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ABSTRACT 
 

Tithonia diversifolia, known as Mexican sunflower, has been widely used as an herbal medicine to 

treat diabetes. This study used FTIR fingerprint spectra combined with chemometrics to differentiate T. 

diversifolia leaves extracts with different extracting solvents and their correlation with the inhibition of α-

glucosidase activity. T. diversifolia collected from two growing locations (West Bandung and Sleman, 

Indonesia) was extracted with absolute ethanol, 50% ethanol, and water using ultrasonication. The ethanol 

absolute extract yielded a higher IC50 than the 50% ethanol and water extract. The FTIR spectra of each 

extract had a different profile, implying that the composition and the concentration of the metabolite 

extracted were relatively distinct. Absorbance data from the FTIR spectra in the 4000–400 cm−1 range were 

used to group all extracts according to the extracting solvent using principal component analysis (PCA). 

Before PCA, the FTIR spectra were subjected to signal preprocessing using a standard normal variate. We 

found that all of the extracts could be distinguished based on the extracting solvents using principal 

components (PC) 1 and 2 with a cumulative percentage of approximately 87%. Partial least square regression (PLSR) was used to correlate the FTIR spectra and the inhibition of the α-glucosidase activity to 

obtain a functional group of a metabolite that contributed to inhibiting the α-glucosidase activity. From the 

PLSR, peaks from the wavenumbers at 3300 cm−1, 3000 cm−1, 1650 cm−1, 1350 cm−1, and 1100 cm−1 

corresponded to the O-H, CH3, CH2, C=C, and C-O, which were thought to be responsible for inhibiting the α-

glucosidase. Therefore, these functional groups were owned by the metabolites in the T. diversifolia leaves extracts that contributed to the inhibition of α-glucosidase. 

Keywords: chemometrics; FTIR spectra; inhibition of α-glucosidase; Tithonia diversifolia 

 

INTRODUCTION  
Tithonia diversifolia, or Mexican sunflower, 

belongs to the family Asteraceae, a plant native to 

Mexico and Central America, but is now widely 

grown in many regions, such as Indonesia 

(Amanatie & Sulistyowati, 2015). Empirically, T. 

diversifolia has been used by people in Central 

America, South Asia, and Africa to treat diseases 

such as bruises, flatulence pain drugs, leprosy, and 

liver disease (Utami et al., 2012). T. diversifolia 

leaves have some biologically beneficial properties 

such as antidiabetic, antiviral, antimalarial, and 

anticancer properties (Darmawi et al., 2015; Sari et 

al., 2018). The secondary metabolite contained in 

T. diversifolia is responsible for these biological 

properties.  

Essential oils, alkaloids, flavonoids, 

saponins, triterpenoids, and polyphenol 

metabolites  are  present in T. diversifolia. In  order  
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to ensure consistency in the quality, safety,              

and efficacy of T. diversifolia, an evaluation of            

its bioactive metabolites' composition and 

concentration levels is required. Raw materials 

must be standardized because many variations in 

the composition and concentration levels of the 

bioactive metabolites could occur. Several factors, 

such as the environment of the growing location, 

harvesting time, post-harvest processes, and plant 

parts, can influence fluctuation in the levels of the 

bioactive metabolites (Simmler et al., 2018). In 

addition, the type and concentration of the 

extracting solvent affect the compounds extracted 

from a plant. This is because the compounds 

contained in plants vary in terms of their chemical 

characteristics and polarity (Thouri et al., 2017). 

Therefore, an evaluation of the composition 

and concentration of metabolites that do not 

fluctuate is necessary to obtain consistent 

biological activity. A metabolomics approach can 

determine the effect of the type and concentration 

http://dx.doi.org/10.22146/mot.93996
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of the extracting solvent on the plant metabolites and evaluate its correlation with the α-glucosidase 

inhibitory activity of T. diversifolia. Metabolomics 

is a comprehensive quantitative and qualitative 

analysis of plant metabolites that can produce 

high-quality data (Salem et al., 2020). This 

metabolomics approach can display fingerprint 

profiles of all plant metabolite components and can 

be used for evaluating the changes in metabolite 

profiles under various conditions (Xiao et al., 

2022). 

