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Abstract. Gyrinops versteegii is widely used in the perfume, incense, and 

cosmetic industries as a raw material. Other potential uses of the plant are being 

explored, including in food and medicine. Therefore, this study carried out 

antibacterial assay and gas chromatography-mass spectroscopy of G. versteegii 

fruit extracts in three solvents with different polarities, i.e., n-hexane, 

dichloromethane, and methanol. The agar well diffusion method was then used to 

test the extracts against Staphylococcus aureus and Escherichia coli. The 

dichloromethane extract showed the most effective antibacterial activity against S. 

aureus at a concentration of 40%, with a zone of inhibition of 13.17 mm compared 

to E. coli, for which it was 7 mm. Furthermore, the bacterial species showed 

different responses to the extracts. Total and partial inhibition was shown by the 

G. versteegii fruit extracts against S. aureus and E. coli, respectively. Furthermore, 

GC-MS identified the following compounds in G. versteegii fruit extract: palmitic, 

oleic, and stearic acid, as well as bis-(2-ethylhexyl) phthalate, 2,3-dihydro-3,5-

dihydroxy-6-methyl-4H-pyran-4-one, methyl octadec-9-enoate, squalene, and 2-

monopalmitin derivates. The results showed antibacterial potency of G. versteegii 

fruit extract against pathogenic bacteria. Additionally, the antibacterial activity of 

the extract was stronger against S. aureus compared to E. coli. 

Keywords: agarwood; antibacterial; Escherichia coli; plant extract; Staphylococcus 

aureus. 

1 Introduction 

Antibiotics are commonly used to treat infectious diseases caused by 

microorganisms, but some types cause resistance [1,2,3]. Scientists have searched 

for new antibiotics for decades. Some of the efforts include modifying natural 

products (semisynthetic) [4] and exploring potential antimicrobe compounds of 

plant origin [5,6]. The tropical rainforest is an ecosystem that stores a lot of 

biodiversity, including potential plant sources of medicine to treat infectious 

diseases. One famous plant, Gyrinops versteegii (Gilg.) Domke, locally referred 
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to as agarwood, gaharu, or ketimunan, is endemic to Eastern Indonesia, 

especially the Lesser Sunda Islands [7]. In Lombok (West Nusa Tenggara), the 

flowering and fruiting season of wild G. versteegii is in November-December. 

However, cultivated types can flower and bear fruit twice in May, June-August, 

and November-December. Generally, the use of this plant is limited to resin, but 

the local people have begun to process gaharu leaves into drinks. 

Several studies have been reported on the phytochemical analysis and 

antibacterial assay of leaf, stem, tree, and resin extracts on G. versteegii. Essential 

oil and leaf extract of agarwood showed wide biological activities, such as 

antibacterial [8-12], antifungal [13,14], antioxidant [15,16], anticancer [17], and 

cytotoxic [18]. However, no studies on antibacterial bioactivity and chemical 

compound analysis from the fruits have been reported.  

Gas chromatography-mass spectrometry (GC-MS) is a tool commonly used to 

selectively detect the chemical composition of plants [19]. It has been used for 

identification of the chemical compounds of Aquilaria malaccensis and G. 

versteegii [20] and the functional groups and phytochemical constituents of 

Amomum nilgiricum leaf and rhizome [21]; analysis of the chemical compounds 

of the medicinal plant of Senna hirsuta leaf extracts [22]; and identification of 

volatile components of Astragalus [23].  

This study analyzed the ability of G. versteegii fruit extract as an antibacterial 

agent against Escherichia coli and Staphylococcus aureus and to identify the 

chemical compounds of the fruit. The results of this study are useful as 

information for future investigations regarding the development of natural 

compounds from local plants to treat infectious diseases.  

2 Methods 

2.1 Sample Collection 

Ripe fruits of G. versteegii were collected from the cultivation gardens in Punia 

Mataram (-8.594036 S, 116.104023 E), West Lombok, Indonesia, as shown in 

Figure 1. The sample was shade dried for 7 days to reduce water content and 

prevent photolysis. The dried fruits were then blended into powder form.  

