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 Abstract: Andrographis paniculata is one of the medicinal plants used for the treatment 
of antidiabetic. Cultivation ages and solvent extraction affected metabolites' composition 
and concentration that directly cause the plant's efficacies. This research aimed to 
distinguish A. paniculata based on cultivation ages and solvent extraction using data 
fusion of UV-Vis and FTIR spectra combined with principal component analysis (PCA). 
A. paniculata with 2, 3, and 4 months post-planting were extracted by water, 50% 
ethanol, 70% ethanol, and ethanol. In each extract, we measured UV-Vis and FTIR 
spectra. Then, we used the data fusion from both spectra. We used UV-Vis and FTIR 
absorbance from 200–400 nm and 1800–400 cm–1, respectively. Each extract gives a 
similar pattern of UV-Vis and FTIR spectra, only differ in their intensities. PCA score plot 
in two and three-dimensional showed A. paniculata extracts could be distinguished based 
on cultivation ages and solvent extraction with a total variance of 86 and 92%, 
respectively. Furthermore, this study confirms the data fusion of UV-Vis and FTIR spectra 
could distinguished A. paniculata extracts combined with chemometrics based on 
cultivation ages and solvent extraction. 
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■ INTRODUCTION 

Andrographis paniculata is a medicinal plant 
commonly found in South and Southeast Asian countries 
such as Indonesia, India, Malaysia, Pakistan, and Sri 

Lanka [1]. In Indonesia, it is known as sambiloto. A. 
paniculata is mostly used as a traditional medicine in 
some countries. It has several biological activities, such 
as antibacterial, antimalarial, antipyretic, anti-
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inflammatory, and antidiabetic [2-4]. It is well known that 
bioactive compounds from medicinal plants are responsible 
for their biological activity. The main compounds in A. 
paniculata are included in the diterpene lactone class, 
such as andrographolide, neoandrographolide, and 14-
deoxyandrographolide [5]. Yusuf et al. [6] reported that 
A. paniculata has a different accumulation of active 
components in the early generative stages. The highest 
andrographolide content is in the leaves, while the 
smallest content is in the seeds. Biological activities in 
plants are influenced by several factors, such as growing 
conditions, cultivation ages, and post-harvest processes 
[7]. Furthermore, the type and concentration of 
extracting solvents can affect the extracted metabolite's 
composition and concentration [8]. 

Data fusion is a new branch in chemometrics 
analysis. It has been widely used in recent years because it 
can combine several different analytical techniques to 
improve the quality and quantity of information obtained 
[9]. The resulting data has a large dimension and matrix 
of several instruments used, so it requires a combination 
of multivariate analysis in understanding the data as a 
whole. In general, data fusion is divided into three levels: 
low, medium, and high. Low-level data fusion consists of 
a series of simple data with different origins, while 
medium-level data fusion is a combination of data 
extracted from original data with data reduction. High-
level data fusion is built from several data fusion models 
separately in each data, and then the model produces a 
final fusion of the data. Data fusion has been widely used 
in food analysis, bioinformatics, soil mapping, business, 
herbal medicine, etc. [10]. 

FTIR and UV-Vis spectroscopies have been widely 
used for quality control in food and herbal medicinal 
products because of their advantages, such as fast, cheap, 
and easy. FTIR provides spectrum information of 
functional groups with different and complex fingerprint 
patterns. UV-Vis produces a spectrum with visual 
parameters from the variation of UV-Vis light absorption 
in the sample but has limitations for characterization and 
authentication [11]. The combination of FTIR and UV-
Vis can produce information that is more accurate and 

useful in interpreting data than it is used separately in 
multivariate analysis. 

Application of data fusion has been extensively 
used in improving the quality of herbal medicines with a 
lot of data fusion research that leads to the discrimination 
of origin and types of medicinal plants. There are several 
papers that have reported using data fusion of UV-Vis 
and FTIR spectra, such as discrimination of porcini 
mushrooms [12], traceability of Boletaceae mushrooms 
[13], differentiation and comparison of Wolfiporia cocos 
raw materials [14], discrimination of wild Paris 
Polyphylla Smith var. yunnanensis [15], discrimination 
of species in Ganodermataceae mushrooms [16], and 
geographical traceability of Eucommia ulmoides leaves 
[17]. However, improving herbal medicines' quality at 
the specific age of harvest and solvent extraction for A. 
paniculata is still limited. This study aims to distinguish 
A. paniculata with differences in harvest age and solvent 
extraction using UV-Vis and FTIR spectra fusion data 
combined with multivariate analysis, such as principal 
component analysis. 

■ EXPERIMENTAL SECTION 

Materials 

A. paniculata was collected as 2, 3, 4-month post-
planting (MPP) from Pusat Studi Biofarmaka Tropika 
medicinal plant garden (IPB University, Bogor, 
Indonesia) in 2019. Ethanol p.a. (Merck, Darmstadt 
Germany), potassium bromide spectroscopy grade 
(Sigma Aldrich, Missouri, USA), Whatman filter paper 
No.40 (Merck, Darmstadt, Germany) and distilled water 
(Hydro, Jakarta, Indonesia) was used in this work. 

