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One of the herbals widely employed in Indonesian Traditional medicine for preventing diseases and promoting
human health is ginger (Zingiber officinale Roscoe). The active components in ginger contributed to their biological
activities; however, the levels of active components depend on some factors such as altitudes and harvesting time.
This study intended to use the chemometrics technique for the classification and discrimination of Indonesian ginger
using antioxidant activities, total determination of phenolics compounds (TPC), total determination of flavonoid
compounds (TFC), and Fourier Transform Infra Red (FTIR) spectra as variables. The samples of ginger variety emprit
(Z. officinale Roscoe) were obtained from 14 locations: Bantul, Kulon Progo (Yogyakarta), Banyumas, Boyolali,
Karanganyar, Magelang, Purworejo, Semarang, Temanggung, Wonogiri, Wonosobo (Central Java), Magetan, Pacitan,
and Ponorogo (East Java). Principal component analysis (PCA) results revealed that Indonesian ginger could be
discriminated and classified using scores of 1st components (PC1) and 2nd components (PC2) applying antioxidant
activity, TPC, and TFC as variables. Based on the loading plot of PCA, there is a high correlation between antioxidant
activity and TFC (R2 = 0.9339) and a moderate correlation between antioxidant activity and TPC (R2 = 0.7395).
Hierarchical cluster analysis informed that Indonesian ginger could be clustered, in which gingers from Semarang
and Wonosobo revealed the highest similarity and were first joined. Using FTIR spectra as variables, PCA is also
capable of discriminating Indonesian ginger according to its origin. There is an agreement in PCA results using both
FTIR spectra and antioxidant activity, TPC, and TFC in which gingers from Semarang and Wonosobo revealed similar
PC1 and PC2. We concluded that the application of the pattern recognition technique is an effective tool for the
discrimination and characterization of ginger in specific and herbal components in general.

INTRODUCTION

Ginger with the scientific name of Zingiber officinale,

soning (Gong et al., 2004). Ginger is considered a herbal widely
employed in Indonesian Traditional medicine for preventing dis-

with the Indonesian local name “Jahe,” belongs to the Zingiber-
aceae family. It is known as a spice with characteristics of aroma
and pungency and is a part of Indonesian culinary, used as a sea-
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eases and promoting human health. It is believed that ginger orig-
inated from Southeast Asia. In Indonesia, three varieties of ginger
are typically cultivated, namely, ginger emprit, ginger gajah, and
red ginger. Among these, ginger emprit is known as the most used
ginger either as a spice or as an herbal component (Mao et al.,
2019). The main bioactive compounds of all variants responsible
for the biological activities are [6]-shogaol, [6]-gingerol, [8]-gin-
gerol, and [10]-gingerol. Each variant has its own unique distinc-
tive spicy taste because of the varying number of phenolic ketones
in ginger.
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Nowadays, ginger has been reported to have some
effects which are beneficial to human health (Yudthavorasit et al.,
2014), including antioxidant in treating acute kidney injury by
increasing the endogenous antioxidant enzymes (Rostamkhani et
al., 2022), xanthine oxidase inhibitor (Nile and Park, 2015), potent
anti-inflammatory activity through in vivo and in vitro studies
(Ezzat et al., 2018), antimicrobial activity against some pathogen
microorganism (Abdullahi er al., 2020), and chemopreventive
agents toward carcinogens (Abdullahi ez al., 2020). These biological
activities arise from its bioactive phytochemicals, which are mainly
shogaol, gingerols, and other phenolic compounds. The phenolics
and flavonoid compounds are good sources of natural antioxidants
(Ali et al., 2018). Furthermore, some factors, mainly environmental
factors (cultivating, harvesting, and post-harvesting process), are
contributing to different levels of active components in ginger;
hence, herbal components, in general, must be standardized.

