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Makasar fruit (Brucea javanica L. Merr) is a medicinal plant frequently utilized in 
Indonesia for its anti-malarial, anti-diabetic, antioxidant, and antibacterial 
properties. This research aims to classify extracts from B. javanica fruits based on 
their ripeness levels using a combination of FTIR and UV-Vis spectroscopy with 
chemometrics. Makasar fruits were extracted using methanol assisted by 
ultrasonic technology, resulting in a higher yield of extract from ripe fruit (black 
in color) than unripe fruit (green in color). The FTIR spectrum was measured at 
wavenumbers ranging from 4000 to 600 cm-1, while the UV-Vis spectrum was 
measured at wavelengths ranging from 200 to 800 nm. Notably, the UV-Vis 
spectrum revealed absorption peaks at 206 nm, attributed to the quassinoid 
group, and 265 nm, associated with the flavonoid group. Simultaneously, the 
FTIR spectrum showed various functional groups, including O-H, C-H, δ-lactone, 
C=C aromatic stretching vibrations, and C-O-C bending vibrations. Before 
conducting chemometric analysis, the FTIR and UV-Vis spectra were pre-
processed as baseline and SNV. The research findings demonstrate that by 
employing UV-Vis and FTIR spectra in combination with chemometrics, it has 
been possible to distinguish Makasar fruit according to its ripeness level. Ripe and 
unripe fruit extracts were grouped with PC values of 88% for UV-Vis and 90% for 
FTIR, indicating distinct profiles between ripe and unripe fruit extracts of Brucea 
javanica. 

 

1. Introduction 

Plants can function as traditional medicines because 
they contain bioactive secondary metabolite compounds 
[1]. The abundance of plant species in Indonesia provides 
great potential for medicinal plants. Among these, the 
Makasar plant (Brucea javanica L. Merr.) is a notable 
candidate for medicinal use. This plant is native to Asia 
and thrives in Indonesia, Thailand, and Malaysia, 
belonging to the Brucea genus within the Simaroubaceae 
family, often reaching a height of up to 3 meters [2]. 
Various parts of the B. javanica plant, including its leaves, 

fruit, and seeds, have long been employed for medicinal 
purposes. Traditionally, in Bengkulu, the fruit of 
B. javanica is used as an anti-malarial remedy, while in 
other regions, it is utilized as an anti-diabetic agent. Prior 
studies have revealed its potential as an anti-malarial [3, 
4] and antibacterial, antioxidant, and anti-diabetic 
properties [2]. The active compounds that have been 
successfully isolated from plants are quassinoids, 
bruceine A, B, C, D, E, F, G, H, and I, brusatol A, 
dihydrobrusatol B, bruceoside A, B, C, D, E, F, G, I, J, K, L, 
P, and S, brusatol amarissima E2-glucosidase, brusatol 
ketoacid, and bruceen. These compounds are used for 
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their anticancer, antitumor, anti-inflammatory, and 
antiviral properties [5]. The content of bioactive 
compounds and the quality and quantity of medicinal 
plants can vary depending on several factors, including 
environmental factors (geographical location, climate, 
temperature, and humidity), internal plant factors (e.g., 
roots, stems, leaves, fruit, and flowers), fruit ripeness, 
harvesting timing, and other relevant variables. 
Therefore, it is necessary to conduct a method for 
analyzing the distinct maturity levels of Makasar fruit 
(B. javanica) that adheres to simple and precise criteria. 

A common approach for identifying and classifying 
natural materials involves assessing the levels of one or 
more specific compounds [6]. Various methods can be 
used for this purpose, including high-performance liquid 
chromatography (HPLC) [7], gas chromatography (GC) 
[8], thin-layer chromatography (TLC) [9], and 
spectroscopic techniques such as UV-Vis, FTIR, and NMR 
[10, 11, 12]. These analytical techniques can be 
complemented by chemometric analysis. 

