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Abstract. Batubara R, Hanum TI, Affandi O, Julianti E, Ulfa M. 2022. The antioxidant activities and chemical compounds of Aquilaria 
crassna, Aquilaria microcarpa, and Gyrinops versteegii leaves growing in Langkat, North Sumatra, Indonesia. Biodiversitas 23: 6619-
6628. Agarwood has been cultivated for its wood and leaves in Indonesia. This research aims to determine the potential of the leaves of 
Aquilaria crassna, A. microcarpa, and Gyrinops versteegii that grow in Langkat as raw materials for antioxidant-rich tea based on their 
chemical compounds and antioxidant activities. The leaf powder was extracted using ethanol. Bioactive compounds were analyzed by 

GC-MS, while the antioxidant activity was analyzed by the DPPH method. The results showed that A. crassna leaves contained 
alkaloids, flavonoids, tannins, steroid/triterpenoid dan glycosides, whereas A. microcarpa leaves contained alkaloids, tannins, saponins, 
steroid/triterpenoid dan glycosides alkaloids, tannins, and triterpenoids. In comparison, G. versteegii leaves contained flavonoids, 
tannins, saponins, steroid/triterpenoids, and glycosides. The IC50 values of ethanol extract of A. crassna, A. microcarpa, and G. 
versteegii leaves were 30.0079, 29.3263, and 31.6304 µg/mL, respectively. The highest chemical compounds of A. crassna, A. 
microcarpa, and G. versteegii were Cyano, -acetic acid, 1,2,3,4-Cyclopentane Petrol, and Oxacycloheptadec-8-en-2-one Ambrettolide 
The three species had high antioxidant activity; therefore they are potential sources of antioxidants. 
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INTRODUCTION 

Agarwood is a resinous tree produced as a defensive 

system against wounding and fungal infection (Tan et al. 

2019). A discoloration symptom on the infected area 

indicates agarwood formation due to resin accumulation 

(Rasool and Mohamed 2016). Agarwood has long been 

utilized in medicinal fragrances, medical preparations, 

traditional medicines, religious rituals, spiritual supports, 

incense, perfumes, and other fragrant products, and as an 

aromatic culinary component (Liu et al. 2013; López-

Sampson and Page 2018). 
Agarwood is an important non-timber forest product 

found on the major island of Indonesia (Santoso et al. 

2011). The agarwood trees in Indonesia are classified into 

three families: Thymelaeaceae (25 species), Euphorbiaceae 

(1 species), and Fabaceae (1 species). There are 33 

agarwood species in Asia and 26 species found in 

Indonesia. The most well-known cultivated host species of 

agarwood are Aquilaria crassna, A. malaccensis, A. filaria, 

A. cumingiana, A. beccariana, A. microcarpa, and 

Gyrinops versteegii from the Thymelaeaceae family.  

Indonesia was the largest agarwood producer in the 

world (Turjaman and Hidayat 2017). Agarwood production 

reached more than 600 tons per year until the end of 1990. 

However, since 2000 the production has continued to 

decline due to the destructive and illegal exploitation, as 

well as the gradual loss of tropical rain forests as their 

natural environment (Lee and Mohamed 2016; Turjaman 

and Hidayat 2017). Therefore, the production only meets 

10-15 percent of the annual requirement of approximately 

300 tons. In addition, since 2004, the export of agarwood 

from Indonesia has been banned (Sumarna 2012).  
Although agarwood has a high commercial value, the 

producing trees are critically endangered (Rasool and 

Mohamed 2016). Therefore, to fulfill the enormous market 

demand while also preventing species, large-scale 

agarwood tree plantations have been established to ensure 

long-term agarwood production (Azren et al. 2018). One 

strategy to improve agarwood value is by utilizing the 

leaves. Agarwood leaves are generally abundant when 

pruning activities occur. These leaves are considered waste, 

but some local people also use them as tea leaves.  

Several previous studies on agarwood leave as an 
antioxidant source have been carried out, including tea 
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products from agarwood leaves, to improve the value of 

agarwood leaves. For example, the ethanol extract of 

Aquilaria microcarpa Bail leaves contains phenolic 

compounds, flavonoids, saponins, tannins, and steroids 

(Sari et al. 2017; Rahmanto et al. 2018). Phytochemical 

screening demonstrated that Gyrinops versteegii (Gilg.) 

Domke leaves contain phenolic compounds, terpenoids, 

and flavonoids (Mega and Swastini 2010). Moreover, ethyl 

acetate and methanol extract of G. versteegii leaves were 

strongly detected to contain the antioxidants compounds, 
i.e., p-hydroquinone, tannin, and flavonoid. On the other 

hand, the n-hexane extract exhibited weak antioxidant 

compounds with a total phenol of 0.45% (Wahyuningrum 

et al. 2018).  