A fingerprinting analysis could be used to 

determine the changes in the metabolite 

composition and concentration of the T. diversifolia 

extract due to the type and concentration of the 

extracting solvent by using a Fourier transform 

infrared spectrophotometer (FTIR). FTIR was used 

in this study because the method is fast and 

straightforward, does not damage the sample, and 

is easy to prepare. The FTIR spectrum produces 

complex and challenging data to distinguish the 

different extraction solvents. Therefore, it was 

necessary to use chemometric analysis such as 

principal component analysis (PCA) and partial 

least squares regression (PLSR) to discriminate the 

extracting solvent and form a correlation with       the α-glucosidase inhibitory activity in the                             

T. diversifolia extract, respectively. 

FTIR combined with chemometrics analysis 

has been reported to determine the changes in 

metabolite profiles and their correlation with    

plant bioactivity (antioxidant, inhibition of                  α-glucosidase, etc.). This combination has been 

used to correlate metabolites and bioactivity to 

identify the functional group associated with the 

antioxidant activity and/or the inhibition of the      α-glucosidase of Orthosiphon aristatus (Juliani et 

al., 2016; Ahda et al., 2023), Phaleria macrocarpa 

(Easmin et al., 2017), Momordica charantia (Khatib 

et al., 2017), Salacca zalacca (Saleh et al., 2018), 

Sonchus arvensis (Rohaeti et al., 2021), Syzygium 

polyanthum (Rafi et al., 2021), and Sesbania 

grandiflora (Noviany et al., 2023). However, no 

reported paper has distinguished the T. diversifolia 

extracts according to the different extracting 

solvents using FTIR and its correlation with the       α-glucosidase inhibitory activity. Therefore, this 

study evaluated the differences in the FTIR spectrum fingerprints and the α-glucosidase 

inhibition of T. diversifolia extracts with different 

extraction solvents. Furthermore, it combined the 

above with PCA and PLSR to predict the active 

functional groups. 

 

 

 

 

MATERIALS AND METHODS 
Chemicals and reagents 

Ethanol absolute was purchased from Merck (Darmstadt, Germany). The α-glucosidase 

enzymes from Saccharomyces cerevisiae 

recombinant and substrate p-nitrophenyl-α-D-

glucopyranoside (PNPG) were obtained from 

Sigma Aldrich (St. Louis, USA). Acarbose, sodium 

carbonate, potassium phosphate monobasic, 

potassium phosphate dibasic, water (free CO2), and 

potassium bromide (spectroscopy grade) were 

obtained from Sigma Aldrich (St. Louis, USA). 

 

Plant materials 

T. diversifolia leaves were obtained from 

two locations, i.e., the Manoko experimental 

garden, Lembang, Bandung, West Java, and               

PT. Natura Alam Persada, Kaliurang, Yogyakarta. 

The plant was identified in Herbarium Bogoriense, 

Cibinong, Bogor, Indonesia. All of the samples were 

cut into small pieces, dried at room temperature, 

and pulverized. 

 

Sample extraction 

The sample from the two locations was 

extracted using three different solvents, namely 

ethanol absolute, 50% ethanol, and water, with a 

ratio of powdered sample to solvent of about 1:10. 

Extraction was carried out using an ultrasonicator 

(Ultrasonic LC 30 H, Elma) for 30 min. The filtrate 

obtained was concentrated with a rotary 

evaporator (Heidolph, Germany) at 40°C. The 

extract was dried using a freeze dryer (Eyela FDU-

1200, Japan).  

 

Inhibition of α-glucosidase activity In all, 50 μL of the extract solution was added to 450 μL of the phosphate buffer (pH 7.0) and 250 μL of the substrate solution,                                  

p-nitrophenyl-α-D-glucopyranoside, 10 mM. The 

mixture solution was incubated for 5 min at 37°C. 

