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ABSTRACT

Rhizome of Curcuma aeruginosa is a traditional herb utilized in many nations. The compound content in C.
aeruginosa rhizomes can vary depending on their geographical origin. The purpose of this study was to identify
the active components in C. aeruginosa essential oil based on several geographical origins and to establish
chemical fingerprints for quality control. Chemical fingerprints of C. aeruginosa rhizome essential oils from five
different geographic origins have been determined using FTIR. Principal Component Analysis (PCA) and Partial
Least Squares Discriminative Analysis (PLS-DA) were utilized to examine the chemical data of C. aeruginosa
rhizome essential oil utilizing pattern recognition techniques. A total of 52 fluctuating compounds were identified
in GC-MS instrumentation, the highest essential oil result was the 1,8-cineole compound content. The C.
aeruginosa thizome samples were successfully grouped based on their geographical origins, according to the
consistent results from the FTIR analysis. Wavenumber 1489.0715, 1475.3892, 1520.7538, and 1653.0743 cm!



were the characteristic components that can distinguish samples from different geographical origins and for
quality control. This work showed that chemometric methods in conjunction with FTIR-based fingerprinting can
offer a dependable platform for differentiating plants of various origins, which benefits quality control.
Keywords: C. aeruginosa, Chemometric, Essential oil, FTIR, GC-MS

INTRODUCTION

Indonesia, as an agricultural country with a tropical climate, has various types of natural wealth, including
natural wealth in the form of plants, one of which is Curcuma aeruginosa. C. aeruginosa belongs to the
Zingiberaceae family, the most widely used part of the plant is the rhizome as a traditional medicine in India and
Southeast Asia for various diseases, including gastrointestinal disorders as well as immune and respiratory-related
disorders (2], In Indonesia, C. aeruginosa can grow at a height of 5-750 meters above sea level, usually growing
wild, especially in teak forests and grasslands. Differences in where medicinal plants grow can cause variations
in their chemical contents and biological activities [*l. Therefore, it is very important to develop a chemical
analysis method that makes it easier to determine the chemical differences of C. aeruginosa, especially the active
substances of its essential oil.

C. aeruginosa is one of the many varieties of natural wealth that Indonesia possesses as a tropical
agricultural nation with a varied environment. In India and Southeast Asia, C. aeruginosa is used as a traditional
medicine for a variety of ailments, including digestive and immune system issues as well as respiratory and
digestive-related disorders!'>*. The rhizome of the plant is the most commonly used part of the plant. C.
aeruginosa grows naturally in teak forests and meadows and can reach elevations of 5-750 meters above sea level
in Indonesia. Biochemical activity and chemical composition of medicinal plants can differ depending on where
they are grown!®!. To ascertain the chemical differences of C. aeruginosa, particularly the active substances of its
essential oil, it is crucial to design a chemical analysis method that is easy to use.

Monoterpenes and sesquiterpenes make up the majority of the essential oil made of C. aeruginosa
rhizomes found in various places®™. C. aeruginosa essential oil has been shown in numerous studies to have
health benefits as an antioxidant, antibacterial, anti-inflammatory, and anticancer agent [*7). It can also be utilized
in food packaging, pharmaceutical applications, and functional foods. In order to assess variances in the quality
of C. aeruginosa rhizomes, it is vital to examine the chemical composition of C. aeruginosa essential oils based
on geographical origins.

Currently, a number of spectroscopic and chromatographic methods have been widely used for the quality
control of herbal medication. Since essential oils are the primary bioactive component of C. aeruginosa rhizomes,
it is possible to effectively define the properties of the herbs using the chemical components found in the essential
oils. The analysis of essential oil constituents is a common use of Fourier Transform Infrared Spectroscopy

(FTIR) fingerprint technology!®’l.

The fingerprint method uses pattern recognition technology to identify
different chemical components in sample fingerprints. It may also be used as a quality criterion for herbs based
on similarity values.

Several studies on plant chemical diversity have so far been carried out with the help of chemometric



techniques ['%!1121, Hierarchical cluster analysis (HCA) is a method in statistics and data analysis that is used to
categorize objects or data into groups based on their level of similarity. However, models created by HCA will
miss some information, especially when used for large amounts of data such as analysis of complex herbal
compounds or biological activity information. Therefore, to overcome this, Principal Component Analysis (PCA)
and Partial Least Squares Discriminant Analysis (PLS-DA) are used to reduce the dimensions of the large data,
grouping samples more accurately. In the context of classification, PLS-DA is often more relevant and powerful
because it was specifically developed to deal with multicollinearity problems. However, in some situations, PCA
can also provide valuable information especially when the main focus is on exploration and dimensionality
reduction!"!,

In the combination of chemometric data processing, samples from different origins can be classified
efficiently and the characteristic factors leading to this classification can be determined. Although there are
several publications related to the qualitative and quantitative analysis of essential oils in C. aeruginosa rhizomes
using GC-MS, there are no studies yet. which involves the classification of essential oils of C. aeruginosa
rhizomes of different origins with the help of chemometric techniques. In this research, FTIR fingerprinting of
C. aeruginosa rthizome essential oil was carried out for the first time. In this study, the aim was to use FTIR
applications combined with chemometrics to classify the essential oil of C. aeruginosa rhizomes and to analyze
the essential oil of C. aeruginosa rhizomes using Gas Chromatography-Mass Spectra (GC-MS).

MATERIALS AND METHODS
1. Material

he samples used were C. aeruginosa rhizomes taken from 5 areas, namely Kaloran, Temanggung Regency;
Kalibakung, Tegal Regency; Jumantono, Karanganyar Regency; Bayat, Klaten Regency; and Trucuk, Klaten
Regency. In addition, this study also used Na2SO4 (Smartlab), hexane (Smartlab), and distilled water.
2. Equipment
FTIR Cary 630 (Agilent), GC-MS QP2010 SE (Shimadzu), analytical balance (Sartorius), centrifuge (Sartorius).
3. Method
Sampling
The samples used in this research were the rhizomes of C. aeruginosa originating from some areas: Kaloran,
Temanggung Regency; Kalibakung, Tegal Regency; Jumantono, Karanganyar Regency; Bayat, Klaten Regency;
and Trucuk, Klaten Regency, which were harvested in October 2022.
Distillation of essential oils
A total of £ 8 kg of wet C. aeruginosa rhizomes which had been cut to a thickness of
1 mm was distilled with water steam for 4 hours. Oil distillate obtained was added with anhydrous Na2SO4to remove
remaining water traces, then centrifuged at a speed of 4000 rpm for 5 minutes. The clear oil obtained was then
stored in an air- and light-tight bottle, and stored in a freezer '*.
Analysis of essential oil profiles using GC-MS