 

 

 



 Antibacterial Activity of Gyrinops versteegii 251 

 

 

  

(A) (B) 

Figure 1  (A) Gyrinops versteegii in Punia Village, West Lombok with an 

average stem diameter of 15.5 cm. (B) Ripe fruits of Gyrinops versteegii collected 

from Punia Village (a: stalk and b: fruit). 

2.2 Extraction and Dilution 

The powder was macerated using n-hexane solvent for 24 h and filtered to 

separate the n-hexane filtrate and residue. Then, the filtrate was evaporated to 

obtain n-hexane extract. The same extraction procedure was applied for residue 

material using dichloromethane and methanol to afford dichloromethane and 

methanol extracts, respectively. Each extract was diluted to concentrations of 

20%, 40%, 60%, and 80% using dimethyl sulfoxide (DMSO) [24].  

2.3 Antibacterial Assay 

Antibacterial assay of the fruit extracts was carried out using the agar well 

diffusion method against Gram-negative and Gram-positive bacteria, namely 

Escherichia coli ATCC 25922 and Staphylococcus aureus ATCC 29213, 

respectively. A total of 0.15 ml of bacterial suspension was spread on a nutrient 

agar plate (Himedia) and six wells with a diameter of 7 mm were made in each. 

Afterward, each well was filled with 100 µl extract concentrations of 20%, 40%, 

60%, and 80% (w/v), positive control (ciprofloxacin 0.03% (w/v)), and negative 

control (DMSO 99%). The plates were incubated at 37 °C and the zone of 

inhibition was observed and measured after 24 h. The zone of inhibition is the 

clear zone diameter around the well [5,24]. 



252 Hidayati, E., et al. 

 

2.4 GC-MS Analysis 

The n-hexane, dichloromethane, and methanol extracts were analyzed using GC-

MS QP2010. The capillary column model was Rx-1 ms 100% dimethyl 

polysiloxane with a length, thickness, and diameter of 30 m, 0.25 μm, and 0.25 

mm, respectively. Afterward, the column oven and injection temperature were set 

at 40 °C and 260 °C, respectively. Sample injection was then carried out by 

splitting using helium gas, with a ratio of 51.0. The spectrum of the known 

components stored in the library of Wiley 7 software was used as a comparison 

for the spectrum detected in GC-MS QP2010.  

2.5 Data Analysis 

The experimental data of the plant extracts and concentrations were obtained by 

calculating the mean value of three replicates. The differences between the 

treatment groups were determined using F-test analysis of variance (IBM SPSS 

Statistics ver. 23) at a 5% level of significance (p < 0.05). 

3 Results and Discussion 

The fruit extracts of G. versteegii had a deep orange color compared to the RGB 

color chart, and the aroma was similar to tea extract, as shown in Figure 2. The 

residual mass obtained from 200 g dry fruit for the n-hexane, dichloromethane, 

and methanol extracts was 3.01%, 3.30%, and 7.93%, respectively.  

(A)                                                 (B)                                          (C) 

Figure 2 Gyrinops versteegii fruit extracts: (A) n-hexane extract, (B) 

dichloromethane extract, and (C) methanol extract at various concentrations: 20% (a), 

40% (b), 60% (c), and 80% (d).  

The n-hexane, dichloromethane, and methanol extracts, along with ciprofloxacin 

(positive control) and DMSO (negative control), were tested in vitro against E. coli 

and S. aureus. The different types of extract and concentration levels showed 

significant differences in the zone of inhibition, as shown in Table 1. The 

dichloromethane extract was the most effective at 40% compared to all concentrations 

of n-hexane, dichloromethane, and methanol. Furthermore, the dichloromethane 

extract E. coli inhibited the growth of S. aureus with a 13.17 mm and 7 mm zone of 
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inhibition, respectively. DMSO at 99% did not show inhibition against S. aureus and 

E. coli, while ciprofloxacin showed a 30 mm inhibition zone against S. aureus and E. 

coli, as shown in Figure 3.  

Table 1 Mean and standard deviation of the zone of inhibitions of 

n-hexane, dichloromethane, and methanol of Gyrinops versteegii 

fruit extracts against Staphylococcus aureus and Escherichia coli. 