We added 250 μL of the enzyme solution (0.025 
U/mL) and incubated it for 20 min at 37°C. After the incubation, 1000 μL of sodium carbonate 0.2 M was added. Then, as much as 200 μL of the solution 
was inserted into the microplate reader ELX 800 

(BioTek, Winooski, USA) using micropipettes, and 

its absorbance was measured at 405 nm. The 

positive control used was acarbose. The 

percentage of inhibition activity was calculated 

using the equation below (Mechchate et al., 2021): 
 

% inhibition = C − (S1 − S0)C  × 100% 
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With C: absorbance of enzyme activity in the 

absence of inhibitors; S1: absorbance of                          

p-nitrophenol as enzyme activity with the addition 

of test substances; S0: absorbance of p-nitrophenol 

with the addition of test substances without the 

addition of enzymes. The IC50 value was calculated 

using a linear regression equation, the sample 

concentration on the X-axis, and the percentage of 

inhibition on the Y-axis.  

 

Measurement of the FTIR spectrum 

The dry extract of T. diversifolia was mixed 

and homogenized with KBr in the ratio of 1:100. 

Then, the mixture was made into pellets by using a 

hydraulic pump and pre-vacuumed for 3 min after 

it was pressed at a pressure of 80 KN for 5 min.      

The obtained pellets were placed in a sample 

holder. Measurement of the FTIR spectrum was 

performed using FTIR spectrophotometer Tensor 

37 (Bruker Optik GmbH, Karlsruhe, Germany) with 

a deuterated triglycine sulfate (DTGS) detector in 

the mid-infrared region (4000–400 cm−1) at a 

resolution of 4 cm−1 operated with OPUS software 

version 4.2 (Bruker Optik GmbH, Karlsruhe, 

Germany). 

 

Chemometric analysis 

Absorbance data at wavenumbers 4000–
400 cm−1 from the FTIR spectra of the T. diversifolia 

extracts were used as the variable for the 

chemometric analysis by using Unscrambler X 

version 10.1 (Camo, Oslo, Norway). Before being 

subjected to a chemometric analysis, we carried 

out preprocessing, namely, a standard normal 

variate, to reduce scatter and improve the clarity of 

the signal. Principal component analysis (PCA) was 

used to group the extracts with different extracting 

solvents. The functional groups from the                         

T. diversifolia compound that exhibited the 

inhibition of α-glucosidase compounds were 

identified using PLSR by correlating the FTIR 

spectra and the IC50 value of the inhibition of the     α-glucosidase activity (Umar et al., 2021).  

 

RESULTS  
Extraction of T. diversifolia leaves 

T. diversifolia leaves originating from West 

Bandung and Sleman, Indonesia, were extracted 

using an ultrasonicator. Ethanol absolute, water, 

and their mixture (50% ethanol) were used as the 

extracting solvents. The extract obtained was 

expressed in percentage yield (Table I). In this 

study, we found that the extraction yield of the           

T. diversifolia leaves from West Bandung ranged 

from 3.57% ± 0.53% to 14.13% ± 0.76%, while that  

 

from Sleman ranged from 1.69% ± 0.31% to 6.14% 

± 1.08%.  

Metabolites from the T. diversifolia leaves 

from West Bandung were extracted more in water 

solvents than in absolute and 50% ethanol, as 

indicated by the highest extraction yield. 

Furthermore, the ANOVA results showed that the 

extraction yields of the T. diversifolia leaves for 

each solvent differed significantly at the 5% 

confidence level (p-value < 0.05). This showed that 

the extraction solvent significantly affected              

the extracted metabolites. In addition, the                     

T. diversifolia leaves from West Bandung had a 

higher extraction yield than those from Sleman for 

all solvents used in this work.  

 

Inhibition of α-glucosidase activity 

Preliminary tests were conducted before determining the α-glucosidase inhibition activity 

to obtain optimum conditions for the enzyme to work optimally. This study’s optimization included 
enzyme concentration, substrate concentration, 

pH, and incubation time. This optimization needed 

to be performed because these factors significantly 

influenced the enzyme's work. The principle of the α-glucosidase enzyme inhibitory activity test             is that the α-glucosidase enzyme hydrolyzes               

p-nitrophenyl-α-D-glucopyranoside into yellow      

p-nitrophenol and glucose. The test was carried out 

in vitro, with the enzyme activity measured based 

on the absorbance results of the yellow color of       

p-nitrophenol. The results of the optimization          of the α-glucosidase enzyme are presented in      

Table II. 

The α-glucosidase inhibitory activity was 

determined on the ethanol absolute, 50% ethanol, 

and water extracts of the T. diversifolia leaves using 

acarbose as a positive control. The IC50 value shows 

the extract concentration (ppm) that can inhibit 50% of the activity of the α-glucosidase enzyme. 