The GC-MS tool is used to analyze the essential oils obtained to determine the composition and comparison of



the chemical group compounds that make up the essential oils. The data obtained are chromatograms from GC
analysis and mass spectra from MS analysis. The chromatogram shows database-based peaks for various
compounds in the sample with their respective retention times, peak area percentages, and putative compound
names. Mass spectrum shows a peak at a certain retention time and estimates the compound structure and
molecular formula with the percentage of the similarity index. The essential oil profiles were analyzed at the
Faculty of Pharmacy, Ahmad Dahlan University, Yogyakarta using Gas Chromatography-Mass Spectrometer
(GC-MS)-QP2010 SE (Shimadzu, Japan). The analysis system conditions included the use of a 30-meter Agilento
capillary column with an inner diameter of 0.25 mm. The carrier gas was helium set at a pressure of 45.9 kPa
with a flow rate into the column of 0.80 mL/minute. The injection system used a split injection model with an
injector temperature of 175°C and a split ratio of 1:50. The column temperature was programmed (temperature
programming) with an initial temperature of 75°C for 3 minutes (hold time) then increased regularly at a rate of
5°C/minute until it reached a temperature of 300°C and held at that temperature for 40 minutes. The detector used
in this analysis was a 70 eV EI (Electron Impact) with an ion source temperature of 200°C which is capable of
covering m/z 10.00 to m/z 500.00. The oil components were identified by comparing the mass spectrum obtained
(target) to data from the software library (library hit) with the highest similarity index. The percentage
composition of the oil was calculated based on the peak area in the resulting chromatogram to the total area of
the chromatogram.

FTIR Spectroscopic Analysis

15,161 "Spectrum of oil samples was obtained from a Cary 630

The use of the FTIR Spectrophotometer follows!
Agilent FTIR spectrophotometer (USA) equipped with ZnSe crystals and beam splitter Germanium on KBr
substrate, Deuterated Triglycine Sulfate (DTGS) with technique handling of Attenuated Total Reflection (ATR)
samples. The spectrometer instrument was integrated with the software MicroLab Expert which was run on an
HP PC with Windows 10 operating system for spectrum data extraction and analysis. Drops of oil were placed
on the ATR crystal, scans were carried out 32 times with a resolution of 8 cm™ in wave number ranging from
4000-600 cm™!. Each sample was scanned in a total of 5 replications. The signal strength of the instrument was
optimized to fall in the range of 25-95%. Basic spectrum recording from air was carried out for each and every
sample measurement to avoid spectrum variations over time due to the influence of the surrounding air. The
instrument was maintained at temperature and humidity for minimizing water vapor interference. Before the
initial scan and every change in sample, ATR crystals were cleaned with ethanol pro analysis 3 times then dried
with a soft tissue. The degree of crystal cleanliness was verified by collecting the background spectrum and
comparing it with the previous spectrum.
Pattern Recognition Analysis
1. PCA

PCA is widely used to reduce the dimensions of data by explaining the correlation between a large number
of variables in a small number of underlying principal component factors without losing much information. After

dimensional reduction of the complex variability of chemical information into PC, the low dimensional PCA



score plot is then visually inspected to see sample separation. In addition, it allows pattern recognition analysis
of the data by plotting it in a multidimensional space, using new derived variables as dimensions (factor scores).
The goal of PCA is to produce components used as predictors or response variables in subsequent analysis. In
this study, the FTIR wave number of the essential oil from C. aeruginosa rhizome was normalized and then
imported into Metaboanalysist 6.0 Software.
2. PLS-DA

The PLS-DA technique is a regression extension of PCA, utilizing class information to try to maximize
separation between groups of observations!'*!. Existing models can be used to predict unknown classes of objects
based on FTIR. In this section, the data were analyzed with PLS-DA to build a linear discrimination model for
classification, and thus to confirm the groups found by HCA. This program was processed using Metaboanalysist
6.0 Software. Generally, score plots can distinguish different classes of samples; partial loading plots can reveal
the influence of variables on class classification. The variables that have the greatest influence on the score plot
are the variables that are farthest from the main variable group. In this study, loading PLS-DA plots were used to
find chemical markers for discrimination among different sample classes.
RESULTS AND DISCUSSION

The distillation process was carried out to obtain the essential oils contained in the rhizomes of C.
aeruginosa. The distillation was carried out using the steam-water distillation method because it can yield a lot
of essential oils. The steam-water distillation method uses a high-pressure steam system and raw materials that
are not in direct contact with water. The steam flew through a container containing the raw materials (the rhizomes
of C. aeruginosa). The steam coming out of the container was connected to a condenser, so the condensate

containing oil and water was separated according to the specific gravity of the oil. The distillate obtained was separated
from the oil phase from the remaining water phase using the centrifugation method. The centrifugation method was carried out by
breaking the fat-protein bonds by rotating (centrifugal force). After centrifugation, the water phase and oil phase were separated due
to a difference in specific gravity between the water and oil phases to obtain pure essential oil naturally without requiring heating.
Next, centrifugation was carried out again with an addition of anhydrous Na2SO4 to bind the remaining water that was still in the oil
phase to obtain pure essential oil.

According to the Indonesian Herbal Pharmacopoeia 2nd edition of 2017, the essential oil in C. aeruginosa rhizomes
contain no less than 1.89% vw!'"l. The C. aeruginosa rhizomes fiom the five different areas had essential oil levels below 1.89%

v/w. This is because different types of soil and height of growing C. aeruginosa plants can affect oil yield. The results of the

% essential oil yield of C. aeruginosa rhizome can be seen in Table 1.

Table 1. %Yield C. aeruginosa rhizome essential oil

No Area Yield (%)
1 | Kaloran - Temanggung. 0.108
2 | Kalibakung - Tegal. 0.104
3 | Jumantono - Karanganyar. 0.105
4 | Bayat - Klaten. 0.079
5 | Trucuk - Klaten. 0.120

Essential Oil Content of C. aeruginosa Rhizome



The GC-MS method was used to analyze the content of the essential oils in C. aeruginosa rhizomes. The essential oils in
C. aeruginosa thizomes originating from the five regions contained similar contents but with different levels. Such differences
were influenced by the geographical conditions where the plants grew, such as weather, soil height, soil type, soil pH, temperature, and
humidity, thus influencing the levels of plant metabolite content!’¥. The essential oil content of C. aeruginosa rhizomes can
be seen in Table 2.

Table 2. Essential oil content of C. aeruginosa rhizomes (2 replications)