Among those methodologies, spectroscopy, 
particularly FTIR and UV-Vis, may be an excellent choice 
due to their numerous advantages, including ease of 
operation, cost-effectiveness, and rapid measurement 
procedures [6]. The data derived from FTIR spectroscopy 
is intricate, providing information that characterizes the 
identity of a natural material. Hence, the FTIR spectrum 
can be utilized to identify various characteristics of 
natural products, such as variations in fruit ripeness 
levels, even in cases where the precise chemical 
composition is unknown [10]. Previous research reported 
that FTIR spectra combined with chemometrics can 
classify carobs origin [13], FTIR and UV-Vis spectral data 
supported by chemometric tools to control the quality of 
mint species [14]. This approach holds promise for 
establishing a fingerprinting method to distinguish 
Makasar fruit based on ripeness levels. Variations in fruit 
ripeness are believed to yield different characteristics and 
variations in bioactive compounds, which can serve as 
references for quality control in medicinal plant 
assessments. 

Nevertheless, there are notable challenges 
associated with using this instrument, mainly the 
abundance of data and the fairly high complexity of the 
data. To address this issue, a combined approach 
involving multivariate analysis, specifically chemometric 
analysis, can be employed to extract the information 
present in the FTIR and UV-Vis spectra, enabling the 
derivation of conclusions [15]. Consequently, this study 
categorized Makasar fruit extracts according to the 
ripeness level of the fruit. This classification was 
accomplished by integrating FTIR spectroscopy, UV-Vis, 
and chemometric techniques. This research can provide 
an overview of fingerprint analysis of B. javanica fruit 
based on the level of fruit ripeness and provide alternative 
information for society and industry on the use of the 
maturity levels of B. javanica fruit. 

2. Experimental 

2.1. Equipment and Materials 

The equipment in this research was an ATR Alpha 
Fourier Transform Infra-Red (FTIR) Spectrophotometer 
(Bruker, Germany), a UV-Vis Spectrophotometer (Agilent 
Technologies Carry 60), a rotary evaporator (Buchi, 
Flawil, Switzerland), an oven, freeze dryer Power Dry 
LL1500 (Thermo Scientific), 50 mesh sieve, and standard 
laboratory glassware. Meanwhile, the materials were 
Makasar fruit (Brucea javanica L. Merr.), methanol 
(Merck), acetone (Merck), and distilled water. 

2.2. Collection and Preparation of Sample 

The samples were collected from the same area in 
Bengkulu City, Bengkulu Province (no difference in 
altitude and coordinates). These fruits were selected 
based on their ripeness and categorized into two distinct 
groups: unripe (green in color) and ripe fruits (black in 
color) (Figure 1). Subsequently, the harvested fruits 
underwent a drying process. Following the drying phase, 
the samples were homogenized and sieved through a 50-
mesh sieve. 

2.3. Sample Extraction 

A total of 7 grams of unripped B. javanica fruit 
simplicia was extracted using 75 mL of methanol, 
employing the sonication method in an ultrasonic bath 
operating at 35 kHz and a temperature of 30°C. The same 
simplicia underwent a repeat sonication to yield a 
cumulative volume of 150 mL of methanol extract. This 
identical procedure was repeated for the ripe fruit. The 
extraction process was repeated ten times for each type of 
B. javanica fruit, resulting in 20 extracts. The absorbance 
of the freshly obtained extracts was measured using 
a UV- Vis spectrophotometer at a wavelength range of 
200 to 800 nm. Subsequently, the extracts were 
concentrated using a rotary evaporator and dried using a 
freeze-dryer in preparation for FTIR analysis. 

2.4. UV-Vis Spectra Measurement 

The UV-Vis spectra were recorded from freshly 
prepared extracts after the extraction process. A 15 µL of 
liquid extract was placed in a cuvette, and 3 mL of 
methanol was added. Readings were then taken within a 
200-800 nm wavelength range, with 1 nm intervals. The 
obtained spectra were converted into a format suitable for 
subsequent analysis using MS Excel. 

