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ABSTRACT

Staphylococcus aureus (S. aureus) is a widespread pathogen responsible for various skin
infections globally, regardless of age, climate, or geographic location. As a result, there is growing
interest in the development of herbal-based skin cleansing products with antibacterial activity against
this bacterium. This study aimed to identify potential medicinal herbs from An Giang Province capable
of inhibiting S. aureus. The investigation focused on three herbal extracts—fish mint, bitter melon, and
betel leaf—and three essential oils derived from grapefruit peel, tea tree, and betel leaf. The betel leaf
extract and essential oil exhibited the strongest antibacterial activity, with minimum inhibitory
concentration (MIC) values of 2500 ppm and 6.3 ppm, respectively (compared to 0.2 ppm
chloramphenicol as a positive control). The chemical constituents of betel leaf were characterized
using LC-MS and GC-MS, identifying 25 compounds in the essential oil and 22 compounds in the
extract. Based on these findings, an antibacterial herbal soap formulation containing betel leaf extract
and essential oil was successfully developed in accordance with TCVN 2224:1991 standards,
highlighting its potential for practical application as a natural antibacterial skin cleanser.
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1. Introduction

Staphylococcus aureus (S. aureus) is a Gram-positive coccus bacterium that commonly
colonizes human skin and mucosal surfaces as a human commensal organism. However, under
favorable conditions such as the presence of skin abrasions or elevated humidity, it can
proliferate and become an opportunistic pathogen, leading to a variety of potentially serious
infections (Milani et al., 2023). In the field of dermatology, S. aureus is recognized as a primary
cause of pyoderma, folliculitis, impetigo, pustules, cellulitis and wound infections (Del Giudice,
2020). In particular, elevated skin humidity creates ideal conditions for the growth of this
bacterium in tropical climates because it readily reproduces and penetrates through lesions or
wet hair follicles. Its ability to form pus and secrete tissue-damaging toxins further complicates
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the management and treatment of S. aureus-associated skin infections (Cheung et al., 2021).
Therefore, inhibiting the proliferation of S. aureus is essential to prevent serious complications
from skin infections (Chambers & Deleo, 2009). Consequently, identifying bioactive
antibacterial compounds from medicinal herbs is a promising strategy for developing safer and
more effective skin care products.

In an effort to screen medicinal herbs for antibacterial activity against S. aureus, five
medicinal herbs were selected for investigation, including grapefruit peel, tea tree, fish mint,
bitter melon, and betel leaf. In traditional medicine, these herbs are also widely used to treat
skin diseases, soothe lesions, and reduce inflammation and swelling (Do, 2001). Previous
studies have also demonstrated their strong antibacterial activity and potential to support the
treatment of skin conditions, with low MIC values against many types of bacteria that cause
skin infections (Chomnawang et al., 2005; Hoang et al., 2022; Saeed & Tariq, 2005; Tao &
Liu, 2012). However, their activity against S. aureus has not been explored.

In this study, plant samples were extracted and examined for their antibacterial activity
against S. aureus: three extracts of fish mint, bitter melon, and betel leaf and three essential
oils from grapefruit peel, tea tree, and betel leaf. The results showed that the betel leaf etha-
nolic extract and essential oil exhibited the strongest antibacterial activity against S. aureus,
providing a basis for formulating an antibacterial soap containing both. In addition, the
chemical composition of these extracts and essential oils was determined by GC-MS and
LC-MS, providing a basis for product development.

2.  Materials and methods
2.1. Materials

Fresh samples of grapefruit (Citrus maxima) peel, fish mint (Houttuynia cordata),
bitter melon (Momordica charantia), tea tree (Melaleuca cajuputi) and betel leaf (Piper
betle) were collected from An Giang Province, Vietnam. Coconut oil and soybean oil were
obtained from Vietcoco and Tuong An Company, respectively.

All analytical-grade solvents and reagents including diethyl ether, ethanol, glycerin,
citric acid, sodium sulfate (Na:SOs), phenolphthalein, hydrochloric acid, and dimethyl
sulfoxide (DMSO) were purchased from Xilong (China) and Merck (Germany). Chloram-
phenicol was used as a positive control antibiotic.