Concentration (%)
Compound M‘({]le.cular Kaloran, Kalibakung, | Jumantono, Bayat, Trucuk,
eight Temanggung Tegal Karanganyar Klaten Klaten
Regency Regency Regency Regency Regency
Alpha-Pinene CioHis 0.35 0.24 0.55 0.53 0.65
Camphene CioHis 0.93 0.73 1.21 - 1.58
Beta-Pinene CioHis 1.28 - 1.64 1.52 1.52
Beta-Myrcene CioH17 - - 0.21 0.16 0.19
1.8-Cineole CioH180 26.66 28.38 34.01 29.35 30.93
Camphor CioHi16 O 11.47 19.05 3.24 18.37 18.86
2-Undecanol C1iH240 - 0.47 0.46 - -
endo-Borneol CioHisO 0.70 1.09 0.91 0.92 1.00
4-Terpineol C10H150 0.46 1.00 0.89 0.82 0.90
Alpha-Terpinyl acetate C12H2002 0.74 1.75 0.16 1.41 1.50
Beta-Elements CisHo4 0.56 0.49 0.48 0.85 0.58
Trans-Caryophyllene CisHos 0.24 0.18 0.48 0.20 0.18
Beta-Farnesene CisHas - - 0.28 0.27 0.20
Alpha-Humulene CioHie 1.83 - - 0.21 -
Germacrene D CisHas 0.22 0.18 0.21 0.19 0.26
Beta-Selinene CisHaa - 0.15 - 0.14 0.17
Curzerene Ci5H200 0.43 0.41 0.35 0.41 0.41
Germacrene A CisHo4 0.17 0.15 0.16 0.15 0.19
Germacrene B CisHos 0.17 - 0.15 - 0.18
Epiglobulol Ci5H260 0.40 0.46 0.40 0.41 0.39
Elemol Ci5H260 0.29 0.26 0.22 0.24 0.30
Boldenone C19H2602 19.06 - 14.97 14.53 13.90
Isocurcumenol Ci15H2202 2.86 8.89 5.97 5.55 4.68
Juniper camphor CisH260 - - 1.47 1.58 1.94
1(10),4-aromedenedradiene CisH2, - - 0.51 0.55 0.54
Spathulenol Ci5H240 - - 1.08 1.44 0.15
Germacrone CisH220 - 3.38 3.14 3.62 3.45
Aromadendrene epoxide Ci5H240 - - 1.84 0.48 0.50
Trans-Longipinocarveol Ci5H240 - 0.41 0.57 - -
Germacrol Ci15H220 - - 3.42 - -
3-methyl-5-(2,6,6-trimethyl-1-
cyclohexen-1-yl)-1-pentyl-3- Ci5H240 1.44 1.73 - - 0.45
ol
(E)-2.3.3-Trimethyl-2-(3'-
methyl-1'.3'-butadiene-1'"-yl)- Ca6H330 3.27 2.97 - - 2.48
6-methylidencyclohexanone
Tricyclo[5.1.0.0(3. tane-
26 dione. 1.30.50.(73-t5e)t£fnethey1- CroHx0: ] ] 309 349 '
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Dihydrocarvone
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Figure 1. Representative chromatogram of C. aeruginosa rhizome essential oil from different origins: (A).
Calories; (B) Kalibakung; (C) Jumantono; (D) Bayat; (E) Trucuk.

A total of 52 peaks were identified as shown in Table 2, accounting for 98.04-99.76% of the volatile
compounds. The main content of the essential oils in C. aeruginosa rhizomes from all the regions was almost the
same, but there were quite large differences in the composition of the essential oils in the five regions. In Figure
1, the fragmentation patterns of 1,8-cineole compounds from the five regions had different abundances, so the
concentrations of the compounds produced were also different. The content of the essential oil in C. aeruginosa
rhizomes consisted of monoterpene hydrocarbons, oxygenated monoterpenes, sesquiterpene hydrocarbons, and
oxygenated sesquiterpenes. In Table 2, the chemical content of the essential oil in C. aeruginosa rhizome was
dominated by oxygenated monoterpenes at 40.92-71.70%, followed by oxygenated sesquiterpenes at 16.40-
37.05%. The 1,8-cineole compound was found to be the content with the highest level in the essential oils from
the five regions, while the camphor and isocurcumenol compounds had different essential oil compositions
among the five regions. Variations in the chemical composition of essential oils may be caused by differences in
the geographical origins and environmental conditions, which in turn lead to differences in the quality of C.
aeruginosa rthizome.

FTIR Spectroscopic Analysis

In the first stage of sample characterization, Attenuated Total Reflection-Fourier Transform Infrared
Spectroscopy (ATR-FTIR) is a reasonably quick approach. Easy sample preparation, a broader range of spectrum
variations, no requirement for KBr grinding, and insignificant particle size differences are further benefits. The
ATR concept, which analyzes the changes in internally reflected infrared photons when they interact with a
sample through crystals, diamond, or zinc selenium (ZnSe), is based on the phenomena of total internal reflection.
It is not necessary to prepare in advance when using essential oil samples using ATR-IR spectroscopy equipment.
Since essential oils constitute a complex mixed system, the findings of the infrared spectrum display the complete
overlap of each component's absorption spectrum. For samples of C. aeruginosa rhizome essential oil, the typical

infrared fingerprint peaks were primarily located between 1750 and 700 cm™! (Figure 2).
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Figure 2. C. aeruginosa rhizome essential oil from different regions: (A) Caloran; (B)
Kalibakung; (C) Jumantono; (D) Bayat; and (E) Trucuk.

Data for each C. aeruginosa rhizome essential oil sample was obtained from scanning the results with an
FTIR Cary 630 (Agilent) Micro Lab software using ATR to measure any changes that were found in the process,
reflecting infrared light when the light came to the sample. The advantage of using ATR is that the measurement
is non-destructive and does not require complicated sample preparation so the analysis process is faster. Scanning
was carried out in 5 replications in waves ranging from 4000-750 cm™'. Wave number 1750-700 cm™ was a
fingerprint area with a resolution of 4 cm™ , measurements at a resolution of 4 cm™' showed that for each
measurement distance of 4 cm™! there was one intensity measurement point. Choosing a small resolution aimed to
make the peak clearly visible, because the smaller the resolution the more visible the peak.

The infrared spectrum of C. aeruginosa rhizome essential oil was taken from five geographically different
regions (Figure 2), namely Kaloran, Kalibakung, Jumantoro, Bayat, and Trucuk. The fingerprint area at wave
numbers 1750-700 cm™! showed a similar spectrum pattern, but there were differences in each absorption value
due to the content or concentration of compounds in each essential oil of the C. aeruginosa rhizome. The essential
oil of C. aeruginosa rhizomes had varying absorption bands: band 1 (3000-2750 cm™") showing the CH group
(methyl or methylene) in the aliphatic chain in the essential oil; band 2 (around 1725-1715 cm™) showing the



C=0 (ketone) group; band 3 (1600-1650 cm™") showing C=C (alkene); and band 4 (1300-1000 cm™) indicating
the presence of stretching vibrations of CO in compounds containing ether or alcohol. These bands (Figure 2)
showed that they contained the same contents of chemical compounds but with different levels.

PCA is a statistical technique applied to a set of variables, in this case the wave number in the essential oil
of C. aeruginosa rhizomes from five different regions to determine the relationships or similarities between one
test sample and another. The PCA method was applied using metaboanalysis 6.0, resulting in a number of data
in the form of score plots and biplots. Score plot was used to present a plot of the relationship or similarity
between the essential oils of C. aeruginosa rhizomes from the five regions based on the Principal Component
(PC) values. In this study, two PCs were used, namely PC1 and PC2, which were marked with points that had a
certain distance between one point and another. Regarding PC, objects with almost the same or close PC values
can be said to have similar physicochemical properties. Therefore, PCA can be used for object grouping
purposest?.