With the development of analytical instruments used
for herbal standardization and quality control, large datasets
can be obtained in a rapid manner to provide big data. As a
consequence, some sophisticated data management called
chemometrics is widely applied for handling big data analysis.
Numerous analytical instruments are designed and developed
with the employment of chemometrics software for creating the
recognition pattern of herbals according to their intended uses
(classification, discrimination, geographical origin, and detection of
herbal adulteration) (Kucharska-Ambrozej and Karpinska, 2019).
The use of chemometric software can significantly improve the
understanding of chemical information extracted from instrumental
responses. The most used chemometrics in herbal quality control is
pattern recognition (PR), which is divided into two groups, namely,
unsupervised and supervised ones. Unsupervised PR is employed
for data visualization by assessing the relationship between objects
or samples and variables without the predetermined class. principal
component analysis (PCA) and hierarchical cluster analysis (HCA)
are an example of unsupervised PR. In addition, supervised PR
is employed for data classification by creating a chemometrics
model capable of predicting the class of unknown objects. Linear
discriminant analysis (LDA) and Soft independent modeling of
class analogy are representative supervised PR widely applied in
herbal standardization (Sim et al., 2004; Zhu et al., 2014).

There are some previous reports related to PR
chemometrics applied in the quality control of ginger, especially
using High Performance Liquid Chromatography (HPLC)
instruments. Deng et al. (2015) have discriminated crude and
processed ginger from three species, namely, Zingiberis rhizoma,
Zingiberis rhizoma preparatum,and Zingiberis rhizoma carbonisata,
using chemical responses obtained from Liquid Chromatography-
Mass Spectrometry (LC-MS) and PR of PCA and HCA. The
combination of 16 peak responses obtained from the HPLC-diode
array detector, PCA, HCA, and similarity analysis is also successful
in classifying the ginger samples into two different groups (Feng
et al., 2014). Rafi et al. (2013) have previously determined the
levels of active components in ginger (shogaol and gingerols)
using capillary HPLC and used these concentrations as variables
for the successful classification and differentiation of three varieties
from Indonesian ginger with the help of LDA. The combination of
HPLC PR of PCA, HCA, and LDA is capable of discriminating and
classifying ginger according to geographical origins (Yudthavorasit
et al., 2014). Furthermore, the chemometrics of PCA and canonical
variate analysis using FTIR spectra at optimum wavenumbers are

successfully reported to differentiate ginger from turmeric and java
(Rohaeti et al., 2015). However, using the literature review, the
study on the application of FTIR spectra for the classification of
Indonesian ginger using PR chemometrics is very limited; hence,
the main purpose of this research was to employ the chemometrics
technique for the classification and discrimination of Indonesian
ginger using FTIR spectra and antioxidant activities as variables.

METHODS

The samples of ginger variety emprit (Z. officinale
Roscoe) were obtained from several locations with different
altitudes, namely, Bantul (400 masl), Kulonprogo (320 masl)
(Yogyakarta), Banyumas (300 masl), Boyolali (900 masl),
Karanganyar (712 masl), Magelang (360 masl), Purworejo (1,064
masl), Semarang (536 masl), Temanggung (1,450 masl), Wonogiri
(550 masl), Wonosobo (1,000 masl) (Central Java), Magetan (900
masl), Pacitan (946 masl), and Ponorogo (1,056 masl) (East Java).
These rhizomes were determined for the authenticity at Plant
Systematics Laboratory, Medical Plant and Traditional Medicine
Research and Development Center, Tawangmangu, Central Java.
The rhizomes were dried and powdered to get rhizome powders
subjected to several evaluations. The solvents and reagents used
were of analytical grade; Otherwise, the solvents and reagents
were not specified.

Sample preparation

The rhizome samples of emprit ginger, harvested at the age
of 10-12 months, having leaf color changing from green to yellow and
stems all drying up, were cleaned and sliced thinly so that the rhizomes
dry quickly. The sliced rhizomes were then dried in an oven at 40°C
for 3-5 days. The dried rhizome (Simplicia) was then powdered in
the commercial blender. The ginger powder obtained was then sieved
using a 20-mesh sieve in order to obtain homogeneous powders. The
ginger powder was used for further analysis in an amount of 400 mg
each for antioxidants, TFC, and TPC.