Microbiological testing used Staphylococcus aureus strain ATCC 6538 and Mueller-
Hinton (MH) agar. Instruments included a steam distillation unit, Soxhlet extractor, ro-
tary vacuum evaporator, UV-Vis spectrophotometer, 96-well microplate reader, gas
chromatography-mass spectrometry (GC-MS), liquid chromatography-mass spec-
trometry (LC-MS), and standard labware.

2.2. Plant extracts and essential oils
2.2.1. Essential oil extraction

Dried plant materials (500 g each) were chopped, ground, and mixed with distilled

water at a 1:5 (w/v) ratio in a 2,000 mL round-bottom flask. Steam distillation was carried
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out for 4 hours. The essential oils were collected using a separatory funnel, extracted with
diethyl ether, dried over anhydrous Na.SOs, and concentrated using a rotary evaporator un-
der reduced pressure. The essential oil yield was calculated using Eq. (1):

Extraction yield (%) = (Weight of essential oil / Weight of raw material) x 100 (1)
2.2.2. Ethanolic extract preparation

For each sample (fish mint, bitter melon and betel leaf), 50 g of dried material was
extracted with 200 mL of 96% ethanol using ultrasonic-assisted extraction for 2 hours. This
procedure was repeated four times. The combined extracts were filtered, concentrated under
reduced pressure and freeze-dried to obtain powdered extracts. The yield of ethanolic extract
was determined by Eq. (2):

Extraction yield (%) = (Mass of dried extract / Mass of raw material) x 100 (2)
2.2.3. Evaluation of antibacterial activity

Agar Well Diffusion Assay

S. aureus was cultured in MH broth at 37°C for 24 hours and standardized to 10°-107
CFU/mL (measured at ODsso nm). MH agar plates were inoculated with the bacterial sus-
pension. Wells of 8 mm diameter were punched and filled with 40 uL of test solution at
various concentrations in DMSO. Chloramphenicol (10 mg/mL) was used as the positive
control and DMSO as the negative control. After 24 h of incubation, the inhibition zone
diameter (D1Z) was measured in millimeters. Each test was performed in triplicate.

Minimum Inhibitory Concentration (MIC)

MIC values were determined using a broth microdilution method in 96-well plates.
Each well contained 100 puL of MH broth and 100 pL of diluted test solution in DMSO.
Plates were incubated at 37°C for 16—24 hours. Next, 20 uL of 0.01% resazurin solution was
added to each well. A color change from blue to pink indicated bacterial growth. The MIC
was defined as the lowest concentration at which the solution remained blue. All tests were
conducted in triplicate.

2.2.4. Herbal soap formulation

Soap base preparation:

A hot saponification method was used. A mixture of 30 g of coconut oil and 20 g of
soybean oil was heated and stirred. A 30% NaOH solution (8.20 g) was slowly added under
continuous stirring. The mixture was maintained at 70-80°C in a water bath until a thick,
homogeneous soap base formed. pH was adjusted using citric acid if needed. The soap was
poured into molds and allowed to solidify at room temperature.

Incorporation of herbal ingredients: The prepared soap base was melted using a double
boiler. A total of 0.08 g of dried betel leaf extract and 0.75 g of betel leaf essential oil were
added and thoroughly mixed. A total of 10 mL of distilled water was added to improve homo-
geneity. The final mixture was poured into molds and left to solidify at room temperature for 72
hours.
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2.2.5. Evaluation of the physicochemical properties of soap bars according to
TCVN 2224:1991
The physicochemical properties of the soap bars were evaluated according to Viet-
namese Standard, TCVN 2224:1991, Bar soap - Technical requirements.
Table 1. Physicochemical properties of soap bars

Standard Name Standard
Content of NaOH, in % of nominal mass, not more than 0.05
Sodium chloride content, in % of nominal mass, not more than 0.82
(r:]ontent of unsaponifiable fats, in % by mass of fatty acids, not more 1.00
than '
Content of unsaponifiable organic matter, in % by weight of fatty 150
acids, not more than '
Freezing point of fatty acids separated from soap, in % by mass of 35
fatty acids, not less than
lodine index, expressed in grams of iodine in 100 grams of fatty ac- 45

ids, not more than
Initial foam volume of 10.5 % soap solution, in mL, not less than 470

3. Results and discussion
3.1. Extraction yield

Essential oils. All essential oils obtained through steam distillation had a bright
appearance, were free of impurities, and had characteristic aromas corresponding to the
respective medicinal herbs. The yields of grapefruit, tea tree, and betel leaf essential oils are
shown in Table 2. Differences in extraction yield were mainly attributable to the amount of
essential oil in each plant species and the parts used in the distillation.