A biplot is a combination of score plot and loading plot. The loading plot shows how strongly each variable
influences the PC by depicting it as a vector. If two vectors are forming an angle of less than 90°, then the two
variables have a positive correlation. If it forms a right angle or around 90°, the two variables can't correlate. If
they form an angle greater than 90° to 180°, then the two variables show a negative correlation'?],

PCA of C. aeruginosa essential oil
In Figure 3, the highest eigenvalue results were shown in PC1 and then PC2, which means that these

values contributed to the compound content of 59.8% on PC1 and 24.5% on PC2. In this analysis, PC1 and PC2

can be used to represent 100% of the variables (cumulative).
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Figure 3. Results Principal Component Analysis (PCA)
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Figure 5. PCA results: (A) Score plot ; (B) Biplot on GC-MS

The relationship between the five essential oils of C. aeruginosa was not similar to one another, as seen
by the score plot and biplot displayed in Figure 4. The score plot displays five points of essential oils from the
five locations that were distant from one another. Conditions of the soil, temperature, and weather at the location
of C. aeruginosa rhizomes grow are the causes of the disimilarity. Because of this, the five rhizomes were
different from one another in terms of the number of compounds contained, depending on the location in which
they grew. The PCA results displayed in Figure 5 demonstrated a favorable association between curzerene and
beta element compound's antibacterial and anti-inflammatory properties when compared to elemol and
germacrene. A compound is considered to include essential oil components if its angle is smaller than 90°. The
rhizome of C. aeruginosa, specifically beta-elemene, curzerene, elemol, and germacrene D, has antibacterial and
antioxidant properties. Curzerene!?!! and germacrene!??! have been studied for their antioxidant potential.
According to Sieniawska et al. (2018), the beta-elemene in Nigella damascena has moderate to strong
antibacterial activity against M. tuberculosis. The essential oil of Neomirandea angularis leaves contains Bacillus

cereus, which is the target of Germacrene D's antibacterial activity**!.



PLS-DA

To obtain a high level of group separation and improve variable recognition for sample classification, the
PLS-DA technique was used. 3D PLS-DA obtained on the sample distribution (Figure 6) based on the wave
numbers identified in the essential oil of C. aeruginosa rhizomes showed that all the test samples could be clearly

classified into five groups according to their origin.
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Figure 6. R2 and Q2 intercept values from permutations in PLS-DA on FTIR

The main purpose of permutations in PLS-DA is to test the significance of the model that has been built
and evaluate the model. R-squared (R?) and Q-squared (Q?) are evaluation parameters that are often used in the
context of discriminant principal component analysis with the PLS-DA method. However, the R? and Q? values
are not obtained directly from permutations, but are more often used in internal cross-validation of PLS-DA
models. R? on PC2 was 0.79, where the higher the value, the better the model at explaining variations in response
data, while Q* on PC2 was 0.70, which was obtained from evaluation through cross validation; the higher the
value, the better the model to predict new data. Some studies use specific significance levels (e.g., a = 0.05) to
determine whether R* and Q? values are considered significant. That is, if the original values are higher or lower
than the values resulting from permutation at the selected significance level, then the model is considered
significant. The above results indicated that the PLS-DA technique would be more suitable than PCA to provide

visual differentiation of test samples according to origins regarding quality control.
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Based on PLS-DA, the loading plot shows the contribution of each to the sample discrimination variable.
Based on VIP values in Figure 7, some wave numbers had VIP values > 1.5, so it can be concluded that wave
number g of 1489.0715; 1475.3892; 1520.7538; and 1653.0743 cm "' were the most important wave numbers in
showing differences in C. aeruginosa rhizome essential oil.
CONCLUSION
C. aeruginosa rhizome is a traditional herb that is widely used in many countries. In this study, an efficient
strategy was proposed for quality control of C. aeruginosa rhizomes as raw materials in the pharmaceutical and
natural products industry. Even though there were variations in the chemical contents due to differences in
geographical origins, the GC-MS fingerprint profiles of the essential oil samples were similar based on visual
inspection, making it difficult to classify the essential oil samples according to their different origins. Therefore,
the chemometric technique was applied with the FTIR fingerprint technique for recognitionof C. aeruginosa
rhizomes from various origins. It has shown that some techniques such as PCA and PLS-DA were capable of
classifying the samples objectively. Furthermore, four wave numbers were found to be the most important
variables in differentiating C. aeruginosa rhizomes for the quality control of C. aeruginosa rhizomes using
quantitative analysis.
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Fourier Transform Infrared Spectroscopy combined
with chemometrics for quality control of Curcuma
aeruginosa rhizomes: An essential oil analysis
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in Mepal it & dominaied by curzerenone FEATS) and
g mom: S )T heraforne, (16 very imponant o aswss
the differances in the quality and examine the chemical
oo itlon of CAEObasad on geographic arigin

Currently, a number of chromatographic and
spectroscop e methods have bem widely used o conial
herhal medication quality. The chemiral comporenis
in CABD can be defermined effedtivey using Fourker
Transform Infrared Spectroscapy (FTIR) fingerprint
technology combined with chemometrica ™™ The
fingenprint mathod wses pathe n necogn ition tedhno bogy
ioidentify chemical componenis in sample fingerprinis.
It mav alen beused as a quality criterion for herbs based
an similarity values. Several studies on the chemical

diversity of medicinal planits used a chemometric
approach P*A Therefore, to overcome this, prindpal
component analysis (FCA) and pamial least squares
discriminant analysis (FLS-DA) ane used o reduce the
i rmenisbon s of the extensive data, grouping samples morne
arouratedy, but FLSDA & mone off acli vean d relevant for
] ol linearity proh kems B8

In chemometrc data proessing, samples from 3 fierent
arigins can be dassifled efficienity, and the characterstic
fadors kading to this chssifimtion @n be defermined.
This study uses FTIR applications combined with
chermomaetrics To dass ify and analy e the CABD using gas

chromaio graph y-mass specira {(C-M5)
MATERIALS AND METHODS

Materials

The sampls used in this esearch wene rhizomes of
Caerupbae from five negions, harvested in October X0
Kaloran Temanggung Kalthakung, Tegal: |umantono,
Karangarvar; Bavat, Klaterg and Troouk, Klen, while
Ba 500, was clbtained frorn Soart Lab,

Methods

Propural i of seeekial adls

Fris hirh roenes ane sl boed withan ol dissl e obiained was
and added with annd nons Madsld To oo & Rl nen g

water races. Then, they wane centrifuged at 4000 mpm. for
Smmin =

Al of evvarelial il profles sing i ohnom ki rigin-m s
fpcina

Few v Traseshormn Indraned Specinoccopy analves

FTE specira were obiained using aCary @0 Agilent FTIR
spectnophotometer {USA) equi pped with an athenuated
total reflectance {ATHE) accessory orvstal with a res ol fion
aif Bfom at 32 scans Specira wene seanmned in the alworb ance
el e A0 o A50 K, and e data were hand bad wigh
Mumolab Expert Software. Analyses wene carried ool ai
Ot era e Pm

i alric

Metabodralvat 6.0 softwane periommed chemometry
technigues such as PCA and PFLS-DA. PCA & an
ures oy send e i que that uses dass labels as a point of
rederenoe tio fimd ithe muoet expl an atory di rection variance in
a datase. The FLS-DUN fechnigue i @ mneg ness bom exiens on
af POA, utilieing dass infonmation o masdim e separation
bt een observation groups ™Y

