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Abstract 

Currently, the awareness and public concern in the authenticity of herbal medicines has 

increased significantly, therefore, analytical methods capable of detecting the adulteration 

practice must be available. The rhizomes of Curcuma species such as Curcuma longa and 

Curcuma xanthorriza are the target of adulteration due to its popularity as components in 

herbal medicine formulation. For the sake of quality control of herbal medicines, a rapid 

and reliable method must be developed for authentication studies. Molecular spectroscopy 

including UV-Vis, infrared (near and mid) and 1H-NMR spectroscopy, as well as 

chromatographic-based methods especially liquid chromatography, can be an ideal 

method for herbal authentication due to its simplicity, however, the spectra and 

chromatogram obtained are usually complex which are difficult to interpret. To overcome 

this obstacle, a statistical approach known as chemometrics was used to treat spectra data 

to be easily used for authentication purposes including discrimination and classification 

between authentic and adulterated herbal components. This review highlighted molecular 

spectroscopic method in combination with multivariate data analysis (chemometrics) for 

authentication of herbal components. 

1. Introduction 

Curcuma species especially Curcuma longa and 

Curcuma xanthorriza are one of the herbaceous 

perennial plants of the ginger family which is native to 

tropical South Asia, but it is now widely cultivated in the 

subtropical and tropical regions. C.  longa and C. 

xanthorriza is also widely cultivated in Indonesia and it 

has been put to use as a foodstuff, cosmetic, and 

medicine (Jurenka, 2009).  C. longa extract has many 

chemical constituents. More than 100 components have 

been identified and the primary compounds are phenolic, 

terpenoids, diarylheptanoids (including curcuminoids), 

diarylpentanoids, and alkaloid (Li et al., 2011). C. 

xanthorrhiza, also known as Javanese turmeric or 

temulawak, is widely used as traditional plant medicine 

in Indonesia and other regions. In Southeast Asia, 

Javanese turmeric is traditionally used as food essentials 

and medicine. In Indonesia, C. xanthorrhiza is not only 

utilized as home remedies such as jamu prescription, 

food supplement, and herbal drink but also is extensively 

used as a raw material in pharmaceutical industries 

(Tajuddin et al. 2011; Ramdani, et al., 2016).  

C. longa and C. xanthorrhiza are known to have 

various pharmacological activities such as improving 

hepatic functions, promotion of blood circulation, anti-

cancer, and anti-inflammatory activities (Cousins, et al., 

2007). The curcumin content in C. longa and C. 

xanthorrhiza assisted the recovery of liver function by 

reducing oxidative stress which damages normal cell 

(Farzaei et al., 2018). The active curcuminoids on C. 

longa also showed hepatoprotective and cardioprotective 

effects (Mohanty et al., 2004), hypoglycemic effect 

(Honda et al., 2006), antioxidant (Cousins, et al., 2007) 

and chemoresistance activities (Bar – Sela et al., 2010). 

High amounts of curcuminoid and xanthorrhizol present 

in C. xanthorrhiza possess a variety of biological 

activities such as anticancer, antimicrobial, anti-

inflammatory, antioxidant, anticandidal, 
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antihyperglycemic, and antihypertensive effects (Jantan 

et al., 2012).  

Because of its high quality and high demand for 

product containing Curcuma species, it is very important 

to ensure the authenticity of C. longa and C. 

xanthorrhiza to avoid adulteration or substitution with 

other plant species. It is also important to ensure that the 

product complies with its claims. Adulteration of 

medicinal plants is a common practice worldwide. 

Adulteration poses a serious problem because it is related 

to the safety, efficacy, and quality of the product. C. 

longa rhizome, especially the powder form is potential to 

be adulterated with other species of Curcuma (Remya, et 

al., 2004). Adulterated products of C. longa and C. 

xanthorrhiza usually have a low content of 

curcuminoids. The common potential adulterant of C. 

longa and C. xanthorrhiza is Curcuma manga. Other 

Curcuma species such as Curcuma heyneana also may 

be used as an adulterant in C. longa and C. xanthorrhiza 

powder. C. heyneana and C. manga are potential to be 

used as adulterants because of their lower price, wide 

availability, and yellow color. Therefore, fast, reliable 

and reproducible analytical methods for the 

authentication of C. longa and C. xanthorrhiza are 

needed to be developed. One of the methods currently 

used for authentication of Curcuma species is molecular 

spectroscopy. 

 

2. Methodology 

During performing this review, we used several 

databases including Scopus, PubMed, and Google 

Scholar to identify and to download the abstracts, 

reports, and research papers related to authentication 

analysis of Curcuma species. The keywords used during 

searching of information was 

(authentication + Curcuma longa + spectroscopy + 

chromatography) and 

(authentication + Curcuma xanthorriza + spectroscopy + 

chromatography) in the month of June-August 2018.  

