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The secondary metabolites in plants such as Premna serratifolia (P. serratifolia) 
are influenced by their growing locations, which in turn affects their bioactivity. 
This study aimed to compare the antioxidant activity and α-glucosidase inhibition 
of P. serratifolia leaf extracts from the Sintang, Kapuas Hulu, and Sambas 
districts in West Kalimantan. Antioxidant capacity was evaluated using the 
DPPH method, while the reduction of α-glucosidase activity was assessed using 
the PNPG method. Functional groups and active compounds were identified 
using FTIR and UHPLC-Q-Orbitrap HRMS. The findings indicated that the 
extract from Kapuas Hulu, obtained through maceration (KHM), exhibited the 
highest antioxidant activity (IC₅₀ 18.39) and contained the most total phenolic 
content (TPC). The best α-glucosidase inhibition activity (IC₅₀ 4194.14) was 
found in the extract from Sambas obtained through Soxhlet extraction (SSI), 
which had the highest total flavonoid content (TFC). Principal Component 
Analysis (PCA) revealed that the functional groups and active compounds of 
P. serratifolia from Kapuas Hulu and Sintang were similar, as both regions are 
located in eastern West Kalimantan. Additionally, Partial Least Squares (PLS) 
analysis revealed that the C-H alkane, O-H, and isoferulic acid were the most 
influential compounds in determining antioxidant activity. At the same time, the 
C=O group and NP-000308 predominantly influenced α-glucosidase inhibition.
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1. Introduction
  
West Kalimantan, one of the provinces in Indonesia 

located at 2°05’N-3°05’S and 108°30’-114°10’E, 
is home to more than 208 medicinal plants, divided 
across coastal and archipelago regions, inland areas, 
and international borders (Figure 1). Sambas Regency, 
located in the coastal region bordering the South China 

Sea, is the northernmost part of West Kalimantan. 
In contrast, Kapuas Hulu and Sintang Regencies, 
located in the inland area bordering Malaysia, are 
intersected by the Kapuas River in the eastern part 
of the province (Department of Communication and 
Information of West Kalimantan Province 2024). 
Medicinal plants growing in these regions produce 
distinct secondary metabolites due to topographical 
factors, such as altitude (Wen et al. 2020), which 
influence their bioactivity. For instance, Cydonia *Corresponding Author
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when soaked in wasbenzene and water, respectively 
(Isnindar et al. 2016). Additionally, leaves subjected 
to Soxhlet extraction with 80% ethanol from Sungai 
Raya Subdistrict in the same regency exhibited 
antioxidant efficacy with an IC₅₀ value of 63.93 mg/mL 
(Purwanti et al. 2018). In another study, P. serratifolia 
leaves from Melawi Regency macerated with ethanol 
demonstrated an IC₅₀ value of 20.66 μg/mL (Puspita 
et al. 2020). Soxhlet extraction of P. serratifolia from 
Western Ghat, India, showed DPPH radical reduction 
at an IC₅₀ concentration of 101.20 µg/mL (Selvam 
et al. 2012). Dried leaves of P. serratifolia from 
Chikkaballapura district, Karnataka, India, extracted 
with chloroform using Soxhlet, yielded an IC₅₀ value 
of 219.08 µg/mL (Lolita 2022). Moreover, leaves 
collected from Universiti Putra Malaysia in Bintulu, 
Sarawak, showed 73.5% free radical inhibition (Chua 
et al. 2015).

Aside from antioxidant properties, P. serratifolia 
has also been proven to inhibit α-glucosidase (Hadiarti 
2017; Timotius et al. 2018; Simamora et al. 2020;  
Hadiarti et al. 2021, 2023; Fitriarni et al. 2022). For 
example, leaves collected from Central Sulawesi and 
macerated with ethanol and water exhibited IC₅₀ values 
of 151.91 and 558.15 μg/mL, respectively (Timotius 
et al. 2018). However, extraction through percolation 
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oblonga, Tuber indicum, and Coffea arabica from 
Santa Lucia, Yunnan, and Brazil demonstrate higher 
antioxidant activity than those from other regions 
(Li et al. 2019; Baroni et al. 2022; Liao et al. 2022). 
Significant α-glucosidase inhibition activity has been 
observed in Andrographis paniculata from the Bogor 
area (Rafi et al. 2021). One notable medicinal plant 
from West Kalimantan known for its antioxidant 
and α-glucosidase inhibitory properties is Buas-buas 
(Premna serratifolia).   

The antioxidant properties of P. serratifolia leaves 
have been reported by many researchers (Puspita et al. 
2020; Simamora et al. 2020; Hadiarti and Qurbaniah 
2022; Lolita 2022). P. serratifolia leaves from 
Pontianak, obtained through maceration, successfully 
reduced 50% of DPPH free radicals at a concentration 
of 35 μg/mL (Hadiarti and Qurbaniah 2022). Infusion 
and decoction extracts of P. serratifolia leaves from 
Central Sulawesi exhibited free radical protection 
with IC₅₀ values of 6.82 and 7.28 μg/mL, respectively 
(Timotius et al. 2018). Meanwhile, ethanol and its 
macerate demonstrated IC₅₀ values of 50.63 and 
66.83 μg/mL, respectively (Simamora et al. 2020). 
P. serratifolia leaves collected from Rasau Jaya, 
Kubu Raya, produced oxidative stress defense 
with IC₅₀ values of 532.24 μg/mL and 24.40 μg/mL 

Figure 1. Location of sampling areas of P. serratifolia in the province of West Kalimantan 1. Sambas, 2. Sintang, and 3. Kapuas Hulu 
district
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and decoction with water resulted in lower IC₅₀ values 
of 4.27 and 0.046 µg Gallic Acid Equivalent/mL, 
respectively (Simamora et al. 2020). Soxhlet extraction 
of P. serratifolia from Pontianak demonstrated 91.03% 
inhibition against α-glucosidase at a concentration 
of 2% (Hadiarti 2017). The α-glucosidase inhibition 
activity produced by ethanol extract and ethyl acetate 
fraction of P. serratifolia from Pontianak reached 
77.63 and 50.915 mmol Acarbose Equivalent per 100 
g (Hadiarti et al. 2021, 2023). Extract from Pelang 
Village, Ketapang Regency, boiled in water, reduced 
50% α-glucosidase suppression at a concentration of 
77.80 µg/mL (Fitriarni et al. 2022).