Extracts (%) and control 
Zone of inhibition (mm) 

Staphylococcus aureus Escherichia coli 

n-hexane (20%) 4 ± 0.0 4 ± 0.3 

n-hexane (40%) 5 ± 0.0 5 ± 0.0 

n-hexane (60%) 5 ± 0.0 5 ± 0.0 

n-hexane (80%) 5 ± 0.0 5 ± 0.0 

Dichloromethane (20%) 12 ± 0.0 8 ± 0.0 

Dichloromethane (40%) 13.7 ± 0.29 7 ± 0.0 

Dichloromethane (60%) 13 ± 0.0 6 ± 0.0 

Dichloromethane (80%) 12.33 ± 0.1 3 ± 0.0 

Methanol (20%) 9.83 ± 0.06 7 ± 0.0 

Methanol (40%) 10 ± 0.0 8 ± 0.0 

Methanol (60%) 10 ± 0.0 8 ± 0.0 

Methanol (80%) 10 ± 0.0 8 ± 0.0 

Ciprofloxacin (Control +) 30 ± 0.66 30 ± 0.5 

DMSO (Control -) 0 ± 0.0  0 ± 0.0 

 

  

  (A)                                                                               (B) 

Figure 3 Zone of inhibition of dichloromethane extract of Gyrinops versteegii 

fruit for different concentrations against (A) Staphylococcus aureus and (B) 

Escherichia coli. 

The chemical profile of n-hexane of G. versteegii fruit extract confirmed the 

presence of two components with different retention time values, as shown in 

Figure 4 and Table 2. The chemical profile of the dichloromethane extract was 

relatively different from that of the n-hexane extract, as shown in Figure 5. 

Furthermore, the GC-MS spectrum of the dichloromethane extract confirmed the 
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presence of palmitic, oleic, and stearic acid, as well as bis-(2-ethylhexyl) 

phthalates and squalene, as shown in Table 3. The chemical composition of the 

methanol extract (Figure 6) was also slightly different from that of the n-hexane 

and dichloromethane extracts. There were three fatty acids, namely oleic, 

palmitic, and stearic, as well as other unidentified compounds in the methanol 

extract, as shown in Table 4. 

   

Figure 4 Typical GC-MS spectrum of n-hexane of Gyrinops versteegii fruit 

extract.  

Table 2 Chemical components of n-hexane of Gyrinops versteegii fruit 

extract.  

Peak RT 

(min) 

Peak 

Area 

(%) 

SI 

(%) 

MW Molecular 

Formula 

Name of 

Compounds 

1 12.055 33.15 95 256 C16H32O2 Palmitic acid 

2 12.680 66.85 96 282 C18H34O2 Oleic acid 

RT = retention time, SI = similarity index, MW = molecular weight 

 

 

Figure 5 Typical GC-MS spectrum of dichloromethane of Gyrinops versteegii 

fruit extract.  
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Table 3 Chemical composition in dichloromethane of Gyrinops versteegii 

fruit extract. 

 

Peak 

RT 

(min) 

Peak 

Area 

(%) 

SI 

(%) 

MW Molecular 

Formula 

Name of 

Compounds 

1 12.080 27.12 94 256 C16H32O2 Palmitic acid 

2 12.720 53.98 96 282 C18H34O2 Oleic acid 

3 12.760 8.44 94 284 C18H36O2 Stearic acid 

4 14.705 3.59 96 390 C24H38O4 Bis-(2-ethylhexyl) 

phthalates 

5 15.920 4.02 88 356 C21H40O4 Not identified 

6 17.365 2.85 94 410 C30H50 Squalene derivative 

RT = retention time, SI = similarity index, MW = molecular weight 

 

 

Figure 6 Typical GC-MS spectrum of methanol of Gyrinops versteegii fruit 

extract. 

Table 4 Chemical composition in methanol of Gyrinops versteegii fruit 

extract. 