 
Figure 1. (a) Makasar plant, (b) unripe fruit, (c) ripe fruit 
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Figure 2. UV-Vis spectra of methanol extract of ripe and unripe fruits of B. javanica (a) representative, (b) all samples 

2.5. FTIR Spectra Measurement 

The FTIR spectra were obtained using an FTIR 
spectrophotometer controlled by OPUS v7.5 software. For 
analysis, a 100 mg sample was placed on the ATR crystal 
and forced down with the swivel press to provide optimal 
contact between the sample and the crystal, and 
subsequently scanned at the wavenumber range of 4000-
600 cm-1, with a scanning speed of 32 scans/spectrum and 
a resolution of 4 cm-1. FTIR measurements for the 
Makasar fruit samples, both unripe and ripe, were 
replicated ten times. 

2.6. Chemometrics Analysis 

Chemometric analysis was conducted through 
Principal Component Analysis (PCA), utilizing Orange 
software version 3.29.3 to classify unripe and ripe fruit in 
methanol extracts. Before classification, the spectral data 
underwent preprocessing in the form of baseline 
correction and Standard Normal Variate (SNV) 
transformation. 

3. Results and Discussion 

3.1. Extraction of B. javanica Fruit 

When people utilize it as a medicinal plant, it is 
common to combine unripe and ripe fruits (Figure 1). 
Differences in the fruit’s ripeness levels can potentially 
influence the extract’s yield, quality, and medicinal 
effectiveness. Data presented in Table 1 highlights 
variations in methanol extract yield from Makasar fruit 
based on the fruit’s ripeness. Notably, ripe fruit exhibited 
a significantly higher yield, at 30.61% ± 0.80, compared to 
unripe fruit, which yielded 27.35% ± 0.32. 

3.2. UV-Vis Spectra of B. javanica Fruit Extract 

Figure 2 displays the UV-Vis spectra of the methanol 
extract from B. javanica fruit. Notably, there are 
differences between ripe and unripe fruit extracts, 
indicating variations in metabolite profiles. This aligns 
with prior research, which has established that plant age 
contributes to differing metabolite profiles [16]. Multiple 
absorption peaks observed in the extracts of unripe and 
ripe fruits can be attributed to the absorption of 
chromophore groups associated with quassinoids and 
flavonoids (as detailed in Table 2). 

Table 1. Yield of B. javanica fruit extract 

B. javanica fruit type Yield (%) ± SD 

Ripe fruit 30.61 ± 0.80 

Unripe Fruit 27.35 ± 0.32 

Note: The values presented have been derived from 10 repetitions. 

Table 2. UV-Vis spectra of methanol extract of ripe and 
unripe fruits of B. javanica 

B. javanica fruit 
type 

Absorption peak 
(nm) 

Approximation of 
chromophore 

groups 

Ripe fruit 
206 Quassinoid [17] 

265 Flavonoid [18] 

Unripe fruit 206 Quassinoid [17] 

3.3. FTIR Spectra of B. javanica Fruit Extract 

The FTIR spectra illustrate the vibrational bonds of 
compounds within the methanol extracts of both unripe 
and ripe B. javanica fruits. These bond vibrations can 
interpret the existence of bonds between atoms at 
different energy levels. As seen in Figure 3, the FTIR 
spectra of the methanol extracts from ripe and unripe 
B. javanica fruits exhibit similarities, with characteristic 
absorption occurring within the wavenumber range of 
approximately 1000 to 1750 cm-1. Nevertheless, variations 
exist in terms of intensity and wavenumber position. This 
indicates differences in the composition and levels of 
compounds in the extract with differences in the level of 
fruit ripeness [16]. 

