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Integration of TLC-, FTIR-, and 1H-NMR-based 
metabolomics and chemometric analyses for discriminating 
the geographical origin of Orthosiphon aristatus (Blume) Miq.

SUMMARY

Orthosiphon aristatus (Blume) Miq. is a medicinal plant with 
multiple pharmacological effects. O. aristatus from different 
geographical origins have distinct phytochemical compound 
profiles. This study aims to provide a targeted thin-layer 
chromatography (TLC)-based metabolomics approach for 
determining sinensetin levels and to use metabolomics approaches 
and chemometric analyses based on untargeted Fourier transform 
infrared (FTIR) spectroscopy and proton nuclear magnetic 
resonance (1H-NMR) to discriminate O. aristatus from three 
geographical locations in Menoreh Hill, Indonesia. TLC was 
used to analyze sinensetin levels from three different geographical 
origins. FTIR and 1H-NMR were respectively employed to 
analyze different functional groups and 1H-NMR spectra profiles 
and to discriminate between different geographical origins using 
chemometric analyses (i.e., unsupervised principal component 
analysis [PCA] and cluster analysis [CA]). TLC can determine 
the sinensetin levels and phytochemical profiles of O. aristatus 
from different geographical origins. Meanwhile, the FTIR spectra 
indicated several phytochemical classes, including alkane, alkene, 
aldehyde, alcohol/phenol, and aromatics. The 1H-NMR spectra 
showed several metabolite classes, including fatty acids, amino 
acids, carbohydrates, phenolics, flavonoids, and terpenoids. TLC, 
FTIR, and 1H-NMR, combined with chemometrics, can be 
applied to metabolomics analyses of O. aristatus from different 
geographical origins.
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Orthosiphon aristatus (Blume) Miq.’nin Coğrafi Kökeninin 
Ayırt Edilmesine Yönelik TLC-, FTIR- ve ¹H-NMR Temelli 
Metabolomik ve Kemometrik Analizlerin Entegrasyonu 

ÖZ

Orthosiphon aristatus (Blume) Miq., çok sayıda farmakolojik etkiye 
sahip tıbbi bir bitkidir. Farklı coğrafi kökenlerden elde edilen O. 
aristatus örnekleri, farklı fitokimyasal bileşik profilleri göstermektedir.
Bu çalışmanın amacı, Endonezya’daki Menoreh Tepesi bölgesinde 
bulunan üç farklı coğrafi konumdan elde edilen O. aristatus örneklerini 
ayırt etmek için sinensetin düzeylerinin belirlenmesine yönelik hedefli 
ince tabaka kromatografisi (İTK) temelli bir metabolomik yaklaşım 
ile hedeflenmemiş Fourier dönüşümlü kızılötesi (FTIR) spektroskopisi 
ve proton nükleer manyetik rezonans (¹H-NMR) temelli metabolomik 
yaklaşımlar ve kemometrik analizler sunmaktır. Üç farklı coğrafi 
kökenden elde edilen örneklerde sinensetin düzeylerinin analizi için 
İTK kullanılmıştır. FTIR ve ¹H-NMR yöntemleri sırasıyla farklı 
fonksiyonel grupların ve ¹H-NMR spektral profillerinin analizinde 
kullanılmış; farklı coğrafi kökenlerin ayırt edilmesi için kemometrik 
analizler (yani, denetimsiz temel bileşen analizi [PCA] ve kümeleme 
analizi [CA]) uygulanmıştır. İTK, farklı coğrafi kökenlerden elde 
edilen O. aristatus örneklerinde sinensetin düzeylerini ve fitokimyasal 
profilleri belirleyebilmiştir. FTIR spektrumları, alkanlar, alkenler, 
aldehitler, alkol/fenoller ve aromatik bileşikler dâhil olmak üzere çeşitli 
fitokimyasal sınıfların varlığını göstermiştir. ¹H-NMR spektrumları 
ise yağ asitleri, amino asitler, karbonhidratlar, fenolikler, flavonoidler 
ve terpenoidler gibi çeşitli metabolit sınıflarını ortaya koymuştur. 
İTK, FTIR ve ¹H-NMR teknikleri, kemometrik yöntemlerle birlikte 
kullanıldığında, farklı coğrafi kökenlerden elde edilen O. aristatus 
örneklerinin metabolomik analizlerinde etkili bir şekilde uygulanabilir.

Anahtar Kelimeler: Orthosiphon aristatus (Blume) Miq., 
fitokimya, metabolomik, kemometri, coğrafi köken.
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INTRODUCTION

Plants contain two metabolites with different func-
tions: primary and secondary metabolites (Mais et al., 
2018). Primary metabolites, known as general metab-
olites, are limited in plants and perform basic func-
tions for cell survival (Adhikary & Dasgupta, 2023; 
Çiçek et al., 2024). In contrast, secondary metabolites 
contribute to ecologically important processes, in-
cluding signaling, resistance, and competition, which 
are also relevant to plant breeding (Çiçek et al., 2024). 
They are also essential in traditional medicines, folk 
uses, pharmaceuticals, fragments, flavorings, and nat-
ural sweeteners (Adhikary & Dasgupta, 2023). These 
metabolites are classified into different classes and 
subclasses: terpenes, phenolics, flavonoids, alkaloids, 
and others (Adhikary & Dasgupta, 2023). Therefore, 
measuring both the qualitative and quantitative char-
acteristics of these metabolites is crucial (Mais et al., 
2018). This measurement is termed metabolomics, 
which has been used as a powerful tool for phyto-
chemical analyses (Mais et al., 2018; Shah et al., 2023).