The presence of an extract that could provide inhibitory activity against the α-glucosidase 

enzyme was determined from the absorption of  

the p-nitrophenol formed. The results of the                        α-glucosidase enzyme inhibitory activity from the 

samples are presented in Table III. 

According to the results, the IC50 value of the 

absolute ethanol extract of the T. diversifolia leaves from the two growth locations had greater α-

glucosidase inhibitory activity than the 50% 

ethanol and water extracts. However, all the 

extracts had a higher IC50 value than acarbose. In 

contrast, there were no significant differences 

between the extracts of the T. diversifolia leaves 

from West Bandung and Sleman. 
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FTIR spectrum of T. diversifolia leaf extracts 

The FTIR spectra of each sample extract 

were obtained from the FTIR spectrophotometer 

in the mid-infrared region at a wave number of 

4000–400 cm−1. Figure 1 shows the FTIR spectra of 

the T. diversifolia leaf extracts based on different 

geographical origins and solvent extractions and 

we can see that the pattern of the FTIR spectra of 

all extracts gave a distinctive spectrum profile. The 

FTIR spectra of all the sample extracts showed a 

broad peak at 3400 cm−1, indicating the presence 

of a hydroxy group (O-H). A peak at wavenumber 

2930–2850 cm−1 indicated saturated alkanes or C-

H stretching vibrations. The absorption peak from 

the C=O functional group was detected at the 

wavenumber of 1738–1728 cm−1. The broad 

absorption at the wavenumber 1650–1600 cm−1 

indicated C=C stretching vibrations. A peak at the 

1400–1382 cm−1 wavenumber showed an 

absorption from C-C. Absorption at wavenumber 

1156–1060 cm−1 indicated an absorption from C-O.  

 
Clustering of T. diversifolia leaf extracts using 

PCA 

The absorbance data from the FTIR spectra 

of the absolute ethanol, 50% ethanol, and water 

extracts of the T. diversifolia leaves were used as 

the variables for clustering the extracts using PCA. 

The PCA method obtained unique information 

from the very complex absorbance of data by 

reducing the data and extracting information. 

Therefore, the differences among the three 

extracts could be identified based on the variations 

in the solvents and the geographical origins. This 

study's absorbance data were 60 × 1866 variables 

from wavenumbers 4000–400 cm−1. The PCA score 

plot obtained is presented in Figure 2. The PCA 

results from wavenumber 4000–400 cm−1, 

preprocessed using a standard normal variate, 

yielded a plot with a cumulative percentage of the 

two PCs of 87% of the total variance (PC-1 = 70%, 

PC-2 = 17%). The T. diversifolia leaf extracts could 

be grouped based on the extracting solvent but not 

on geographical origin, as shown in Figure 2.  

 

Correlation of FTIR spectra and inhibition of α-

glucosidase of T. diversifolia leaf extracts using 

PLSR 

In this study, we used partial least squares 

regression (PLSR) to determine variables 

(absorbance) that contributed significantly to the 

-glucosidase inhibitory activity. Thus, we could 

predict the significant functional groups from the 

metabolites responsible for inhibiting the -

glucosidase activity. The PLSR method correlates 

the x-variable (absorbance from the FTIR 

spectrum of the samples) as the predictor with the 

Table I. Yield of T. diversifolia leaf extracts 
 

 Location of growth 
Yield (%) 

Absolute ethanol  50% Ethanol Water 

West Bandung 3.57 ± 0.53c 11.18 ± 1.48b 14.13 ± 0.76a 

Sleman 1.69 ± 0.31b 6.14 ± 1.08a 5.82 ± 1.11a 

 Mean values (n = 5) followed by different letters are significantly different according to Tukey’s post hoc test (p < 0.05) 

 

Table II. Optimized condition for determination of α-glucosidase inhibition activity 
 

Parameter Optimum Results 

Enzyme concentration 0.025 U/mL 

pH 7.0 

Incubation time 20 min 

Substrate concentration 10 mM 

 

Table III. Inhibitory activity of the α-glucosidase from T. diversifolia leaf extracts 
 