Table 2. Essential oil extraction yield by steam distillation method

Essential Parts used Weight of ingredients  Essential oil mass  Efficiency
Qils (9) (9) (%)
Grapefruit Peels 1621.82 33.81 2.08
Teatree Leavesand branches 3963.08 62.29 1.57
Betel Leaves 2342.51 11.70 0.50

Extracts. After the extraction process, solvent evaporation and drying, all extracts
obtained were homogeneous and had pleasant aromas. The ethanolic extraction yields of the
samples are shown in Table 3. The extraction yields of dried samples were higher than those
of fresh samples. This difference was primarily attributable to the high water content of fresh
plant materials, which diluted the concentration of extractable compounds.

Table 3. Extraction yield of ethanolic extracts

Ethanolic extracts Sample mass (g) Mass Effect rate (%0)
ethanol (g)

Fish mint 102.1 3.4 3.4

Bitter melon 169.2 5.2 3.1

Betel leaf 118.7 4.6 3.9

1598



HCMUE Journal of Science Vol. 23, No. 7 (2026): 1595-1604

3.2. Antibacterial activity of extracts and essential oils against S. aureus

The results of the antibacterial activity assays (Table 4) showed that all extracts and
essential oils effectively inhibited the growth of S. aureus.

Table 4. Antibacterial activity of the ethanolic extracts (EEs) against S. aureus

at a concentration of 5 mg/well for extract samples and 20 L /well for essential oil (EOS)

Diameter of inhibition zone (mm)
S. aureus ATCC 6538

Sample (5 mg /well)

Fish mint EE 10.0+0.2
Bitter melon EE 9.0+0.2
Betel leaf EE 13.5+0.1
Grapefruit EO 120+0.2
Teatree EO 15.0+£0.2
Betel EO 20.0+0.1
Chloramphenicol? (20 pg) 27.0+0.1

2 Positive control
The MIC results for the antibacterial activity of the extracts against S. aureus (Table
5) were consistent with the results from the agar well diffusion assay. Compared with the
positive control chloramphenicol, the extracts exhibited weaker antibacterial activity against
S. aureus. These essential oils showed moderate antibacterial activity compared to the
positive control chloramphenicol (0.2 ppm).
Table 5. Minimum inhibitory concentration (MIC)
of the extracts and essential oils against S. aureus

Sample MIC (ppm) S. aureus ATCC 6538
Fish mint EE 7500.0
Bitter melon EE 10000.0
Betel leaf EE 2500.0
Grapefruit EO 175
Teatree EO 15.0
Betel EO 6.3
Chloramphenicol? 0.2

2 Positive control

The antibacterial activity assay demonstrated that fish mint, bitter melon, dried betel
leaf, tea tree oil, grapefruit oil, and betel leaf essential oil all could inhibit the growth of S.
aureus. Betel leaf extract and betel leaf essential oil were selected as antibacterial ingredients
for the soap products.
3.3. Chemical composition of essential oils and extracts of Betel leaf

Chemical composition of Betel essential oil: The GC-MS results (Table 6) showed that
approximately 25 compounds were identified in the betel leaf essential oil obtained by steam
distillation. The structures of the compounds are shown in Figure 1.
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Table 6. Chemical composition of Betel leaf essential oil obtained by steam distillation