Metabolomics involves examining small mole-
cules (<1500 Da), which are useful for the identifica-
tion and quantification of all metabolites in biolog-
ical systems (Ellis & Goodacre, 2012; Markley et al., 
2017; Onuh & Aluko, 2019). Metabolomics is divided 
into two approaches: untargeted and targeted (Cuad-
ros-Rodríguez et al., 2016). Untargeted metabolomics 
can be applied to determine all metabolites detected 
in a particular analysis without identification and 
quantification and thus does not provide specific me-
tabolite information (Cuadros-Rodríguez et al., 2016; 
Shah et al., 2023). Meanwhile, targeted metabolomics 
focuses on specific metabolites and enables the pro-
filing of hundreds of known metabolites in a single 
analysis (McMillen et al., 2023). Several instruments 
can be used for untargeted metabolomics (e.g., Fou-
rier transform infrared [FTIR] spectroscopy, nucle-
ar magnetic resonance [NMR], mass spectrometry 
[MS], and UV–visible) and targeted metabolomics 

(e.g., high-performance liquid chromatography, gas 
chromatography, and thin-layer chromatography 
[TLC]) (Arifah et al., 2026; Kharbach et al., 2020).

Orthosiphon aristatus (Blume) Miq. is a medicinal 
plant of the Lamiaceae family (United States Depart-
ment of Agriculture, 2023). It is widely used as an an-
tidiabetic remedy in local communities in both sin-
gle- and mixed formulations (Arifah et al., 2022). The 
ancient Indonesian book Cabe Puyang Warisan Ne-
nek Moyang features four antidiabetic formulas from 
O. aristatus (Mardisiswojo & Rajakmangunsudarso, 
1987), while several provinces prescribe single antidi-
abetic formulations (Arifah et al., 2022). Phytochem-
ical studies have identified antidiabetic compounds 
in O. aristatus, such as pimaran diterpenes from ae-
rial parts (siphonol B and D and orthosiphol F, G, I, 
and N) and flavonoids from leaves (sinensetin) (Mo-
hamed et al., 2012). The antidiabetic mechanisms of 
O. aristatus have been explored, including the stimu-
lation of insulin secretion (Sriplang et al., 2007), inhi-
bition of glucose absorption in the intestine (Maulana 
et al., 2022), promotion of glucose uptake (Indariani 
et al., 2014), regulation of hepatic glycogen (Rao et 
al., 2014), increase in insulin expression via PI3K and 
Akt (Lee et al., 2015), insulin-mimicking effects (Aza-
hari et al., 2015), and regulation of insulin signaling 
through PTP-1B inhibition (Nguyen et al., 2019).

Phytochemical compounds are influenced by geo-
graphical cultivation, storage times, harvest times, 
and processing methods (Mais et al., 2018). How-
ever, although numerous studies have investigated 
the phytochemistry of O. aristatus, only a few have 
applied comprehensive analytical methods as eval-
uation tools, such as TLC, FTIR, and proton NMR 
(1H-NMR) combined with chemometric analysis. 
Several studies of the influence of treatments on the 
phytochemical studies of O. aristatus using chemical 
tools have been reported. Adulteration of O. aristatus 
and its adulterations have been analyzed using a com-
bination of UHPLC-Q-TOF-MS with a feature-based 
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molecular network (Yong et al., 2025). Thus, a study of 
quality control of the various O. aristatus leaf extracts 
using HPLC has been reported (Ahda et al., 2025). A 
study from China reported on the analysis of chemi-
cal compounds and their metabolites in O. aristatus 
using UHPLC-Q-extractive orbitrap-HRMS and AF-
ADESI-MSI techniques (Ouyang et al., 2024). To the 
best of our knowledge, there has been no comprehen-
sive analysis of O. aristatus from Menoreh Hill, Indo-
nesia. Thus, this study aims to discriminate among O. 
aristatus samples from three geographical locations 
in Menoreh Hill, Indonesia, using TLC, FTIR, and 
1H-NMR combined with chemometric analysis. 

MATERIALS AND METHODS

Materials and chemicals

Sinensetin (Sigma-Aldrich, Germany), 70% etha-
nol (General Labora, Indonesia), silica gel 60 F254 plate 
(Merck, Germany), deuterated methanol (CD3OD), 
trimethylsilylpropanoic acid (TMSP), and all solvents 
were of analytical grade (Merck, Germany).

