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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 rhizome 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-1 
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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 [1,2]. 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 [3]. 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[1,2,4]. 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[3]. 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[5]. C. aeruginosa essential oil has been shown in numerous studies to have 

health benefits as an antioxidant, antibacterial, anti-inflammatory, and anticancer agent [6,7]. 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[8,9]. 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 
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techniques [10,11,12]. 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[13]. 

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 rhizome 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 

The 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 Na2SO4 to 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 14. 

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 
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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 Agilent© 

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 

The use of the FTIR Spectrophotometer follows[15,16]. Spectrum of oil samples was obtained from a Cary 630 

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-1 in wave number ranging from 

4000-600 cm-1. 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 
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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[13]. 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% v/w[17]. The C. aeruginosa rhizomes from 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 
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The GC-MS method was used to analyze the content of the essential oils in C. aeruginosa rhizomes. The essential oils in 

C. aeruginosa rhizomes 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[18]. 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) 

Compound 
Molecular 

Weight 

Concentration (%) 

Kaloran, 

Temanggung 

Regency 

Kalibakung, 

Tegal 

Regency 

Jumantono, 

Karanganyar 

Regency 

Bayat, 

Klaten 

Regency 

Trucuk, 

Klaten 

Regency 

Alpha-Pinene C10H16 0.35 0.24 0.55 0.53 0.65 

Camphene C10H16 0.93 0.73 1.21 - 1.58 

Beta-Pinene C10H16 1.28 - 1.64 1.52 1.52 

Beta-Myrcene C10H17 - - 0.21 0.16 0.19 

1.8-Cineole C10H18O 26.66 28.38 34.01 29.35 30.93 

Camphor C10H16 O 11.47 19.05 3.24 18.37 18.86 

2-Undecanol C11H24O - 0.47 0.46 - - 

endo-Borneol C10H18 O 0.70 1.09 0.91 0.92 1.00 

4-Terpineol C10H18O 0.46 1.00 0.89 0.82 0.90 

Alpha-Terpinyl acetate C12H20O2 0.74 1.75 0.16 1.41 1.50 

Beta-Elements C15H24 0.56 0.49 0.48 0.85 0.58 

Trans-Caryophyllene C15H24 0.24 0.18 0.48 0.20 0.18 

Beta-Farnesene C15H24 - - 0.28 0.27 0.20 

Alpha-Humulene C10H16 1.83 - - 0.21 - 

Germacrene D C15H24 0.22 0.18 0.21 0.19 0.26 

Beta-Selinene C15H24 - 0.15 - 0.14 0.17 

Curzerene C15H20O 0.43 0.41 0.35 0.41 0.41 

Germacrene A C15H24 0.17 0.15 0.16 0.15 0.19 

Germacrene B C15H24 0.17 - 0.15 - 0.18 

Epiglobulol C15H26O 0.40 0.46 0.40 0.41 0.39 

Elemol C15H26O 0.29 0.26 0.22 0.24 0.30 

Boldenone C19H26O2 19.06 - 14.97 14.53 13.90 

Isocurcumenol C15H22O2 2.86 8.89 5.97 5.55 4.68 

Juniper camphor C15H26O - - 1.47 1.58 1.94 

1(10),4-aromedenedradiene C15H22 - - 0.51 0.55 0.54 

Spathulenol C15H24O - - 1.08 1.44 0.15 

Germacrone C15H22O - 3.38 3.14 3.62 3.45 

Aromadendrene epoxide C15H24O - - 1.84 0.48 0.50 

Trans-Longipinocarveol C15H24O - 0.41 0.57 - - 

Germacrol C15H22O - - 3.42 - - 

3-methyl-5-(2,6,6-trimethyl-1-

cyclohexen-1-yl)-1-pentyl-3-

ol 

C15H24O 1.44 1.73 - - 0.45 

(E)-2.3.3-Trimethyl-2-(3'-

methyl-1'.3'-butadiene-1'-yl)-

6-methylidencyclohexanone 

C26H38O 3.27 2.97 - - 2.48 

Tricyclo[5.1.0.0(3.5)]octane-

2.6-dione. 1.3.5.7-tetramethyl- 
C16 H28O2 - - 3.69 3.49 - 

Cyclohexane. 1.1-dimethyl-

2.4-bis(1-methylethenyl)-, cis- 
C15H26 5.16 - 3.84 - - 

2-Cyclohexen-1-one, 4-

ethynyl-4-hydroxy-3,5,5-

trimethyl- 

C10H14O - 15.95 - - - 

3,7-Cyclodecadien-1-one, 10-

(1-methylethenyl)-, (E,E) 
C15H22O 3.15 - - - - 
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Dihydrocarvone C10H16O - 4.01 - 4.47 4.33 

Calarene C15H24 5.39 - 3.33 3.93 4.12 

Bicyclo[2.2.2]Octa-2.5-Diene. 