Based on the FTIR spectra, the same peaks can be 
seen from 3369 to 3012 cm-1, which is the stretching 
vibration of O-H, and at 2857 cm-1 and 2922 cm-1, 
indicating the stretching vibration of C-H. Meanwhile, 
C- O-C bending vibrations are seen at a wavenumber of 
1026 cm-1. The stretching vibration of aromatic C=C bonds 
at 1600 cm-1 is observed in unripe and ripe fruits. 
Furthermore, the stretching vibration of δ-lactone bonds 
at 1732 cm-1 is present in both unripe and ripe fruits (as 
detailed in Table 3). 
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Figure 3. FTIR spectra of methanol extract of ripe and unripe fruits of B. javanica (a) representative, (b) all samples 

3.4. Classification of B. javanica Fruit Extracts 

This study aimed to classify Makasar fruit extracts 
based on their ripeness level, using a combination of FTIR 
and UV-Vis spectra combined with chemometrics. This 
classification aims to establish a fingerprint analysis 
model for Makasar fruit extracts, differentiating between 
those from unripe and ripe fruits. In the FTIR spectra, 
distinguishing differences between the extracts from 
unripe and ripe fruits were somewhat limited. However, 
more discernible differences became apparent through 
chemometric analysis, particularly in the PCA score plots 
of FTIR and UV-Vis spectra (Figure 4). These plots 
revealed a PCA score of 88% (PC1 and PC2) for FTIR 
spectra and 90% (PC1 and PC2) for UV-Vis spectra. Higher 
total PCA values indicate better explanatory power for the 
components, with a total PCA value exceeding 70% 
considered good [16]. 

 

Figure 4. PCA score plot (a. FTIR spectra, b. UV-Vis 
spectra) of B. javanica fruit extract based on differences 

in fruit ripeness levels 

The PCA score plot of FTIR spectra illustrates the 
positioning of methanol extracts, with the ripe fruit 
extract appearing in the positive quadrant of PC1 and PC2, 
while the unripe fruit extract is situated in the negative 
quadrant of PC1 and PC2. Similarly, a clear separation is 
observed in the PCA score plot of UV-Vis spectra, with the 
methanol extract of ripe fruit positioned in the positive 
quadrant of PC1 and the unripe fruit extract in the 
negative quadrant of PC1. 

Further validation through a confusion matrix 
(Figure 5) provides additional insights. It demonstrates 
that PCA using UV-Vis spectra offers a more accurate 
description, correctly predicting all unripe and ripe fruit 
extracts. However, in the case of PCA using FTIR spectra, 
there was a single instance where an unripe fruit extract 
was incorrectly predicted as a ripe fruit extract (refer to 
Figure 5a). ROC analysis was conducted to reinforce these 
findings, yielding an AUC value of 0.95 for PCA with FTIR 
spectra and 0.99 for PCA with UV-Vis spectra. These 
values indicate an excellent classification model with an 
AUC of 0.9 to 1.0 [19]. 

 

Figure 5. Confusion matrix PCA (a. FTIR spectra, 
b. UV- Vis spectra) 

Table 3. FTIR spectra data of unripe and ripe fruit extracts of B. javanica 

Wavenumber (cm-1) Vibration type 

3369-3012 Stretching vibration of O-H 

2922 Stretching vibration of C-H 

2857 Stretching vibration of C-H 

1732 Stretching vibration of δ-lactone 

1600 Stretching vibration of aromatic C=C 

1026 Bending vibration of C-O-C 
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4. Conclusion 

The FTIR and UV-Vis spectra revealed similarities in 
the profiles of methanol extracts obtained from ripe and 
unripe B. javanica fruits. Notably, the extract yield from 
ripe fruit surpassed that of unripe fruit. However, when 
both FTIR and UV-Vis spectra were combined with 
chemometrics, a clear distinction emerged between the 
methanol extracts of ripe and unripe B. javanica fruits, 
with a PC assessment of 88% (UV-Vis spectra) and 90% 
(FTIR spectra). In further analysis employing a confusion 
matrix, all samples were accurately classified in the PCA 
UV-Vis spectra. In the case of PCA FTIR spectra, there was 
a single instance where an unripe fruit sample was 
incorrectly categorized as ripe fruit. 
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