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ABSTRACT
Orthosiphon stamineus Benth (O. stamineus) leaves are herb plant parts that 
can act as an antioxidant and α-glucosidase inhibitor. Finding the best 
O. stamineus extract that serves as an antioxidant and α-glucosidase inhibi
tory agent is an essential requirement. Additionally, a clustering analysis 
based on FTIR spectra should be performed using principal component 
analysis (PCA) and partial least squares (PLS). Based on this study, the 40% 
ethanolic extract of O. stamineus leaves is a potent extract as an antioxidant 
and α-glucosidase inhibitory agent. Whereas 20% ethanolic extract of 
O. stamineus leaves is only applied as an α-glucosidase agent. Furthermore, 
discrimination analysis of O. stamineus leaf extracts showed that FTIR-based 
analysis can discriminate nicely each water, 60%, 80%, and 100% ethanolic 
extracts. This study reported that the obtained model has the determination 
coefficient of R2X: 0.991, R2Y: 0.964, and Q2Y: 0.946, which showed a good 
model and a good prediction. However, the classification method did not 
distinguish clearly between 20% and 40% ethanolic extracts. 20% ethanolic 
extract of O. stamineus leaves is always paired with 40% ethanolic extract of 
O. stamineus. Furthermore, several functional groups from O. stamineus leaf 
extracts contribute toward both biological activities including alkane groups, 
carbonyl groups, methylene groups, ester groups, and alkyl di-substitutions. 
Based on this study, quality control of potent extract as an antioxidant and as 
an α-Glucosidase Inhibitor should be conducted using a specific marker- 
based analysis.
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Introduction

Herbal plants are traditional medicines that are widely used to treat an extensive variety of diseases, 
particularly by civil society in developing nations. One of the Asian countries, China developed herbal 
medicines, known as traditional Chinese Medicines (TCM). According from Yu et al.[1] said that TCM 
in China has been familiarized as long as more than 3000 years ago. Besides TCM from China, Japan 
developed herbal medicines known as Kampo and India familiarized Ayurveda.[2,3] Currently, more 
than 80% of people worldwide used and consumed herbal plants for keeping their bodies fit and 
healthy. However, they give many benefits to human health.
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One of the herbal plants applied for treating several diseases is O. stamineus. It contains many active 
compounds, such as sinensetin, eupatorin, salvigenin, etc.[4] They act as a significant function in the 
management of a variety of diseases, including antioxidants, anti-diabetes, anti-inflammation, and 
others.[5,6] The phenolic compounds found in 34 herb plants have been recognized as important 
compounds that promote human health.[7] However, the biological activities are greatly influenced by 
containing active compounds in the herb.[8] Therefore, some researchers look for the best extract or 
fractionated extract that can positively affect the human body. To fulfill this, the extraction processes, 
solvents chosen for the extraction process, and the manner of drying have to be investigated. Many 
factors will influence the quality of herbal extract. Furthermore, the cultivated plant offers significant 
effects on the contained active chemicals in the herb, which affects the end-product quality of herbal 
extract.

Therefore, the focus of this research was to identify an outstanding extract of O. stamineus as an 
antioxidant agent, because this property is required across many kinds of commercial products, such 
as pharmaceuticals, foods, and cosmetics. This study will assess total phenolic content (TPC), total 
flavonoid content (TFC), and antioxidant activity such as the scavenging activity of DPPH and ABTS 
radicals to evaluate extract quality. Based on the study from Sukweenadhi et al.,[9] explained that 
phenolic and flavonoid compounds are constituents that are responsible for antioxidant activity. 
Therefore, TPC and TFC have a positive correlation toward their activity.

Furthermore, quality control of herb products can be determined using instrumental methods such 
as marker-based analysis (univariate techniques) and multivariate techniques. A previous study has 
identified successfully the mixtures of the leaf and root extract using chromatography-based 
techniques.[10,11] The use of a reliable analytical method is a useful strategy to control the quality of 
herbal medicine and avoid negative effects.[12] Therefore, it is very prominent for the plant’s quality 
control because the forgery of raw material or extracts will be detected early using FTIR spectroscopy.

