interrelated databases: substance, component, and bioassay.”’

The results of the analysis with PASS online show that the highest Pa
(Probable activity) value is for the compound 0.804 and the Pi value is
0.115 as a Membrane permeability inhibitor. The results show that the
mechanism for inhibiting membrane permeability in the compounds
Benzyl benzoate, benzoic acid, and phenylmethyl ester (CAS) which
have a Pa value > 0.7 leads us to the high potential of these
compounds for further exploration. The Pa value also indicates the
potential of a compound for various biological activities based on the
structure of the structural activity relationship between natural
compounds and synthetic drugs.

The disruption of membrane permeability in bacterial cells causes
leakage of proteins and nucleic acids. Protein or nucleic acid leakage
indicates permanent damage and changes in the permeability of the
bacterial cell wall. Most antibacterials work by damaging the
cytoplasmic membrane, which can secrete nucleic acids and
proteins, 2303

The teak flower essential oils showed different degrees of growth
inhibition of the assayed essential oils against the Propionibacterium
acnes. The growth of the tested P. acnes was affected by the
concentration of essential oils which ranged from 0.1 to 1 % v/v. In
this present, the diameter of the inhibition zone (mm) found in positive
control clindamycin (33.9 mm) is followed by an extract concentration
of 0.1% (23.1 mm), up to the concentration of 0.25% (15 mm), and
1%, 4%, and negative control distilled water (0 mm), which take the
lowest position. Antibacterials have high activity against bacteria if the
minimum concentration value is low, but the inhibition is high.3"%%
These findings suggest significant antibacterial activity against
Propionibacterium acnes. The effectiveness of antibacterial activity
varied depending on the concentration. The essential oils from teak
flowers showed potent antimicrobial properties with lower
antibacterial activity against P. acnes than the commercial antibiotic
clindamycin (Table 4).

Components of essential oils that are suspected of having an active
role as an antibacterial are Benzyl benzoate Benzoic acid,
phenylmethyl ester (CAS; Phenol, 2-methoxy-4-(2-propenyl)- (CAS)
Eugenol Eugenol p-Eugenol which is a phenol group compound.
Phenol compounds can denature bacterial cell proteins and damage
cell membranes. Meanwhile, essential oil components that play an
active role are 1,6-Octadien-3-ol, 3,7-dimethyl-beta-Linalool Linalol
Li nalool; Caryophyllenol-1l  Caryophyllenol Il which is a
monoterpene and other compounds alpha-Cubebene (-)-alpha-
Cubebene; alpha-Humulene (CAS) Humulene alpha -Caryophyllene
alpha—humulene; Naphthalene,1,2,3,5,6,8a-hexahydr 0-4,7 dimethyl-
1-(1-methylethyl)-, (1S-cis)-; beta- Selinene (CAS) Eudesma-
4(14),11-diene (CAS) beta-Eudesmene; Terpenoid compounds can
also inhibit bacterial growth, namely by interfering with the process of
forming membranes or cell walls. Cell wall membranes are not formed
or are not completely formed. 3333

Due to the presence of 13 compound components in teak flower
essential oils mentioned previously have been proven to have
antibacterial potential because they contain phenols and terpenoids
which can provide antibacterial effects against Propionibacterium
acnes.
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Table 1: Results of teak flower essential oil analysis from GC-MS library