Although these studies demonstrate the antioxidant 
activity and anti-α-glucosidase enzyme activity of 
P. serratifolia from various regions using different 
extraction methods and solvents, there is limited 
research comparing the chemical fingerprint and 
bioactivity of P. serratifolia grown specifically in 
West Kalimantan, Indonesia. Fourier-transform 
infrared (FTIR) and Ultra-High Performance 
Liquid Chromatography (UHPLC) are necessary 
for fingerprint analysis to evaluate the quality of P. 
serratifolia extract raw materials before they are 
developed into Standardized Herbal Medicine (OHT). 
Developing OHT poses a challenge due to difficulties 
in controlling the active compounds within raw 
materials in terms of quality and quantity (Irwan and 
Junaidi 2020; Karimi et al. 2020; Wen et al. 2020). 
Therefore, this study compares the radical scavenging 
ability and α-glucosidase inhibition activity of P. 
serratifolia obtained from the Sintang, Kapuas Hulu, 
and Sambas districts in West Kalimantan.

2. Materials and Methods

2.1. Preparation of P. serratifolia 	
The study collected P. serratifolia leaves from 

three districts in West Kalimantan Province: Kapuas 
Hulu, Sintang, and Sambas. The plant specimens were 
identified by botanists at Universitas Muhammadiyah 
Pontianak. The leaf extracts were obtained using ethanol 
pro-analysis through maceration with a ratio of 1:3 and 
Soxhlet extraction temperature of 60°C of the dried 
leaves. The extracts were preserved in a refrigerator 
freezer.

2.2. Photochemistry Quantitative Analysis 
Qualitative phytochemical identification of the 

extracts was conducted following a previously 

established methodology (Rubianti et al. 2022). The total 
phytochemical content was determined for flavonoids 
(TFC) and phenolics (TPC). TFC was measured using the 
AlCl3 method, while TPC was assessed using the Folin-
Ciocalteu method. The measurements were conducted 
using a UV-Vis spectrophotometer, with quercetin (TFC) 
and gallic acid (TPC) as standard references. The results 
were expressed in quercetin equivalent (QE) and gallic 
acid equivalent (GAE) per 100 g of P. serratifolia extract 
(Hadiarti et al. 2021).

2.3. The Functional Group Analysis with FTIR
The functional group analysis was performed 

on P. serratifolia extract using FTIR (Shimadzu IR 
Prestige-21) in triplicate for each extract. To prepare 
for analysis, 2 mg of the extract was blended with 180 
mg of KBr and compressed at a pressure of 8 tons for 
15 minutes to form a pellet. The plate was then analyzed 
three times for each extract within the wavelength range 
of 4000-400 cm-1, with a resolution of 4 cm-1, and at a 
scanning rate of 45 scans per minute (Hadiarti et al. 
2021). 

2.4. Identified Compound by UHPLC HRMS
The UHPLC-Q-Orbitrap HRMS (ThermoScientific) 

analysis was conducted by weighing 10 mg of P. 
serratifolia extract, dissolving it in 4 mL of methanol: 
water (50:50), sonicated for 30 minutes, and left overnight 
at room temperature. Subsequently, the dissolved isolate 
is filtered with a 0.2 µm PTFE membrane. A 1 µL aliquot 
of each sample filtrate is injected into the UHPLC-Q-
Orbitrap HRMS. The instrument used in this study is 
a UPLC Vanquish Tandem Q Exactive Plus Orbitrap 
HRMS ThermoScientific with an m/z range of 50-4000 
(García-Reyes et al. 2017). The ESI parameters include 
a source voltage of +4.5 kV, a capillary temperature of 
200ºC, and a nebulizer gas flow rate of 1.5 L/min. The 
mass spectrometer operates in positive and negative 
ion modes with an m/z range of 200 to 2000. The 
column used is an Accucore C18, 100×2.1 mm, 1.5 µm 
(ThermoScientific) with a column temperature set at 
30°C. The mobile phase consists of a binary solvent 
system comprising H2O + 0.1% formic acid (A) and 
acetonitrile + 0.1% formic acid (B). The gradient method 
for these solvents is as follows: 0-1 minute (5% B), 1-25 
minutes (5-95% B), 25-28 minutes (95% B), and 28-30 
minutes (5% B). The solvent is injected with a volume of 
5 µL and a flow rate of 0.2 mL/min. Data interpretation, 
including spectrum selection, retention time (tR) 
alignment, and comparison with scientific databases, is 
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processed by Compound Discoverer version 2.2 (Farooq 
et al. 2020; Rafi et al. 2021; Umar et al. 2021). 

2.5. Evaluation of α-Glucosidase Activity 
Reduction

The inactivation of α-glucosidase activity was 
assessed using acarbose as a standard control and PNPG 
as the substrate. P. serratifolia extract (10 µL from 30 
mg/mL), phosphate buffer (50 µL), α-glucosidase (25 
µL) in phosphate buffer (pH 7), and PNPG (25 µL) were 
mixed with the help of a vortexer. A blank was prepared 
with the extract or fraction solution in all reagents 
without adding the enzyme and incubated at 37°C for 
30 minutes. Then, 15 µL of 0.2 M sodium carbonate 
was added to stop the reaction, and the absorbance was 
measured with a spectrophotometer at λ = 400 nm to 
determine the absorbance. The inhibition activity was 
expressed using the IC₅₀ value, which was calculated by 
linear regression analysis of the inhibition percentage 
versus the sample concentration curve. (Hadiarti et al. 
2023).

2.6. Analysis of Antioxidant Activity
The assessment of antioxidant activity was executed 

by introducing 100 µL of the extract solution to 0.5 
mL of the DPPH solution. Ascorbic acid, as the DPPH 
standard solution, was prepared by dissolving 4 mg in 
10 mL of ethanol, and its absorbance was quantified at a 
wavelength of 517 nm. The mixture was then incubated at 
37 °C for 30 minutes, and the absorbance was measured 
at 517 nm using a UV-Vis spectrophotometer (Hadiarti 
and Qurbaniah 2022).