This study employed FTIR spectroscopy to identify and classify the ethanolic extract of 
O. stamineus leaves as quality control of the extract that will be used and chosen. The classification 
technique is used to ensure that the best extract can be selected and distinguished from others using 
FTIR spectroscopy combined with chemometrics. The combination of FTIR spectroscopy with 
chemometrics strongly classified the methanolic extract of O. stamineus leaves and its fraction.[13] 

Despite this, previous investigations from Nipun et al.,[14] successfully applied FTIR spectroscopy to 
predict the α-glucosidase inhibitory activity of P. Malayana. The choice of this analytical method is 
based on the benefits gained because it is a simple and rapid analysis, nondestructive, short time 
consumed, and is easy to prepare. At present, the use of FTIR spectroscopy to classify the potent 
O. stamineus as antioxidants and α-Glucosidase inhibitors has not been mentioned. As a result, we 
conduct this investigation as a recommended part of the quality control of the collected O. stamineus 
extracts that will be selected.

Material and methods

Samples preparation

O. stamineus leaves were collected from Kaliurang Street km 21.5, Sidorejo, Hargobinangun, Pakem, 
Sleman, Yogyakarta, Indonesia. This plant was identified by the Department of Biology, Universitas 
Ahmad Dahlan. Leaf samples were washed using water and dried in Oven at 45°C for 4 days. Finally, 
the sample powder was created by grinding into a size of 60 mesh.[15]

Extraction procedure

The powder of O. stamineus leaves was extracted by following an extraction method from Li et al.,[16] 

with slight modification. The powder was dissolved using various ethanol concentrations (0–100%) 
with a solid-to-solvent ratio is 1:10 (w/v). Then, the solution was sonicated at 30°C for 60 min and 
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placed overnight. To gain the dried filtrate, the solution was filtered, evaporated, and the last step is 
dried using freeze-drying. Several parameters, including yields, TPC, TFC, inhibition activity of 
DPPH, ABTS, and α-glucosidase, were determined on all dried extracts.

Phenolic total content (TPC)

The determination of TPC in the extract of O. stamineus leaves following the study reported by Ahda 
et al.,[17]) with slight modification. To determine the TPC, 10 mg extract of O. stamineus leaves was 
reacted with 1.5 mL Folin Ciocalteu (1:10 in water) and mixed for 3 min. After that, it was mixed with 
1.2 mL of 7.5% sodium carbonate (b/v) and awaited for 60 min. The TPC was measured by a UV-Vis 
spectrophotometer at a maximum lambda of 743 nm. The standard solution used is a gallic acid 
solution in ranging concentrations of 30–80 µg/mL. The TPC was expressed in µg/mg equivalent of 
gallic acid.

Total flavonoid content (TFC)

TFC was measured using the aluminum chloride colorimetric technique, as previously reported by 
Chandra et al.,[18] with slight modifications. 25 mg ethanolic extracts of O. stamineus leaves were 
dissolved in 25 mL ethanol. 1 mL of the solution was reacted with 0.5 mL AlCl3 10% and incubated for 
74 min at room temperature. The Absorbance was read at 410 nm using a spectrophotometer Uv-Vis 
1800 Shimadzu. The quercetin standard was performed with similar work ranging from 5 to 20 μg/mL. 
The TFC was expressed as µg quercetin equivalent (QE)/mg of dried extract. All the determinations 
were carried out in six replicates.