Peak RT 

(min) 

Peak 

Area 

(%) 

SI 

(%) 

MW Molecular 

Formula 

Name of 

Compounds 

1 8.580 1.22 96 144 C6H8O4 2,3-dihydro-3,5-

dihydroxy-6-methyl-

4h-pyran-4-one 

2 10.810 1.76 96 194 C7H14O6 Not identified 

3 10.935 17.15 89 192 C7H12O6 Not identified 

4 12.040 11.46 95 256 C16H32O2 Palmitic acid 

5 12.500 1.12 96 296 C19H36O2 Methyl octadec-9-

enoate 

6 12.665 44.99 96 282 C18H34O2 Oleic acid 

7 12.720 5.27 95 284 C18H36O2 Stearic acid 

8 14.193 1.62 88 621 C39H72O5 Not identified 

9 14.423 1.51 89 330 C19H38O4 2-monopalmitin 

derivative 

10 15.912 13.89 88 356 C21H40O4 Not identified 

RT = retention time, SI = similarity index, MW = molecular weight 
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All concentrations of the n-hexane, dichloromethane, and methanol extracts 

showed antibacterial activity. These extracts were more effective in inhibiting S. 

aureus than E. coli, as shown in Table 1. Furthermore, the G. versteegii fruit 

extracts showed a total zone of inhibition against S. aureus, while E. coli was 

partial. Total inhibition occurs when a clear zone forms around the well, while 

partial inhibition occurs when there is still growth of several bacterial colonies, 

as shown in Figure 3. Previous studies have shown that the essential oil of  

Aquilaria sinensis is better against S. aureus than E. coli [8,25]. Meanwhile, the 

differences in the cell wall and membrane structure in S. aureus and E. coli can 

cause different responses to antimicrobial agents. Gram-negative bacteria have 

more complex cell wall structures than Gram-positive ones [26]. A previous study 

on the effect of aqueous extract of Aquilaria crassna leaf on Gram-positive S. 

epidermidis showed inhibition of exopolysaccharides production, cell swelling, 

and distorting after 24 h of incubation [9]. The same can occur in S. aureus treated 

with fruit extracts of G. versteegii.  

The GC-MS results of G. versteegii fruit extracts were dominated by fatty acid 

compounds such as palmitic, oleic, and stearic acid. Two other chemical 

compounds were detected in all extracts, namely palmitic and oleic acid. These 

compounds belong to the fatty acid class, with palmitic being a saturated fatty 

acid, while oleic is unsaturated. Palmitic and oleic acids are believed to influence 

the antibacterial activity of G. versteegii fruit extracts against S. aureus and E. 

coli. This suspicion was corroborated by the report of other studies that palmitic 

and oleic acid extracted from marine algae could inhibit the growth of Gram-

positive bacteria, such as S. aureus, Bacillus cereus, Bacillus subtilis, as well as 

Gram-negative bacteria, such as E. coli, Klebsiella pneumoniae, and 

Pseudomonas aeruginosa. Furthermore, the combination of palmitic and oleic 

acid, at a ratio of 1:1, showed better antibacterial activity against all tested 

bacteria compared to palmitic acid alone [27]. Fatty acid has a variety of 

bioactivities, such as antibacterial activities, and it is suspected to act by 

increasing plasma membrane permeability, disrupting the electron transport 

chain, and uncoupling oxidative phosphorylation. Its activity also inhibits 

membrane enzymatic and nutrient uptake [28]. 

The dichloromethane extracts showed a stronger effect on inhibiting the growth 

of the tested bacteria, especially against S. aureus, as shown in Table 1. The 

percentage of palmitic and oleic acids in the dichloromethane extract was lower 

compared to the n-hexane extract. However, the dichloromethane extract was the 

only source of squalene derivatives, at 2.85%. In the study of Gyrinops walla, 

squalene was found in the dichloromethane of the stem but not in the leaves [29]. 

Squalene is a linear triterpene widely found in fungi, algae, plants, animals, and 

microorganisms [30] and is widely used in disease treatment and therapy [31]. 

Squalene activities have been detected, such as antibacterial and antifungal 
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activities [32], and its derived nanoemulsions, such as squalene at 

cetylpyridinium chloride, are more effective against Gram-positive than Gram-

negative bacteria and fungi. As studied in methicillin-resistant S. aureus 

(MRSA), the mechanism of action is to damage the cell membrane, leading to 

leakage of the DNA and cytoplasmic proteins [33]. The more varied content of 

antibacterial compounds is thought to cause the dichloromethane extracts to be 

more resilient against the tested bacteria.  