2.7. Data Analysis
One-way ANOVA and Tukey's test (p<0.05) were 

employed to appraise the dissimilarities in yield data, 
TPC, TFC, inactivation of α-glucosidase, and antioxidant 
activity. PCA was used to examine the differences and 
similarities in functional groups of P. serratifolia extracts 
obtained through maceration and Soxhlet extraction 
from three districts: Sintang, Kapuas Hulu, and Sambas. 
Meanwhile, PLS validated by the cross-validation 
method was employed to identify the functional groups 
contributing to radical scavenging ability and inhibiting 
α-glucosidase. All data analysis steps were conducted 
using The Unscrambler X software (Sajak et al. 2016; 
Umar et al. 2021).

3. Results
  
3.1.  Yield Extraction of P. serratifolia Leaves

The extraction of P. serratifolia from the Kapuas 
Hulu, Sintang, and Sambas districts was conducted using 
maceration and Soxhlet extraction with ethanol pro-
analysis solvent. As shown in Table 1, Soxhlet extraction 
yielded the highest efficiency compared to maceration.  

3.2. Phenolic, Flavonoid, Antioxidant, and 
α-Glucosidase Inhibition Activity in P. serratifolia

Table 2 shows the TPC, TFC, and IC₅₀ of antioxidant 
and α-glucosidase inhibitory activity of P. serratifolia 
leaves from the Kapuas Hulu, Sintang, and Sambas 
districts. The extract obtained from maceration in Kapuas 
Hulu (KHM) exhibited the highest total phenolic content 

Area code
2

3
1

District
Sintang

Kapuas 
Hulu

Sambas

Coordinate
0°4ʹ26″S

111°29ʹ51″E
0°28ʹ23″S

112°42ʹ9″E
1°12ʹ05″S

109°6ʹ46″E

Collection time
Juny 2023

Juny 2023

July 2023

Season
Dry

Dry

Dry

Extraction method
Maceration
Soxhlation
Maceration
Soxhlation
Maceration
Soxhlation

Sample code Yield (%)
STM
STI

KHM
KHI
SSM
SSI

7.064
15.678
6.223
20.562
7.645
23.011

Table 1. Yield extraction of P. serratifolia leaves from West Kalimantan

Sample code

STM
STI
KHM
KHI
SSM
SSI

Total of phenolic content 
(mg GAE/g)

68.75
45.85
141.78
43.01
74.68
82.89

Total of flavonoid content 
(mg QE/g)

13.63
10.79
14.59
8.21
12.68
15.23

IC50  (mg/ml extract)
Antioxidant 

(DPPH)
59.30
74.79
18.39
52.16
53.79
45.52

α-glucosidase 
inhibitory
8828.66
10312.45
9650.71
8739.43
5486.80
4194.14

Table 2. TPC, TFC, IC₅₀ of antioxidant and α-glucosidase inhibitory of P. serratifolia leaves
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Functional 
group

C-H alkanes
=C-H alkenes
C=C aromatic

O-H
O-H
C=O

C-O-H
C-O-C ring

Reference 
wavenumber 

(cm-1)
2990 -2850

995-685
1625-1440
3550-3200
1390-1310
1820-1640
1045-1087
1100-1170

Detected 
wavenumber 

(cm-1)
2939
879
1512

3410-3201
1388-1334 
1645-1635 

1257
1165

Vibration 
mode

Stretching
Bending 

Stretching
Stretching 
Bending

Stretching
Stretching
Stretching

Code

A
B
C
D
E
F
G
H

STM

√
√
√
√
√

√
√

STI

√
√
√
√
√
√
√
√

KHM

√
√
√
√
√
√
√
√

KHI

√
√
√
√
√

√

SSM

	

√
√
√
√

SSI

√

√
√
√
√

Table 3. Identified functional groups from P. serratifolia extract

(TPC), while the Soxhlet extract from Sambas (SSI) had 
the highest total flavonoid content (TFC).

3.3. Identified Functional Groups of P. serratifolia 
From Different Districts

The FTIR analysis identified eight functional groups 
in P. serratifolia extracts, as shown in Table 3 and Figure 
2A and B. 

3.4. The PCA of FTIR Spectra of P. serratifolia 
Extract

Principal Component Analysis (PCA) of the functional 
groups in the extracts from Kapuas Hulu, Sintang, and 
Sambas revealed distinct clusters (Figure 3). 

3.5. PLS Analysis of Identified Functional Groups 
of P. serratifolia vs Antioxidant Activity and 
α-glucosidase Inhibitory Potential 

According to the PLS analysis depicted in Figure 
4, peaks A and D, representing C-H alkanes and O-H 
stretching, respectively, make significant contributions to 
antioxidant activity, with regression coefficients of -0.038 
and -0.036. Additionally, C=O, O-H bending, C-O-C 
ring, C-O-H, and C=C aromatic groups also influence 
antioxidant activity, with regression coefficients ranging 
from -0.026 to -0.003. The functional group with the least 
impact on antioxidant activity is peak B, representing 
=C-H alkenes, with a stretching vibration mode and a 
regression coefficient of 1.014. In contrast to the findings 
shown in Figure 5, the C=O group is the most effective 
in inhibiting α-glucosidase, with a regression coefficient 
of -18.881. Additionally, C-H alkanes, O-H stretching 
and bending, as well as C-O-H (represented by A, E, G, 
and D, respectively), also contribute to α-glucosidase 
inhibition. In contrast, the C-H alkenes show a positive 
value, with a regression coefficient of 8.139, indicating 
the least significant effect on α-glucosidase inhibition. 

The antioxidant model achieved an R² of 0.735 and an 
RMSE of 9.64, while the α-glucosidase inhibition model 
had an R² of 0.723 and an RMSE of 1371.12.

3.6. Tentative Identification of Compounds in 
P. serratifolia of Diverse Locations

According to Table 4, thirteen flavonoid and phenolic 
compounds were successfully identified from P. serratifolia 
extracts based on UHPLC-Q-Orbitrap HRMS analysis, 
as shown in Figure 6.

3.7. The PCA Plot of The Identified Compound 
of P. serratifolia Extract

The similarities and differences in the compounds 
identified using UPLC-Q-Orbitrap HRMS from P. 
serratifolia extracts from Sintang, Kapuas Hulu, and 
Sambas regions are illustrated in the PCA plot. Figure 
7 shows a clear separation of compounds based on 
geographic origin.