Batubara et al. (2018) conducted studies on acute and 

subchronic toxicity tests (Batubara et al. 2016), revealing 

that agarwood tea was safe for consumption. However, leaf 

utilization needs further investigation to advance 

development, especially regarding raw material variations. 

In addition, basic information is still needed to analyze 

agarwood leaves chemical components and their potential 
antioxidant activity so that the leaves can serve as a 

potential source for antioxidant-rich tea that meets the 

pharmacology aspects. Therefore, this research aims to 

determine the chemical compounds and antioxidant 

potential of Aquilaria crassna Pierre ex Lecomte, A. microcarpa, 

and Gyrinops versteegii leaves that grow in Langkat. 

MATERIALS AND METHODS 

Study area 

Agarwood leave samples were collected from Pekan 

Bahorok, Langkat District, North Sumatra, Indonesia 

(Figure 1). The phytochemical tests were analyzed at the 

Biochemistry Laboratory, the Mathematics and Natural 

Sciences Faculty. The antioxidant activity was analyzed at 

the Research Laboratory, the Faculty of Pharmacy. The 

moisture content and extraction test were measured at the 

Laboratory of Forest Product Technology, Faculty of 

Forestry, Universitas Sumatera Utara, Medan, Indonesia. 

The experiments were also conducted at the Forestry 

Research and Development Agency, Bogor, Indonesia. 

Procedures 
Plant sampling and identification  

Agarwood leaves were collected from three cultivated 

agarwood species in Langkat District, i.e., Gyrinops 

versteegii, Aquilaria microcarpa, and A. crassna. G. 

versteegii species growing in Langkat were planted by 

farmers from seedlings collected from Lombok. A. crassna 

grows from seedlings provided by the Bogor Forestry 

Research and Development Center. At the research site, A. 

microcarpa seedlings that farmers planted originated from 

Pekanbaru, Riau, and were provided by the Forestry Office 

of Langkat District, Indonesia.  

Preparation of raw material  

The samples were cleaned under tap water and then 

scattered on parchment paper to absorb the water. 

Afterward, the samples were placed in the drying cabinet at 

40-50°C. Finally, dried samples were ground and stored in 

sun-free storage.  

Tannin content 

Titration with KMnO4 solution measured the tannin 

content in samples (Lowenthal Procter method, MoHRI 2000). 

 
 

 
 

Figure 1. Map of sample collection in Pekan Bahorok, Langkat District, North Sumatra, Indonesia 
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Phytochemical screening of simplicia 

The phytochemical analysis includes alkaloids, saponins, 

tannins, flavonoids, glycosides, and steroids/ terpenoids. In 

addition, agarwood leaf simplicia powder and ethanol 

extracts were subjected to phytochemical screening, 

referring to Harborne (1987) and MoHRI (2000). 

Phytochemical screening of the simplicia 

Alkaloid  

1 mL of 2N hydrochloric acid and 9 mL of distilled 

water were mixed with 0.5 g of agarwood leaf simplicia 
and heated for 2 minutes before cooling and filtering. The 

filtrate was then used for the alkaloid test. Three test tubes 

were prepared; each received 0.5 mL of the filtrate with 

different reagents, i.e., Mayers, Dragendorffs, and 

Bouchard. If precipitate or turbidity was formed in two or 

three experiments, it positively contains alkaloids (Ditjen 

POM, 1995). 

Triterpenoid/steroid  

Agarwood leaf simplicia (1 g) was macerated for 2 

hours in 20 mL of hexane, then filtered and evaporated in a 

vaporizer cup. The rest was treated with the Lieberman-
Burchard reagent. The formation of a blue/greenish-blue 

color indicates the presence of steroids, while 

red/pink/purple colors indicate the presence of triterpenoids 

(Harborne 1987). 

Flavonoid 

Simplicia (10 g) was dissolved in hot water (100 mL), 

then boiled for 5 minutes and filtered. Afterward, 

magnesium powder (0.1 g), concentrated hydrochloric acid 

(1 mL), and amyl alcohol (2 mL) were added to the water 

extract and shaken until detached. If the amyl alcohol layer 

is red, yellow, or orange, it indicates the presence of 
flavonoids (Farnsworth, 1996). 

Tannin  

Simplicia (0.5 g) was extracted with 10 mL of distilled 

water and filtered. First, water was added to dilute the 

filtrate until it became colorless. Then, 1% iron (III) 

chloride reagent (1-2 drops) was put into 2 mL of the 

solution. The blue or blackish-green color indicates the 

presence of tannins (Ditjen POM, 1995). 