NO Library/ID RT Area (%) Quality (%)
1. 6-Methyl-5-hepten-2-one 5-Hepten-2-one, 6-methyl- (CAS) Methylheptenone 540 0.06 93
2. 1,6-Octadien-3-ol, 3,7-dimethyl-beta-Linalool Linalol Li nalool 7.09  0.05 91
3. (E)-4,8-Dimethyl-1,3,7-nonatriene 731  0.03 91
4, Methyl salicylate Benzoic acid2-hydroxy-, methyl ester Analgit 8,57 0.20 96
5. Chavicol-4-allylphenol para- allyl phenol Phenol,4-(2-propenyl)- 948 031 97
6. alpha-Cubebene (-)-alpha-Cubebene 10.71 0.26 95
7. Phenol, 2-methoxy-4-(2-propenyl)-(CAS) Eugenol Engenol p-Eugenol 11.32 57.70 98
8. Vanillin Benzaldehyde, 4-hydroxy-3-methoxy-Lioxin Vanillaldehyde 1161 0.59 95
9. Caryophyllene beta-Caryophyll en beta-Caryophyllene 11.90 15.79 99
10. alpha-Humulene (CAS) Humulene alpha-Caryophyllene alpha—humulene 1225 4.24 98
11. Naphthalene,1,2,3,5,6,8a-hexahydr 0-4,7 dimethyl-1-(1-methylethyl)-, (1S-cis)- 1241 0.52 91
12. beta-Selinene (CAS) Eudesma-4(14),11-diene (CAS) beta-Eudesmene 1261 0.17 99
13. alpha-Gurjunene 12,71 0.40 96
14. Guaia-1(10),11-diene alpha-Bulnesene 12.80 0.15 99
15. Naphthalene, 1,2,3,4-tetrahydro-1, 6-dimethyl-4-(1-methylethyl)-, (1S-cis)- 13.01 247 96
16. Benzene,1-methyl-3-[(1-methylethylidene) cyclopropyl]- 13.26 0.11 72
17. 1-alpha,9-alpha-Dimethyl-cis bicyclo[4.3.0]non-7-en-2-one 13.32  0.08 53
18. triplal 1 (iff) 2,4-dimethyl-3- cyclohexene-1-carbaldehyde 1340 1.09 50
19. Caryophyllenyl alcohol 1364 0.34 72
20. (-)-Caryophyllene oxide (-)-.beta.-Caryophyllene epoxide 13.81 4.30 91
21.  Camphene (CAS) Bicyclo[2.2.1]heptane, 2,2-dimethyl-3-methylene- (CAS) 13.96 0.40 78
22. Naphthalene, decahydrate- (CAS) Dec Decalin Dekalin Naphthan 14.09 0.63 78
23. (1S-(1Alpha,2alpha,4beta))-1-isopropenyl-4-methyl-1,2-cyclohexanedio 1418 0.19 64
24, cadina-1,4-diene 1426 0.29 70
25. caryophylla-4(12),8(13)-dien-5.beta.-ol 1439 1.29 95
26. caryophylla-3,8(13)-dien-5.beta.-0 1461 1.02 91
27. Caryophyllenol-I1 Caryophyllenol 11 1476 1.24 86
28. 2-Propenal, 3-(4-hydroxy-3-methoxyphenyl)- 1554 0.58 95
29. Benzyl benzoate Benzoic acid, phenylmethyl ester (CAS) Ascabin 15.76 0.33 98
30. 6-Hydroxycariophyllene 16.30 0.17 64
31. trimethyl - perhydro — naphthalene trimethyl — decalin 16.38 0.09 45
32. Farnesol, acetate 16.43 0.17 90
33. Benzoic acid, 2-hydroxy-, phenylmethyl ester Salicylic acid, benzyl ester 16.88 0.04 93
34. Dihydrophenanthropyrane 2251 112 86
35. 4-Methylene-1-[4',6'- dimethylpyrimidin-2'-yl]-3,5,6-trimethyl-1H,3H, 6H-pyrim 2275 0.23 76
36. Methyl 3-chloro-5-[(E)-3,7-dimethy I-2,6-octadienyl]-4,6-dimethoxy-2- methylbe. 22.86 0.04 83
37. 2-(5-Formyl-4-propyl-2-pyrrolyl)-5-(4-propyl-2-pyrrolyl)thiophene 23.93 0.50 83
38. 4,6-Dimethyl-2-mercapto pyridine-3- carbonitrile 2437 1.10 64
39. 1H-Benzimidazole, 2-(methylthio)- (CAS) 2-thiomethylbenzimidazole 25.02 0.25 64
40. Benzotriazole, 1-(4-methyl-3-nitro benzoyl)- 25.11 0.20 42
41. 2-Methyl-6-methoxy-1-indenol 25.37 041 43
42. Cis-isoeugenol cis-1-hydroxy-2- methoxy-4-propenyl-benzene (e)- isoeugenol 25,61 0.35 72
43. (2)-5-tert-Butyl-8-(2-phenylethenyl) [2.2]metacyclophane 2644 0.14 90
44, 3-Cyclopentylpropionamide, N-(3,4- dimethoxyphenethyl)- 26.61 0.11 64
45, 11-(1-Pyrenyl)undeca-10-ynal 26.78 0.08 72