3.8. The PLS Analysis of Tentative Identification 
of Compounds of P. serratifolia vs Antioxidant 
Activity and α-glucosidase Inhibitory Potential

According to Figure 8, isoferulic acid is the phenolic 
compound in the P. serratifolia extract that predominantly 
influences antioxidant activity, with a regression coefficient 
of -1.5603e-07. Additionally, NP-015559, salicylic acid, 
and isorhamnetin are identified as contributing to free 
radical reduction, with regression coefficients of -7.6161e-
08, -5.5525e-08, and -5.2107e-08, respectively. The 
compound with the least impact on antioxidant activity is 
apigenin, represented by peak E, with a stretching vibration 
mode and a regression coefficient of 1.2425e-07. Based 
on the data shown in Figure 9, the most efficient flavonoid 
in reducing α-glucosidase concentration is NP-000308, 
which has a regression coefficient of -3.9533. Isorhamnetin 
also plays a significant role as an α-glucosidase inhibitor, 
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Figure 2. The FTIR spectra of P. serratifolia extracts from maceration (A: SSM, KHM, STM) and soxhlet extraction (B: SSI, KHI, STI) 
were obtained from Sambas, Kapuas Hulu, and Sintang
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Figure 3. The PCA plot of FTIR spectra of P. serratifolia extracts: SSM, KHM, and STM (maceration from Sambas, Kapuas Hulu, and 
Sintang); SSI, KHI, and STI (soxhlation from the same regions)
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Figure 4. The PLS plot of FTIR spectra of P. serratifolia extract vs antioxidant activity
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Figure 5. The PLS plot of FTIR spectra of P. serratifolia extract vs anti-α-glucosidase capacity
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CompoundCode

NP-005013
Isorhamnetin
Sinapinic acid
Isoferulic acid

Apigenin
5-O-methyl embelin

Tricin
NP-000308

Salicylic acid
NP-011548
NP-015559

Luteolin
Quercetin

A
B
C
D
E
F
G
H
I
J
K
L
M

Experiment 
mass (m/z)
284.06898
316.05904
224.06862
194.05802
270.05344
308.19956
330.07480
300.06403
138.03153
298.25141
330.07471
286.04847
302.04334

Accuracy 
(ppm)

1.777740385
2.325520287
0.647123608
0.566841104
2.277332222
2.595727510
2.560032342
2.132882655
-1.195377627
2.062023003
2.287366175
2.552021561
2.267891600

[M-H]-/
[M+H]+ 

283.06104
315.05110
223.06068
193.05008
269.04550
307.19162
329.06686
299.05609
137.02359
297.24347
329.06677
285.04053
301.03543

Molecular 
Formula
C16H12O5
C16H12O7
C11H12O5
C10H10O4
C15H10O5
C18H28O4
C17H14O7
C16H12O6
C7H6O3

C18H34O3
C17H14O7
C15H10O6
C15H10O7

STM

√
√
√

√
√
√
√
√
√
√

STI

√
√
√

√

√

√

KHM

√
√
√
√
√

√
√
√
√

KHI

√
√
√

√
√

√
√

SSM

√
√
√

√
√
√
√
√
√
√
√

SSI

√
√
√
√
√
√
√
√
√
√
√
√
√

Table 4. Identified Compounds from P. serratifolia Extracts by UHPLC-Q-Orbitrap HRMS

Figure 6: Structure of identified compounds from P. serratifolia extract

NP-005013
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Figure 7. The PCA plot of HRMS spectra of P. serratifolia extract
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Figure 8. The PLS plot of HRMS spectra of P. serratifolia extract vs antioxidant activity
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Figure 9. The PLS plot of HRMS spectra of P. serratifolia extract vs anti-α-glucosidase capacity

with a regression coefficient of -2.5232. Conversely, NP-
005013 demonstrates a positive value, with a regression 
coefficient of 8.5594, indicating the least significant effect 
on α-glucosidase inhibition.

4. Discussion

The high efficiency of Soxhlet extraction of P. 
serratifolia leaves can be attributed to continuous 
extraction with fresh solvent at elevated temperatures, 
which enhances the extraction process (Zhang et al. 
2018). Although all the P. serratifolia leaves were 
extracted using ethanol, the yields obtained were 

different. Leaves from the Sambas district had the highest 
yield in both extraction methods. This variation may be 
due to geographical factors such as altitude, soil, and 
climate affecting the plant's chemical composition (Li 
et al. 2019; Rafi et al. 2021; Jahangir et al. 2023). P. 
serratifolia from Sambas may have higher levels of polar 
compounds, leading to a higher yield when extracted 
using ethanol.

Not only does the yield vary, but differences in growing 
areas also influence the phenolic and flavonoid content 
in the leaf extracts of P. serratifolia. A decrease in TPC 
was observed in the Soxhlet extracts from Sintang (STI) 
and Kapuas Hulu (KHI), likely due to the heat applied 



162	                                                                                                                                              Hadiarti D et al.

during Soxhlet extraction, which may degrade, oxidize, 
or polymerize phenolic compounds (Maghsoudlou et al. 
2019). The high TPC in Kapuas Hulu and high TFC in 
Sambas are predicted to contribute to their antioxidant 
and α-glucosidase inhibition activities. This observation 
is consistent with previous studies, which show that 
TPC has a significant impact on antioxidant activity 
(Hadiarti and Qurbaniah 2022), while TFC is a major 
contributor to α-glucosidase inhibition (Hadiarti et al. 
2021). Additionally, the antioxidant activity and TPC 
of the maceration extracts were generally superior to 
the Soxhlet extracts, a result also supported by earlier 
findings (Das et al. 2019). In addition to the variation 
in extraction yield and phenolic content, differences in 
geographical origin may also lead to distinct secondary 
metabolite profiles even within the same species.