Saponin  

Agarwood leaf simplicia (0.5 g) was dissolved in hot 

distilled water (10 mL) and then cooled, followed by 

shaking for 10 seconds vigorously. Saponins were 
positively detected by the formation of stable foam, which 

did not disappear with the 2 N hydrochloric acid addition 

(Ditjen POM, 1995). 

Glycoside  

15 mL of 10% HCL was added to the agarwood leaf 

simplicia, heated for 10 minutes, then filtered. The filtrate 

was extracted with ether (5 mL) three times. Anhydrous 

sodium sulfate was added to the filtrate, evaporated at 

50°C, then added 2 mL methanol and evaporated again. 

Afterward, the result was dissolved with water (1 mL) and 

Molisch (8 drops), then sulfuric acid (1 mL) was carefully 

added. The purple ring at the liquid boundary indicates the 

positive result of glycoside (Ditjen POM 1995). 

Phytochemical screening of the ethanol extract 

Extraction of agarwood leaves 

Extraction of agarwood leaves was performed by 

maceration using 96% ethanol. Two hundred g of 

agarwood leaves were macerated in 96 % ethanol (1500 

mL) for 5 days, covered, and sun-protected, stirring 

occasionally. The solution was filtered after five days of 
maceration. Afterward, the residue was macerated with 

96% ethanol (2000 mL), let stand for 48 hours, and filtered. 

A rotary evaporator was used to concentrate the macerate 

at 40°C. Finally, the dry extract was obtained using a 

Freeze Dryer. The chemical compounds were screened by 

adding reagents according to the group of tested compounds. 

Alkaloid  

One (1) mL of extract was warmed for two minutes in 

2% H2SO4 and then added with Dragendorff’s reagent. 

Orange-red precipitate indicates the presence of alkaloids. 

 
Triterpenoid/steroid  

Acetic anhydride and H2SO4 were put into the extract. 

The color change to reddish/violet indicated the presence of 

triterpenoids. The presence of steroids was indicated by 

changing color from violet to blue/green. 

Flavonoid 

One (1) mL of extract was dissolved with NaOH and 

HCl. Changing color from yellow to a colorless solution 

indicated the presence of flavonoids 

Tannin  

Pb(CH3COO)2 1% was put into the extract. Yellow 
precipitate indicated the presence of tannins. 

Saponin  

The extract was put in the test tube, and warm distilled 

water was added. Then vigorously shakes for up to 30 

seconds. The stable foam (1 cm height) characterized the 

presence of saponins. 

Glycoside  

One (1) mL of extracts was dissolved with water (1 

mL) and Molisch reagent (8 drops). Afterward, the sulfuric 

acid (1 mL) was carefully added. The purple ring at the 

liquid boundary indicated the positive result of the Molisch 

reaction or the presence of glycoside. 

Antioxidant activity 

The antioxidant activity of samples was estimated with 

the DPPH method, following Molyneux (2004). The 

absorbance of the sample was measured at 516 nm using A 

UV-Vis spectrophotometer to determine the IC50 value. 

The antioxidant activity is measured based on the IC50 

value (Prakash 2001; Andayani et al. 2008). The IC50 value 

was measured based on the linear regression equation that 

plotted concentration and the reduction percentage of 
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DPPH. The positive control was ascorbic acid. A UV-Vis 

spectrophotometer was utilized to measure absorbance at 

516 nm to determine the IC50 value. 

Compounds analysis with GC-MS 

The GC-MS analysis was performed at the Forestry 

Research and Development Agency, Bogor, using 

Pyrolysis GC-MS. 

RESULTS AND DISCUSSION 

Phytochemical screening of ethanol extract of agarwood 

leaves  
Phytochemical screening was performed in the 

simplicia powder and the ethanol extract of agarwood 

leaves to observe their secondary metabolites. All samples 

had different phytochemical compounds in the simplicia 

and extract, although they are in the same species and 

among species (Table 1). 

The results showed that some compounds were present 

in simplicia but not in the extract, and vice versa. For 

example, alkaloids were not detected in A. crassna 

simplicia but in the extract. It indicated that the solvent 

attracted the compound more strongly. On the other hand, 
alkaloids were detected in G. versteegii simplicia but not in 

the extract, indicating that the compounds were small, 

making them undissolved in the solvent. Flavonoids were 

not identified in G. versteegii simplicia but were identified 

in the extract. Saponins were identified in A. crassna 

simplicia but were not in the extract. On the other hand, 

they were not identified in A. microcarpa simplicia but in 

the extract. Ethanol is a polar solvent. Therefore, polar 

chemical components are extracted by ethanol. For 

example, alkaloids are polar compounds, and flavonoid 

glycosides and aglycones are polar flavonoids. 
Mega and Swastini (2010) showed that G. versteegii 

agarwood leaves contained phenolic compounds, 

flavonoids, and terpenoids. In addition, the study by 

Wahyuningrum et al. (2018) showed that ethyl acetate and 

methanol extract of G. versteegii agarwood leaves contain 

antioxidant compounds, i.e., p-hydroquinone, tannin, 

flavonoid, 3.40% and 4.27% total phenol in the ethyl 

acetate and methanol extracts, respectively. On the other 

hand, a weak antioxidant was examined in the n-hexane 

extract with a total phenol of 0.45% (Wahyuningrum et al. 