4 Conclusion 

Fruit extract of Gyrinops versteegii showed antibacterial activity against 

Staphylococcus aureus and Escherichia coli. The dichloromethane extract at 40% 

concentration was the most effective in inhibiting the growth of Staphylococcus 

aureus, with an inhibition zone of 13.17 mm. Furthermore, GC-MS analyses of 

Gyrinops versteegii fruit extracts identified oleic, palmitic, and stearic acid, as 

well as bis-(2-ethylhexyl) phthalate, squalene derivative, 2-monopalmitin 

derivative, 2,3-dihydro-3,5-dihydroxy-6-methyl-4H-pyran-4-one, and methyl 

octadec-9-enoate. 

Acknowledgments 

The authors are grateful to Mrs. Tri Mulyaningsih for determining the plant 

material and Mr. Sukiman for his advice. The authors are also grateful to Gaharu 

Cultivation Garden in Punia Mataram Lombok for providing the plant material 

and Balai Laboratorium Kesehatan Pengujian dan Kalibrasi Mataram for 

providing the bacterial isolates.  

References 

[1] Aslam, B., Wang, W., Arshad, M.I., Khurshid, M., Muzammil, S., Rasool, 

MH, Nisar, M.A., Alvi, R.F., Aslam, M.A., Qamar, MU, Salamat, MKF & 

Baloch, Z., Antibiotic Resistance: A Rundown of a Global Crisis, Infection 

and Drug Resistance, 11, pp. 1645-1658, 2018. 

[2] Baker, S., Thomson, N., Weill, F.X. & Holt, K.E., Genomic Insights into 

the Emergence and Spread of Antimicrobial-Resistant Bacterial 

Pathogens, Science, 360, pp. 733-738, 2018. 

[3] Centers for Disease Control and Prevention, Antibiotic resistance threats 

in the United States, Department of Health and Human Services, 

https://www.cdc.gov/drugresistance/biggest-threats.html, (10 November 

2021). 

[4] Mitcheltree, M.J., Pisipati, A., Syroegin, E.A., Silvestre, K.J., Klepacki, 

D., Mason, J.D., Terwilliger, D.W., Testolin, G., Pote, A.R., Wu, K.J.Y., 

Ladley, R.P., Chatman, K., Mankin, A.S., Polikanov, Y.S. & Myers, A.G., 

https://www.cdc.gov/drugresistance/biggest-threats.html


258 Hidayati, E., et al. 

 

A Synthetic Antibiotic Class Overcoming Bacterial Multidrug Resistance, 

Nature, 599, pp. 507-512, 2021. 

[5] Gonelimali, F.D., Lin, J., Miao, W., Xuan, J., Charles, F., Chen, M. & 

Hatab, S.R., Antimicrobial Properties and Mechanism of Action of Some 

Plant Extracts Against Food Pathogens and Spoilage Microorganisms, 

Frontier in Microbiology, 9 (1639), 2018. 

[6] Kebede, T., Gadisa, E. & Tufa, A., Antimicrobial Activities Evaluation and 

Phytochemical Screening of Some Selected Medicinal Plants: A Possible 

Alternative in the Treatment of Multidrug-Resistant Microbes, PLoS ONE, 

16(3), pp. 1-16, 2021. 

[7] Mulyaningsih, T. & Yamada, I., Notes on Some Species of Agarwood in 

Nusa Tenggara, Celebes and West Papua, Natural Resource Management 

and Socio-Economic Transformation Under the Decentralization in 

Indonesia: Toward Sulawesi Area Studies, CSEAS, Kyoto University, 

Kyoto, pp. 365-372, 2008. 

[8] Chen, H., Yang, Y., Xue, J., Wei, J., Zhang, Z. & Chen, H., Comparison 

of Compositions and Antimicrobial Activities of Essential Oils from 

Chemically Stimulated Agarwood, Wild Agarwood and Healthy Aquilaria 

sinensis (Lour.) Gilg Trees, Molecules, 16, pp. 4884-4896, 2011. 