These include O-H stretching and bending, as well 
as C-O-H, which were present in all extracts of P. 
serratifolia leaves, according to FTIR spectra. However, 
some functional groups, such as =C-H alkenes, C=C 
aromatic, and C-O-C rings, were absent in the extracts 
from Sambas. Additionally, the C=O group was not 
detected in extracts from Sintang (STM) and Kapuas 
Hulu (KHI). These findings are consistent with the idea 
that similar species growing in different geographical 
areas can exhibit variations in the intensities of their 
functional groups, which can impact bioactivity (Rafi et 
al. 2021). The variation in functional group intensities in 
P. serratifolia sourced from Sintang, Sambas, and Kapuas 
Hulu results in differing antioxidant and α-glucosidase 
inhibition activities. The 3200-3400 cm-1 band mainly 
reflects O-H stretching with minimal N–H overlap, 
supported by the absence of nitrogenous alkaloids, while 
the 879 cm-1 band indicates aromatic C-H bending that 
may overlap with the 3000-3100 cm-1 region. Similar 
absorption bands such as -OH stretching (3435 cm-1 and 
3378 cm-1), C-H alkanes (2921 cm-1 and 2983-2831 cm-1), 
C-O-O ring (1155-1269 cm-1), C=C aromatic (1421 cm-1), 
=C-H (995-675 cm-1) have been reported on Martynia 
annua (Duraisamy et al. 2022), Smallanthus sonchifolius 
(Aziz et al. 2021, 2020), Amphoricarpos autariatus, 
Phaseolus vulgaris, Arachis hypogaea, Plukenetia 
volubilis (Thummajitsakul et al. 2023),  Jatropha curcas, 
and Jatropha multifida (Umar et al. 2023).

The extracts from Sintang (STM) and Kapuas Hulu 
(KHM) of P. serratifolia leaves are closely situated, 
likely due to the geographical proximity of these districts 
in eastern West Kalimantan, as indicated by the PCA plot. 
In contrast, Sambas (SSM and SSI) extracts are separated 
from those from Kapuas Hulu and Sintang, as Sambas 

is located in northern West Kalimantan. Additionally, 
the clustering of functional groups reflects the different 
extraction methods (maceration and Soxhlet) employed 
for each sample. This pattern of clustering by region and 
extraction method is also observed in other species, such 
as Jatropha curcas and J. multifida (Umar et al. 2023).

In this study, the detection of functional groups of P. 
serratifolia leaves within metabolites that significantly 
contribute to antioxidant activity was determined through 
the examination of the regression coefficient plot in 
the PLS analysis. A negative regression coefficient is 
associated with the absorption of functional groups 
that actively contribute to antioxidant activity and 
α-glucosidase inhibition, as indicated by IC₅₀ values 
(Guo et al. 2017; Murugesu et al. 2018). Based on PLS 
analysis, the C-H alkanes, O-H stretching, C=O, O-H 
bending, C-O-C ring, C-O-H, and C=C aromatic groups 
are influencing antioxidant activity. The impact of these 
active functional groups on antioxidant activity is also 
observed in extracts from Syzygium polyanthum (Rohaeti 
et al. 2020), Curculigo orchioides, and C. latifolia (Umar 
et al. 2021). Meanwhile, the α-glucosidase inhibition 
was contributed by C=O C-H alkanes, O-H stretching 
and bending, as well as C-O-H.  The carbonyl, C-O-H, 
and C-H alkane groups in extracts from C. orchioides, 
C. latifolia, and Smallanthus sonchifolius have similarly 
been reported to influence α-glucosidase inhibition 
activity (Aziz et al. 2021; Umar et al. 2021). 

According to UHPLC-Q-Orbitrap HRMS spectra 
of P. serratifolia leaf extracts, several flavonoids were 
identified, including NP-005013, isorhamnetin, apigenin, 
tricin, NP-000308, scopoletin, NP-015559, luteolin, and 
quercetin. Interestingly, some of these flavonoids were 
also found in P. serratifolia samples from other locations, 
such as Pontianak, Central Sulawesi, and Allahabad 
(India) (Dianita and Jantan 2017; Simamora et al. 
2019; Singh et al. 2021; Hadiarti et al. 2023). As for the 
identified phenolic compounds, they include sinapinic 
acid, isoferulic acid, 5-O-methyl embelin, salicylic acid, 
and NP-011548. To our knowledge, these phenolics have 
not been previously reported in P. serratifolia; however, 
additional studies and isolation work are needed to verify 
their distinctiveness and biological relevance.

The PCA plot indicates that P. serratifolia from 
Sambas (both SSM and SSI) is located in a different 
cluster compared to KHM, KHI, STM, and STI, which 
originate from Kapuas Hulu and Sintang. This divergence 
can be attributed to the geographical proximity of Kapuas 
Hulu and Sintang in the eastern part of West Kalimantan, 
in contrast with Sambas, which is located in the northern 
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region. Notably, despite using different extraction 
methods (maceration and Soxhlet) for P. serratifolia from 
each area, the chemical composition of the extracted 
compounds remains consistent. The proximity of samples 
from the same area on the plot evidences this. A similar 
pattern is observed in Andrographis paniculata obtained 
from West, Central, and East Java, where each region 
exhibits specific compound differences (Rafi et al. 2021).

The impact of various compounds on antioxidant 
activity and α-glucosidase inhibition was analyzed 
using PLS analysis. The negative coefficients of some 
compounds indicate their potential to act as free radical 
scavengers or α-glucosidase inhibitors, based on the 
areas measured in the UHPLC-Q-Orbitrap HRMS 
spectra. Isoferulic acid, NP-015559, salicylic acid, 
and isorhamnetin are identified as contributing to free 
radical reduction. The ability of isoferulic acid and 
salicylic acid to inhibit free radicals is also supported by 
evidence from Cimicifugae Rhizoma and Abelmoschus 
esculentus extracts (Esan et al. 2017; Liu et al. 2024). 
While phenolic compounds significantly influence 
antioxidant activity, α-glucosidase inhibition in the P. 
serratifolia extract is primarily influenced by flavonoids. 
NP-000308 and sorhamnetin show a significant role as an 
α-glucosidase inhibitor. Extracts of Oenanthe javanica, 
Hippophae rhamnoides, and Ginkgo biloba containing 
isorhamnetin have been shown to inhibit α-glucosidase 
(Alqudah et al. 2023). 

The KHM extract, derived from the maceration of P. 
serratifolia from Kapuas Hulu, demonstrated superior 
antioxidant properties by exhibiting the highest TPC. 
The presence of C-H alkane groups and O-H stretching 
in phenolic compounds significantly contributed to its 
antioxidant activity, as indicated by PLS analysis of the 
FTIR spectra. Furthermore, PLS analysis of the phenolic 
compounds detected by UHPLC-Q-Orbitrap revealed 
that isoferulic acid had the most substantial influence on 
antioxidant activity. Notably, the structure of isoferulic 
acid, which contains three C-H alkane groups and two 
hydroxyl groups, underpins its crucial role in antioxidant 
activity. This highlights how the isoferulic acid groups 
in KHM, containing phenolic compounds, facilitate free 
radical reduction.