2018). 

Aquilaria crassna is a native to Thailand. It grows 

primarily in tropical rainforests. Agarwood has been 

divided into two genera in Thailand, i.e., Aquilaria and 

Gyrinops, both belonging to the Thymelaeaceae family 

(Nimnoi et al. 2011). 

Aquilaria microcarpa species grows naturally in 

Sumatra. The phytochemical screening on A. microcarpa 

leaves showed that the simplicia did not contain saponins, 

but the extract did. It was because the solvent attracts 
saponins and the G. versteegii. The phytochemical 

screening of the ethanol extract of A. microcarpa leaves 

revealed that it contained phenolic compounds, flavonoids, 

steroids, tannins, and saponins (Sari et al. 2017). In 

addition, in a previous study by Rahmanto et al. (2018), the 

phytochemical screening demonstrated that ethanol extract 

of A. microcarpa leaves contained flavonoids, phenols, 

tannins, saponins, and steroids.  

Gyrinops versteegii is an endemic and rare species that 

grow in Lombok (Yelnititis 2014). Agarwood trees in the 

forest of West Lombok are known as Ketimunan, which 
have five local varieties, i.e., Beringin, Buaya, Pantai, 

Madu, and Soyun. The infraspecific category of G. 

versteegii is the classification level name under the species. 

In forestry, the name of this variety level is known by the 

term "provenance" (Mulyaningsih et al. 2017). 

Phytochemical screening of agarwood leaf extract 

showed that the extracts contain several secondary 

metabolites that may have pharmacological importance. 

For example, in a previous Fatmawati and Hidayat (2016) 

study, the leaf extract showed dose-dependent cytotoxic 

activity against cervical cancer. In addition, the leaves of A. 
malaccensis have the potency to improve glucose 

absorption by enhancing GLUT4 in skeletal muscle (Said 

et al. 2016). 

Table 2 showed that all samples contained tannin with 

varying levels. Tannins have unique chemical 

characteristics with a molecular mass of 0.5-3 kDa. In 

addition, tannins could form complexes with proteins to 

form copolymers (Adamczyk et al. 2017). Some leaves and 

unripe fruits (such as rambutan, mango, and sapodilla) 

contain tannin compounds. They are polyphenolic 

compounds belonging to the flavonoids group, which have 

a rough texture in food (Hayati et al. 2010; Mabruroh 
2015). Tannins are classified into two types, i.e., 

hydrolyzable tannins and condensed tannins. 

 
 
 
Table 1. Phytochemical compounds of three cultivated agarwood leaves 
 

Compounds 

Species 

Aquilaria crassna Aquilaria microcarpa Gyrinops versteegii 

Simplicia Extract Simplicia Extract Simplicia Extract 

Alkaloids - + + + + - 
Flavonoids + + - - - + 
Tannins + + + + + + 
Saponins + - - + + + 
Steroids/Triterpenoids + + + + + + 
Glycosides + + + + + + 

Note: +: present, -: not present. 
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The tannins and flavonoids in tea were used in ancient 

medicine to cure burns and neutralize insect toxins due to 

their anti-inflammatory and antibacterial properties. 

Gyrinops tea made from mature and dried G. versteegii 

leaves contains higher tannins than fresh ones (Wangiyana 

et al. 2018). The tannins content of W. tenuiramis and A. 

malaccensis (Batubara et al. 2018a) were 4.95% and 

5.62%, respectively, while Camellia sinensis contains 

1.21% (Rohdiana 2001). Therefore, the tannin content of 

agarwood is higher than that of C. sinensis. The extracted 
liquid of agarwood leaves was greenish-black, and the 

drying process produced a black and thick greenish extract. 

Both used ethanol as a solvent. Therefore, the drying 

process did not affect the color of the extracts. The 

percentage of extracts is shown in Table 2. 