1.2.3.6-Tetramethyl 
C12H18 - 4.70 - - - 

Ledenoxide-(II) C15H24O 0.96 0.86 0.72 1.11 0.86 

Curdione C15H24O2 2.76 - - - - 

Ledane C15H26 - - 2.84 - - 

1H-

cyclopropa(a)Naphthalene, 

1A,2,4,5,6,7,7A,7B-

Octahydro-1,1,7,7A- 

C15H24 - - 3.59 - - 

(E)-2,3,3-Trimethyl-2-(3'-

methyl-1'.3'-butadien-1'-yl)-6-

methylidencyclohexanone 

C14H22O - - 2.32 2.75 - 

Tricyclo[5.2.2.0(1,6)]undecan-

3-ol, 2-methylene-6,8,8-

trimethyl- 

C15H24O 0.66 - - - - 

(3E)-5-Isopropyliden-6-

methyl-3,6,9-decatrien-2-one 
C14H20O 5.04 - - - - 

trans-p-Mentha-1(7),8-dien-2-

ol 
C10H16O 0.89 - - - - 

Hexadecane, 2,6,10,14-

tetramethyl- 
C20H42 0.42 - - - - 

Naphthalene, 1,2,3,4-

tetrahydro-2,6-dimethyl-7-

octyl- 

C20H32 0.60 - - - - 

Tetradecane, 1-chloro- C14H29Cl 0.90 - - - - 

Phenanthrene. 1.2.3.4.5.6.7.8-

Octahydro- 
C15H17NO - 0.22 0.17 0.15 0.69 

Total identified (%) 99.46 98.11 99.45 99.76 98.04 

Monoterpene hydrocarbons (%) 4.39 0.97 3.61 2.42 3.93 

Oxygenated monoterpenes (%) 40.92 71.70 39.66 55.32 57.51 

Sesquiterpene hydrocarbons (%) 11.91 1.15 18,19 6.28 6.41 

Oxygenated sesquiterpenes (%) 37.05 16.40 34.14 32.10 27.15 

Oxygenated diterpenes (%) 1.02 - - - - 

Others (%) 4.17 7.89 3.86 3.64 3.17 

 

 

A 

B B 
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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 rhizome. 

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−1 (Figure 2). 

C 

D 

E 
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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-1. Wave number 1750-700 cm-1 was a 

fingerprint area with a resolution of 4 cm-1 , measurements at a resolution of 4 cm-1 showed that for each 

measurement distance of 4 cm-1 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-1 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-1) showing the CH group 

(methyl or methylene) in the aliphatic chain in the essential oil; band 2 (around 1725-1715 cm-1) showing the 

Wave number (cm-1) 

A 

B 
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C=O (ketone) group; band 3 (1600-1650 cm-1) showing C=C (alkene); and band 4 (1300-1000 cm-1) 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 

purposes[19]. 

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[20].  

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). 

 
Figure 3. Results Principal Component Analysis (PCA) 
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Figure 4. PCA results: (A) Score plot ; (B) Biplot on FTIR 

  

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[21] and germacrene[22] 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[23]. 

A B 

A B 
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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. 

 
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 (R²) and Q-squared (Q²) are evaluation parameters that are often used in the 

context of discriminant principal component analysis with the PLS-DA method. However, the R² and Q² values 

are not obtained directly from permutations, but are more often used in internal cross-validation of PLS-DA 

models. R² 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., α = 0.05) to 

determine whether R² and Q² 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. 