Inhibition activity of DPPH (2,2-diphenyl-1-picrylhydrazyl) radicals

The determination of the antioxidant activity of DPPH was illustrated by Ahda et al.,[17] with slight 
modification. The extract of O. stamineus leaves was dissolved using various ethanol concentrations 
(ranges of 0–500 µg/mL). 1 mL extract solution was added with 1 mL of 0.05 mM DPPH solution and 
mixed for 1 min and then kept for 1 h. Finally, the solution was read the absorbance by a UV-Vis 
spectrophotometer at 516 nm, and then determine the inhibition concentration 50 (IC50) using the 
following equation: 

%InhibitionActivity ¼ A0 � A1

A0

� �

� 100 

where A0 is the absorbance of control; A1 is the absorbance of the samples

Inhibition activity of ABTS (2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) radicals

The effects of this extract on ABTS radicals were studied using a slightly modified approach previously 
described by Byun et al..[19] After mixing 7.4 mM ABTS and 2.45 mM potassium persulfate solution in 
a 1:1 (v/v) ratio, the reagent was incubated for 24 h at 37°C to create radicals. The ABTS technique was 
utilized when the absorbance of the working solution was 0.70 ± 0.02 at 734 nm. In brief, 1 mL of 
ABTS solution was mixed with 1 mL of extract for 74 min. Quercetin was used as a control, and all 
investigations were repeated three times. The radical scavenging activity of ABTS was determined 
using the following equation: 

%InhibitionActivity ¼ A0 � A1

A0

� �

� 100 

Where A0 is the absorbance of control; A1 is the absorbance of the samples
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Inhibition activity of α-glucosidase

The evaluation of the inhibition activity of O. stamineus leaf extract against α-glucosidase was 
performed using a concentration assay at 25 µg/mL. The procedure follows previous work from 
Chelladurai and Chinnachamy[20] with slight modification. The O. stamineus leaf extracts as much 
as 200 µL were mixed with 200 µL α-glucosidase solution (15 U/100 mL in sodium phosphate buffer, 
pH 6.8) for 15 min. Hereinafter, the solution was mixed with 200 µL 5 mM p-nitrophenylα- 
glucopyranoside (pNPG) for 20 min. Lastly, 1000 µL 0.2 M Na2CO3 was added and homogenized by 
vortex to stop the reaction occurred. The inhibition activity was analyzed using a spectrophotometer 
Uv-Vis 1800 Shimadzu at 400 nm and determined by the equation: 

%InhibitionActivity ¼ 100� 1 � As � Ab

Ac

� �� �

where: As is absorbance of sample, Ab is absorbance of Blank, and Ac is absorbance of control. The 
control solution is solvent (DMSO), enzyme, and substrate (pNPG), the blank solution is the mixtures 
without enzyme, and the sample solution is the extracts or quercetin, enzyme, and substrate.

Analysis of functional groups of O. stamineus leaf extract using FTIR spectroscopy

Identification of functional groups of O. stamineus was conducted using an attenuated total reflec
tance-Fourier Transform Infrared (ATR-FTIR) spectrometer (Thermo Nicolet Corp, Madison, Wi). 
The instrument was set at wavenumber regions of 400–4000 cm−1 and a resolution of 8 cm−1 with 
number of scanning of 32. The obtained data were then treated using multivariate data analy
sis (MDA).

Data analysis

Data obtained are written by mean ± standard deviation (SD). The Analysis of One-way variance 
(ANOVA) at a confidence interval up to 95% and a significant value of p < .05. The MDA of FTIR 
spectrum using partial component analysis (PCA) and partial least square (PLS) for discriminant 
analysis and quantification, respectively.