Plant collection and preparation

O. aristatus was collected from three areas: (1) 
Suroloyo Peak, Samigaluh, Kulon Progo, Special Re-
gion of Yogyakarta, Indonesia (high altitude); (2) 
Sidoharjo Village, Samigaluh, Kulon Progo, Special 
Region of Yogyakarta, Indonesia (medium altitude); 
and (3) Hargorojo Village, Bagelen, Purworejo, Cen-
tral Java, Indonesia (low altitude). The collection was 
conducted in November 2022 and December 2022. 
These sites represented different altitudes in Menoreh 
Hill. The plant materials used in this study were aeri-
al parts (herbs), defined as those portions above the 
ground (Kementerian Kesehatan Republik Indonesia, 
2017). The plant was identified by Dr. Djoko Santosa 
at the Department of Pharmaceutical Biology, Facul-
ty of Pharmacy, Universitas Gadjah Mada, Indonesia, 
under the registration number 17.15.11/UN1/FFA.2/
S1/PT/2022. O. aristatus herbs were cut into small 
pieces (about 3 cm long), cleaned with tap water, and 
dried in an oven at 50°C for 2 days. The dried herbs 
were ground and passed through an 18-mesh sieve.

Thin-layer chromatography

Extraction and characterization

O. aristatus powder (10  g) was extracted using 
100 mL of 70% v/v ethanol (1:10, w/v) for 24 h, with 
occasional stirring in the first 6  h (Department of 
Health of the Republic of Indonesia, 2008). The mix-
ture was then filtered, and the filtrate was evaporated 
using a water bath at 50°C to obtain thick extracts. 
The ethanolic extract of O. aristatus was characterized 
based on yield, organoleptic properties, and phyto-
chemical composition.

Condition optimization

The mobile phase and maximum wavelength of 
the TLC system were optimized before quantifying 
the sinensetin level. Six mobile phases were tested: (1) 
chloroform–ethyl acetate (6:4 v/v) (Akowuah et al., 
2006), (2) ethyl acetate–chloroform (7.5:2.5 v/v) (Mo-
hamed et al., 2011), (3) toluene–ethyl acetate–formic 
acid (3:7:0.1 v/v/v) (Hashim et al., 2016), (4) chloro-
form–dichloromethane–ethyl acetate (7:4:1 v/v/v) 
(Kartini et al., 2020), (5) n-hexane–ethyl acetate (3:7 
v/v) (Faramayuda et al., 2021), and (6) toluene–ethyl 
acetate (5:7 v/v), with a drop of formic acid for each 
10 mL of the mobile phases (Kartini et al., 2022). The 
TLC system scanned the maximum wavelength of the 
sinensetin compound in the range of 200–600 nm.

Quantification of the sinensetin level

Standard solutions of sinensetin were prepared by 
dissolving it in methanol pro analysis (p.a.) to obtain 
a 1000-µg/mL stock solution. The stock solution was 
subsequently diluted into a series of concentrations 
(0.625, 1.25, 2.5, 5.0, 7.5, and 10.0 µg/mL). The etha-
nolic extract of O. aristatus was prepared by dissolv-
ing 100 mg of extract in methanol p.a. and diluting to 
10 mL in a volumetric flask. The application volume 
was 5  µL. The sinensetin level was quantified using 
TLC on silica gel 60 F254 with chloroform–ethyl ac-
etate (6:4 v/v) as the mobile phase at λmax of 335 nm 
(Akowuah et al., 2006).

Data analysis
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The analysis of the TLC profile of O. aristatus was 
divided into two approaches: (1) qualitative analysis 
of TLC spots and (2) quantification of the sinensetin 
level. The data were presented as mean  ±  standard 
error of the mean and analyzed using SPSS version 
23 at a significance level of p < 0.05. Group compar-
isons were conducted using the analysis of variance 
test, followed by a post-hoc Tukey test for normal and 
homogeneous data (Hamadi et al., 2012). Abnormal 
and/or nonhomogeneous data were analyzed using 
the Mann–Whitney test (Arifah et al., 2025).

FTIR–ATR spectroscopy

FTIR measurement

O. aristatus powder was placed on the attenuated 
total reflectance (ATR) diamond crystals of a Nico-
let iS10 spectrophotometer coupled with a deuterated 
triglycine sulfate detector. Background reading was 
conducted before the samples were placed onto the 
ATR diamond to avoid friction between the diamond 
and any spectrum in the air (Fatmarahmi et al., 2022). 
The samples were measured in the wavenumber re-
gion of 4000–650 cm−1 with a resolution of 8 cm−1 at 
32 scans per minute. The data were visualized in the 
form of absorbance values, and measurements were 
performed in triplicate.

Data analysis

The analysis of the infrared (IR) spectra of O. ari-
status powder was divided into two approaches: (1) 
qualitative analysis of functional groups and (2) che-
mometric analysis of selected wavenumbers. The IR 
spectra were interpreted by comparing spectra (func-
tional groups) in this study and in previous works. 
Chemometric analysis was conducted using Metabo-
Analyst version 5.0. Unsupervised principal compo-
nent analysis (PCA) and cluster analysis (CA) were 
conducted. The PCA model was divided into two 
visualizations: a score plot and a biplot. Meanwhile, 
the CA model was divided into two visualizations: a 
dendrogram and a heatmap.

NMR spectroscopy

NMR measurement

One hundred milligrams of O. aristatus powder 
was added to 1 mL of CD3OD (which contained the in-
ternal standard TMSP [0.001%]), vortexed for 1 min, 
sonicated for 30  min, and centrifuged at 5000  rpm 
for 2 min. TMSP was used as an internal standard to 
calibrate chemical shifts on 1H-NMR signals at 0 ppm 
(Pariyani et al., 2017; Tajidin et al., 2019). The clear 
deuterated supernatant was put into an NMR tube for 
1H-NMR measurement in a JNM-ECZ500R 500-Hz 
NMR spectrometer. The proton measurement was 
conducted with a suppressed H2O signal at a chemical 
shift of 4.86 ppm.