 
Figure 7. PLS-DA results and VIP values on FTIR 
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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 -1 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

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
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INTRODUCTION

Central Java is the largest traditional medicine business 
center in Indonesia, and it produces many medicinal plants 
from the Zingiberaceae family,[1] one of which is Curcuma 

aeruginosa. C.  aeruginosa essential oil  (CAEO) has potent 
antioxidant activity[2,3] and antimicrobial properties, and it 
is used in food preservation, pharmaceuticals, and natural 
therapy.[4,5] The essential oil content is influenced by several 
factors, namely genetics, environmental conditions, climate, 
geographic origin, and others.[6] 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 β‑pinene  (27.50%). In India, it is dominated by 
curzerenone  (32.21%) and 1,8‑cineole  (15.35%),[7] while 
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in Nepal, it is dominated by curzerenone  (59.60%) and 
germacrone (5.3%).[8] Therefore, it is very important to assess 
the differences in the quality and examine the chemical 
composition of CAEO based on geographic origin.

Current ly ,  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.[9,10] 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.[11‑13] 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.[14]

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 
Na2SO4 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 Na2SO4. Then, 
they were centrifuged at 4000 rpm for 5 min.[15]

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.[16,17]

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.[14]

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 
2nd 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 CAEO. The essential oils in C. aeruginosa rhizomes 

Table 2: Gas chromatography‑mass spectra 
chromatography conditions
Condition Setting value
GC instrument GC‑MS‑QP 2010 SE 

(Shimadzu, Japan)
Column/oven temp Agilent© capillary 

column/75°C
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
Ion source temperature  (°C) 200
Interface temperature  (°C) 225
GC: Gas chromatography, GC‑MS: GC‑mass spectra

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
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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.[19] The essential oil content of C. aeruginosa rhizomes 
is shown in Table  3. Table  3 displays the 52 peaks that 
accounted for 98.04%–99.76% of the volatile compounds. 
However, only 8–12 major compounds were identified, 
with a more than 2% peak area. The 1,8‑cineole compound 
was found to have the highest level in the essential oils 
from the five regions. 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 geographical 
origins and environmental conditions, leading to differences 
in the quality of C. aeruginosa rhizome [Figure 1].

The compound 1,8‑cineole is a compound contained in CAEO 
that is thought to inhibitor of Wnt/β‑catenin activity in HNSCC 
through decreased GSK‑3 inhibition, which leads to decreased 
levels of WNT11[20] and inhibiting the growth of MCF‑7 cancer 
cells,[21] likewise as an antibacterial[22] and anti‑inflammatory.[23] 
Another compound also identified in the CAEO is camphor, 
capable of inhibiting the cell cycle and inducing apoptosis 
through the mitochondrial pathway in HCT‑116  cells 

Figure 1: Representative chromatogram of Curcuma aeruginosa rhizome essential oil from different origins: (a) Kaloran, (b) Kalibakung, 
(c) Jumantono, (d) Bayat, (e) Trucuk
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in vitro by 30% and then stopping cell proliferation.[24] 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 TRPM8, 
and by inhibiting TRPA1. Camphor also produces a warm 
sensation and desensitizes sensory nerve endings.[25] Many 
pharmacological uses for camphor include expectorant, cough 

suppressant, rubefacient, antiseptic, antipruritic, anti‑infective, 
anti‑spasmodic, nasal decongestant, and cough suppression.[26]

Fourier Transform Infrared Spectroscopy analysis
Data for each C. aeruginosa rhizome essential oil sample 
were obtained by scanning the results with an FTIR 
using ATR. Scanning was performed in five replications 

Figure 2: Curcuma aeruginosa rhizome essential oil from different regions: (a) Caloran, (b) Kalibakung, (c) Jumantono, (d) Bayat, (e) Trucuk

d

c

b

a

e
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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 
(3000–2750 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. 

Figure 4: Principal component analysis results: (a) score plot; (b) biplot on Fourier Transform Infrared Spectroscopy
ba

Figure 5: Principal component analysis results: (a) score plot; (b) biplot on gas chromatography-mass spectra
ba

Figure 3: Results principal component analysis
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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.[27]

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°.[28]

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 

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[29] 
and germacrene[30] 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 Mycobacterium tuberculosis.[31] 
The essential oil of Neomirandea angularis leaves contains 
Bacillus cereus, which is the target of germacrene D’s 
antibacterial activity.[32]

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 

Figure 6: R2 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 Q² ≥ 0.7

Figure 7: Partial least squares discriminant analysis results and VIP values on Fourier Transform Infrared Spectroscopy
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the model. R‑squared (R²) and Q‑squared (Q²) are evaluation 
parameters often used in the context of discriminant PCA 
with the PLS‑DA method. However, the R² and Q² values 
are not obtained directly from permutations but are often 
used in internal cross‑validation of PLS‑DA models. R² 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., α =0.05) to determine whether R² 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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