Extract 
IC50 (ppm) 

West Bandung Sleman 

Ethanol absolute 55.78 ± 2.05c 53.02 ± 1.71c 

Ethanol 50% 64.76 ± 2.07b 64.92 ± 3.49b 

Water 85.96 ± 2.71a 84.80 ± 2.63a 

Acarbose  44.90 
 

Mean values (n = 10 from 5 replications of each extract with duplicate analysis of each replication) followed by different letters are significantly different according to Tukey’s post hoc test (p < 0.05) 
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y-variable (IC50 value of -glucosidase inhibitory 

activity) as the response. A plot of regression 

coefficients gives information about how 

significant the x-variable is to the y-variable. When 

the x-variable has a large regression coefficient, it 

is essential to the regression model.  

Figure 3 shows the PLSR results and 

provides information regarding the correlation 

between x- and y-variables, shown by the positive 

and the negative peaks on the x-axis. The 

absorption of functional groups that contribute 

majorly to a particular biological activity, 

expressed by the IC50 values, has a negative 

regression coefficient (Rafi et al., 2021). The 

results of the PLSR analysis from the absorption 

bands at the wavenumbers between 4000 and 400 

cm−1 provided a negative peak at 3300 cm−1, 

3000 cm−1, 1650 cm−1, 1350 cm−1, and 1100 

cm−1. These absorptions corresponded to O-H, CH3, 

CH2, C=C, and C-O and were thought to be responsible for inhibiting the α-glucosidase from 

the T. diversifolia compound.  

 

DISCUSSION 

In this study, we used the ultrasonic 

extraction method because the process is relatively 

easy, cheap, and fast. Apart from this, the bioactive 

compounds in the material are not damaged by 

heating because it is carried out at room 

temperature. Ethanol was used as the extraction 

solvent because ethanol, known as a universal 

extraction solvent, could extract more polar and 

nonpolar metabolites from the T. diversifolia 

leaves. Mixing ethanol and water can increase the 

porosity of the cell walls, thereby facilitating the 

diffusion of the extracted materials out of the cell 

(Kumar et al., 2021; Plaskova & Mlcek, 2023). 

Metabolites contained in the T. diversifolia leaves 

from West Bandung tended to be polar because 

they were extracted more with water solvents. The 

ANOVA results showed that the percentage of 

yields for each solvent extraction differed 

significantly, indicating that the extraction solvent 

affected the extracted metabolites. Also, the 

growing location could affect the amount of 

extracted metabolites in T. diversifolia, as we can 

see that the sample from West Bandung had a 

higher extraction yield compared to the sample 

from Sleman.  

Several factors, such as soil composition, 

temperature, sunlight, altitude, groundwater, 

salinity, and soil fertility, could cause differences in 

the metabolite content in extracts from the two 

locations. These factors significantly influence the 

physiological and biochemical responses of 

medicinal plants, as well as secondary metabolic 

processes that affect their metabolite content 

(Qaderi et al., 2023). Several studies have also 

reported the effect of differences in growing 

locations on the metabolite content of these plants. 

Kamilah et al., (2024) reported that differences in 

altitude affect the metabolite content of Acalypha 

indica. In addition, Li et al. (2024) reported that 

different growing locations affect the metabolite 

content of Lycium barbarum. 

 
 

Figure 1. FTIR spectra of T. diversifolia leaf extracts from Sleman (S) and West Bandung (WB) 
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The absolute ethanol extract of the                      

T. diversifolia leaves had more excellent                          α-glucosidase inhibitory activity than other 

extracts. As we know, absolute ethanol extracts 

may contain flavonoid compounds that could inhibit α-glucosidase. Unfortunately, the IC50 of all 

extracts is much lower than the IC50 of acarbose. 

We used acarbose as the positive control because 

acarbose is an antidiabetic drug that can slow 

down the absorption of glucose after eating, 

namely by delaying the hydrolysis of 

carbohydrates, disaccharides, and glucose 

absorption, as well as inhibiting the metabolism      

of sucrose into glucose and fructose (You et al., 

2012). There is no significant difference between    

T. diversifolia leaves extract from West Bandung 

and Sleman for inhibiting α-glucosidase activity, 

meaning that the composition and concentration of 

metabolites in the same extract are not 

significantly different. 