RESULTS AND DISCLUSSION

The distillation process was carred oul o obiain the
essntial oils con@ined in the rhizomes of C oo mea_
The dissllation was carried out using the stam=wale
distillation method bevase it can vield a ot of wsantial
alle Aceording to the Indonesian Herbal Phammacoposda
I sl of 2007, e CAED contaln no les than 189%

0 =00 Oh o LD RS —

&

"
12
13
14
15

AT
17

1P The . aerw gmsa thizomes from e five aneas had QT

eamenitial ol levels balow I.EH'.I'_.TI'H s v e different

sl tyypes and he ghts of growing O serupbss planis an
affect ol yidd The resulis of the % esmiial ol vidd of

. et s st rh v e s howwn in Talle 2

Essential oil content of Curcuma asruginosa rhizome

The GC-M5 method was wsad o analyee the conent of
the CABD. The essantial oils in O aerspboosa vhinmes
cirg fnath g fncen e fve negd o oo Blined similar conten s
bt with diffesent kevels. Such differences wene influen oed
b ithe geograph e comd it ons where the planis grew, such
as weather, soil hegght, sall pe, soilpH, ermperabung and
humnddity, thus nfloencing the kves of plant metabolite
i e T e s s itk ol ] cion et o o aewrsgbaasan i
& shown in Table 3. Tablke 3 displavs the & peals that
accoumied for S804 %= Te% af the valatile compounds.
However, only B<12 mapor compounds were fdenit fied,
with @ more than 26 peakanea. The LE-cineol ¢ comjpoun d
was found to have the highest kvel in the santial ol
from ghe five regions The camphor and & oousonmaesial

Table 1: Gas chromatography-mass specira

l:l'i'mw? conditions

C o FUE A SECLR g Wbl

GC Peraen] GCATSOF 2010 5E
(SR aEy, Lagan)

Colussrhnd® W Al capdlasy

= Pt

I i e ) 17s

Floww mw of camiar ga (enllenin) He an Q2

Famse (iFa) 459

Tiztal Mese (i) gxE

s valodiy ol 319

P flow (el i) 30

Sl mn 1000

o gt TRt D) e ]

I riacs e s ) 135

GO G chromagragty G0 A8 GO mum gecTs
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n W O 9 N M I8 M O R M I M 1M R I 1E 1A P R 40 0 & e
2

!nhh'hn1|l|h|h|'hmhll.hthl‘hil]nhhrhhmuu#-
n B OB 5 W O® I OB OH N R O M0 MR D R R KM MR N KA D 4N 4% N B

o I 3 ™ s e R N A M

i @0 e 01 e

I N » W W W I N ' W

I I 2 Im 0 I8

I 3 I M D &N 8 & 6

Wt |: Repicnnane chasam g of Cavcamnd o maghiakis flasedic coemtal cd B Silfoeal eagesc (o) Koakeos, (B) Ko,

(e} Jummaaons, id) Bayal, i) Taasek

Tabde 2 Percentage yield Curcuma aeruginosa
rhinorme essendial ol

s e Area Tiedd %)
i Ealcegn - Tosnaragey QioE
1 i g - Togal aiod
3 S - (Gl A A QNS
4 Eaat - Elwn aoTa
£ sk - < Q130

cormpuo il s i o vt s st al ol oo o <l ones @maon g
e five regiors. Wariations in the chemical oommgpo sifl on of
e tial ol smay be caused by di flerences in geographical

worg s amd ervimon menitall cond itsore, lead ing o differances
in thequality of C. e s thizome

T comngromd 18-k & a commpo nid comtained in CAHD
ith at s oo ghit oo b o Wind ffi-caten inactivity in HNGSOC
ithro g wcneasend G5 K3 i hibitican, v o bead 5 o e e
levela ol W T1 0™ and linh iiitirgg ghe gronwh of MCF-7 cancer
ool lilomwir a5 an ant Sacterial™ and anti-and] anmatore ™
Another compound alsn identified in the CARD & camphor,
capable of nhibiting the cell cvdle and inducing apopioss
through the milmdhondrial pathway in HCT-116 cdls
dn plivy by 3% and then siopjping cell proliferation 28 The
use of camphor relieves pain, itchiness, and imiaton in
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the affected area by activating particular transient receptor
posential (TRP) channads, suchas TRV, TRIV3 and TRIMS,
and by inhibiting TRPAL Camphor abo produces 2 warm
seration and desers Mtz sensory nerve endinga ™! Many
pharmacokogical wses Sor camp hor inchu de expectorant, cough
suppxssant, rubefackent, antipraritic, ant-infective,
antispasmod i, nasal decongest ant, and cough supp ression ™

Fourier Transform Infrared Spectroscopy analysis
Data for each C aersginsa rhizame essential odl sample
were abtained by scanning the results with an FTIR
using AT Scanning was perfarmed in five roplications
in waves ranging from 4000 to &0 percm. Wave number
1750-700 per am was a fingerprint area with a resolution
of 8§famn.

l--J

§ ?\f

* '5! L
-y | 0
. |\ " ‘Nﬂ, &,ﬁ,w V\
P S "'_"‘"'4* G A i:i
PSR | N t\,
"::"";1."‘ T S '- - = ASC JRRE I —3C M

ju:»" W 'WJ\,.

s
e ’,

DA Y )

R ¥ — -
" M g 'Ju"' N N ") "'L“"""' J-""»L e e T TR e
o i
i !
i p l
| ; l
" mw LA
b } \ W
4 | -~ - - = = - 3 = = &
oon l
. it

- RTTTTRTTTTERTTTTRTTT '&"*T’-&’ :’J-':_' T

Wave number {cm?)

ft rf' ' " \;WWJ; !

TTERTTTTRTTTTRTTTTTRTE TS

5“&& Fagure 2: Cwesns avragioss duivme chental od fom dffcrent repons: (a) Caloras, (b) Kaliu kusg (¢ ) Jommtone, (d) Baya, () Tracek

| » _ Joumad of Mdvasced I hrmacestical Tochmalogy & Messarch | Vobumw 15 | Luue o | October Decomber soe .

LN W -

BELBRIBEELESLOANSEEESRBELERSEERBSBRRBRER

25



Ngrahand, ot ol Analyss of C. oroginass essansiul ol

1 The infrared spectrum of CAEO was tken from five  spectrumpattonn, butthereweredifferences nachabsoption 1
2 geographically diflerent wgions | Figuse 2, namely Kaloran,  value due %o thecontent or concentration of compounds a2
3 Kalihakung, Jumantoro, Bayat, and Trocuk Thefingarprint each CAEQ. The CAEO had varving absorption bands: 3
4 aea at wave numbers 1730700 per cm showed a similar band 1 EOML2750 per cm) showing the CH group fmethyl 4
5 ar methykne) in thealiphatic chanintheessentid albband 5
6 2 (around [725<1675 per am) showing the C= O (ketare) 6
7 : group;band 3 (1630-1475 per cm) showing € « C allene); 7
8 sl and 4 (13003000 per am), indicating the presence 8
9 # | of stretching vibrations of CO In compounds containing 9
10 ' ’ P 4 wyx| etherorakohal These bands [Figure 2 showedthat hey 10
n 7 . »o| contained the exact contents of chemical compounds but 11
12 - ‘ wr|  withdifferont kv, 12
13 é 13
14 ? . The PCA method was applied using metabasmalyss 6.0, ami
15 resulting in a number of data in the Srm of score plots
:g " “ and biphots. A score plot was used to present a plotof the :g
18 L e relatonship or similarity between the CAEO fram the five "
19 \Jy 2 regions based on the principal component (PC) vakues. o
2 ’ In this study, two FCs were used, namely PCI and 1C2,
20 rCIm - e PRI marked with paints with a certain distince between one 2
g; — point and another. Regarding I'C, objects with almost 221
2”& Figure 3: Rewalts pencipal component amly st the samw ar cdose PC values can be said %0 have similar 7
24 2
25 R « . ‘ ' . 25
26 . 2 %
27 i Z
2‘ . L ! : - i1y ————.., 8
29 ® o R b 2
30 o oo . — e - 20
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physicochemical properties. Therafare, PCA can be wad
o bt grci n g purpses