Results and discussion

Yields of O. satmineus ethanolic extracts

The extraction technique is an integral part of taking out active compounds from herb plants. Many 
factors influenced the extracted active compounds from them. Setford et al.,[21] reported that some 
parameters that affect the extraction process of the herb, such as solvent composition, contact area, 
temperature, time contact, and solute molecular structure, which play in the diffusion mechanism. 
Even, active compounds particularly phenolic compounds are significantly affected by solvent con
centrations, extraction method used, temperature, and purification method.[22]

Table 1 shows that the increase in polarity solvent caused the resulting yields to increase. The trend 
order of the resulted yields (%) is 100% ethanol < 80% ethanol < 60% ethanol < 40% ethanol > 20% 
ethanol >water. Based on yields, this investigation concluded that 40% ethanol may take out efficient 
chemical compounds. According to a prior study by Abdul Razak et al.,[23] the highest extraction 
yields are H2O, ethyl acetate, ethanol, and hexane, with percentage yields of 33.69 wt%, 6.05%, 4.42%, 
and 3.08%, respectively. This occurs due to an effect of the herb’s phenolic components. Therefore, the 
polarity of the solvent will have an effect on the yields collected. For industrial processes, it is very 
important due to its economic value causing the profit will increase.
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Total phenolic content (TPC) and total flavonoid content (TFC) of O. stamineus leaf extracts

In most cases, TPC and TFC are both general parameters that denote medicinal herb ability as an 
alternative drug candidate in disease treatment including antidiabetes and antioxidants. Bingol et al.,
[24] declared that phenolic content was proportional to its biological activity. Therefore, the determi
nation of TPC and TFC is an important part of the preliminary study to conclude whether the herb is 
potent or not. Somewhile, TPC and TFC present a good correlation with their biological activity.[7,8] 

Table 2. Illustrated TPC and TFC in the ethanolic extract of O. stamineus leaves.
Based on Table 2, it shows that the water extract of O. stamineus leaves has the highest TPC and the 

100% ethanol extract is the lowest. The orders of TPC are water extract > 20% ethanolic extract > 40% 
ethanolic extract > 60% ethanolic extract > 80% ethanolic extract > 100% ethanolic extract. However, 
the order of TFC in this herb is not equal compared with TPC. Even though the highest TFC is 100% 
ethanolic extract and the lowest is the water extract of O. stamineus leaves. The increase of polarity 
solvent (100% ethanol to water) will decrease TFC but not TPC. This is because the flavonoids found 
in O. stamineus are methoxy flavonoids, which are classified as non-phenolic compounds. The 
difference in the order of TPC and TFC showed that active compounds in the extracts are different. 
Besides, the basic reaction of the determination of phenolic compounds and total flavonoid levels is 
different.

The determination of TPC is related to chemical compounds that reduce easily 
a molybdenum reagent. These active compounds are mostly containing hydroxyl groups 
including flavonoids and their derivatives, glucose, rosmarinic acid, etc. Phong et al.[25] 

explained that the higher phenolic content of the herb is not only flavonoids present but 
other compounds, such as triterpenoids, alkaloids, tannins, coumarins, saponins, and reducing 
sugars will lead TPC to increase. In addition, TFC was detected based on a complex reaction 
between aluminum(III) and flavonoid types. The reaction will occur with aluminum(III): 
flavonoids ratio is 1:2.[26] Thus, TPC and TFC may not always correlate positively due to 
their dependence on the chemical compounds contained in the herb extract. Previous research 
from Wang et al.[27] reported that any more than 62 active compounds in O. stamineus were 
grouped into 35 volatile oils, 21 terpenoids, 12 flavonoids, and phenolic groups. However, the 
ethanolic extract of O. stamineus contains a lower rosmarinic acid-to-sinensetin ratio than the 
water extract.[23] Therefore, the increase of polarity solvent will take up more phenolic 

Table 1. Yield (%) of the extraction of O. stamineus 
leaves.

Ethanol Concentration Yields (%)*

100 6.0911±0.148a

80 10.823±0.581b

60 16.472±0.072c

40 18.124±0.241d

20 17.364±0.356cd

Water 15.151±0.575e

*Triplicates; a-estatistic test using Tukey’s test

Table 2. TPC and TFC of O. stamineus Leaf Extracts.