Instrumentation 

Rotary evaporator-114 (Buchi, Flawil, Switzerland) 
was used for the evaporation of solvent extraction, and 
freeze-dryer ALPHA 1-2 LDPlus (Christ, Osterodeam 
Harz, Germany) was used for drying the extract. UV-Vis 
spectra were performed in UV-Vis spectrophotometer 
U-2000 (Hitachi, Tokyo, Japan). FTIR spectra were 
measured in Bruker Tensor 37 FTIR spectrophotometer 
(Bruker Optik GmbH, Karlsruhe, Germany). 
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Procedure 

Sample preparation and extraction 
Samples were sorted then cleaned by washing with 

water. Afterward, samples were dried and pulverized into 
a powder. About 2.5 g of powder was added to 25 mL of 
extraction solvent then sonicated for 30 min at room 
temperature. The solvents used for extraction were water, 
and 50% ethanol, 70% ethanol, and ethanol p.a. with four 
replication. The filtrate was collected, then concentrated 
by rotary evaporator R-100 (Buchi, Flawil, Switzerland), 
then dried using a freeze-dryer ALPHA 1-2 LDPlus 
(Christ, Osterodeam Harz, Germany). 

UV-Vis spectra measurement 
About 7.5 mg of extract was added into 100 mL of 

each solvent that was used for extraction. Each solution 
was analyzed by a UV-Vis spectrophotometer U-2000 
(Hitachi, Tokyo, Japan) in a range of 200–800 nm with an 
interval of 0.5 nm. Afterward, all of the spectra were 
recorded and converted in MS. Excel. 

FTIR spectra measurement 
About 2.0 mg of extract was mixed with potassium 

bromide into a pellet. Furthermore, the pellet was 
analyzed by FTIR spectrophotometer Tensor 37 (Bruker, 
Ettlingen, Germany) with deuterated triglycine sulfate 
(DTGS) detector. FTIR spectra were recorded in the 
region of 4000–400 cm–1 with a resolution of 4 cm–1 and 
32 scans/min controlled by OPUS 4.2 software (Bruker, 
Ettlingen, Germany). All of the spectra were collected and 
converted into MS. Excel. 

Chemometrics analysis 
Significant differences in the extraction yield results 

were determined using analysis of variance (ANOVA) 
followed by the Duncan test. PCA was used to 

discriminate A. paniculata extracts based on cultivation 
ages and solvents extraction. UV-Vis and FTIR spectra 
data (absorbance) were used as variables for data fusion. 
PCA was performed with the Unscrambler X version 
10.4 (CAMO, Oslo, Norwegia). 

■ RESULTS AND DISCUSSION 

Extraction Yield of A. paniculata 

A. paniculata metabolites were extracted using 
sonication at room temperature with different solvent 
extraction. We found that the percentage yield of 
extraction using various solvents and cultivation ages 
have slight differences (Table 1). According to Cui et al. 
[18], the composition and concentration of chemicals 
present in the plant are affected by solvent extraction 
used and cultivation ages. In this study, we got that 
cultivation ages and solvent extraction give a different 
level of metabolites extracted in A. paniculata. 

The highest percentage of yield was obtained using 
70% ethanol extract from 4 MPP, and the lowest is water 
extract from 2 MPP of A. paniculata. The trend in the 
percentage of yield showed that the pattern was 
increased except on 50% ethanol and ethanol. When 
extracted using different solvent extraction, A. 
paniculata from different cultivation ages showed that 
50% ethanol extract has the highest yield in 2 and 3 MPP 
of A. paniculata. Whereas for the 4 MPP of A. paniculata, 
70% ethanol extract gave the highest yield value. From 
the results obtained, at the age of 4 MPP, the more polar 
metabolites are extracted more in A. paniculata. 

UV-Vis Spectra of A. paniculata 

Fig. 1 shows the UV-Vis spectra of all sample 
extract solutions. As shown in Fig. 1, a similar pattern was  

Table 1. Yield of A. paniculata extracts 

Extraction solvents 
Yield (%) 

2 MPP 3 MPP 4 MPP 
Water 16.24 ± 1.83a 16.99 ± 0.96a 21.90 ± 0.83b 
50 % ethanol 22.97 ± 2.35b 23.80 ± 1.57b 18.76 ± 1.16a 
70 % ethanol 22.06 ± 0.41b 22.24 ± 1.58b 23.37 ± 2.80b 
Ethanol 18.58 ± 2.90a 18.31 ± 0.49a 16.62 ± 1.46a 