DPPH antiradical assay

The evaluation of 1,1-diphenyl-2-picrylhydrazyl
(DPPH) radical scavenging activity (DPPH RSA) of samples was
carried out according to Ali et al. (2018) and Widodo et al. (2019)
with bit modifications. About 1 ml of the sample solution with a
certain concentration was added with MeOH in a 10 ml volumetric
flask. DPPH-RSA was assessed by measuring the absorbance
(Abs) of DPPHe solution 0.4 mM at 517 nm (Abs control) and
Abs DPPHe solution added with samples after 30 minutes (Abs
sample). All Abs values were corrected with MeOH and ginger
samples. DPPH-RSA (in %) was calculated:

(Absorbance control-Absorbance sample)
% of DPPH RSA =

x 100%
Absorbance control

DPPH-RSA is expressed as IC50 (the concentration of
a sample needed to reduce 50% Abs of DPPH radicals). IC50
value can be depicted graphically by plotting the percentage of
RSA of DPPH radicals (y-axis) against the concentration or log
concentration of samples (x-axis) to form a linear equation (Waras
etal.,2015).

Total determination of phenolic compounds (TPC)

The levels of TPC in ginger samples were determined
using Folin-Ciocalteu (F-C) method (Abdullah and Mazlan, 2020)
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with slight modifications. In a volumetric flask, a certain number
of samples were added with 0.5 ml of F-C reagent from Sigma
(Aldrich, USA) and 1.5 ml 7.5% sodium carbonate (E. Merck,
Germany), and the volume was made into the mark with 7.9 ml
distilled water (Ikapharmindo, Indonesia). After that, the sample
solution was mixed scrupulously and allowed to stand for 1 hour in
a dark place (based on the operating time study). The Abs of blue-
colored solutions was measured at 754 nm by using a UV-VIS
spectrophotometer (Shimadzu, UV mini-1240, Japan). The TPC
of ginger samples was expressed as mg of gallic acid equivalents
(mg GAE)/g samples.

Analysis of total flavonoid content (TFC)

TFC was determined (Sukweenadhi ez al., 2020) with
slight modification. In a volumetric flask, 0.1 g of ginger samples
was added along with 4 ml of distilled water, followed by the
addition of 0.5 ml solution of AICI3 2%. The mixture was allowed
to stand for 30 minutes. The Abs was scanned at 510 nm using
a UV-VIS spectrophotometer (Shimadzu, UV mini-1240, Japan).
All analyses were performed in triplicate. The levels of TFC were
calculated as mg of quercetin equivalents (mg QE/ g samples).

Scanning of FTIR spectra

The ginger powders are subjected to FTIR spectral
measurement without the pellet method. The spectra were scanned
using an FTIR spectrophotometer (PerkinElmer), controlled with
the operating software of Spectrum 3TM FT-IR. The measurements
were done in the mid-infrared region of 4,000-650 cm—1 with
a scanning number of 32 and a resolution of 8 cm—1. The used
sampling accessory was horizontal attenuated total reflectance
composed of ZnSe crystal. FTIR spectral measurement was done
without the pellet method.

Chemometrics analysis

The antiradical activities, phenolics contents, and
flavonoid contents were expressed as mean = SD with the aid

of Excel software (Microsoft Inc., USA). The Abs values of
FTIR spectra were employed as variables during chemometrics
modeling. Minitab version 18 (Minitab Inc., USA) was used for
the statistical test of one-way ANOVA, followed by a post hoc
procedure used for mean comparisons and chemometrics analyses
(PCA, HCA).

RESULTS AND DISCUSSION

In this study, the antioxidant activities of Indonesian
ginger were evaluated using DPPH-RSA. Itis well known that there
are phenolics and flavonoids among phytochemicals contributing
to antioxidant activity in natural products. Therefore, the studies on
natural antioxidants were correlated with TPC and TFC ( Widodo
etal.,2019). Phenolics and flavonoid compounds are able to donate
hydrogen radicals into DPPH radicals to neutralize DPPH radicals.
At the same time, radical phenolics and flavonoids are stabilized
by resonance mechanisms. Table 1 compiled the results of DPPH-
RSA, TPC, and TFC. The antioxidant activities of TFC and TPC
ranging 0.173%-0.704%, 0.039-0.075 g QE/100 g samples, and
0.378-1.106 GAE/100 g samples are shown. Furthermore, the
correlation among variables was carried out using a loading plot
(LP) of PCA in the next section of the discussion.