Antioxidant activity based on IC50 (inhibitory 

concentration) 

The average IC50 value of Aquilaria cressna, A. 

microcarpa, and G. versteegii was 30.01 μg/mL, 29.33 

μg/mL, and 31.63 μg/mL, respectively, categorized as very 

strong antioxidant activity (Table 3). Tannins and phenolic 
compounds possess strong antioxidant activity, and G. 

versteegii had the highest antioxidant and total phenol with 

IC50<50 μg /mL (Parwata et al. 2016). 

Tannins are compounds that contribute to antioxidant 

activity. The advantage of agarwood leaves tea compared 

to other teas was its robust antioxidant activity. The 

chemical compounds of plants are affected by their habitat, 

and the chemical composition determines the level of 

antioxidant activity (Firdiyani et al. 2015). A previous 

study by Sudaryat et al. (2015) showed that the type of 

Dust I had the most significant antioxidant activity among 
ten varieties of Indonesian black tea, with an IC50 value of 

97.00 g/mL, while the type of BTL had the lowest, with an 

IC50 value of 178.56 g/mL. Therefore, the antioxidant 

content should be considered when processing tea from 

agarwood leaves. Werdhasari (2014) stated that 

antioxidants could scavenge free radicals produced through 

the body's metabolism, including air pollution, food 

contamination, and sunlight.  

A previous study by Hendra et al. (2016) showed 

methanol extract of mature leaves of A.malaccensis had an 

IC50 value of 19.62 ± 1.49 μg/mL, while the fraction with 

combined solvent of chloroform-methanol (1:3) had an IC50 

of 17.39 ± 1.43 μg/mL as the highest antioxidant activity 

(Hendra et al. 2016). Furthermore, Sari et al. (2018) 
reported that the gel containing ethanolic extract of A. 

microcarpa leaf had IC50 values ranging from 26.39-28.94 

μg/mL, while the gel containing ethyl acetate fraction had 

IC50 values ranged 22.22-23.05 μg/mL. They demonstrated 

robust antioxidant activity (Sari et al. 2018). The 

chloroform extract of young G. versteegii leaves has an 

IC50 value of 22.71 ± 1.31 µg/mL that showed potent 

cytotoxic activity against the HeLa cell line (Nuringtyas 

2018). A. crassna has been used as herbal tea in Thailand 

to increase the liver and circulatory system; it also 

enhances physiological balance and cardiovascular 
function in Asia (Wisutthathum et al. 2018). A. crassna 

leaves extract possesses a laxative (Kakino 2010) and 

antioxidant activity (Sattayasai et al. 2012; Kamonwannasit 

et al.2013). The acute oral toxicity study of A. crassna 

leaves extract showed that the extract is non-toxic in mice 

(Ghan et al. 2016).  
 
 
Table 2. The average tannin contents of three cultivated 
agarwood leaves 

 

Species Tannin contents (%) 

Gyrinops versteegii 3.15 ± 0.07 

Aquilaria microcarpa 3.21 ± 0.20 

Aquilaria crassna 3.28 ± 0.06 

 
 
 

Table 3. The IC50 value of three species of agarwood leaves and ascorbic acid 
 

Extracts Repetition Regression equation IC50 (μg/mL) 
Antioxidant  

strength category 

Aquilaria crassna 1 
2 
3 

Y = 0.861X + 24.290 
Y = 0.870X + 23.753 
Y = 0.860X + 24.205 

29.86 
30.17 
29.99 

Very strong 
Very strong 
Very strong 

Average  30.01 Very strong 

Aquilaria microcarpa 1 
2 
3 

Y = 0.877X + 24.793 
Y = 0.884X + 24.355 
Y = 0.876X + 24.726 

28.74 
30.38 
28.85 

Very strong 
Very strong 
Very strong 

Average 29.33 Very strong 

Gyrinops verteegii 1 
2 
3 

Y= 0.837X + 23.527 
Y= 0.837X + 23.525 
Y= 0.837X + 23.514 

31.63 
31.63 
31.63 

Very strong 
Very strong 
Very strong 

Average 31.63 Very strong 
Ascorbic acid - Y= 32.709X + -37.652 2.68 Very strong 
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GC-MS analysis 

GC-MS analysis revealed that each agarwood species 

contained a different chemical compound. For example, 

A.crassna contained 30 compounds, while A. microcarpa 

contained 40 compounds, and G. versteegii contained 40 

compounds. In addition, the main compounds in the three 

species of agarwood were different. For example, the five 

main compounds with the highest concentration in A. 

crassna were Acetic acid, cyano-Cyano-Acetic Acid 

(5.74%), Pentanal, n-Pentanal (4.70%), 2,4-
HexadienoiccompoundsLimonene acid, 3- methyl-4-

propyl-, dimethyl ester, (E, E) - (CAS) (4.61%), Propanal, 

2-oxo- Pyruvaldehyde (4.39%) and 9-Octadecenoic acid 

(Z) - Oleic acid (4.19%). On the other hand, the five main 

components with the highest concentrations in A. 