No. Compound Formula R m/z
1 p-Cresidine CsHuNO 9.182 122
2 Eucalyptol C10H180 9.813 43
3 S-Thujene 7,684;9.733 93
4 y-Terpinene CioH16 10.768 93
5 a-Terpinene 9,195; 11.877; 23.058 121
6 a-Pyronene 22.906 121
7 Linalool CioHieO 12.463 71
8 (-)-Terpinen-4-ol tors 16.103 71
9 a-Terpinyl formate C11H1s02 16.765 59
10 Eugenol C10H1202 23.833 164
11 a-Cubebene 24.901 161
12 Germacrene B 25.187 93
13 S - Bourbonene 25.261 81
14 S-Elemene 25.511 93
15 [-cis-Caryophyllene 26.847 93
16 y-Cadinene CisHoa 29.254;30.889 161
17 0-Cadinene 31.088 161
18 Cadina-3,5-diene 30.445 161
19 Epizonarene 31.292 161
20 a-Muurolene 30.263 105
21 Cubenene 31.693 119
22 a-Cadinol 36.744 95
23 Nerolidol 2 CisH260 32.883 69
24 tau.-Muurolol 36.267 95
25 Ethanone CoHsOs 34.802 149

p-Cresidine Eucalyptol pThujene a-Terpinene »Terpinene

XS Doy PO T O

a-Pyronene Linalool (-)-Terpinen-4-ol a-Terpinyl formate Eugenol

78 0 T

a-Cubebene Germacrene B fBourbonene J/+Elemene Jf+cis-Caryophyllene

885 &

»Cadinene s-Cadinene Cadina-3,5-diene Epizonarene a-Muurolene

B Gt s

Cubenene a-Cadinol Nerolidol 2 tau.-Muurolol Ethanone

Figure 1. Structure of identified compounds in Betel essential oil
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Chemical composition of Betel leaf extract: The ethanolic extract obtained by
ultrasound-assisted extraction was analyzed by liquid chromatography-mass spectrometry
(LC-MS) (Table 7), and 22 compounds were identified (Figure 2). The structures of the
compounds are shown in Figures 3 and 4.

Table 7. Chemical composition of Betel leaf extract obtained by ultrasonic methods

No. Compound Formula R m/z
1 Vitamin B5 CoH17NOs 1.25 278.1252
2 5-Oxoproline CsH7NOs 1.50 128.0359
3 Succinic acid C4HeO. 1.70 117.0197
4 DL-Tyrosine CoH11NO3 1.80 180.0671
5 Uridine CngzNzos 1.94 289.0685
6 Pantothenic acid C11H21NOs 2.75 292.1407
7 Adenosine C10H13N504 3.26 312.0957
8 L-Phenylalanine CoH11NO, 4.27 164.0723
9  Sesamol C7HsOs 7.26 137.0248
10  Caffeic acid 3-glucoside C15H1809 8.48 341.0887
11  Isorhamnetin-3-O-p-gentiobioside CasH32017 9.11 639.1586
12 Complanatuside CasH32016 9.31 623.1639
13 Sophorabioside Co7H30014 9.32 577.1587
2,5,7-Trihydroxy-6,8-dimethyl-3-(4'-
14 methoxybenzyl) chroman-4-one C15H200 10.90 343.1202
15  Phenethyl ferulate Ci1gH1504 11.43 297.1148
16  Denudatin A C20H200s 11.67 339.1259
17  y-Linoleic acid CigH300; 12.87 277.2184
18  Ethyl palmitoleate C18H340: 13.18 281.2500
19  Behenic acid C22H4402 14.23 339.3278
20  Tetracosanoic acid C24H402 14.83 367.3594
21  Pentacosanoic acid CosHs002 15.73 441.3951
22 Cerotic acid Co6H5202 15.74 395.3905

Channel name: 1: TOF M5* [100-1200) 4V ESI- - Low CE (BPI)

beh

n
3

BPI [Counts)

Phenethyl ferulate

2,5,7-Trihydroxy-6,8-dimethyl-3-(4'-methoxybenzyl) chroman-4-one

P
;|

Ethyl palmitoleate Cerotic acid

Sesamol [¥-Lincleic acid

DL-Tyrosine
yToEne Acenasine L-Phenylalanine

vitar?{in BS A gl
_Lw Sophorabioside
0 i

T T

2 4

T T T T T T
] B 10 12 14 16

Retention time [min]

Figure 2. Chromatogram of Betel extract
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Figure 3. Structure of identified compounds in Betel ethanolic extract
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Figure 4. Structure of identified compounds in Betel ethanolic extract (next)
3.4. Betel leaf soap
The betel leaf soap possessed a hard, firm, and smooth texture, without cracks (Figure 5).
The color of the antibacterial herbal soap sample was bright and uniform and matched the color
of the betel leaf extract. The soap had a pleasant aroma, characteristic of betel leaf essential oil,
with no odor of rancid oil. During use tests, the soap effectively cleansed the skin, leaving the
treated areas feeling soft and refreshed, accompanied by a pleasant fragrance.