 

3. Results and discussion 

3.1 Molecular spectroscopy 

Molecular spectroscopy is a field of study related to 

the interaction of electromagnetic radiation (EMR) in 

certain regions with samples in the molecular levels (to 

differentiate with atomic spectroscopy). UV-Vis 

spectroscopy is taken into account as an interaction 

between EMR in the region of 200-800 nm with 

evaluated samples, while infrared spectroscopy takes 

place in the region of 800-25000 nm (Rouessac and 

Rouessac, 2007; Skoog et al. 2007; Pavia et al., 2009). 

Over the past two decades, there is an increasing interest 

among communities of research and industry in the use 

of molecular spectroscopy methods which include 

ultraviolet-visible (UV-Vis), vibrational spectroscopy 

(infrared and Raman) and nuclear magnetic resonance 

(NMR). Molecular spectroscopies offer some 

advantages, namely non-destructive nature of the 

method, minimum or no sample preparation required, 

ease in operation and the speed of the analysis 

(Cozzolino, 2015). (UV-Vis spectroscopy can be used 

for qualitative and quantitative analyses based on the 

interaction of photon in the region of 200-400 nm 

(ultraviolet) and 400-800 (visible) with samples. This 

interaction resulted in an electronic transition of samples, 

in which electrons are excited from the ground state into 

an excited state. In order to quantify the analyte(s) of 

interest contained in Curcuma species, the absorbance 

based on Lambert-Beer law is exploited according to the 

equation of: 

A = abc   

Where A is absorbance or optical density; a = 

absorptivity or extinction coefficient; b is path length of 

radiation through sample (cm); and c is concentration of 

solute in solution (Pavia et al., 2009) 

The samples must have chromophores to be analysed 

with UV-Vis spectroscopy. The main components of 

Curcuma species are curcuminoid, refer to phenolics 

compounds of curcumin, demethoxycurcumin and 

bisdemethoxycurcumin having chromophoric groups, 

therefore, UV-Vis spectroscopy was suitable for 

authentication of Curcuma species (Rohman et al., 

2015).  

Infrared (IR) spectroscopy, either in near or mid 

regions, have emerged as potential tools for analysis of 

pig derivatives. IR spectroscopy is fast, ease in 

instrument operation, minimum sample preparation or 

even without any sample preparation, non-destructive 

which means that samples measured using IR 

spectroscopy can be analysed using other instruments, 

and fingerprint in nature. However, the signal obtained is 

rather complex which make difficult to interpret, 

therefore, the use of chemometrics to solve the problems 

related to IR spectral interpretation and analysis is 

unavoidable (Rohman 2014; Wang et al., 2016). IR 

spectroscopy is based on the interaction between samples 

with EMR in IR region resulted in vibrational transition 

of chemical bonds, therefore, IR along with Raman 

spectroscopy is called as vibrational spectroscopy 

(Rohman and Che Man, 2012).  In IR spectroscopy, two 

units are frequently used namely wavelength (nm) and 

wavenumbers (cm-1). IR regions are divided into three 

regions of near (0.8-2.6 µm or 14,000-400 cm-1), mid 

(2.6-26 µm or 4000-400 cm-1) and far (26-100 µm or 400
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-10 cm-1). To avoid large numbers and for convenience, 

the unit of wavelength (µm) is used during analysis with 

near IR and wavenumbers unit (cm-1) is commonly used 

for analysis with mid-IR (Gendrin et al., 2008). Mid-IR 

region is the most reported IR spectroscopies used for 

qualitative and quantitative analysis of pig derivatives 

due to large information obtained. The IR spectrum 

revealed wavenumbers in x-axis and intensity 

(transmittance or absorbance) in the y-axis, coming from 

vibrational and rotational transitions of chemical bonds 

among atoms within the molecule (Hannah, 2002). IR 

spectra are traditionally used for qualitative analysis 

(identification) by identifying specific functional groups 

present in molecules. In recent years, with the 

development of multivariate calibration, IR spectroscopy 

is widely exploited for quantitative analysis. For 

qualitative analysis, either absorbance or transmittance 

can be used. Meanwhile, the absorbance mode must be 

used in the quantitative analysis according to Lambert-

Beer law (Griffiths and Chalmers, 1999).  

Raman spectroscopy and IR spectroscopy are 

complementary methods. Raman spectrum is obtained by 

focusing monochromatic radiation on a sample and 

analyzing the scattered light as a function of frequency. 