A biplot 15 a combination of a soone plot and a lnading
phot. The lnading plot shows how stongly each variakle
influences the PC by depicting it 2 a vedor. 1f fwo vedons
formn an anghe of <9, the o vas ab ks correlate positively.
I it dorms a right angle or aound 9, e two variables
cannol carrelate. The two varibks show a negative
correlation if they forman angle S0P=187 15

Principal component analysis of Curciona asriginosa

eeential o

In Figure 3, the highest elgmvalue resulis wane shown
in PC1 and then PCZ, which mears that these values
comtribuied fo the compound content of 395% an 'C1 and
2.5% on 2 In this anadys s, 'CT and PC2 con beused o
reprsant 100% af the variables joumul afive).

Tz maticen iy It oo th o fi v tad oils of . aerughaosn
wits differend, assaen by the s cone plot and biplot d splayved
in Figure 4. The soore plof displays five poinis of exsential

1
B g

- —
o

ad
L

ar

L]

Hurier ¢ corpren,

Fagmre ii: B9 amad 12 imtence U vaihees: Trom permustitions i partial
el e iy vl iy s o Fowr s Trmshan Rl
Spec bk oy

ol fron the five loations disant from one another. The
conditions of the soil, temperature, and weathe at the
bocamion of C. g g s th momaes grow ane the canss of te
disimilarity. Because of this, the five rhizomes differad in
s of S m b of comm o nd s oo ined, d apen din g on
it bt i ok ey geswr. Thie PC A resul s displaed
in Figure 5 damaon sirated a Gvomble ssockon baween
curzerene and beta ekmment compounds’ anthacterial and
anti-infammatory properties when mmpanad 1o damal
and gemacrene A compound & aonsidered 1o indude
eseriial ol components if it angle i smaller than 9%
The rhizome of C. srupbiosa, specifically beta-elemant,
curzerens, elemal, and germacrene [, has antihacierial
and antoddant propenties . Cormrend™ and germacrand ™
iz e il e e ey ool an potentda L. Aoord g

O = O Of e G RO —

to Seniwska of al. POI8), the beta-elemens in Nigells AQIF

damiteena has modeale o strong antibacterial adivity
agairst Myeodaclerium Tberculosls. The essantial ol of
Novwredrane dn megash ks leaves contal re Bacillus ceraus, which
I the larget of gamacrene [¥s aniibacterial adtivity. ™!

Partial least squares discriminant analysis

To obiain a high kevel of group separation and improve
variahle revognition for sample ¢ lassification, the FLS-DA
technique was used 30 PLS-DA obtained on the sample
distribution [Figure &) based on the wave rumbers
identified in the CABD showed that all the test samples
could be dearly dhssified info five groups acconding io
iheir origin.

The main purpese of permutations in FLS-DA B totest e
significance of e modd that has been builtand evaluate
the mod . R-aquased {B*)and (-5 quanad {(F) ane evaluation
parameters ofien used in the coniext of dsoriminant FCA
with the FLSDA method. However, the BFand (F values
are nof obtained dinectly from permutations but ae ofien
usid in internal oross-validation of PLSDA modeds. B on
(2 was 079, whene the higher the value, the betier the
mnuncke] at explaining variation s in nesponse data, w hile {F on
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PC2 was 070, whic how s obtai ned from evaluation though
oxcess-validation; the higher the value, the better the model
o prad it new data Soene stodies use speci fic s kgn fieance
beviks (g, oellB) to deferming whethe B and (F values
are significant. If the original values are higher ar lower
than e valbues ressling from permuiiion at the selecad
shgnificance kevel, the mode] b comsideed significant The
alboryeeressu s ind et that g PLS- D techen e ] b
o s uitablke than PC Ao provide visual different iation of

et s s axcoond g o g res e andin g qquality comtrall.

Based an FLSDA, the: knading plat shows the contribu tion
of ¢ach to the sample dioimination variable. Based
on Y1 values in Figure 7, some wave numbers had
VI values =15 50 0 can be cancluded that wave
mumbers g of 1459.0715; 1475.3892; 15M.7538; and
W34S per om wene the ot important wave mombers
ins honwingdiffenences in O b thizome samtialoil

CONCLUSION

C. orvuplios rhizome & a tradiional herb widely used
in many countries This study proposed an efficient
sirategy fior quality coniral of CAED a5 raw materiaks in
the pharmaceutical and nataral products industry. B
though thene wene variations in the chanial conlenis
due o differences in geographical origine, the GC.MS

fingerprint profiles of the esential oil samples wene s imilar

s d o visual e thom, rnaliding it di ffoul o Lsify the
emantial ol samples according o their diffeent origins.

Thamedane, the dhamomaric tedhmique was aplied with
the FTIR fingerprint fechrigue o necogrnize CAED from
vari ouss arkg i 1t hass hoin that somae bached ques, such as
PCA and PLE-DA, could dassify the samples abjecdively.
Furthemone, four-wave o wane the mest importan
variahles in differantiating C. arupbana rhizomes for the
aquality comtrol of C AED using quantitative analy sk
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ORIGINAL ARTICLE

Fourier Transform Infrared Spectroscopy combined
with chemometrics for quality control of Curcuma
aeruginosa rhizomes: An essential oil analysis
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'Doctoral Program in Pharmaceutical
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J. Adv. Pharm. Technol. Res.

INTRODUCTION

ABSTRACT

Rhizome of Curcuma aeruginosa is a traditional herb utilized in many nations. The
compound content in C. aeruginosa rhizomes can vary depending on their geographical
origin. This study aims to determine the chemical fingerprints for quality control and
identify the active ingredients in C. aeruginosa essential oil (CAEO) based on multiple
geographic origins. Chemical fingerprints of CAEO from five different geographic origins
have been determined using Fourier Transform Infrared Spectroscopy (FTIR). Principal
component analysis and partial least squares discriminant analysis were utilized to
examine the chemical data of CAEO utilizing pattern recognition techniques. A total
of 52 fluctuating compounds were identified in gas chromatography-mass spectra
instrumentation, and the highest essential oil result was the 1,8-cineole compound
content. According to the results from the FTIR analysis, CAEO samples were
successfully grouped based on their geographical origins. The experimental results
showed that the wave numbers 1489.0715, 1475.3892, 1520.7538, and 1653.0743 per
cm were used as markers to identify compounds in the CAEO based on the differences
in the place of growth and quality control. This study showed that chemometric methods
combined with FTIR-based fingerprinting could offer a dependable platform for verifying
quality control and authentication.