5199
© 2023 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License



Trop J Nat Prod Res, November 2023; 7(11):5195-5202

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

46. 2'-Hydroxy-5'-methoxy acetophenone, acetate 27.03 0.11 58
47. vineomycinone B2 Methyl Ether 28.69 0.08 25
Table 2: Results of analysis of antibacterial mechanisms using PASS ONLINE

No Compound names Value Antiacne Mechanism

1. 1,6-Octadien-3-ol, 3,7-dimethyl-. beta.-Linalool 5243 g.IOZS Membrane permeability inhibitor
Linalol Li nalool
alpha-Cubebene (-)-.alpha.-Cubebene - - -

3. Phenol, 2-methoxy-4-(2-propenyl)- (CAS)

Eugenol Engenol p-Eugenol 0.781 0.013 Membrane permeability inhibitor

4, alpha-Humulene (CAS) Humulene alpha-

Caryophyllene alpha —humulene 0.388 0.209 Membrane permeability inhibitor

5. Naphthalene,1,2,3,5,6,8a-hexahydr 0-47 - - -
dimethyl-1-(1-methylethyl)-, (1S-cis)-

6. beta-Selinene (CAS) Eudesma-4(14),11-diene  0.439 0.152 Membrane permeability inhibitor
(CAS) 0.304 0.052 DNA synthesis inhibitor
beta-Eudesmene

7. alpha-Gurjunene 0.578 0.100 Membrane permeability inhibitor

8. (-)-Caryophyllene oxide (-)-.beta.- 0.416 0.013 Protein synthesis inhibitor
Caryophyllene epoxide

9. cadina-1,4-diene 0.570 0.105 Membrane permeability inhibitor

10. Caryophyllenol-I1 Caryophyllenol 11 0.381 0.018 Protein synthesis inhibitor

11. Benzyl benzoate Benzoic acid, phenylmethyl 0.804 0.009 Membrane permeability inhibitor
ester (CAS)

12. 4,6-Dimethyl-2-mercapto pyridine-3-  0.426 0.191 Membrane permeability inhibitor
carbonitrile

13. 1H-Benzimidazole, 2-(methylthio)- (CAS) 2- 0.115 0.037 Cell wall synthesis inhibitor
thiomethylbenzimidazole

Table 3: Inhibition area zone of antibacterial activity of teak flower essential oil on Propionibacterium acnes

Repetition Negative Positive Diameter of Inhibition Zone for each Essential Oil Concentration
Control Control (mm)
(mm) (mm) 0.1 0.25 1 4

1 0 34.2 22.7 155 14.8 12.6

1 0 34.0 19.0 154 16.5 134

1 0 33.7 279 143 15.1 8.0

Average = SD 0 33.9£0.25 23.1+4.42 15.0+ 0.67 15.4+0.91 11.3+0.56

Figure 2: Results of the inhibition zone of teak flower essential oil against Propionibacterium acnes (a,b) duplicate of positive control
(Clindamycin) and negative (c,d,e) triplicate of different concentration (%gr/mL) 0.1, 0.25, 1, and 4.
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Table 4: Classification of the Inhibitory Response of Each Concentration of Teak Flower Essential Qil against Propionibacterium

acnes.
No Concentration Average Area of Inhibition Zone (mm) £ SD  Inhibition Response
1. Control (-) 0 unavailable
2. Clindamycin (+) 33.9+0.25 Very Strong
3. 0,1% 23.1+4.42 Strong
4. 0,25% 15.0 £0.67 Moderate
5. 1% 154 +£0.91 Moderate
6. 4% 11.3+0.56 Weak

Conclusion

The total bioactive compounds in teak flowers, it is known that 13
compounds have antibacterial bioactivity. The mechanisms obtained
from the antibacterial compounds in the study were membrane
permeability inhibitors, protein synthesis inhibitors, and cell wall
synthesis inhibitors, with the highest Pa value of 0.804 in the
compound Benzyl benzoate Benzoic acid, phenylmethyl ester (CAS)
and the lowest Pa value of 0.115 in the compound 1H-Benzimidazole,
2-(methylthio)- (CAS), 2-thiomethylbenzimidazole. Teak flower
essential  oil has strong antibacterial  activity  against
Propionibacterium acnes.
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