Data analysis

The 1H-NMR spectra of O. aristatus were pro-
cessed through phase correction, baseline correc-
tion, and binning and analyzed through spectral 
interpretation and chemometric analysis. 1H-NMR 
spectra interpretation was conducted by comparing 
the spectra (chemical shift) in this study and in pre-
vious works. The spectra were binned in the region 
of δ 0.00–10.00 ppm by an equal width (δ 0.04). The 
signals in the region of δ 4.70–4.96 (water residual) 
and δ 3.28–3.33 (methanol residual) were excluded 
for statistical analysis. The processed data were then 
subsequently analyzed (Tajidin et al., 2019) in Me-
taboAnalyst version 5.0 using PCA and CA. The PCA 
model was divided into two visualizations: a score plot 
and a biplot. Meanwhile, the CA model was divided 
into two visualizations: a dendrogram and a heatmap.

RESULTS AND DISCUSSION

Sample identification, extraction, and TLC pro-
files

Samples of O. aristatus are presented in Figure 1. 
The ethanolic extracts of O. aristatus appeared as a 
dark green, bitter, odorous, and consistent paste. The 
yields of these extracts from Suroloyo, Samigaluh, and 
Bagelen were 9.78%  ±  0.09% w/w, 12.86%  ±  0.18% 
w/w, and 10.09% ± 0.05% w/w, respectively.
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Figure 1. Orthosiphon aristatus samples from three locations
(a) Suroloyo, (b) Samigaluh, and (c) Bagelen

Optimization of the TLC system

TLC systems (mobile phase and maximum wave-
length) were optimized before the sinensetin levels 
were quantified in the ethanolic extract of O. aristatus. 
Mobile phase optimization was used to obtain mobile 
phase compositions that can separate sinensetin from 
the extract with an hRf value of 20–80, resulting in 

many spots in the plate and a wider distance between 
them (Prajapati et al., 2022). Six mobile phase compo-
sitions were tested (Figure 2.), giving hRf values of 65, 
60, 59, 28, 40, and 38, respectively. Among these, chlo-
roform–ethyl acetate (6:4 v/v) was selected, yielding 
an hRf value of 65 and the most spots. Scanning the 
maximum wavelength revealed that sinensetin had a 
maximum wavelength of 335 nm.

Figure 2. TLC profile of sinensetin in several mobile phase variations. (1) Sinensetin, (2) ethanolic extract 
from Suroloyo, (3) ethanolic extract from Samigaluh, (4) ethanolic extract from Bagelen. (a) Chloroform–
ethyl acetate (6:4 v/v)[1], (b) ethyl acetate–chloroform (7.5:2.5 v/v)[2], (c) toluene–ethyl acetate–formic acid 
(3:7:0.1 v/v/v)[3], (d) chloroform–dichloromethane–ethyl acetate (7:4:1 v/v/v)[4], (e) n-hexane–ethyl acetate 

(3:7 v/v)[5], (f) toluene–ethyl acetate (5:7 v/v) and a drop of formic acid for each 10 mL of the mobile phase[6], 
and (g) sinensetin structure. [1] Akowuah et al., 2006; [2] Mohamed et al., 2011; [3] Hashim et al., 2016; [4] 

Kartini et al., 2020; [5] Faramayuda et al., 2021; [6] Kartini et al., 2022
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TLC profile and sinensetin level

The TLC profile for sinensetin quantification 
in the ethanolic extract of O. aristatus under UV366 
from Suroloyo, Samigaluh, and Bagelen is presented 
in Figure 3. The calibration curve equation of sinen-
setin was Y = 155.89x + 651.1 ng, with a correlation 
coefficient (R) of 0.998. The sinensetin levels of the 
ethanolic extract of O. aristatus from Suroloyo, Sa-
migaluh, and Bagelen were 0.044%  ±  0.000% w/w, 
0.075% ± 0.002% w/w, and 0.109% ± 0.001% w/w, re-
spectively. The TLC profile of the ethanolic extract of 

O. aristatus from Suroloyo under UV366 showed sev-
en spots at hRf values of 2 (red), 4 (red), 7 (red), 55 
(blue/sinensetin), 61–62 (blue), 79 (red), and 85–86 
(red). The TLC profile of the ethanolic extract of O. 
aristatus from Samigaluh under UV366 showed seven 
spots at hRf values of 2 (red), 4 (red), 7 (red), 53–54 
(blue/sinensetin), 60 (blue), 78–79 (red), and 84–85 
(red). Thus, the TLC profile of the ethanolic extract of 
O. aristatus from Bagelen under UV366 showed eight 
spots at hRf values of 4 (red), 6 (red), 35–37 (blue), 
37–40 (blue), 53–56 (blue/sinensetin), 60–63 (blue), 
85 (red), and 89 (red).

Figure 3. TLC profile of sinensetin and the ethanolic extract of O. aristatus. (1–6) Sinensetin, (7–9) ethanolic 
extract from Suroloyo, (10–12) ethanolic extract from Samigaluh, and (13–15) ethanolic extract from Bagelen. 