Chemometrics analysis of PR of Indonesian ginger

The chemometrics of PCA was used for the classification
of Indonesian ginger based on different locations. PCA is
essentially a data reduction technique, used to combine the initial
variables into new combined variables expressed by first, second,
third, etc., on principle components, e.g., PC1, PC2, PC3, ...
PCn, in which n is the number of original variables. The scores
of PC1, PC2, .... PCn are also called latent variables, in which
objects or samples having similar values of PC2 will have similar
characteristics in terms of variables used during PCA. Based on
this fact, PCA is widely explored to classify the studied objects
(Gad et al., 2013). Figure 1 exhibited the score plots of PC1 and
PC2 of Indonesian ginger using a variable of antioxidant activity,
TPC, and TFC.

Table 1. Antioxidant activities of DPPH radical scavenging, TFC, and TPC of powder samples of Z.
officinale Roscoe from different regions.

Origins TFC (% QE) TPC (% GAE) Antioxidant activities (IC50 in mg/ml)
Karanganyar 0.075 £ 0.027a 0.837 £ 0.003cd 0.150 + 0.003b
Semarang 0.069 + 0.002ab 1.106 £ 0.046a 0.178 £ 0.006b
Banyumas 0.061 £ 0.002abc 0.988 +£0.012b 0.200 + 0.007b
Wonosobo 0.060 =+ 0.004abc 0.927 + 0.036bc 0.184 £ 0.001b
Wonogiri 0.058 + 0.004abc 0.719 £ 0.063efg 0.360 +0.001b
Boyolali 0.053 + 0.002abc 0.835+0.032cd 0.294 +£0.275b
Purworejo 0.046 + 0.001bc 0.378 +£0.031i 0.330 + 0.029b
Temanggung 0.042 £ 0.008¢c 0.541 £ 0.016h 0.342 £ 0.020b
Magelang 0.039 +£0.001c 0.650 £ 0.055g 0.306 + 0.024b
Magetan 0.055 + 0.007abc 0.759 + 0.048def 0.704 +0.115a
Pacitan 0.048 + 0.002bc 0.754 + 0.017defg 0.246 £ 0.013b
Ponorogo 0.047 + 0.008bc 0.756 + 0.020def 0.716 +0.097a
Bantul 0.046 = 0.001bc 0.652 + 0.038fg 0.173 £ 0.005b
Kulon Progo 0.052 + 0.002abc 0.790 + 0.025de 0.254 + 0.005b

Means with different lowercase letters within a column in each origin are significantly different (p < 0.05). Values are means

+ SD of triplicate data.
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In order to correlate these variables (DPPH-RSA, TPC,
and TFC), the chemometrics approach based on the LP of PCA
was used. LP can be used to explain how the vectors are pinned
from the origin point at PC1 = 0 and PC2 = 0. In addition, LP also
indicated the weight of each variable to PCs contributing to the
score plot of PCs (Mansor et al., 2012). If two vectors (variables)
are close forming a small angle approaching 0, the two studied
variables are positively correlated; if two variables form an angle
of approximately 90°, two variables are not likely to be correlated.

When two variables are diverging and form a large angle (about
180°), two variables indicated a negative correlation. Based on this
LP in Figure 2, TPC and TFC were highly correlated with R2 of
0.9185, while antioxidant activity revealed a moderate correlation
with TPC (R2 = 0.7395) and a high correlation with TFC (R2 =
0.9339). In addition, three variables (antioxidant activity, TFC, and
TPC) provide an equal contribution to the score plot of PC1 and
PC2 as they had similar distances to origin points (0, 0; PCI, PC2).
For clustering among the objects (samples), HCA was employed.
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Figure 1. PCA scores’ plot correlating the PC1 in x-axis and PC2 in y-axis of Indonesian ginger using variable of antioxidant

activity, TPC, and TFC.
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HCA is a PR technique intended to provide insight into similarities
among the analyzed objects. HCA is based on Euclidian distances
in which two samples with the lowest distance will be first joined;
therefore, HCA could be used for classification. Objects with the
lowest difference in Euclidian distance form one cluster (Popovié¢-
Djordjevi¢ et al., 2021). In this study, Indonesian ginger was
clustered using a variable of antioxidant activity, TFC, and TPC.
Figure 3 exhibited HCA results through the amalgamation step
to provide a dendrogram. Objects with the highest similarity (the
lowest distance difference) are first joined. In this case, ginger
from Semarang is first joined with that from Wonosobo providing
a similarity index of 99.31%. This result agreed with that obtained
in PCA results (Figure 1) in which the score plots of PC1 and PC2
of gingers from Semarang and Wonosobo were similar.