The SSI extract, identified as the best α-glucosidase 
inhibitor with the highest TFC, was obtained from Sambas 
using Soxhlet extraction. According to PLS analysis of 
the FTIR spectra, flavonoids containing a C=O group are 
the most effective in inhibiting α-glucosidase. Quercetin, 
exclusively identified in SSI, is the flavonoid influencing 

α-glucosidase inhibitory activity, based on PLS analysis 
of UHPLC-Q-Orbitrap HRMS spectra. The carbonyl 
group in quercetin plays the most significant role in 
reducing α-glucosidase enzyme activity.

The variations in antioxidant and α-glucosidase 
inhibitory activities observed among P. serratifolia from 
Sambas, Sintang, and Kapuas Hulu are unlikely to be 
explained solely by differences in extraction methods. 
Instead, these differences may reflect ecological and 
environmental heterogeneity across the collection sites, 
which can influence metabolic pathways and alter both 
the composition and levels of secondary metabolites. As 
a result, the biological activities of P. serratifolia extracts 
vary among regions, highlighting the close relationship 
between environmental conditions and secondary 
metabolism. Nevertheless, this interpretation remains a 
hypothesis that requires further experimental validation 
to confirm the specific influence of environmental factors 
on metabolite pathways and bioactivity of P. serratifolia.

In conclusion, the KHM extract of P. serratifolia from 
Kapuas Hulu, obtained via maceration, exhibited the 
strongest antioxidant activity, supported by its highest 
TPC and the presence of functional groups such as C-H 
alkanes and O-H phenolics as revealed by PLS analysis of 
FTIR spectra. Isoferulic acid, identified through UHPLC-
Q-Orbitrap and possessing three C-H alkane and two 
hydroxyl groups, was determined to be the key contributor 
to this activity. Meanwhile, the SSI extract from Sambas, 
obtained via Soxhlet extraction, demonstrated the most 
potent α-glucosidase inhibitory activity, associated with 
its highest TFC and the presence of flavonoids containing 
C=O groups. Quercetin, uniquely found in SSI, emerged 
as the primary compound responsible for this inhibition, 
with its carbonyl group playing a pivotal role. These 
findings emphasize the importance of specific phenolic 
and flavonoid compounds in determining the bioactivity 
of P. serratifolia extracts from different regions. The 
research findings can provide a basis for standardizing 
raw materials of antioxidant herbal medicine derived 
from P. serratifolia, which can be further evaluated 
through in vivo testing.

Acknowledgements 

Thanks to the Ministry of Education, Culture, 
Research, and Technology for funding the research, as 
stated in decree number 0557/E5.5/AL.04/2023. Special 
thanks to the head of the Advanced Research Laboratory 
and Biofarmaka at IPB University, as well as the Organic 



164	                                                                                                                                              Hadiarti D et al.

Laboratory at Universitas Gadjah Mada, for facilitating 
the in vitro testing, analysis using UHPLC-Q-Orbitrap 
HRMS, and FTIR.

References

Alqudah, A., Qnais, E.Y., Wedyan, M.A., Altaber, S., Bseiso, Y., 
Oqal, M., AbuDalo, R., Alrosan, K., Alrosan, A.Z., Melhim, 
S.B., Alqudah, M., Athamneh, R.Y., Gammouh, O., 2023. 
Isorhamnetin reduces glucose level, inflammation, and 
oxidative stress in high-fat diet/streptozotocin diabetic 
mice model. Molecules. 28, 1-14. https://doi.org/10.1093/
oso/9780198517962.003.0007

Aziz, Z., Yuliana, N.D., Simanjuntak, P., Rafi, M., Syamsudin., 
2020. FTIR and HPLC-based metabolomics of yacon 
leaves extracts (Smallanthus sonchifolius [Poepp & endl.] 
h. robinson) from two locations in Indonesia. Indonesian 
Journal of Chemistry. 20, 567-578. https://doi.org/10.22146/
ijc.43453

Aziz, Z., Yuliana, N.D., Simanjuntak, P., Rafi, M., Mulatsari, 
E., Abdillah, S., 2021. Investigation of yacon leaves 
(Smallanthus sonchifolius) for α-Glucosidase inhibitors 
using metabolomics and in silico approach. Plant Foods 
for Human Nutrition. 76, 487-493. https://doi.org/10.1007/
s11130-021-00926-3

Baroni, M.V., Fabani, M.P., Adan, F., Podio, N.S., Wunderlin, 
D.A., 2022. Effect of geographical location, processing 
and simulated digestion on antioxidant characteristics of 
quince (Cydonia oblonga). Heliyon. 8, e11435. https://doi.
org/10.1016/j.heliyon.2022.e11435

Chua, I.Y.P., King, P.J.H., Ong, K.H., Sarbini, S.R., & Yiu, P.H., 
2015. Influence of light intensity and temperature on 
antioxidant activity in Premna serratifolia L. Journal of 
Soil Science and Plant Nutrition. 15, 605-614. https://doi.
org/10.4067/S0718-95162015005000027.

Das, S., Ray, A., Nasim, N., Nayak, S., Mohanty, S., 2019. Effect 
of different extraction techniques on total phenolic and 
flavonoid contents, and antioxidant activity of betelvine 
and quantification of its phenolic constituents by validated 
HPTLC method. 3 Biotech. 9, 37. https://doi.org/10.1007/
s13205-018-1565-8

Dianita, R., Jantan, I., 2017. Ethnomedicinal uses, phytochemistry 
and pharmacological aspects of the genus Premna: A review. 
Pharmaceutical Biology. 55, 1715-1739. https://doi.org/10.
1080/13880209.2017.1323225

Department of  Communication and Information of  West 
Kalimantan Province, 2024. Gambaran Umum Aspek 
Geografis Kalimantan Barat Available at: https://ppid.
kalbarprov.go.id/?public=profil-daerah. [Date accessed: 13 
June 2025] 

Duraisamy, N., Dhayalan, S., Shaik, M.R., Shaik, A.H., Shaik, J.P., 
Shaik, B., 2022. Green synthesis of chitosan nanoparticles 
using of Martynia annua L. ethanol leaf extract and their 
antibacterial activity. Crystals. 12, 1150. https://doi.
org/10.3390/cryst12111550