TLC was conducted on silica gel 60 F254 using chloroform–ethyl acetate (6:4 v/v) as the mobile phase

FTIR-based metabolomics and chemometric 
analyses

Interpretation of IR functional groups

The FTIR spectra and interpretation of function-
al groups of O. aristatus from the three locations are 
presented in Figure 4 and Table 1, respectively. The 
spectra were consistent across all samples, showing 
11 peaks. The strong peaks were identified at 3281, 
1599, and 1020 cm−1, corresponding to alcohol/ phe-
nol (–OH (stretching)), alkene (–C=C (stretching)), 
and alcohol (–CO (stretching)), respectively (Pavia et 
al., 2015; Shahar et al., 2023). The other peaks repre-

sented alkane (2919, 2850, and 1373 cm−1), aldehyde 
(1729 cm−1), alcohol (1256 cm−1), and aromatics (812 
and 766 cm−1) (Pavia et al., 2015).

An overlay of the FTIR spectra of each sample 
from the three locations was similar but with different 
absorbance values (Figure 4.). The peak was different 
from each other at three locations at 3281 cm-1, that 
represents alcohol/ phenol (–OH (stretching)) (Pavia 
et al., 2015). Moreover, the FTIR spectra of O. arista-
tus from Samigaluh at peaks of 1599 and 1417 cm-1 
were different, which represents –C=C (stretching) 
and –CH2 (stretching), respectively (Rohman et al., 
2021). 
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Figure 4. FTIR spectra of O. aristatus powder. (a) Oa. A (sample from Suroloyo), (b) Oa. B (sample from Sa-
migaluh), and (c) Oa. C (sample from Bagelen)

Table 1. Interpretation of the FTIR spectra of O. aristatus powder

Peak Measured wavenumbers (cm-1) Literature wavenumbers (cm-1) Functional groups

(a) 3281 3392 [1] -OH (stretching) 

(b) 2919 2927 [1] -CH (stretching)

(c) 2850 2855 [1] -CH (stretching)

(d) 1729 1721 [1] -C=O (stretching)

(e) 1599 1605 [2] -C=C (stretching)

(f) 1417 1416 [2] -CH2 (stretching)

(g) 1373 1384 [3] -CH (bend)

(h) 1256 1265 [3] -CO (stretching)

(i) 1020 1030 [3] -CO (stretching)

(j) 812 812 [3] -CH (out-of-plane bend)

(k) 766 536-814 [3] - CH (out-of-plane bend) 

[1] Rafi et al., 2015; [2] Rohman et al., 2021; [3] Man et al., 2015

Chemometric analysis of FTIR spectra

Because visual observation alone makes it difficult 
to discern differences in the FTIR spectra of the O. 
aristatus samples, this study employed chemometric 
analysis. Two unsupervised chemometrics were used 
to analyze the FTIR spectra: PCA (score plot and bi-
plot) and CA (dendrogram and heatmap). The score 
plot and biplot of the PCA analysis are shown in Fig-
ures 5 and 6. The PCA score plot model using PC1 
(41.6%) and PC2 (37.8%) showed a total variance of 
79.4%. PC1–PC5 and PC1–PC4 further explained 
95.7% and 92.0% of the total variance, respectively. 
The PCA model (Figure 5.) showed that all samples 
were far from each other because of differences in sec-
ondary metabolites in the plants.

Moreover, the biplot of the PCA model shows 
responsive variables in classifying samples. The bi-
plot graph presents the wavenumbers 1020.16 and 
992.20 cm−1 essential in classifying samples. Correla-
tion among variables in the biplot graph was evaluat-
ed by embedding vectors with origins at PC1 = 0 and 
PC2 = 0. The angle between vectors can also indicate 
correlation strength: small angles indicate positive 
correlation, an angle of about 90° between variables 
indicates no correlation, and an angle of about 180° 
between variables indicates a negative correlation 
(Widodo et al., 2019). For example, the variable at 
715.46  cm−1 was positively correlated with that at 
1372.07 cm−1, not correlated with that at 1073.19 cm−1, 
and negatively correlated with that at 951.70 cm−1.
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Figure 5. PCA score plot of O. aristatus samples based on FTIR spectra. (1) Oa. A (sample from Suroloyo), 
(2) Oa. B (sample from Samigaluh), and (3) Oa. C (sample from Bagelen)

Figure 6. PCA biplot of O. aristatus samples based on FTIR spectra. (a) Oa. A (sample from Suroloyo), (b) 
Oa. B (sample from Samigaluh), and (c) Oa. C (sample from Bagelen)
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The dendrogram and heatmap of the CA analy-
sis of O. aristatus based on FTIR spectra are shown 
in Figures 7 and 8, respectively. The dendrogram, 
constructed using Euclidean distances and the Ward 
clustering system from wavenumbers of samples 
based on a phylogeny tree, shows the correlation 
between each sample. The phylogenetic tree divides 
the samples into three groups according to their or-
igins. This clustering correlates with the secondary 
metabolites in O. aristatus. Meanwhile, the heatmap 
correlates 29 wavenumbers of all samples using Eu-
clidean distances and the Ward clustering system. 