Ethanol Concentration 
(%)

Total Penolic Content  
(µg/mg)

Total Flavonoid Content 
(µg/mg)

100 17.915 ± 0.626a 48.491 ± 1.965a

80 44.112±.606 b 18.175 ± 0.169b

60 78.073±.957 c 8.546 ± 0.111c

40 61.527±.463 d 8.379 ± 0.136c

20 55.798±.601 e 7.946 ± 0.195c

Water 84.687±.580 f 5.094 ± 0.048d

n: 6 replicates; a-fstatistic test using Tukey’s test
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compounds than flavonoid derivates such as sinensetin, eupatorin, and 3’-hydroxy-5,6,7,4’- 
tetramethoxyflavone (TMF).

Inhibition activity of DPPH, ABTS+ radicals, and α-glucosidase

Based on Table 2, the highest TPC and TFC are water extract and ethanolic extracts of O. stamineus 
leaves, respectively. However, the water extract, 80% ethanolic extract, and 100% ethanolic extract of 
O. stamineus leaves have a weak inhibition activity of DPPH and ABTS+ radicals due to they have low 
inhibition activity (%) compared with others (Table 3). Besides, 80% and 100% ethanolic extract of 
O. stamineus leaves at 25 µg/mL has the lowest α-glucosidase inhibition, while water extract of 
O. stamineus has weak inhibition activity of α-glucosidase (inhibition activity: 27.473 ± 0.126 µg/ 
mL). It has been supported by Bassalat et al.[28] reported that water extract of O. stamineus at 100  
µg/mL inhibited DPPH radicals of 53.3 ± 4.8%. Based on this result, several O. stamineus leaf extracts 
including water extract, 80% ethanolic extract, and 100% ethanolic extract of O. stamineus leaves are 
not good for antioxidants and α-glucosidase inhibitors. Table 3 shows that 40% ethanolic extract and 
20% ethanolic extract of O. stamineus have had the best inhibition activity of ABTS, DPPH radicals, 
and α-glucosidase which have inhibition activity of 53.665 ± 0.508%, 48.299 ± 1.749%, 42.757 ±  
1.050%, respectively.

Based on Table 3, the best extracts of O. stamineus as antioxidants and α-glucosidase inhibitory 
agents are not the same extract. Therefore, the use of O. stamineus leaf extract is adapted by its 
applications. In the case of antioxidant application, 40% ethanolic extract from O. stamineus leaves is 
the best choice. While 20% ethanolic extract of O. stamineus is a potent extract as an α-glucosidase 
inhibitory agent. Kamarudin et al.,[29] explained that 50% ethanol of O. stamineus is the highest DPPH 
inhibitory activity compared with 100% ethanol and water extract of O. stamineus. In fact, it contains 
several active compounds such as sinensetin, salvigenin, tetramethylscutellarein, 3,7,4’-tri 
-O-methylkaempferol, and orthosiphol A.[30] To keep the consistency of the best extracts, we should 
decide on the extract use via controlling the quality of the obtained extract.

Fingerprinting FTIR-based analysis of ethanolic extract of O. stamineus

The screening of functional groups of O. stamineus using FTIR spectroscopy was intended to find the 
different functional group vibrations of the obtained extract. Figure 1 shows that 100% ethanolic 
extract of O. stamineus has a different FTIR spectrum compared with others. 100% ethanolic extract of 
O. stamineus has specific spectrum characteristics at wavenumbers 3010–3110 cm-1, 1700–1750 cm-1 
as alkene groups and carbonyl groups, respectively (Table 4). In addition, this extract contains methyl 
groups from methoxy flavonoids as the major alkane groups (specific vibration at 2900–3000 cm−1 and 
1455 cm−1). Some methoxy flavonoids including sinensetin and TMF have been reported by previous 
studies. Furthermore, all extracts contain alkenes’ aromatics as benzene groups at 1590 cm−1. The fact 

Table 3. Inhibition Activity of DPPH and ABTS Radicals and α-glucosidase from several ethanolic extracts of O. stamineus leaves.