[9] Kamonwannasit, S., Nantapong, N., Kumkrai, P., Luecha, P., 

Kupittayanant, S. & Chudapongse, N., Antibacterial Activity of Aquilaria 

crassna Leaf Extract Against Staphylococcus epidermidis by Disruption of 

Cell Wall, Annals Clinical Microbiology and Antimicrobials, 12(20), pp. 

1-7, 2013. 

[10] Hendra, H., Moeljopawiro, S. & Nuringtyas, T.R., Antioxidant and 

antibacterial activities of agarwood (Aquilaria malaccensis Lamk.) leaves, 

in Proceedings of Advances of Science and Technology for Society, AIP 

Conference, pp. 140004-1-9, 2016. 

[11] Lu, Q., Liu, J., Tu, C., Li, J., Lei, C., Guo, Q., Zhang, Z. & Qin, W., In 

vitro antibacterial activity of 34 plant essential oils against Alternaria 

alternata, in Proceedings of International Conference on Building Energy 

Conservation, Thermal Safety and Environmental Pollution Control, E3S 

Web of Conferences, pp. 1-4, 2019. 

[12] Jihadi, N.I.M., Hashim, YZHY, Rahim, N.A., Kamal, K.M., Noor, N.M., 

Sani, M.S.A. & Maifiah, M.H.M., Antibacterial Activity of Ethanolic Leaf 

Extract of Aquilaria malaccensis Against Multidrug-Resistant Gram-

Negative Pathogen, Food Research, 4(6), pp. 1962-1968, 2020. 

[13] Zhang, Z., Han, X., Wei, J., Xue, J., Yang, Y., Liang, L., Li, X., Guo, Q., 

Xu, Y. & Gao, Z., Compositions and Antifungal Activities of Essential Oils 

from Agarwood of Aquilaria sinensis (Lour.) Gilg Induced 

by Lasiodiplodia theobromae (Pat.) Griffon. & Maubl., Journal of the 

Brazilian Chemical Society, 25(1), pp. 20-26, 2014.  

https://www.ncbi.nlm.nih.gov/pubmed/?term=Kamonwannasit%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23962360
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nantapong%20N%5BAuthor%5D&cauthor=true&cauthor_uid=23962360
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kumkrai%20P%5BAuthor%5D&cauthor=true&cauthor_uid=23962360
https://www.ncbi.nlm.nih.gov/pubmed/?term=Luecha%20P%5BAuthor%5D&cauthor=true&cauthor_uid=23962360
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kupittayanant%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23962360
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chudapongse%20N%5BAuthor%5D&cauthor=true&cauthor_uid=23962360
https://ann-clinmicrob.biomedcentral.com/
https://aip.scitation.org/author/Nuringtyas%2C+Tri+Rini
http://www.scielo.br/scielo.php?script=sci_serial&pid=0103-5053&lng=en&nrm=iso
http://www.scielo.br/scielo.php?script=sci_serial&pid=0103-5053&lng=en&nrm=iso


 Antibacterial Activity of Gyrinops versteegii 259 

 

 

[14] Hidayat, A., Turjaman, M., Qamyari, R., Imanuddin, R., Tohir, D., 

Rahmanto, R.G.H. & Susilowati, A., Bioactive Composition, Antifungal, 

Antioxidant, and Anticancer Potential of Agarwood Essential Oil from 

Decaying Logs (Gyrinops spp.) of Papua Island (Indonesia), Journal of 

Applied Pharmaceutical Science, 11(10), pp. 70-78, 2021. 

[15] Prihantini, A.I. & Rizqiani, K.D., Various Antioxidant Assays of Agarwood 

Extracts (Gyrinops versteegii) from West Lombok, West Nusa Tenggara, 

Indonesia, Asian Journal of Agriculture, 3(1), pp. 1-5, 2019. 

[16] Hidayat, A., Turjaman, M., Faulina, S.A., Ridwan, F., Aryanto, A., 

Najmulah, N., Irawadi, T.T. & Iswanto, A.H., Antioxidant and Antifungal 

Activity of Endophytic Fungi Associated with Agarwood Trees, Journal of 

the Korean Wood Science and Technology, 47(4), pp. 459-471, 2019.  