FTIR spectra profile for each T. diversifolia 

leaves extract is different, implying that the 

compounds' composition and concentration differ 

in each extract. Meanwhile, when considering the 

geographical origin (West Bandung and Sleman), 

we found that each extract presented a similar 

pattern in its respective FTIR spectra, only 

differing in the absorbance and intensity values. 

This indicated that the composition of the 

compounds was not significantly different, and 

differences occurred in their concentration. From a 

visual inspection of the FTIR spectra of the sample 

extracts, we could not distinguish the sample 

extracts because no peak could be used as the 

 
 

Figure 2. PCA score plot of T. diversifolia absolute ethanol (), 50% ethanol (), and water () 

extract from West Bandung (blue) and Sleman (green) 

 

 
 

Figure 3. Regression of coefficient plot from PLSR of T. diversifolia extract 
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marker peak for each extract. Therefore, we 

needed help from a chemometrics analysis, such as 

PCA, to group the sample extracts.  

The grouping between the absolute ethanol, 

50% ethanol, and water extract obtained from the 

PCA could be explained through PC-1, while PC-2 

showed the grouping between the 50% ethanol 

and water extract. Therefore, the initial two PCs 

could explain the grouping between the three 

solvents. Plots for the two initial PC values are 

usually the most useful in the analysis because 

these two PCs contain the most variation in the 

data. Based on the geographical origin, each extract 

could not be grouped because of the similar 

composition and concentration contained in each 

extract. The closer the plot values were, the more 

similar were the characteristics of the chemical 

compounds contained in the extract, and vice 

versa.  

A predicted functional group from the 

compound contained in T. diversifolia leaves, exhibiting a major contribution to inhibiting α-

glucosidase, is O-H, CH3, CH2, C=C, and C-O. These 

functional groups could be attributed to the 

presence of flavonoid compounds in the extracts, 

which had the potential to inhibit the activity of the α-glucosidase enzyme (Krysa et al., 2022). 

Flavonoids have been reported to inhibit the work of the α-glucosidase enzyme. Flavonoids can inhibit the activity of the α-glucosidase enzyme 

through several mechanisms, such as improving 

glucose homeostasis and reducing insulin 

resistance, regulating carbohydrate metabolism, 

improving cell function and insulin action, and 

increasing insulin sensitivity in glucose utilization. 

In addition, the 3' and 4' dihydroxy groups on ring B interacting with the enzyme’s active site can 
inhibit the enzyme's performance (Abou Baker, 

2022). 
 

CONCLUSIONS 
The FTIR fingerprint profiles of the absolute 

ethanol, 50% ethanol, and water extracts from T. 

diversifolia leaves had their characteristic profile. 

All T. diversifolia extracts from West Bandung and 

Sleman could be grouped using PCA based on 

solvent extraction. However, we did not observe a 

clear grouping based on the two growth locations. 

The correlation between the FTIR spectra and the 

IC50 values of the inhibitory activity of α-

glucosidase showed that the active compound had 

O-H, CH3, CH2, C=C, and C-O functional groups that 

were predicted to be the most strongly responsible for the inhibition of α-glucosidase. 

 

 

 

REFERENCES 
Abou Baker, D. H. (2022). An 

ethnopharmacological review on the 

therapeutical properties of flavonoids and 

their mechanisms of actions: A 

comprehensive review based on up to date 

knowledge. Toxicol. Rep., 9, 445–469. 

https://doi.org/10.1016/j.toxrep.2022.03.

011 

Ahda, M., Jaswir, I., Khatib, A., Ahmed, Q. U., 

Mahfudh, N., Ardini, Y. D., & Rohman, A. 

(2023). FTIR fingerprinting profiling, antioxidant activity, and α-glucosidase 

inhibitory activity of Orthosiphon stamineus 

leaf ethanolic extracts. Int. J. Food Prop., 26, 

2025–2038. 

https://doi.org/10.1080/10942912.2023.2

241660 

Amanatie, & Sulistyowati, E. (2015). Structure 

elucidation of the leaf of Tithonia diversifolia 

(Hemsl) gray. Jurnal Sains Dan Matematika, 

23(4). https://doi.org/10.1007/978-1-

4020-4585-1_2668 

Darmawi, A. R., Saleh, C., & Kartika, R. (2015). 