Ethanol Concentration (%)

Inhibition of α-glucosidase (%)  
(concentration assay at  

25 µg/mL)

Inhibition of ABTS (%) 
(concentration assay at 

20 µg/mL)

Inhibition of ABTS (%) 
(concentration assay at 

40 µg/mL)

100 <4 <30 16.778 ± 0.563a

80 <4 32.989 ± 0.971a 24.2445 ± 0.717b

60 16.881 ± 1.380 a 49.945 ± 3.714bc 35.232 ± 1.056c

40 22.868 ± 2.136 b 53.665 ± 0.508b 48.299 ± 1.749d
20 42.757 ± 1.050 c 49.691 ± 1.248c 30.101 ± 1.722e

Water 27.473 ± 0.126 d 45.847 ± 4.463c 20.489 ± 0.191f

Quercetin 58.811 ± 3.399 e >85 >90

n: 6 replicates, 
a-fstatistic test using Tukey’s test
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that the water extract of O. stamineus leaves has the highest intensity of aromatic regions of alkenes 
indicates that it includes a lot of phenolic groups that are supported by TPC. Several phenolic groups 
have been reported from this plant including rosmarinic acid and caffeic acid.[31,32] It correlated with 
biological activities where the highest TFC is 100% ethanolic extract of O. stamineus leaves and the 
highest TFC is a water extract.

To control the extract quality of O. stamineus leaves used, the discriminant analysis should be 
performed, especially both 20% and 40% ethanolic extract of O. stamineus due to both 40% and 20% 
ethanolic extracts are the highest antioxidant activities and α-glucosidase inhibition, respectively 
(Table 3). Therefore, the classification of these extracts is very helpful to control consistently the 
extract quality. In this study, FTIR spectroscopy was chosen as an analytical method for evaluating 
herbal medicine because it is a fingerprinting technique and a rapid method. In addition, Aziz et al.,[33] 

have discriminated successfully Yakon leaf extracted by various solvent concentrations (water, 50% 
ethanol, and 95% ethanol) using FTIR spectroscopy in combination with chemometrics.

The use of FTIR spectroscopy using partial least square (PLS) has the determination coefficient 
R2X: 0.991, R2Y: 0.964, and Q2Y: 0.946. These results are a good model and a good prediction with 
R2X, R2Y, and Q2Y values from 0 to 1.0, 0 to 1.0, and 0.5 to 0.9, respectively.[34] The model has a strong 
predictive ability if Q2Y >0.9 and accuracy if R2Y > 0.9.[35] According to Easmin et al.,[36] said that 
both R2Y and Q2Y parameters should be higher than 0.5 for accepting the obtained model.

Furthermore, the validation models of the partial least square (PLS) of DPPH, ABTS, and α- 
glucosidase inhibitors produce R2 are 0.193, 0.234, and 0.193, respectively. While the Q2Y value of 

Figure 1. Vibration of functional group types of several extracts of O. stamineus Leaves.

Table 4. The vibrational of functional group types from active compounds in the several ethanolic extracts of O. stamineus.

Wavenumbers (cm−1) Functional Group Types

Ethanolic Extracts of O. stamineus Leaves

100% 80% 60% 40% 20% Water

3430–3495 -OH Strong Strong Strong Strong Strong strong
3010–3110 -CH- alkene Weak - - - - -
2940–3000 -CH- alkane Strong Strong Strong Strong Strong strong
2830–2890 -CH- alkane Strong Weak Weak Weak Weak Weak
1700–1750 -C=O Strong Weak Weak Weak Weak Weak
1500–1510 -C-H alkene aromatic Weak Strong Strong Strong Strong Strong
1430–1465 -CH2- Strong - - - - -
1370–1393 -CH3 Strong Strong Strong Strong Strong strong
975–1200 C-O (ester groups) Strong Strong Strong Strong Strong strong
685–755 Alkyl di-substitutions Strong - - - - -
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these biological activities is below 0.3 (Figure 2). The permutation test score has acceptable criteria of 
the R2Y and Q2Y are lower than 0.3 and 0.05, respectively,[34] or R2Y <0.3–0.4 and Q2Y <0.05.[37] 

Based on this result, the developed models are good models for predicting DPPH radicals inhibitors 
and α-glucosidase inhibitors.