Data in rows and columns represent wavenumbers 
and samples, respectively. The blue color indicates 
a decrease in absorbance value. Meanwhile, the red 
color shows elevated absorbance values. O. aristatus 
samples from Suroloyo had a high absorbance at the 
wavenumbers of 885.17, 930.49, and 951.70 cm−1. O. 
aristatus samples from Samigaluh had a high absor-
bance at the wavenumbers 715.46, 1215.90, 1233.26, 
and 1695.12 cm−1. O. aristatus samples from Bagelen 
had a high absorbance at the wavenumbers of 992.20, 
1020.16, 1073.19, 2650.68, 3100.01, and 3380.60 cm−1.

Figure 7. Dendrogram of O. aristatus samples based on FTIR spectra. (a) Oa. A (sample from Suroloyo), 
(b) Oa. B (sample from Samigaluh), and (c) Oa. C (sample from Bagelen)
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Figure 8. Heatmap of O. aristatus samples based on FTIR spectra. (a) Oa. A (sample from Suroloyo), (b) 
Oa. B (sample from Samigaluh), and (c) Oa. C (sample from Bagelen)

1H-NMR-based metabolomics and chemometric 
analyses

Interpretation of 1H-NMR spectra

The 1H-NMR spectra and list of metabolites of O. 
aristatus are shown in Figure 9 and Table 2, respective-
ly. All O. aristatus samples had similar 1H-NMR spec-
tra, indicating similar metabolites. The signals in the 
ranges of δ 0.5–3.0, δ 3.0–5.5, and δ 5.5–9.0 indicat-
ed aliphatic, carbohydrate, and aromatic group com-

pounds, respectively (Tajidin et al., 2019). Although 
the 1H-NMR spectra of O. aristatus showed the same 
ppm value, differences in multiplicity were observed 
compared with previous studies. This could be at-
tributed to overlapping signals caused by the presence 
of mixed compounds in the extracts (de Falco et al., 
2016). O. aristatus contained primary and secondary 
metabolites, such as fatty acids, amino acids, carbohy-
drates, phenolics, flavonoids, and terpenoids.
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Figure 9. 1H-NMR spectra of O. aristatus. (a) Oa. A (sample from Suroloyo), (b) Oa. B (sample from Samiga-
luh), and (c) Oa. C (sample from Bagelen)
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Table 2. Interpretation of the 1H-NMR spectra of O. aristatus

No Chemical class
Chemical 

compounds

Chemical shift (δ) 
and multiplicity 

Oa. A

Chemical shift (δ) 
and multiplicity 

Oa. B

Chemical shift (δ) 
and multiplicity 

Oa. C

Chemical shift (δ) 
and multiplicity 

literature

1 Fatty acids Myristic acid 1.64 (m) 0.90 (m)*; 1.59 (m) 0.86 (m)*; 1.68 (m) 0.89 (t); 1.64 (m) [1] 

2

Amino acids

Alanine 3.73 (m) 3.74 (m) 3.73 (m) 3.74 (m) [2]

3 Valine 2.27 (m) 2.27 (m) 2.27 (m) 2.29 (m) [2]

4 Treonine - 1.30 (d)* - 1.32 (t) [2]

5
Isoleusine 0.94 (m)*; 1.91 (m); 

3.66 (m)*
3.62 (m)* 1.28 (m) 0.92 (t); 1.97 (m); 

3.66 (d) [1]

6 Glutamine - - 2.49 (m) 2.47 (m) [2]

7 Carbohydrates Sucrose 3.87 (m) 3.85 (m) - 3.86 (m) [3]

8

Phenolics 

Chlorogenic acid 5.35 (m) 5.35 (m) 5.33 (m) 5.36 (m) [2]

9 Rosmarinic acid 3.07 (m) 3.09 (m) - 3.04 (m) [4]

10 Caffeic acid 7.08 (m)* 7.09 (m)* 7.09 (m)* 7.06 (dd) [2]

11
Salvianolic acid B 3.07 (m); 6.76 (m)* 3.09 (m); 6.75 (m)* 3.11 (m) 3.06 (m); 6.74 

(d) [5]

12

Flavonoids

Sinensetin 3.92 (m)*; 6.63 (m)*; 
6.76 (m)*; 7.08 (m)*; 
7.55 (m)*

3.95 (m)*; 6.62 (m)*; 
6.75 (m)*; 7.09 (m)*; 
7.50 (m)*

3.98 (m)*; 6.63 
(m)*; 7.09 (m)*

3.95 (s); 6.62 (s); 
6.72 (s); 7.02 (d); 
7.57 (dd) [6]

13

Eupatorin 3.79 (m)*; 3.92 (m)*; 
7.08 (m)*; 7.45 (m)*; 
7.55 (m)* 

3.95 (m)*; 6.62 (m)*; 
7.09 (m)*; 7.50 (m)*

3.98 (m)*; 6.63 
(m)*; 7.09 (m)*

3.98 (s); 3.79 (s); 
3.92 (s); 6.67 (s); 
7.10 (d); 7.48 (d); 
7.55 (dd) [7]

14 Luteolin 7.45 (m)* - - 7.41 (dd) [2]

15
Kaempferol 5.35 (m)* 5.35 (m)*; 6.75 (m)* 4.45 (m); 5.33 (m) 4.50 (d); 5.33 (s); 

6.80 (dd) [8]

16 Apigenin 6.63 (m)* 6.62 (m)* 6.63 (m)* 6.69 (d) [2]

17 Terpenoids
Orthosiphol 
derivative

2.27 (m) 2.27 (m) 2.26 (m) 2.23 (m) [2]