microcarpa were 1,2,3,4-Cyclopentane Petrol, (1.alpha., 

2.beta., 3.beta4.alpha.) - 1,2,3, 4- (8.08%), 

Oxacycloheptadec-8-en-2-oneAmbrettolide (5.97%), 1,4-

diaza-2,5-dioxo-3-isobutyl bicyclo (4.3.0) nonane (5.00% ), 

Bicyclo [8.2.0] dodecane, 11,11-dimethyl- (4.74%), and 

2,3-Dihydro-Benzofuran (4.68%). On the other hand, the 

five highest concentrations compounds of G. versteegii 

were Oxacycloheptadec-8-en-2-one Ambrettolide 

(10.63%), Hexadecanoic acid Palmitic acid (9,52%), 

Cylcopropyl carbonyl (6.14%), Propanal, 2-oxo- 

pyruvaldehyde (5.81%), and 2,3-Dihydro-Benzofuran 

(4.62%). The detailed results are presented in Tables 4 to 6. 

Adam et al. (2017) reported that leaves of Aquilaria 

contained phenolic acids, flavonoids, pyranones, 

xantonoids, benzophenones, steroids, terpenoids, quinones, 

nucleosides, and 2-(2-phenylethyl) chromones. The ethanol 
extract of A. crassna and A. sinensis leaves analyzed with 

SGCC, and LC-MS contained genkwanin, mangiferin, and 

iriflophenone glycosides (Wang et al. 2008; Qi et al. 2009; 

Feng et al. 2011; Ito et al. 2012; Yu et al. 2013; Wang et al. 

2015). The main components of Aquilaria leaves were 

hexadecanoic acid and squalene (Adam 2017). Stearic acid 

is the major component of agarwood leaves from Laru 

Village, while the highest concentration of agarwood 

leaves from Huta Nabolon Village is cyclopropyl carbinol 

(Batubara et al. 2020). These compounds possess 

antioxidant activity. 
 
 
 
Table 4. The identified chemical compounds of A. crassna leaves by GC-MS analysis 
 

Peak Retention Time Area 
Concentration  

% 
Name 

1 5.563 99190616 5.74 Cyanoacetic Acid 
2 6.046 16302636 0.94 Nitrogen oxide (N2O)  
3 6.217 10602079 0.61 Carbon dioxide  
4 6.550 11415075 0.66 2-Propionic acid  
5 8.652 75853605 4.39 2-oxo-Propanal, Pyruvaldehyde 
6 13.919 54115669 3.13 Cyclohexanone Anon 
7 14.492 11185306 0.65 di-Limonene 
8 14.901 35943027 2.08 Phenol), Izal 

9 15.201 28599961 1.66 2-Cyclopenten-1-one, 2-hydroxy-3-methylCorylon 
10 15.767 13383101 0.77 Phenol, 2-methoxy-, Guaiacol 
11 16.115 81300337 4.70 Pentanal, n-Pentanal 
12 16.767 10438153 0.60 2H-Pyran-3($H)-one, dihydro-, Tetrahydropyran-3-one 
13 17.042 15507600 0.90 Trans-2,3-Epoxynonane 
14 17.421 22826858 1.32 Xanthosine, n-Pental 
15 17.716 38829592 2.25 2,3-Dihydro-Benzofuran 
16 18.349 40984734 2.37 Indolizine, Indolizin 
17 18.567 28330415 1.64 Phenol, 2,6-dimethoxy, 2,6-Dimethoxyphenol 

18 18.942 28188241 1.63 - 
19 19.167 30096700 1.74 Cyclooctane, 1-(Diethyl Boryl), 
20 19.377 27217589 1.58 Benzene, 1,2,3-trimethoxy-1,2,3-Trimethoxybenzene (CAS)  
21 20.001 70799633 4.10 (R)-2-Benzyl Proline methyl amide 
22 20.427 62109562 3.59 4-Methyl-2,5-Dimethoxybenzaldehyde 
23 20.642 79527617 4.61 2,4-Hexadienoic acid, 3-methyl-4-propyl-, dimethyl ester, (E, E)- 
24 21.148 44502424 2.58 1-Dodecanol, 3,7,11-trimethyl-, Hexahydro Farnesol 
25 21.689 72383130 4.19 9-Octadecenoic acid (Z)-, Oleic acid 