FTIR spectroscopy in combination with principal component analysis (PCA) has successfully 
grouped herbal products (Jamu) and contaminated herbal products with synthetic drugs including 
prednisone, metamizole, and diclofenac sodium.[38] Nipun et al.,[14] who has also classified success
fully Psychotria malayana Jack extracted using various methanol concentrations using FTIR combined 
with chemometrics. The result of this study showed that the discriminant analysis based on the 
infrared spectrum has separated each extract of O. stamineus, except for water extracts, 20%, and 
40% ethanolic extract of O. stamineus leaves (Figure 3). Figure 3 demonstrates how the discriminant 
analysis successfully clustered data with a total variance of 89.8%.

Based on this study, we showed that 20% and 40% ethanolic extract of O. stamineus leaves are 
nearest to both biological activities. As an outcome, both extracts of O. stamineus leaves are potent 
extracts to inhibit α-glucosidase and DPPH radicals. The functional groups from O. stamineus extract 
as elaborated in Figure 4. Several functional groups from O. stamineus leaf extracts contribute toward 
both biological activities including alkane groups, carbonyl groups, methylene groups, ester groups, 
and alkyl di-substitutions. A previous study from Juliani et al.,[13] reported that carbonyl, methoxy, 
hydroxyl, and ester groups have positively correlated with α-glucosidase inhibition. Therefore, this 
study has a different result where hydroxyl groups do not affect significantly both biological activities.

It was clearly explained from an in-vitro evaluation that phenolic compounds (TPC) are not 
correlated with both activities (Tables 2 and 3). In general, hydroxyl groups might influence this 
activity; however, this is very affected by the contained active compounds from this herb. A previous 
study reported that water extract of O. stamineus contains caffeic acid, chlorogenic acid, 4-amino 
butanoic acid, and quercetin, while methanolic extract extracted active compounds such as palmitic 
acid, phytol, alpha-linolenic acid, stearic acid, 1,3-dihydroxyanthraquinone, and stigmasterol[28] and 
sinensetin as methyl flavonoid groups present.[23] In addition, the use of infrared fingerprinting can be 
applied as a quality control technique for the 100% ethanolic extract, 80% ethanolic extract, and 60% 
ethanolic extract of O. stamineus leaves, but not for 40% ethanolic extract, 20% ethanolic extract, and 
water extract of this herb. Therefore, the development of an analytical method using marker-based 
analysis should be conducted so that the quality control of O. stamineus extract as an α-glucosidase 
agent can be undertaken.

Multivariate analysis of FTIR spectra of ethanolic extract of O. stamineus

The choice of wavenumbers of FTIR spectra in combination with Partial least square (PLS) for 
quantitative analysis affects significantly the acceptable result. Therefore, the optimization of the 
calibration curve may be conducted to ensure whether the obtained regression model is an achieved 
method or not. Fatmarahmi et al.,[38] explained that the accuracy and precision of the regression 
model can be seen by the low value of root mean square error of cross-validation (RMSECV) and root 
mean square error of calibration (RMSEC) and the highest of determination coefficient resulted (R2 is 
nearest to 1).

The prediction value and the actual value produce the high value of the determination coefficient 
(R2) which are 0.9701, 0.9366, and 0.9842 for ABTS radicals scavenging, DPPH radicals scavenging, 
and α-glucosidase inhibitors, respectively. The regression models contain equations are Y: actual +  
6.20 10−7, Y: actual + 1.026 10−6, and Y: actual + 1.43 10−6 for ABTS radical scavenging, DPPH radicals 
scavenging, and α-glucosidase inhibitors, respectively (Figure 5). The error of these models is lower 
than 3 hence we can conclude that both models also have good detection.