[1] Wishart et al., 2022; [2] Pariyani et al., 2017; [3] Hernández-García et al., 2019 ; [4] Serrano et al., 2021; 
[5] Sun et al., 2009; [6] Frezza et al., 2021; [7] González-Cortazar et al., 2022; and [8] Smolarz, 2002. (a) Oa. A 
(sample from Suroloyo), (b) Oa. B (sample from Samigaluh), and (c) Oa. C (sample from Bagelen)

Chemometric analysis of 1H-NMR spectra

Because visual observation alone cannot fully dis-
cern the differences in the 1H-NMR spectra of the O. 
aristatus samples, this study employed chemometric 
analysis. Two unsupervised chemometrics were used 
to analyze the 1H-NMR spectra: PCA (score plot 
and biplot) and CA (dendrogram and heatmap). The 
score plot and biplot of the PCA analysis based on 
1H-NMR spectra are shown in Figures 10 and 11. The 
PCA score plot model using PC1 (72.7%) and PC2 

(27.3%) showed a total variance of 100%. The PCA 
model (Figure 10.) showed that all samples were far 
from each other because of differences in the second-
ary metabolites in the plants. Furthermore, the PCA 
biplot showed that bins 1.36532, 1.60629, 3.53402, 
2.08822, and 7.50998 were essential in classifying 
samples. Correlation among variables in the biplot 
graph was evaluated by embedding vectors with ori-
gins at PC1 = 0 and PC2 = 0. For example, the vari-
able at 7.50998 was positively correlated with that at 
5.38144 but not with that at 1.60629.



599

FABAD J. Pharm. Sci., 51, 2, 587-608, 2026

Figure 10. PCA score plot of O. aristatus samples based on 1H-NMR spectra. (1) Oa. A (sample from 
Suroloyo), (2) Oa. B (sample from Samigaluh), and (3) Oa. C (sample from Bagelen)

Figure 11. PCA biplot of O. aristatus samples based on 1H-NMR spectra. (a) Oa. A (sample from Suroloyo), 
(b) Oa. B (sample from Samigaluh), and (c) Oa. C (sample from Bagelen)
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The dendrogram and heatmap of the CA analysis 
of O. aristatus based on 1H-NMR spectra are shown in 
Figures 12 and 13. The dendrogram, constructed from 
the bin values of samples based on a phylogenetic tree 
using Euclidean distances and the Ward clustering 
system, shows the correlation between each sample. 
The phylogenetic tree divides the samples into three 
groups according to their origins. This clustering cor-
relates with the secondary metabolites in O. aristatus. 
Meanwhile, the heatmap correlates 26 bins of all sam-

ples using Euclidean distances and the Ward cluster-
ing system. Data in rows and columns represent bins 
and samples, respectively. The blue color indicates a 
decrease in intensity value. Meanwhile, the red color 
shows elevated intensity values. O. aristatus samples 
from Samigaluh had the highest intensity compared 
with the samples across all regions. O. aristatus sam-
ples from Bagelen had the lowest intensity compared 
with the samples across all regions.

Figure 12. Dendrogram of O. aristatus samples based on 1H-NMR spectra. (a) Oa. A (sample from Suroloyo), 
(b) Oa. B (sample from Samigaluh), and (c) Oa. C (sample from Bagelen)
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Each plant has primary and secondary metabo-
lites, which have different biological functions (Hoff-
mann et al., 2017). Secondary metabolites, also known 
as phytochemicals (Bai et al., 2011), exhibit diverse 
applications for human health, with broad pharmaco-
logical activities and mechanisms of action (Arifah et 
al., 2023; Rohman et al., 2020) Many factors influence 
phytochemical variances, such as environmental con-
ditions (climate [temperature, light, and water], soil, 
and attack by pathogens and pests) (Hoffmann et al., 
2017), geographical origin (Mais et al., 2018), species 
variations (Liu et al., 2019), postharvest treatment 
(Pramono et al., 2018), and extraction methods (Song 
et al., 2021). In this regard, metabolomics provides a 
tool for measuring such variations. Metabolomics can 
be used to control the quality of herbal medicine, such 

as variety, seasonality, geographical origin, taxonomi-
cal identification, extraction method, and authentica-
tion (Kharbach et al., 2020). This study reported phy-
tochemical analyses using TLC, FTIR, and 1H-NMR 
combined with chemometrics to analyze O. aristatus 
from three locations in Menoreh Hill, Indonesia.