Key words: Curcuma aeruginosa, chemometric, essential oil, Fourier Transform Infrared
Spectroscopy, gas chromatography-mass spectra

aeruginosa. C. aeruginosa essential oil (CAEO) has potent
antioxidant activity™® and antimicrobial properties, and it

Central Java is the largest traditional medicine business
center in Indonesia, and it produces many medicinal plants
from the Zingiberaceae family,"! one of which is Curcuma
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is used in food preservation, pharmaceuticals, and natural
therapy."** The essential oil content is influenced by several
factors, namely genetics, environmental conditions, climate,
geographic origin, and others.[! Several studies from
various regions state that the CAEO content in Malaysia is
dominated by camphor (29.39%) and germacrone (21.21%)
and in Thailand is dominated by curcumenol (38.70%)
and B-pinene (27.50%). In India, it is dominated by
curzerenone (32.21%) and 1,8-cineole (15.35%),”) while
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in Nepal, it is dominated by curzerenone (59.60%) and
germacrone (5.3%).*! Therefore, it is very important to assess
the differences in the quality and examine the chemical
composition of CAEO based on geographic origin.

Currently, a number of chromatographic and
spectroscopic methods have been widely used to control
herbal medication quality. The chemical components
in CAEO can be determined effectively using Fourier
Transform Infrared Spectroscopy (FTIR) fingerprint
technology combined with chemometrics.”!% The
fingerprint method uses pattern recognition technology
to identify chemical components in sample fingerprints.
It may also be used as a quality criterion for herbs based
on similarity values. Several studies on the chemical
diversity of medicinal plants used a chemometric
approach.!"3I Therefore, to overcome this, principal
component analysis (PCA) and partial least squares
discriminant analysis (PLS-DA) are used to reduce the
dimensions of the extensive data, grouping samples more
accurately, but PLS-DA is more effective and relevant for
multicollinearity problems.™

In chemometric data processing, samples from different
origins can be classified efficiently, and the characteristic
factors leading to this classification can be determined.
This study uses FTIR applications combined with
chemometrics to classify and analyze the CAEO using gas
chromatography-mass spectra (GC-MS).

MATERIALS AND METHODS

Materials

The samples used in this research were rhizomes of
C. aeruginosa from five regions, harvested in October 2022:
Kaloran Temanggung; Kalibakung, Tegal; Jumantono,
Karanganyar; Bayat, Klaten; and Trucuk, Klaten, while
Na,SO, was obtained from SmartLab.

Methods

Preparation of essential oils

Fresh rhizomes of C. aeruginosa were sliced with a thickness
of approximately 1-2 mm, and then steamed and distilled
for 4 hours over medium heat. The resulting distillate was
separated from water by adding anhydrous Na,SO4. Then,
they were centrifuged at 4000 rpm for 5 min.!"”!

Analysis of essential oil profiles using gas chromatography-mass
spectra

Fourier Transform Infrared Spectroscopy analysis

FTIR spectra were obtained using a Cary 630 Agilent FTIR
spectrophotometer (USA) equipped with an attenuated
total reflectance (ATR) accessory crystal with a resolution
of 8/cm at 32 scans. Spectra were scanned in the absorbance
mode from 4000 to 650/cm, and the data were handled with
MicroLab Expert (Bio-Rad Laboratories, headquartered in

Hercules, California, USA). Analyses were carried out at
room temperature.['*!”!

Chemometric

MetaboAnalyst 6.0 software performed chemometry
techniques such as PCA and PLS-DA. PCA is an
unsupervised technique that uses class labels as a point of
reference to find the most explanatory direction variance in
a dataset. The PLS-DA technique is a regression extension
of PCA, utilizing class information to maximize separation
between observation groups.

RESULTS AND DISCUSSION

The distillation process was carried out to obtain the
essential oils contained in the rhizomes of C. aeruginosa.
The distillation was carried out using the steam-water
distillation method because it can yield a lot of essential
oils. According to the Indonesian Herbal Pharmacopoeia
27 edition, the CAEO must contain not less than 1.89%.18!
The C. aeruginosa rhizomes from the five areas had essential
oil levels below 1.89%. This is because different soil types
and heights of growing C. aeruginosa plants can affect oil
yield. The results of the % essential oil yield of C. aeruginosa
rhizome are shown in Table 1.

Essential oil content of Curcuma aeruginosa rhizome
The GC-MS method [Table 2] was used to analyze the content
of the CAEOQ. The essential oils in C. aeruginosa rhizomes

Table 1: Percentage yield Curcuma aeruginosa
rhizome essential oil

Number Area Yield (%)
1 Kaloran - Temanggung 0.108
2 Kalibakung - Tegal 0.104
3 Jumantono - Karanganyar 0.105
4 Bayat - Klaten 0.079
5 Trucuk - Klaten 0.120

Table 2: Gas chromatography-mass spectra
chromatography conditions

Condition
GC instrument

Setting value
GC-MS-QP 2010 SE
(Shimadzu, Japan)

Agilent® capillary

column/75°C

Column/oven temp

Injection temperature (°C) 175
Flow rate of carrier gas (mL/min) He at 0.8
Pressure (kPa) 45.9
Total flow (mL/min) 83.8
Linier velocity (cm/s) 32.9
Purge flow (mL/min) 3.0
Split ratio 100.0
lon source temperature (°C) 200
Interface temperature (°C) 225

GC: Gas chromatography, GC-MS: GC-mass spectra
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Figure 1: Representative chromatogram of Curcuma aeruginosa rhizome essential oil from different origins: (a) Kaloran, (b) Kalibakung,
(c) Jumantono, (d) Bayat, (e) Trucuk

originating from the five regions contained similar contents  the five regions. Variations in the chemical composition of
but with different levels. Such differences were influenced  essential oils may be caused by differences in geographical
by the geographical conditions where the plants grew, such  origins and environmental conditions, leading to differences
as weather, soil height, soil type, soil pH, temperature,and  in the quality of C. aeruginosa rhizome [Figure 1].
humidity, thus influencing the levels of plant metabolite

content.!” The essential oil content of C. aeruginosa rhizomes  The compound 1,8-cineole is a compound contained in CAEO
is shown in Table 3. Table 3 displays the 52 peaks that  thatis thought to inhibitor of Wnt/B-catenin activity in HNSCC
accounted for 98.04%-99.76% of the volatile compounds.  through decreased GSK-3 inhibition, which leads to decreased
However, only 8-12 major compounds were identified,  levels of WNT11?"and inhibiting the growth of MCF-7 cancer
with a more than 2% peak area. The 1,8-cineole compound  cells,*"! likewise as an antibacterial® and anti-inflammatory.”!
was found to have the highest level in the essential oils  Another compound also identified in the CAEO is camphor,
from the five regions. The camphor and isocurcumenol  capable of inhibiting the cell cycle and inducing apoptosis
compounds had different essential oil compositionsamong  through the mitochondrial pathway in HCT-116 cells
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in vitro by 30% and then stopping cell proliferation.?! The
use of camphor relieves pain, itchiness, and irritation in
the affected area by activating particular transient receptor
potential (TRP) channels, such as TRPV1, TRPV3, and TRPMS,
and by inhibiting TRPA1. Camphor also produces a warm
sensation and desensitizes sensory nerve endings.*! Many
pharmacological uses for camphor include expectorant, cough

suppressant, rubefacient, antiseptic, antipruritic, anti-infective,
anti-spasmodic, nasal decongestant, and cough suppression.!