The reported values are mean ± SD of the quadruplicate for each sample. The mean ± SD within each extract in the same column followed with 
different superscript letters represent significant differences at p < 0.05 
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Fig 1. UV-Vis spectra of A. paniculata extracts: 2 MPP: water (2A), 50% ethanol (2B), 70% ethanol (2C), ethanol (2D); 
3 MPP: water (3A), 50% ethanol (3B), 70% ethanol (3C), ethanol (3D); 4 MPP: water (4A), 50% ethanol (4B), 70% 
ethanol (4C), ethanol (4D) 
 
obtained from all UV-Vis spectra of the samples. 
Differences were only found for their intensity. It means 
no differences in the composition of metabolites extracted 
only differ for their level of concentration. About two 
regions with a maximum absorption appeared in the 
range of 270–290 nm and 310–330 nm. Both of the peaks 
resulted from the absorption of carbonyl chromophore 
with an electron transition from n→π*. 

FTIR Spectra of A. paniculata 

FTIR spectra of A. paniculata extracts (Fig. 2) also 
showed a similar pattern and differences only in each 
peak's absorbance intensities. This confirms the UV-Vis 
spectra measurement results, which also produce the 
same thing, which is different for the extracted 
metabolites' concentration level. The difference can be 
seen on the peak at wavenumber 3400, 2930, 2852, 1728, 
1620, 1386, and 1076 cm–1. Each peak is representing a 
functional group from metabolites present in the A. 
paniculata. The peak at 3400 cm–1 is from the stretching 
vibration of hydroxyl (-OH). Meanwhile, peaks at 2930, 
2852, and 1386 cm–1 are from the stretching vibration of 
methyl (C–H). Other peaks on 1728 and 1620 correspond 
to the stretching vibration of the carbonyl (C=O) 
functional group, and the peak at 1076 cm–1 is from the 
stretching vibration of aliphatic amine (C–N). 

Absorbance intensity showed a variation value on 
each sample. A peak at 1728 cm–1 in water extract has 
low intensity than other extracts used in this study. 
However, a peak at 1620 cm–1 showed that the 
absorbance intensity is higher than the other extracts. 
Pandey and Mandal [19] reported that the type of 
solvents could affect the distribution and concentration 
of composition extracted, while part of the plants can 
also impact the extraction. 

Discrimination of A. paniculata Extracts 

We used a combination of data fusion from 
absorbance data of UV-Vis and FTIR spectra in the 
range of 200–400 nm and 1800–400 cm–1, respectively. 
Preprocessing of spectra was performed before we used 
it for the PCA. Preprocessing aims to enhance the 
quality of data, for example, reducing noise to give better 
result output of the grouping sample [20]. We used 
multiple preprocessing for UV-Vis, such as baseline, 
normalize, and smoothing, while for FTIR spectra, we 
used baseline, standard normal variate, and smoothing. 

PCA works by simplifying variables by reducing 
their dimension into principal components. Two and 
three-dimensional (2D and 3D) PCA score plots of A. 
paniculata (Fig. 3) showed that all extracts were grouped 
according to the  cultivation ages and  solvent extraction  
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Fig 2. FTIR spectra A. paniculata extracts: 2 MPP: water (2A), 50% ethanol (2B), 70% ethanol (2C), ethanol (2D); 3 
MPP: water (3A), 50% ethanol (3B), 70% ethanol (3C), ethanol (3D); 4 MPP: water (4A), 50% ethanol (4B), 70% 
ethanol (4C), ethanol (4D) 
 
with a good separation of group. Only water extract of 2 
MPP and 3 MPP is very close to each other in the two PCA 
score plots because the level concentration of extracted 
metabolites is not different in the two samples. According 
to Table 1, it can be seen that water extract of 2 MPP and 
3 MPP are not significantly different from the Duncan 

test. The cumulative percentage of principal 
components is 86% and 92% using 2D and 3D PCA 
score plots, respectively. The cumulative percentage of 
all PC used in the 2D and 3D score plot is higher than 
70%, giving good 2D and 3D visualization. 
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Fig 3. (a) 2 dimension PCA score plot, (b) 3 dimension PCA score plot, and (c) 3 dimension PCA score plot rotated 
270 degrees to Z axis. 2 MPP: water ( ), 50% ethanol (●), 70% ethanol (▲), and pure ethanol (♦); 3 MPP: water (▼), 
50% ethanol (*), 70% ethanol (|), and pure ethanol (─); 4 MPP: water (+), 50% ethanol (×), 70% ethanol ( ), and pure 
ethanol ( ) 
 
■ CONCLUSION 

UV-Vis and FTIR spectra of A. paniculata extracts 
with different cultivation ages and solvent extraction have 
similar profiles. The differences only in their absorbance 
intensity. The four months post-planting of A. paniculata 
extracted with 70% ethanol provide a higher yield 
percentage than other extracts. A combination of UV-Vis 

and FTIR data with PCA enabled clustering A. 
paniculata extracts according to their cultivation ages 
and extraction solvents. 
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