Esan, A.M., Masisi, K., Dada, F.A., Olaiya, C.O., 2017. 
Comparative effects of indole acetic acid and salicylic 
acid on oxidative stress marker and antioxidant potential 
of okra (Abelmoschus esculentus) fruit under salinity 
stress. Scientia Horticulturae. 216, 278-283. https://doi.
org/10.1016/j.scienta.2017.01.007

Farooq, M.U., Mumtaz, M.W., Mukhtar, H., Rashid, U., Akhtar, 
M.T., Raza, S.A., Nadeem, M., 2020. UHPLC-QTOF-
MS/MS based phytochemical characterization and anti-
hyperglycemic prospective of hydro-ethanolic leaf extract 
of Butea monosperma. Scientific Reports. 10, 3530. https://
doi.org/10.1038/s41598-020-60076-5

Fitriarni, D., Rifkowaty, E.E., Martanto, M., Verawaty, N., Purwanto, 
D., 2022. Kadar fenol dan antidiabetes minuman fungsional 
kombinasi teh hitam dan singkil (Premna serrafolia). 
Jurnal Penelitian Pertanian Terapan. 22, 267-278. https://
doi.org/10.25181/jppt.v22i3.2218

García-Reyes, J.F., Moreno-González, D., Nortes-Méndez, R., 
Gilbert-López, B., Molina Díaz, A., 2017. HRMS: Hardware 
and Software, in: Romero-González, R., Frenich, A.G. 
(Eds.), Applications in High Resolution Mass Spectrometry: 
Food Safety and Pesticide Residue Analysis. Elsevier Inc., 
Amsterdam, pp. 15-57. 

Guo, S.C., Yu, S., Qian, Y., Hu, M.H., Shan, M.Q., Chen, P.D., 
Chen, Y.Y., Zhang, L., Ding, A.W., Wu, Q.N., Li, S.F.Y., 
2017. Correlation of antioxidant activity and volatile oil 
chemical components from Schizonepeta tenuifolia herbs 
by chemometric methods. International Journal of Food 
Properties. 20, S1082-S1092. https://doi.org/10.1080/109
42912.2017.1328438

Hadiarti, D., 2017. In vitro α-Glucosidase inhibitory activity of 
ethanol extract of buas-buas (Premna serratifolia Linn). 
Traditional Medicine Journal. 22, 80-83. https://doi.
org/10.22146/tradmedj.27917

Hadiarti, D., Haryadi, W., Matsjeh, S., Swasono, R.T., 2021. 
Uderstanding phytochemical roles on α-glucosidase 
inhibitory activity based on metabolic approch of 
Premna serratifolia leaves from West Borneo, Indonesia. 
Rasayan Journal of Chemistry. 14, 1216-1222. https://doi.
org/10.31788/rjc.2021.1426320

Hadiarti, D., Qurbaniah, M., 2022. Profiling Senyawa Antioksidan 
Ektrak Daun Buas-Buas (Premna serratifolia) dengan 
Pendekatan MetabolomikMenggunakan UHPLC-Q-orbitap 
HRMS dan Kajianya Sebagai Kandidat Inhibitor Covid-19 
Menggunakan Molecular Docking. [Research Report]. 
Indonesia: Universitas Muhammadiyah Pontianak.

Hadiarti, D., Haryadi, W., Matsjeh, S., Swasono, R.T., Awaliyah, 
N., 2023. Profiling of α-glucosidase inhibitors from ethyl 
acetate fraction of buas-buas (Premna serratifolia) leaves 
using UHPLC-Q-Orbitrap HRMS and protein-ligand 
interaction with molecular docking. Journal of Applied 
Pharmaceutical Science. 13, 1-10. https://doi.org/10.7324/
japs.2023.130210



HAYATI J Biosci                                                                                                                                          
Vol. 33 No. 1, January 2026 165

Irwan, A., Junaidi, A.B., 2020. Analisis metabolomik : metode 
modern dalam pengujian kualitas produk herbal. Pros. 
Semin. Nas. Lingkung. Lahan Basah. 5, 27-31.

Isnindar., Subagus, W., Widyarini, S., & Yuswanto., 2016. 
Determenation of antioxidant activities of Buas-buas 
(Premna serratifolia L.) Using DPPH (2 , 2-diphenyl-1- 
picrylhydrazyl) method. Traditional Medicine Journal. 21, 
111–115. https://doi.org/10.22146/tradmedj.17292

Jahangir, M., Atta-ur-Rehman, M., Abdel Farid, I.B., Verpoorte, 
R., Khan, I., Peng, J., 2023. NMR-Based Metabolomics for 
Geographical Discrimination of Adhatoda vasica Leaves. 
Plants. 12, 1-9. https://doi.org/10.3390/plants12030453

Karimi, A., Krähmer, A., Herwig, N., Schulz, H., Hadian, J., 
Meiners, T., 2020. Variation of secondary metabolite 
profile of Zataria multiflora Boiss. populations linked to 
geographic, climatic, and edaphic factors. Frontiers in Plant 
Science. 11, 1-15. https://doi.org/10.3389/fpls.2020.00969

Li, J.M., Liang, H.Q., Qiao, P., Su, K.M., Liu, P.G., Guo, S.X., Chen, 
J., 2019. Chemical composition and antioxidant activity 
of Tuber indicum from different geographical regions of 
China. Chemistry and Biodiversity. 16, 1-12. https://doi.
org/10.1002/cbdv.201800609

Liao, Y.C., Kim, T., Silva, J.L., Hu, W.Y., Chen, B.Y., 2022. Effects 
of roasting degrees on phenolic compounds and antioxidant 
activity in coffee beans from different geographic 
origins. LWT. 168, 113965. https://doi.org/10.1016/j.
lwt.2022.113965

Liu, J., Chang, A., Peng, H., Yin, X., Dong, X., Qu, C., Ni, J., 2024. 
Phytochemical identification and anti-oxidative stress 
effects study of cimicifugae rhizoma extract and its major 
component isoferulic acid. Separations. 11, 175. https://doi.
org/10.3390/separations11060175

Lolita, J., 2022. Evaluation of antioxidant activities of leaf extract 
of Premna serratifolia. International Journal of Creative 
Research Thoughts. 10, 125-126.