Aktivitas antihiperglikemik dari ekstrak 

etanol dan n-heksana daun kembang bulan 

[Tithonia diversifolia a.gray] pada tikus putih 

jantan. Jurnal Kimia Mulawarman, 12, 10–
14. 

Easmin, S., Zaidul, I. S. M., Ghafoor, K., Ferdosh, S., 

Jaffri, J., Ali, M. E., Mirhosseini, H., Al-Juhaimi, 

F. Y., Perumal, V., & Khatib, A. (2017). Rapid investigation of α-glucosidase inhibitory 

activity of Phaleria macrocarpa extracts 

using FTIR-ATR based fingerprinting. J. Food 

Drug Anal., 25(2), 306–315. 

https://doi.org/10.1016/j.jfda.2016.09.007 

Hayati, E. K., Sabarudin, A., Rafi, M., & Karomah, A. 

H. (2024). LC-HRMS-based metabolomics 

on Acalypha indica with different altitude 

and antioxidant activity. S. Afr. J. Bot., 172, 

710-719. 

https://doi.org/10.1016/j.sajb.2024.07.06

4 

Juliani, Yuliana, N. D., Budijanto, S., Wijaya, C. H., & Khatib, A. (2016). α-Glucosidase inhibitor 

and antioxidant compounds from 

Orthosiphon stamineus benth using FTIR 

based metabolomics. Jurnal Teknologi Dan 

Industri Pangan, 27, 17–30. 

https://doi.org/10.6066/jtip.2016.27.1.17 

Khatib, A., Perumal, V., Ahmed, Q. U., Uzir, B. F., 

Abas, F., & Murugesu, S. (2017). 

Characterization  of  antioxidant  activity  of  

 

 

 



Combination of FTIR-based Fingerprinting and Chemometrics Analysis 

Majalah Obat Tradisional, 30(1), 2025  51 

Momordica charantia fruit by infrared-

based fingerprinting. Anal. Lett., 50(12), 

1977–1991. 

https://doi.org/10.1080/00032719.2016.1

261877 Krysa, M., Szymańska-Chargot, M., & Zdunek, A. 

(2022). FT-IR and FT-Raman fingerprints of 

flavonoids – A review. Food Chem., 393, 

133430. 

https://doi.org/10.1016/j.foodchem.2022.

133430 

Kumar, K., Srivastav, S., & Sharanagat, V. S. (2021). 

Ultrasound assisted extraction (UAE) of 

bioactive compounds from fruit and 

vegetable processing by-products: A review. 

 Ultrason. Sonochem. 70, 105325. 

https://doi.org/10.1016/j.ultsonch.2020.1

05325 

Li, Y., Wang, X., Sa, Y., Li, L., Wang, W., Yang, L., Ding, 

S., Wilson, G., Yang, Y., Zhang, Y., & Ma, X. 

(2024). A comparative UHPLC-QTOF-

MS/MS-based metabolomics approach 

reveals the metabolite profiling of wolfberry 

sourced from different geographical origins. 

Food Chem.: X, 21, 101221. 

https://doi.org/10.1016/j.fochx.2024.1012

21 

Mechchate, H., Es-Safi, I., Louba, A., Alqahtani, A. S., 

Nasr, F. A., Noman, O. M., Farooq, M., Alharbi, 

M. S., Alqahtani, A., Bari, A., Bekkari, H., & 

Bousta, D. (2021). In vitro alpha-amylase 

and alpha-glucosidase inhibitory activity 

and in vivo antidiabetic activity of Withania 

frutescens L. foliar extract. Molecules, 26(2). 

https://doi.org/10.3390/molecules260202

93 

Noviany, N., Amrulloh, M. H., Rafi, M., Irawan, B., 

Kusuma, W. A., Hadi, S., Supriyanto, R., 

Nofiani, R., Hussin, M. H., & Yuwono, S. D. 

(2023). FTIR-based metabolomics for 

characterization of antioxidant activity of 

different parts of Sesbania grandiflora plant. 

Sains Malays. 52(1), 165–174. 

https://doi.org/10.17576/jsm-2023-5201-

13 

Plaskova, A., & Mlcek, J. (2023). New insights of the 

application of water or ethanol-water plant 

extract rich in active compounds in food. 