Classification of Indonesian ginger using FTIR spectra as
variables

Figure 4 depicted attenuated total FTIR spectra of
Indonesian ginger from different locations in Indonesia. Due to
its property as fingerprinting analytical method, FTIR spectra are
excellent variables for the differentiation and characterization
of ginger. Based on this fact, FTIR spectroscopy at optimum
conditions coupled with chemometrics is widely applied for the
characterization of ginger by investigating the peak intensities and
the exact wavenumbers of the studied gingers (Yan et al., 2021).
Each peak contributing to IR absorption corresponded to functional
groups which are summarized in Table 2. Some active compounds
in ginger included [6]-gingerol, [8]-gingerol, [10]-gingerol,
and [6]-shogaol having the functional groups of —OH, methoxy
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Dendrogram
Single Linkage, Euclidean Distance

100.00 ! —— . 1

5 6 7 8 9 10 1 12 13 14
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Figure 3. Cluster analysis expressed by amalgamation step to provide dendrogram for clustering of Indonesian ginger using variable
of antioxidant activity, TPC, and TFC. 1: Karanganyar; 2: Mangunan; 3: Semarang; 4: Wonosobo; 5: Banyumas; 6: Pacitan; 7: Kulon
Progo; 8: Boyolali; 9: Magelang; 10: Purworejo; 11: Temanggung; 12: Wonogiri; 13: Magetan; and 14: Ponorogo.

Table 2. Summary of functional groups corresponding to IR absorption in powder
samples of Z. officinale Roscoe in whole range of mid-infrared (4,000-650 cm—1)

(primary data, 2021).

Peak Position (cm—1) Vibration modes of functional groups
A 3,287 —OH (hydrogen bonding), strc.
B 2,925 Alkanes (CH3, CH2), strc.

C 1,636 Carbonyl (C=0), strc.

D 1,515 C=C, strc.

E 1,371 —CH3, bend

f 1,323 C-N, strc.

g 1,266 C-O0, strc.

h 1,150 C-0, strc.

i 1,075 C-O0, strc.

j 998 C—-OH, strc.

k 859 —HC=CH- (trans) OOP,

1 761 —HC=CH- (cis), OOP, ((CH2)n;

Note. strc.: stretching; OOP: out of plane; bend: bending.
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Figure 5. The score plot of PCA represented by PC1 and PC2 using variable of FTIR spectra in the whole

spectra.

(—OCH3), conjugated double bond (C=C), carbonyl (C=0), and
alkanes. The functional groups present in FTIR spectra supported
the active compounds contained in ginger.

After the optimization step, PCA using a variable of
Abs values at whole wavenumbers was employed. Figure 5
exhibited PCA score plots (PC1 and PC2) of Indonesian ginger
using a variable of Abs values at the whole IR region. The objects
(Indonesian ginger) were classified successfully and separated
clearly. The PCA result using FTIR spectra as a variable agreed
with that using antioxidant activity, TPC, and TFC. In both PCA
results, gingers from Wonosobo and Semarang revealed the closest

PC values, while ginger from Wonogiri exhibited the PC scores
which are furthest from each other. The combination of PCA and
FTIR spectra could be effective tools for the characterization and
differentiation of Indonesian gingers.

CONCLUSION

The chemometrics of PR of PCA and HCA using variables
of antioxidant activity, TPC, and TFC, as well as Abs values of
FTIR spectra, could provide a reliable and accurate method for
the fast differentiation and classification of Indonesian ginger.
There is an agreement result between PCA and HCA during the
classification and clustering of Indonesian ginger. The developed



Styawan et al. / Journal of Applied Pharmaceutical Science 13 (04); 2023: 149-156 155

method can be extended for the geographical origin authentication
and the adulteration practice of gingers. Furthermore, with some
advantages of FTIR spectra as fingerprinting technique, the
combination of FTIR spectra and chemometrics could be proposed
as a rapid and green analytical method for the authenticity of
herbal components including ginger.
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