Maghsoudlou, Y., Asghari Ghajari, M., Tavasoli, S., 2019. Effects of 
heat treatment on the phenolic compounds and antioxidant 
capacity of quince fruit and its tisane’s sensory properties. 
Journal of Food Science and Technology. 56, 2365-2372. 
https://doi.org/10.1007/s13197-019-03644-6

Murugesu, S., Ibrahim, Z., Ahmed, Q.U., Yusoff, N.I.N., Uzir, B.F., 
Perumal, V., Abas, F., Saari, K., El-Seedi, H., Khatib, A., 
2018. Characterization of α-glucosidase inhibitors from 
Clinacanthus nutans lindau leaves by gas chromatography-
mass spectrometry-based metabolomics and molecular 
docking simulation. Molecules. 23. https://doi.org/10.3390/
molecules23092402

Purwanti, N.U., Wahdiyanti, R., & Susanti, R., 2018. Effect of 
variation of solvent concentration to antioxidant activity of 
ethanolic extract of  buas-buas stem (Premna serratifolia 
L.) using DPPH (2, 2-diphenyl-1 picrylhidrazyl) scavenging 
method. International Conference on Pharmaceutical 
Research and Practice. 2018, 126-132.

Puspita, W., Yuspita Sari, D., Ristia Rahman, I., 2020. Uji 
aktivitas antioksidan ekstrak etanol daun buas-buas 
(Premna serratifolia L.) asal Kabupaten Melawi Provinsi 
Kalimantan Barat dengan metode DPPH. Jurnal Insan 
Farmasi Indonesia. 3, 405-412. https://doi.org/10.36387/
jifi.v3i2.532

Rafi, M., Septaningsih, D.A., Karomah, A.H., Lukman, Prajogo, B., 
Amran, M.B., Rohman, A., 2021. Inhibition of α-glucosidase 
activity, metals content, and phytochemical profiling of 
Andrographis paniculata from different geographical 
origins based on FTIR and UHPLC-Q-Orbitrap HRMS 
metabolomics. Biodiversitas. 22, 1535-1542. https://doi.
org/10.13057/BIODIV/D220359

Rohaeti, E., Karunina, F., Rafi, M., 2020. FTIR-based fingerprinting 
and chemometrics for rapid investigation of antioxidant 
activity from Syzygium polyanthum extracts. Indonesian 
Journal of Chemistry. 21, 128-136. https://doi.org/10.22146/
ijc.54577

Rubianti, I., Azmin, N., Nasir, M., 2022. Analisis skrining fitokimia 
ekstrak etanol daun golka (Ageratum conyziodes) sebagai 
tumbuhan obat tradisional masyarakat Bima. JUSTER:  
Jurnal Sains dan Terapan. 1, 7-12. https://doi.org/10.55784/
juster.v1i2.67

Sajak,  A.A.B., Abas, F., Ismail, A., Khatib, A., 2016. Effect of different 
drying treatments and solvent ratios on phytochemical 
constituents of Ipomoea aquatica and correlation with 
α-Glucosidase inhibitory activity. International Journal of 
Food Properties. 19, 2817-2831. https://doi.org/10.1080/1
0942912.2016.1141295

Simamora, A., Timotius, K.H., Santoso, A.W., 2019. Antidiabetic, 
antibacterial and antioxidant activities of different extracts 
from Brucea javanica (L.) Merr seeds. Pharmacognosy 
Journal. J. 11, 479-485. https://doi.org/10.5530/
pj.2019.11.76

Simamora, A., Santoso, A.W., Timotius, K.H., Rahayu, I., 2020. 
Antioxidant activity, enzyme inhibition potentials, and 
phytochemical profiling of Premna serratifolia L. leaf 
extracts. International Journal of Food Science. 2020, 1-11. 
https://doi.org/10.1155/2020/3436940

Singh, C., Anand, S.K., Tiwari, K.N., Mishra, S.K., Kakkar, P., 
2021. Phytochemical profiling and cytotoxic evaluation of 
Premna serratifolia L. against human liver cancer cell line. 
3 Biotech. 11, 1-11. https://doi.org/10.1007/s13205-021-
02654-6

Thummajitsakul, S., Piyaphan, P., Khamthong, S., Unkam, M., 
Silprasit, K., 2023. Comparison of FTIR fingerprint, phenolic 
content, antioxidant and anti-glucosidase activities among 
Phaseolus vulgaris L., Arachis hypogaea L. and Plukenetia 
volubilis L. Electronic Journal of Biotechnology. 61, 14-23. 
https://doi.org/10.1016/j.ejbt.2022.10.003



166	                                                                                                                                              Hadiarti D et al.

Timotius, K.H., Simamora, A., Santoso, A.W., 2018. Chemical 
characteristics and in vitro antidiabetic and antioxidant 
activities of Premna serratifolia L. leaf infusion and 
decoction. Pharmacognosy Journal. 10, 1114-1118. https://
doi.org/10.5530/pj.2018.6.189

Umar, A.H., Ratnadewi, D., Rafi, M., Sulistyaningsih, Y.C., 2021. 
Untargeted Metabolomics Analysis Using FTIR and 
UHPLC-Q-Orbitrap HRMS Of Two Curculigo Species 
And Evaluation of Their Antioxidant and α-Glucosidase 
Inhibitory Activities. Metabolites 11, 1-17. https://doi.
org/10.3390/metabo11010042

Umar, A.H., Syahruni, R., Ranteta’dung, I., Rafi, M., 2023. FTIR-
based fingerprinting combined with chemometrics method 
for rapid discrimination of Jatropha spp. (Euphorbiaceae) 
from different regions in South Sulawesi. Journal of 
Applied Pharmaceutical Science. 13, 139-149. https://doi.
org/10.7324/JAPS.2023.130113

Wen, B., Ren, S., Zhang, Y., Duan, Y., Shen, J., Zhu, X., Wang, 
Y., Ma, Y., Zou, Z., Fang, W., 2020. Effects of geographic 
locations and topographical factors on secondary 
metabolites distribution in green tea at a regional scale. 
Food Control. 110, 106979. https://doi.org/10.1016/j.
foodcont.2019.106979

Zhang, Q.W., Lin, L.G., Ye, W.C., 2018. Techniques for extraction 
and isolation of natural products: A comprehensive review. 
Chinese Medicine (United Kingdom). 13, 1-26. https://doi.
org/10.1186/s13020-018-0177-x

 