TLC analysis was used to determine the sinense-
tin level of O. aristatus samples from three locations. 
Before TLC measurement, O. aristatus was extracted 
using 70% v/v ethanol for 24 h. The ethanolic extracts 
were dark green, odorous, and bitter. These character-
izations were similar to those of the ethanolic extract 
of O. aristatus in the Indonesian Herbal Pharmaco-
peia (i.e., brown, odorous, and bitter) (Department of 
Health of the Republic of Indonesia, 2008). The yields 
of these ethanolic extracts were higher than those re-

Figure 13. Heatmap of O. aristatus samples based on 1H-NMR spectra. (a) Oa.A (sample from Suroloyo), (b) 
Oa.B (sample from Samigaluh), and (c) Oa.C (sample from Bagelen)
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quired by the Indonesian Herbal Pharmacopeia (i.e., 
more than 8.70%) (Department of Health of the Re-
public of Indonesia, 2008). The ethanolic extract of O. 
aristatus from Samigaluh had the highest yield com-
pared with those from the other locations. However, a 
high yield does not indicate an active substance level 
(Pramono & Ajiastuti, 2004). So, this study measured 
the sinensetin level of the O. aristatus samples from 
all three locations. The ethanolic extracts showed 
differences in the number of spots on the TLC plate, 
where the samples from Suroloyo and Samigaluh had 
seven spots, and those from Bagelen had eight spots. 
The sinensetin levels of the ethanolic extracts from 
the three locations were smaller than the sinensetin 
level in the Indonesian Herbal Pharmacopeia (i.e., not 
less than 1.10% w/w) (Department of Health of the 
Republic of Indonesia, 2008). This result was similar 
to that of Kartini’s study, which found that sinensetin 
levels from 14 locations in East Java and other regions 
in Indonesia were below the required sinensetin level 
in the Indonesian Herbal Pharmacopeia (Kartini et 
al., 2022).

In addition, this study analyzed untargeted me-
tabolomics using FTIR and 1H-NMR spectroscopy 
combined with chemometrics. The samples from all 
three locations had similar FTIR and 1H-NMR spec-
tra, indicating similar secondary metabolites. Che-
mometrics was employed to classify O. aristatus from 
all three locations based on the FTIR and 1H-NMR 
spectra. PCA of the FTIR spectra distinguished the 
samples, with wavenumbers 1020.16 and 992.20 cm−1 
playing an essential role in sample classification. 
Similarly, PCA of the 1H-NMR spectra identified 
bins 1.36532, 1.60629, 3.53402, 2.08822, and 7.50998 
as having important roles in sample classification. 
Meanwhile, CA (dendrogram and heatmap) of O. ari-
status powder based on FTIR and 1H-NMR spectra 
showed that the samples from Suroloyo and Bagelen 
were more closely related compared with the samples 
from Samigaluh. The phytochemical profiles of O. ari-
status according to TLC, FTIR, and 1H-NMR revealed 
differences in both types and levels of secondary me-

tabolites, which could be attributed to variations in 
geographic origin (i.e., different growing altitudes) 
(Peñaloza et al., 2018). Differences in altitude im-
pact various environmental conditions, including the 
variance of secondary metabolites (Hoffmann et al., 
2017).

Several studies from previous reports revealed a 
similarity of phytochemical constituents of O. aristatus 
with the recent study. Aerial parts of O. aristatus from 
Thailand showed four flavonoids (sinensetin, salvi-
genin, tetramethylscutellarein, and 3,7,4’-tri-O-meth-
ylkaempferol) and diterpenoids (orthosiphol A) 
(Damsud et al., 2014). A recent study showed various 
metabolite secondary compounds based on 1H-NMR 
spectra, such as phenolics (chlorogenic acid, rosma-
rinic acid, caffeic acid, and salvianolic acid B), flavo-
noids (sinensetin, eupatorin, luteolin, kampferol, and 
apigenin), and terpenoids (orthosiphol derivatives). 
Thus, a study from China showed that several phyto-
chemical compounds, which are similar to those in the 
recent study, such as phenolics (chlorogenic acid, ros-
marinic acid, caffeic acid, and salvianolic acid B) and 
flavonoids (sinensetin and eupatorin) (Ouyang et al., 
2024). Another report from Indonesia (Yogyakarta) 
reports three phenolics, including chlorogenic acid, 
caffeic acid, and rosmarinic acid (Ahda et al., 2025).

CONCLUSION

Targeted and untargeted metabolomics studies, 
utilizing TLC, FTIR, and ¹H-NMR, combined with 
chemometric analyses, were employed to determine 
metabolite differences in three geographical loca-
tions on Menoreh Hill, Indonesia. The sinensetin 
levels based on TLC analyses of O. aristatus samples 
from Suroloyo, Samigaluh, and Bagelen were 0.044% 
± 0.000% w/w, 0.075% ± 0.002% w/w, and 0.109% 
± 0.001% w/w, respectively. Samples from Suroloyo 
and Samigaluh showed seven spots, while samples 
from Bagelen showed eight spots. Thus, the O. ari-
status sample from Suroloyo was more similar to that 
from Bagelen than to that from Samigaluh, as indi-
cated by the FTIR and ¹H-NMR spectra. FTIR has 
demonstrated its ability to predict the presence of 
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phytochemical compounds in O. aristatus, including 
phenols, alcohols, alkanes, alkenes, aldehydes, and 
aromatics. FTIR, combined with chemometrics, is a 
straightforward, cost-effective, and environmental-
ly friendly tool for discriminating and classifying O. 
aristatus samples from different geographical loca-
tions. 1H-NMR was able to monitor the phytochem-
ical profiles, involving six classes (fatty acids, amino 
acids, carbohydrates, phenolics, flavonoids, and ter-
penoids). 1H-NMR, combined with chemometrics, 
is suitable for metabolomics applications involving 
medicinal plants from different geographical origins. 
Finally, the phytochemical profiles gained from the 
analytical instruments in this study can be used in fu-
ture O. aristatus research.
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