Figure 5. Antibacterial herbal soap
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3.5. Physical and chemical properties of soap bars according to TCVN 2224:1991
The results of the physicochemical evaluation of the soap bars according to TCVN
2224:1991, Bar soap - Technical requirements, are shown in Table 8.
Table 8. Physicochemical properties of the soap bar sample

Standard Name Standard Sample
Content of NaOH, in % of nominal mass, not more than 0.05 0
Sodium chloride content, in % of nominal mass, not more than 0.82 0
Content of unsaponifiable fats, in % by mass of fatty acids, not
1.00 0.51
more than
Content of unsaponifiable organic matter, in % by weight of fatty
. 1.50 1.10
acids, not more than
Freezing point of fatty acids separated from soap, in % by mass
. 35 38
of fatty acids, not less than
lodine index, expressed in grams of iodine in 100 grams of fatty
X 45 43
acids, not more than
Initial foam volume of 10.5 % soap solution, in mL, not less than 470 913

4.  Conclusion

Taken together, the results showed that both the herbal extracts and essential oils ex-
hibited antibacterial activity against S. aureus. In particular, Betel leaf demonstrated the
strongest antibacterial activity, with MIC values of 2500 ppm for the extract and 6.5 ppm
for the essential oil, respectively. Chemical analysis by LC-MS and GC-MS identified the
principal compounds: monoterpenes and sesquiterpenes in the essential oil and flavonoids
in the betel leaf extract. These compounds may help explain the bioactivity of this herb. In
addition, an antibacterial herbal soap was successfully produced using betel leaf extract and
essential oil in accordance with TCVN 2224:1991; it had a pleasant feel and natural fra-
grance, supporting its use as a natural and safe skin cleanser. These results not only confirm
the potential for practical application of local and traditional herbs in antibacterial products
but also provide a basis for further studies on the antibacterial activity of bioactive com-
pounds in betel and other herbs.
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CHIET XUAT VA BAO CHE XA PHONG THAO DUQC TU LA TRAU KHONG
VOI HOAT TINH KHANG STAPHYLOCOCCUS AUREUS
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TOM TAT

Staphylococcus aureus (S. aureus) la tdc nhdn gdy bénh phé bién, gdy ra nhiéu logi nhiém
trung da trén toan thé gioi, khong phan biét do tuéi, khi hdu hay khu vie dia li. Do do, viéc nghién
ctieu phdt trién cdc san pham lam sach da c¢6 nguon goc thdao dwgc véi hoat tinh khang khudn doi voi
vi khudn ndy ngay cang dwoc quan tam. Nghién ciru ndy nham xdc dinh cdc lodi duwoc liéu tiém ning
tai tinh An Giang co kha nang vc ché S. aureus. Thi nghiém khdo sdt ba logi dich chiét thao duoc
gom diép cd, mudp ding va ld trau khéng, cing ba loai tinh dau gom vé budi, tram tra va ld trau
khong. Ca dich chiét va tinh dau 1d trau khong déu thé hién hoat tinh khang khuén manh nhdt véi
nong dé irc ché toi thiéu (MIC) lan lwot 12 2500 ppm va 6,3 ppm (so véi 0,2 ppm chloramphenicol
lam doi chitng dwong). Thanh phan héa hoc cia lé trau khéng dwoc phan tich bang LC-MS va GC-
MS, xdc dinh 25 hop chdt trong tinh dau va 22 hop chdt trong dich chiét. Trén co sé do, cong thire
xa phong thao dwgc chira dich chiét va tinh dau ld trau khéong da dwoc xdy dung thanh cong theo
tiéu chuan TCVN 2224:1991, cho thdy tiém nang iing dung thuc tién nhu mot san pham lam sach da
6 nguon goc tw nhién va kha nang khang khuan.

Tir khéa: xa phong thao dugc khang khuan; budi; diép ca; mudp dang; 1a trau khong
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