Front. Nutr., 10, 1118761. 

https://doi.org/10.3389/fnut.2023.111876

1 

Qaderi, M. M., Martel, A. B., & Strugnell, C. A. (2023). 

Environmental factors regulate plant 

secondary metabolites. Plants, 12(3), 1–27. 

https://doi.org/10.3390/plants12030447 

Rafi, M., Rismayani, W., Sugiarti, R. M., Syafitri, U. D., 

Wahyuni, W. T., & Rohaeti, E. (2021). FTIR-

based fingerprinting combined with 

chemometrics for discrimination of Sonchus 

arvensis leaves extracts of various extracting 

solvents and the correlation with its 

antioxidant activity. Indonesian J. Pharm., 

32(2), 132–140. 

https://doi.org/10.22146/ijp.755 

Rohaeti, E., Karunina, F., & Rafi, M. (2021). FTIR-

based fingerprinting and chemometrics for 

rapid investigation of antioxidant activity 

from Syzygium polyanthum extracts. 

 Indones. J. Chem., 21(1), 128–136. 

https://doi.org/10.22146/ijc.54577 Saleh, M. S. M., Siddiqui, M. J., Mat So’ad, S. Z., 
Roheem, F. O., Saidi-Besbes, S., & Khatib, A. 

(2018). Correlation of FT-IR fingerprint and α-glucosidase inhibitory activity of salak 

(Salacca zalacca) fruit extracts utilizing 

orthogonal partial least square.         

Molecules, 23(6), 1434. 

https://doi.org/10.3390/molecules230614

34 

Salem, M. A., De Souza, L. P., Serag, A., Fernie, A. R., 

Farag, M. A., Ezzat, S. M., & Alseekh, S. 

(2020). Metabolomics in the context of    

plant    natural     products   research:    From 

sample preparation to metabolite analysis. 

Metabolites, 10(1), 37. 

https://doi.org/10.3390/metabo10010037 

Sari, A. R., Saraswati, T. R., Yusuf, E., Yuniwarti, W., 

& Article, H. (2018). Antihyperglycemic 

activity of aqueous extract of insulin leaves 

(Tithonia diversifolia) on hyperglycemic rats 

(Rattus norvegicus). Biosaintifika. 10(3), 

636–641.  

Simmler, C., Graham, J. G., Chen, S. N., & Pauli, G. F. 

(2018). Integrated analytical assets aid 

botanical authenticity and adulteration 

management. Fitoterapia, 129, 401–414. 

https://doi.org/10.1016/j.fitote.2017.11.0

17 

Thouri, A., Chahdoura, H., El Arem, A., Omri Hichri, 

A., Ben Hassin, R., & Achour, L. (2017). Effect 

of solvents extraction on phytochemical 

components and biological activities of 

Tunisian date seeds (var. Korkobbi and 

Arechti). BMC Complement. Altern. Med., 

17(1), 248. 

https://doi.org/10.1186/s12906-017-

1751-y 

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, 42. 



Mohamad Rafi 

52  Majalah Obat Tradisional, 30(1), 2025 

https://doi.org/10.3390/metabo11010042 

Utami, W. S., Nuri, & Armiyanti, Y. (2012). Effect 

Tithonia diversifolia (( Hemley ) A. Gray) 

Ethanol extract as antimalarial on mice 

strain BALB/C before and after infected by 

Plasmodium berghei. Jurnal Medika Planta, 

1(5), 56–66. 

Xiao, Q., Mu, X., Liu, J., Li, B., Liu, H., Zhang, B., & Xiao, 

P. (2022). Plant metabolomics: A new 

strategy and  tool   for  quality  evaluation  of  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chinese medicinal materials. Chinese 

Medicine, 17, 45. 

https://doi.org/10.1186/s13020-022-

00601-y 

You, Q., Chen, F., Wang, X., Jiang, Y., & Lin, S. (2012). 

Anti-diabetic activities of phenolic 

compounds in muscadine against alpha-

glucosidase and pancreatic lipase. LWT, 46, 

164–168. 

https://doi.org/10.1016/j.lwt.2011.10.011 