26 22.053 65782482 3.81 Neophytadiene 
27 22.395 43257539 2.50 Neophytadiene 
28 22.567 17070305 0.99 13-Heptadecene-1-ol, 1-Hydroxy Heptadec-13-YNE 
29 22.768 32374940 1.87  
30 22.992 25344875 1.47 Cyclopentanol, 2,4,4-Trimethyl- 
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Table 5. The identified chemical compounds of A. microcarpa leaves by GC-MS analysis 
 

Peak 
Retention 

Time 
Area 

Concentration 

% 
Name 

1 5.603 113522094 4.40 Cyclopropane, 1,1-dibromo-2-chloro-2-fluoro, 1,1-Dibromo-2-Chloro-2- 
fluoro cyclopropane  

2 6.100 16599795 0.64 Carbon dioxide  
3 6.267 11124977 0.43 Nitrogen oxide (N2O)  

4 6.449 8782092 0.34 Cyclopropane, 1,1-dibromo-2-chloro-2-fluoro, 1,1-Dibromo-2-Chloro-2-
fluoro cyclopropane 

5 6.617 6696510 0.26 2-Propionic acid  
6 8.417 9587707 0.37 Acetic acid, Ethylic acid 
7 13.871 78565344 3.04 Cyclohexanone, Anon 
8 14.517 10128693 0.39 di-Limonene 
9 14.859 44611638 1.73 Phenol, Izal 
10 15.167 31633789 1.23 2-Cyclopenten-1-one, 2-hydroxy-3-methyl-, Corylon 
11 15.767 17900176 0.69 Phenol, 2-methoxy-, Guaiacol 

12 16.099 93429819 3.62 Cyclopropyl carbonyl 
13 17.023 35976916 1.39 Oxarine, hexyl- 
14 17.392 35303109 1.37 Xanthosine, Xanthine riboside 
15 17.577 120921238 4.68 2,3-Dihydro-Benzofuran 
16 18.173 93545746 3.62 Phenol, 4-ethyl-2-methoxy- 
17 18.517 82247577 3.19 Phenol, 2,6-dimethoxy-( 2,6-Dimethoxyphenol 
18 18.932 42401908 1.64 2,3-Dimethylcyclohexanol 4 
19 19.346 110196299 4.27 .alpha.-L-Mannopyranoside, methyl 6-deoxy-3-O-methyl-,diacetate. ME 

20 19.667 61424960 2.38 - 
21 19.989 84788938 3.28 Ethanone, 1-(-2,6-dihydroxy-4-methoxyphenyl)- (CAS), 2,6-Dihydroxy-4-metho 
22 20.427 208451758 8.08 1,2,3,4-Cyclopentanetetrol, (1.alpha.,2.beta.,3.beta4.alpha.)- (CAS), 1,2,3,4- 
23 21.167 104035094 4.03 Acetic Acid 3,7,11,15- Tetramethyl-Hexadecyl Ester 
24 21.669 122245685 4.74 Biocyclo[8.2.0]dodecane, 11,11-dimethyl- (CAS), 
25 22.105 73609292 2.85 2-Hexadecene, 3,7,11,15-tetramethyl- [R-[R*,R*-(E)]] 
26 22.217 41476657 1.61 Benzaldehyde, 4-[[4-(acetyloxy)-3,5-dimethoxyphenyl]methoxy]-3-methoxy- 
27 22.417 43954257 1.70 Neophytadiene  

28 22.702 71288202 2.76 6,11-Undecadiene, 1-ACetoxy-3,7-Dimethyl- 
29 23.017 35016442 1.36 1,4-diaza-2,5-dioxo-3-isobutyl bicyclo (4.3.0)nonane 
30 23.289 117806283 4.56 Hexadecanoic acid, Palmatic acid 
31 23.574 154055849 5.97 Oxacycloheptadec-8-en-2-one, Ambrettolide 
32 24.042 129112495 5.00 1,4-diaza-2,5-dioxo-3-isobutyl bicyclo (4.3.0)nonane 
33 25.042 78011592 3.02 Octadecane, 1-chloro- 1-Chlorooctadecene 
34 25.717 53842359 2.09 12-Hydroxy-dodecanoic acid, lactone 
35 26.017 27496623 1.07 Docosane, 7-hexyl- 7-n-Hexyldocosane 

36 26.697 65495819 2.54 Tricosane, n-Tricosane 
37 27.042 14992684 0.58 Cyclohexane, decyl-, n-Decylcylohexane 
38 35.804 95933254 3.72 2,6,10,14,18,22-Tetracosahexaene, 2,6,10,15,19,23-hexamethyl- ,Squa 
39 37.317 8400323 0.33 Nonacosane, n-Nonacosane 
40 45.467 26692974 1.03 Tetratetracontane, n- Tetratetracontane 
  2581308967 100.00  
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Table 6. The identified chemical compounds of G. versteegii leaves by GC-MS analysis 