This irradiation resulted in two types of light scattering, 

namely elastic and inelastic. Raman spectroscopy relies 

upon the inelastic scattering of EMR by a molecular 

system (Wartewig and Neubert, 2005). The elastic 

scattering occurring at the same wavelength as that of 

irradiated light is known as Rayleigh scattering. Due to 

gain or loss of energy, this inelastic scattering is 

accompanied by photon frequency shift and its 

wavelength is changed which results in Raman 

scattering. In Raman scattering, molecule subjected with 

an incident photon is excited from the ground state to the 

excited state, which immediately relaxed to ground 

electronic or vibrational states and undergo a wavelength 

shift (Kalantri et al., 2010; Chen et al., 2017). Raman 

spectra are presented as an intensity (y-axis) versus 

wavelength shift recorded over a range of 4000–10 cm-1 

(y-axis). The spectrum of Raman is simpler than that of 

its counterpart of IR because bands due to Raman 

overtones, combination and difference are rare. Like IR 

spectrophotometer, Raman spectrophotometers can be 

dispersive or nondispersive using Fourier transformation 

(FT-Raman spectrophotometer) (Settle, 1997; Bumbrah 

and Sharma, 2016).  

Nuclear Magnetic Resonance (NMR) spectroscopy, 

based on the absorption of EMR by specific isotopes of 

atomic nuclei, has been extensively used for 

authentication analysis of food products and has been 

emerged as potential means for analysis of Curcuma 

species for authentication purposes (Dais and Hatzakis, 

2013). Proton (1H)-NMR spectroscopy is more preferred 

over 13C-NMR due to its sensitivity and shorter 

relaxation time, make 1H-NMR is faster analysis. NMR 

spectroscopy is taken into account as one of the most 

suitable methods to obtain “high throughput” 

spectroscopic methods containing information on the 

molecular chemical structure on large compounds. This 

method is capable of determining complex matrices with 

minimum sample preparation. NMR spectroscopy can 

analyze a large amount of metabolites including those 

appear in Curcuma species. Therefore, NMR 

spectroscopy especially in combination with 

chemometrics is ideal for metabolomics analysis for 

authentication of Curcuma species (Danezis et al., 2016).  

3.2 Chemometrics 

One of the factors contributing to the success of 

molecular spectroscopy and chromatographic 

fingerprinting as an analytical technique for 

authentication of Curcuma species is chemometrics 

software. Chemometrics is powerful tools widely used 

for the treatment of chemical data, especially for 

complex and overlapping molecular spectra  (Bro et al., 

1997; Brereton, 2003). Chemometrics was firstly 

introduced in 1972 by Swante Wold, a scientist from 

Swedia, and Bruce R. Kowalski, scientist from the 

United States. Chemometrics is defined as the part of 

chemistry science using mathematics and statistics to: (1) 

design the procedure for optimal measurement of the 

assay and (2) to collect as much as chemical information 

by analyzing the data (Varmuza and Filzmoser, 2009).  

Chemometrics is an interdisciplinary method involving 

multivariate statistics, mathematical modeling, computer 

science, and analytical chemistry. One of the advantages 

of chemometrics is its ability in the analysis of 

multivariate data. Multivariate data are data resulted 

from the measurement of several variables in the same 

samples (Miller and Miller, 2010). International 

Chemometrics Society (ICS) has defined chemometrics 

as the science of relating chemical measurements made 

on a chemical system to the property of interest (such as 

concentration) through the application of mathematical 

or statistical methods (Gemperline, 2006). For the 

authentication analysis of Curcuma species, 

chemometrics used for the treatment of spectra data is 

basically intended to two main purposes, namely 

qualitative purpose by making pattern recognition 

(classification and discrimination) and quantitative 

purpose by applying multivariate calibration model 

(Rohman and Che Man, 2012). Some spectra are also 

subjected to some processing before being used for 

making qualitative and quantitative analyses which 

include Savitzy-Golay-based derivatization, standard 

normal variate, mean centering, baseline corrections, 
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signal correction and compression, spectra 

normalizations, and multiplicative corrections. Pattern 

recognition can be either unsupervised such as 

discriminant analysis and canonical correlation analysis 

(CCA) or supervised methods such as principal 

component analysis (PCA) and cluster analysis. In 

addition, multivariate calibration for quantitative purpose 

includes stepwise multiple linear regression, multivariate 

curve resolution algorithms, genetic multivariate 

calibration, principle component regression and partial 

least square (Worley and Powers, 2016).   

The chemometrics analysis is difficult to perform 

manually, fortunately, there are a number of user-

friendly chemometrics software available to carry out 

calculations of complex data. Each program has its own 

features and advantages, for example, Unscrambler®, 

SIMCA®, SIRIUS®, and Pirouette® offer standard 

methods of multivariate analysis such as PCA, cluster 

analysis, PCR, PLS and Soft Independent Modelling of 

Class Analogy (SIMCA), but there is a little capacity to 

write personal programs. Conversely, Minitab® and 

Matlab® are designed to facilitate the writing of personal 

routines, and Grams®32 is particularly useful for routine 

quantitative analysis rather than for exploration of a data 

matrix by different pattern recognition technique (Miller 

and Miller, 2010; Gemperline, 2006). Currently, some 

instruments such as FTIR spectrophotometer are 

equipped with chemometrics software included as one 

package.  