[17] Wardana, T.A.P., Nuringtyas, T.R., Wijayanti, N. & Hidayati, L., 

Phytochemical Analysis of Agarwood (Gyrinops Versteegii (Gilg.) Domke 

Leaves Extracts as Anticancer Using GC-MS, in Proceedings of The 2nd 

International Conference on Science, Mathematics, Environment, and 

Education, AIP Conference, pp. 020136-1-9, 2019. 

[18] Nuringtyas, T.R., Isromarina, R., Septia, Y., Hidayati, L., Wijayanti, N. & 

Moeljopawiro, S., The Antioxidant and Cytotoxic Activities of The 

Chloroform Extract of Agarwood (Gyrinops Versteegii (Gilg.) Domke 

Leaves on HeLa cell lines, in Proceedings of Inventing Prosperous Future 

Through Biological Research and Tropical Biodiversity Management, AIP 

Conference, pp. 020067-1-9, 2018. 

[19] Sneddon, J., Masuram, S. & Richert, J.C., Gas Chromatography‐Mass 

Spectrometry‐Basic Principles, Instrumentation and Selected Applications 

for Detection of Organic Compounds, Analytical Letters, 40(6), pp. 1003-

1012, 2007.  

[20] Nasution, A.A., Siregar, U.J., Miftahudin, & Turjaman, M., Identification 

of Chemical Compounds in Agarwood-Producing Species Aquilaria 

malaccensis and Gyrinops versteegii, Journal of Forestry Research, 31, pp. 

1371-1380, 2020. 

[21] Konappa, N., Udayashankar, A.C., Krishnamurthy, S., Pradeep, 

C.K., Chowdappa, S. & Jogaiah, S., GC–MS Analysis of Phytoconstituents 

from Amomum nilgiricum and Molecular Docking Interactions of 

Bioactive Serverogenin Acetate with Target Proteins, Scientific Reports, 

10(16438), 2020.  

[22] Hidayati, E., Wardani, I., Susyanti, D., Mardianti, S. & Sudarma, IM., 

Antimicrobial Assay and GC-MS Analysis of Leaves Extracts Medicinal 

Plant Senna hirsuta (L.), Research Journal of Pharmaceutical, Biological 

and Chemical Sciences, 11(3), pp. 215-219, 2020. 

[23] Gad, H.A., Mamadalieva, N.Z., Böhmdorfer, S., Rosenau, T., Zengin, G., 

Mamadalieva, R.Z., Al Musayeib, N.M. & Ashour, ML, GC-MS Based 

https://aip.scitation.org/author/Wardana%2C+Taufik+Adhi+Prasetya
https://aip.scitation.org/author/Nuringtyas%2C+Tri+Rini
https://aip.scitation.org/author/Wijayanti%2C+Nastiti
https://aip.scitation.org/author/Hidayati%2C+Lisna
https://aip.scitation.org/author/Nuringtyas%2C+Tri+Rini
https://aip.scitation.org/author/Isromarina%2C+Rini
https://aip.scitation.org/author/Septia%2C+Yovi
https://aip.scitation.org/author/Hidayati%2C+Lisna
https://aip.scitation.org/author/Wijayanti%2C+Nastiti
https://aip.scitation.org/author/Moeljopawiro%2C+Sukarti
https://www.tandfonline.com/author/Sneddon%2C+J
https://www.tandfonline.com/author/Masuram%2C+S
https://www.nature.com/articles/s41598-020-73442-0#auth-Arakere_C_-Udayashankar
https://www.nature.com/articles/s41598-020-73442-0#auth-Soumya-Krishnamurthy
https://www.nature.com/articles/s41598-020-73442-0#auth-Chamanalli_Kyathegowda-Pradeep
https://www.nature.com/articles/s41598-020-73442-0#auth-Srinivas-Chowdappa
https://www.nature.com/articles/s41598-020-73442-0#auth-Sudisha-Jogaiah
https://sciprofiles.com/profile/199902
https://sciprofiles.com/profile/78002
https://sciprofiles.com/profile/author/UUgvSkMvbjNYYVpVckF3S0RsNG13ZTRob09WWUJTczlEZFVXVGJyWTVYaz0=
https://sciprofiles.com/profile/305008
https://sciprofiles.com/profile/60379
https://sciprofiles.com/profile/author/cFhZc0hkREZQbERpYkQ2d2tFNzd1V1BQdnFTWDUwKzd0V1lOejhXRndjVT0=
https://sciprofiles.com/profile/author/cFhZc0hkREZQbERpYkQ2d2tFNzd1V1BQdnFTWDUwKzd0V1lOejhXRndjVT0=
https://sciprofiles.com/profile/10289
https://sciprofiles.com/profile/166210