 

Peak 
Retention 

Time 
Area 

Concentration 

% 
Name 

1 5.496 148188579 13.80 Carbon dioxide  
2 5.974 23915716 2.23 1,1-dibromo-2-chloro-2-fluoro- cyclopropane  
3 6.154 14294728 1.33 Carbamic acid, monoammonium salt, ammonium carbamate 

4 6.325 12508889 1.16 Oxirane, epoxyethane 
5 6.492 9072121 0.84 2-propinioc acid 
6 8.386 62442760 5.81 Propanal, 2-oxo-, pyruvaldehyde 
7 13.807 33323602 3.10 1,2-cyclopentanedione 
8 14.392 9969896 0.93 9-hydroxy-linalool 
9 14.611 46578600 4.34 Phenol, izal 
10 15.092 25206973 2.35 2-Cyclopenten-1-one, 2-hydroxy-3-methyl-(CAS), corylon 
11 15.698 7390369 0.69 Phenol, 4-methoxy-, HQMME 
12 16.040 65924520 6.14 Cyclopropyl carbonyl 

13 16.929 6448181 0.60 Phenol, 3-ethyl-( m-ethylphenol 
14 17.400 12394802 1.15 Uridine  
15 17.606 49611910 4.62 2,3-dihydro-benzofuran 
16 18.158 13589228 1.27 Phenol, 4-ethyl-2-methoxy- 
17 18.259 18181231 1.69 1H-Indole, Indole 
18 18.492 24593643 2.29 Phenol, 2,6-dimethoxy-, 2,6-dimethoxyphenol 
19 18.641 15806233 1.47 1,4-benzenediol, hydroquinone 
20 19.058 19988991 1.86 D-Glucose, 4-O[3-acetyl-1-(trimethylsilyl)-1H-indodyl]-2,3,5,6-tetrakis-O-(trime 

21 19.326 11094401 1.03 Benzene, 1,2,3-trimethoxy-, 1,2,3-trimethoxybenzene  
22 19.642 11644749 1.08 Pyrimidine, 4,6-diamino-5-formylamino- 
23 19.951 13117590 1.22 Benzeethanamine, 3,4,5-trimethoxy-, mescaline 
24 20.370 15787440 1.47 4-Methyl-2,5-dimethoxybenzaldehyde 
25 20.595 8013025 0.75 2,4-Hexadienedioic acid, 3-methyl-4-propyl-, dimethyl ester (E, E)- 
26 21.470 10290694 0.96 Phenol, 2,6-dimethoxy-4-(2-propenyl)-, 4-Allyl-2,6-dimethoxyphenol 
27 21.608 9957865 0.93 2,4-Dioxaspiro[5,5]undecane, 7,9,11-trimethyl- 
28 22.012 22531302 2.10 Neophytadiene 

29 22.355 1773110 1.65 2-Hexadecen-1-ol, 3,7,11,15-tetramethyl-,[R-R*,R*,(E)]]-, Phytol 
30 22.725 11585276 1.08 Hexadecanoic acid, methyl ester, Methyl palmitate 
31 23.207 102271735  9.52 Hexadecanoic acid, Palmitic acid 
32 23.474 114206815 10.63 Oxacycloheptadec-8-en-2-one, Ambrettolide 
33 23.775 14082563 1.31 1,4-diaza-2,5-dioxo-3-isobutyl bicyclo[4.3.0]nonane 
34 23.958 15766586 1.47 1,4-diaza-2,5-dioxo-3-isobutyl bicyclo[4.3.0]nonane 
35 25.382 5579051 0.52 Hexadecanamide, Amide 16 
36 26.006 25272479 2.35 Tetratetracontane n-Tetratetracontane 

37 28.106 7629586 0.71 2,2,4A,6A,8A,9,12B,14A-Octamethyl-
1,2,3,4,4A,5,6,6A,6B,7,8,8A,9,12,12 

38 35.598 16064730 1.50 2,6,10,14,18,22-Tetracosahexaene, 2,6,10,15,19,23-hexamethyl- 
39 45.167 16056121 1.50 Tetratetracontane 
40 49.369 5778533 0.54 Stigmast-5-EN-3-OL, oleat 

 

 

 

Based on the results, the leaves of A. crassna, A. 

microcarpa, and G. versteegii collected from Langkat 

contain different chemical compounds. However, they 

contain tannins and flavonoids and have potent antioxidant 

activity with IC50 values less than 50.00 µg/mL. Therefore, 

it can be concluded that these leaves have the potential to 

be used as raw materials for antioxidant-rich tea due to 
their detectable chemical compounds and antioxidant 

activities. 
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