Fourier Transform Infrared Spectroscopy analysis

Data for each C. aeruginosa rthizome essential oil sample
were obtained by scanning the results with an FTIR
using ATR. Scanning was performed in five replications
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Figure 2: Curcuma aeruginosa rhizome essential oil from different regions: (a) Caloran, (b) Kalibakung, (c¢) Jumantono, (d) Bayat, (¢) Trucuk
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in waves ranging from 4000 to 650 per cm. Wave number
1750-700 per cm was a fingerprint area with a resolution
of 8/cm.

The infrared spectrum of CAEO was taken from five
geographically different regions [Figure 2], namely
Kaloran, Kalibakung, Jumantoro, Bayat, and Trucuk.
The fingerprint area at wave numbers 1750-700 per
cm showed a similar spectrum pattern, but there
were differences in each absorption value due to the
content or concentration of compounds in each CAEO.
The CAEO had varying absorption bands: band 1
(30002750 per cm) showing the CH group (methyl or
methylene) in the aliphatic chain in the essential oil; band
2 (around 1725-1675 per cm) showing the C = O (ketone)
group; band 3 (1650-1475 per cm) showing C = C (alkene);
and band 4 (1300-1000 per cm), indicating the presence
of stretching vibrations of CO in compounds containing
ether or alcohol. These bands [Figure 2] showed that they
contained the exact contents of chemical compounds but
with different levels.

The PCA method was applied using software metaboanalysis
6.0 which is freely available at https://www.metaboanalyst.
ca/MetaboAnalyst/ModuleView.xhtml, resulting in a
number of data in the form of score plots and biplots.
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Figure 4: Principal component analysis results: (a) score plot; (b) biplot on Fourier Transform Infrared Spectroscopy
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Figure 5: Principal component analysis results: (a) score plot; (b) biplot on gas chromatography-mass spectra
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A score plot was used to present a plot of the relationship or
similarity between the CAEO from the five regions based on
the principal component (PC) values. In this study, two PCs
were used, namely PC1 and PC2, marked with points with a
certain distance between one point and another. Regarding
PC, objects with almost the same or close PC values can be
said to have similar physicochemical properties. Therefore,
PCA can be used for object grouping purposes.?’]

A biplot is a combination of a score plot and a loading
plot. The loading plot shows how strongly each variable
influences the PC by depicting it as a vector. If two vectors
form an angle of <90°, the two variables correlate positively.
If it forms a right angle or around 90°, the two variables
cannot correlate. The two variables show a negative
correlation if they form an angle >90°-180°.1%1

Principal component analysis of Curcuma aeruginosa
essential oil

In Figure 3, the highest eigenvalue results were shown
in PC1 and then PC2, which means that these values
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Figure 6: R*> and Q2 intercept values from permutations in partial
least squares discriminant analysis on Fourier Transform Infrared
Spectroscopy. “*” indicates that the model has excellent predictive
performance, with Q*> 0.7

contributed to the compound content of 59.8% on PC1 and
24.5% on PC2. In this analysis, PC1 and PC2 can be used to
represent 100% of the variables (cumulative).

The relationship between the five essential oils of
C. aeruginosa was different, as seen by the score plot and
biplot displayed in Figure 4. The score plot displays five
points of essential oils from the five locations distant from
one another. The conditions of the soil, temperature, and
weather at the location of C. aeruginosa rhizomes grow are
the causes of the dissimilarity. Because of this, the five
rhizomes differed in terms of the number of compounds
contained, depending on the location in which they grew.
The PCA results displayed in Figure 5 demonstrated a
favorable association between curzerene and beta element
compounds’ antibacterial and anti-inflammatory properties
when compared to elemol and germacrene. A compound is
considered to include essential oil components if its angle is
smaller than 90°. The rhizome of C. aeruginosa, specifically
beta-element, curzerene, elemol, and germacrene D, has
antibacterial and antioxidant properties. Curzerene™!
and germacreneP” have been studied for their antioxidant
potential. According to Sieniawska ef al. (2018), the beta-
elemene in Nigella damascena has moderate to strong
antibacterial activity against Mycobacterium tuberculosis.?"
The essential oil of Neomirandea angularis leaves contains
Bacillus cereus, which is the target of germacrene D’s
antibacterial activity.*?

Partial least squares discriminant analysis

To obtain a high level of group separation and improve
variable recognition for sample classification, the PLS-DA
technique was used. 3D PLS-DA obtained on the sample
distribution [Figure 6] based on the wave numbers
identified in the CAEO showed that all the test samples
could be clearly classified into five groups according to
their origin.

The main purpose of permutations in PLS-DA is to test the
significance of the model that has been built and evaluate
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the model. R-squared (R?) and Q-squared (Q?) are evaluation
parameters often used in the context of discriminant PCA
with the PLS-DA method. However, the R? and Q? values
are not obtained directly from permutations but are often
used in internal cross-validation of PLS-DA models. R? on
PC2 was 0.79, where the higher the value, the better the
model at explaining variations in response data, while Q2 on
PC2 was 0.70, which was obtained from evaluation through
cross-validation; the higher the value, the better the model
to predict new data. Some studies use specific significance
levels (e.g., & =0.05) to determine whether R? and Q2 values
are significant. If the original values are higher or lower
than the values resulting from permutation at the selected
significance level, the model is considered significant. The
above results indicated that the PLS-DA technique would be
more suitable than PCA to provide visual differentiation of
test samples according to origins regarding quality control.

Based on PLS-DA, the loading plot shows the contribution
of each to the sample discrimination variable. Based
on Variable Importance Projection (VIP) values in
Figure 7, some wave numbers had VIP values >1.5, so it can
be concluded that wave numbers g of 1489.0715; 1475.3892;
1520.7538; and 1653.0743 per cm were the most important
wave numbers in showing differences in C. aeruginosa
rhizome essential oil.

CONCLUSION

C. aeruginosa rhizome is a traditional herb widely used
in many countries. This study proposed an efficient
strategy for quality control of CAEO as raw materials in
the pharmaceutical and natural products industry. Even
though there were variations in the chemical contents
due to differences in geographical origins, the GC-MS
fingerprint profiles of the essential oil samples were similar
based on visual inspection, making it difficult to classify the
essential oil samples according to their different origins.
Therefore, the chemometric technique was applied with
the FTIR fingerprint technique to recognize CAEO from
various origins. It has shown that some techniques, such as
PCA and PLS-DA, could classify the samples objectively.
Furthermore, four-wave numbers were the most important
variables in differentiating C. aeruginosa rhizomes for the
quality control of CAEO using quantitative analysis.
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