These regression models were used to predict the inhibition of ABTS radicals, DPPH 
radicals, and α-glucosidase by O. stamineus leaf extract. This study revealed that FTIR 
spectroscopy and chemometrics can predict the biological activity of this herb. However, the 
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performance of the FTIR spectroscopy design and experimental work should be redundant 
more regularly. It is critical for ensuring the statistical analysis of the data that was obtained 
(see Table 5). Although the biological activity trends are comparable, hence FTIR spectra can 
be used in quality control and screening approaches for this plant. However, to ensure the 
biological activities of the herb products, laboratorium work with more replication should be 
undertaken.

Figure 2. The validated Partial least square model used for the prediction of functional groups of O. stamineus leaf extracts is 
responsible for its biological activities. (A) Validated models for α-glucosidase inhibitors; (B) Validated model for DPPH radicals 
scavenging; (C) Validated model for ABTS radicals scavenging.
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Figure 3. Principal Component Analysis of Ethanolic Extract of O. stamineus Leaves: (0) water, (20) 20% ethanol, (40) 40% ethanol, 
(60) 60% ethanol; (80) 80% ethanol, and (100) 100% ethanol. (a) Score plot; (b) loading plot. Inhibition activity of α-glucosidase (a); 
DPPH radicals (b); and ABTS radicals (c).

Figure 4. Loading of functional groups from O. stamineus extracts is responsible for the Inhibition of ABTS radicals, DPPH radicals, 
and α-glucosidase.
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Figure 5. Quantitative analysis of O. stamineus extracts based on predicted value and actual value: (a) α-glucosidase inhibitors; (b) 
DPPH radicals scavenging; (c) ABTS radicals scavenging.

Table 5. Comparison of the inhibition activity of O. stamineus leaf extract against ABTS radicals, DPPH radicals, and α–glucosidase.

Samples

Inhibition activity (%)

α–glucosidase DPPH Radicals ABTS radicals

Experimental 
worka

Prediction from 
FTIR

Experimental 
workb

Prediction from 
FTIR

Experimental 
workc

Prediction from 
FTIR

Sample 1 55.304±0.354 54.600±0.726 20.559±0.216* 30.074±0.086* 40.559±1.789* 44.9077±0.623*
Sample 2 51.161±0.463* 48.206±0.118* 49.009±0.768* 39.883±1.385* 54.178±0.139* 52.4849±0.282*
Sample 3 36.694±0.024* 39.208±1.655* 49.258±0.135* 42.528±0.965* 47.632±0.775 48.4389±1.960
Sample 4 8.797±0.089* 9.138±0.291* 18.802±0.092* 14.431±0.298* 20.000±0.157* 13.6952±0.317*

n: 3 replicates; a: 50 µg/mL; b: 40 µg/mL; c: 20 µg/mL; *: significant differences (P< .05)
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Conclusion

This study reported that the 40% ethanolic extract of O. stamineus is the best extract as an 
antioxidant agent and an α-glucosidase inhibitory agent. It is supported by the highest level of 
TPC and TFC. While 20% ethanolic extract of O. stamineus is an extract potential as an α- 
glucosidase inhibitory agent. The problem is that 20% and 40% ethanolic extracts of 
O. stamineus contain similar functional groups where both extracts are closed together. 
Therefore, the use of FTIR spectroscopy for detecting good extract of O. stamineus as an α- 
glucosidase inhibitory agent is very difficult. We recommended detecting a specific marker that 
plays a significant role against the α-glucosidase inhibitory activity. However, we can classify 
and separate significantly 100% ethanolic extract, 80% ethanolic extract, and 60% ethanolic 
extract of O. stamineus based on the FTIR spectrum. Therefore, our finding offers support for 
the use of FTIR spectroscopy for quality control of O. stamineus ethanolic extracts, particularly 
for screening analysis.
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