260 Hidayati, E., et al. 

 

Identification of the Volatile Components of Six Astragalus Species from 

Uzbekistan and Their Biological Activity, Plants, 10(124), pp. 1-12, 2021.  

[24] Bubonja-Sonje, M., Knezevic, S. & Abram, M., Challenges to 

Antimicrobial Susceptibility Testing of Plant-Derived Polyphenolic 

Compound, Arh Hig Rada Toksikol, 71, pp. 300-311, 2020. 

[25] Wang, M.R., Li, W., Luo, S., Zhao, X., Ma, CH & Liu, S.X., GC-MS Study 

of the Chemical Components of Different Aquilaria sinensis (Lour.) 

Gilgorgans and Agarwood from Different Asian Countries, Molecules, 

23(9), pp. 1-14, 2018. 

[26] Madigan, M.T., Martinko, J.M., Stahl, D.A. & Clark, D.P., Brock: Biology 

of Microorganisms, ed. 13, Benjamin Cummings, 2012. 

[27] Deyab, M.A. & Abou-Dobara, M.I., Antibacterial Activity of Some Marine 

Algal Extracts Against Most Nosocomial Bacterial Infections, Egyptian 

Journal of Experimental Biology (Botany), 9(2), pp. 281-286, 2013. 

[28] Yoon, B.K., Jackman, J.A., Valle-González, E.R. & Cho, N.J., 

Antibacterial Free Fatty Acids and Monoglycerides: Biological Activities, 

Experimental Testing, and Therapeutic Applications, International 

Journal of Molecular Sciences, 19(4), pp. 1-40, 2018.  

[29] Buddhapriya, A.N. & Senarath, WTPSK, Phytochemical Analysis of 

Gyrinops walla and Comparison with Aquilaria malaccensis, Agriculture 

& Forestry, 64(4), pp. 81-88, 2018. 

[30] Gohil, N., Bhattacharjee, G., Khambhati, K., Braddick, D. & Singh, V., 

Engineering Strategies in Microorganisms for the Enhanced Production of 

Squalene: Advances, Challenges and Opportunities, Frontiers in 

Bioengineering and Biotechnology, 7(50), pp. 1-24, 2019.  

[31] Reddy, L.H. & Couvreur, P., Squalene: A Natural Triterpene for Use in 

Disease Management and Therapy, Advanced Drug Delivery Reviews, 

61(15), pp. 1412-1426, 2009. 

[32] Lozano-Grande, M.A., Gorinstein, S., Espitia-Rangel, S., Da´vila-Ortiz, G. 

& Martinez-Ayala, A.L., Plant Sources, Extraction Methods, and Uses of 

Squalene, International Journal of Agronomy, 1-13, 2018. 

[33] Fang, J.Y., Lin, Y.K., Wang, P.W., Alalaiwe, A., Yang, Y.C. & Yang, S.C., 

The Droplet-Size Effect of Squalene@cetylpyridinium Chloride 

Nanoemulsions on Antimicrobial Potency Against Planktonic and Biofilm 

MRSA. International Journal of Nanomedicine, 14, pp. 8133-8147, 2019. 

https://www.researchgate.net/scientific-contributions/L-Harivardhan-Reddy-39606333
https://www.researchgate.net/profile/Patrick-Couvreur


Bukti korespondensi 

 

 
 
 

 
 
 
 
 



Bukti korespondensi 

 
 
 

 

 
 
 
 
 



Bukti korespondensi 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Bukti korespondensi 

 
 
 
 