3.3 Authentication of Curcuma using molecular 

spectroscopies 

The application of molecular spectra (UV-Vis, FTIR, 

FT-NIR, FT-Raman, and NMR) spectroscopies for 

discrimination and authentication of Curcuma species 

has been reported in several publications. Ultraviolet-

visible (uv-vis) spectroscopy in combination with 

chemometrics of PCA and DA has been proposed as an 

authentication technique of Curcuma species, namely C. 

longa, C. xanthorrhiza, C. aeruginosa or black turmeric 

and C. mangga or mango ginger  

(Rafi et al., 2018). The powders were subjected to 

extraction using sonication method with methanol as an 

extracting solvent for 40 mins. UV-Vis spectra of these 

four species were obtained in wavelength of 200-800 

nm. The spectra were subjected to standard normal 

variate for spectral preprocessing. PCA and DA were 

performed using variables of absorbance values at the 

wavelength of 210-500 nm. The combination of UV-Vis 

and PCA, as well as UV-Vis and DA, could discriminate 

four species. DA offered clearer classification according 

to its species due to its capability to classify samples 

with an accuracy of 95.5% based on leave-one-out-cross-

validation compared to PCA. 

Gad and Bouzabata (2017) have used molecular 

spectroscopies, namely uv-vis, FTIR and NMR in 

combination with chemometrics of PCA and HCA for 

complete profiling of metabolites in C. longa for 

assessing the quality control and separating the high-

grade samples of C. longa with lower ones by 

determining the contents of curcuminoids. The results of 

curcuminoid contents were compared with those using 

HPLC.  The results showed that score plot of PCA using 

variables of absorbances at the wavelength of 200-800 

nm and variables of curcuminoid contents (curcumin, 

demethoxycurcumin, and bisdemethoxycurcumin) 

revealed the same discriminatory pattern, in which 30 

samples of C. longa from different commercial markets 

in Algeria and Egypt. The samples based on PC1 and 

PC2 could be separated into four main groups according 

to its total curcuminoids levels. However, FT-IR spectra 

at wavenumbers of 4000-400 cm-1 could not discriminate 

between the same species. In addition, using 1H NMR, 

the variability of samples was more evident based on the 

regions (0.4–3 ppm) related to the composition of 

essential oils and fatty acid. 

FTIR spectroscopy in mid-IR region (4000–400 cm-

1) combined with chemometrics of unsupervised pattern 

recognition of PCA and supervised pattern recognition of 

CVA has been developed for discrimination of C. longa, 

java turmeric (C. xanthorrhiza) and ginger (Zingiber 

cassumunar) having similar rhizome color and similar 

uses. Several spectral treatments including derivatization 

(first and second derivatives) and standard normal 

variate were used for optimization intended for the 

classifying three species. PCA using variables of FTIR 

spectral absorbances at wavenumbers of 2000–400 cm-1 

was successfully used for classification of three species 

exploiting 10 PCs capable of describing 99.61% of total 

variance. CVA using similar variables also successfully 

discriminate samples with total variance from of two 

canonical variates (CVs) of 100%, with CV1 and CV2 of 

86.7% 13.3%, respectively. This indicated that FTIR 

spectra and CVA could classify with the accuracy of 

100% according to its groups. The results also showed 

that CVA offered clearer discrimination among samples 

evaluated than PCA (Rohaeti et al., 2015). The 

differentiation of C. longa and C. xanthorriza was also 

performed by FTIR spectroscopy combined with PLS by 

determination of curcumin contents in both Curcuma. 

The wavenumbers of 2000-950 cm–1 were selected for 

quantification of curcumin in both extracts and. The 

correlation between actual values of curcumin 

determined by HPLC and FTIR predicted values using 

FTIR spectroscopy combined with PLS in ethanolic 

extract of C. longa and C. xanthorriza at 2000-950 cm–
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1 revealed R2 values of 0.96 and 0.99, respectively. The 

RMSEC values obtained are 0.299% and 0.089% 

for ethanolic extracts of C. longa and C. xanthorriza, 

respectively. Using FTIR spectroscopy-PLS, it can be 

stated that the contents of ethanolic extracts of C. longa 

were higher than those in C. xanthorriza indicating that 

this method could be used for authentication of Curcuma 

species (Rohman et al., 2015). The contents of 

curcuminoid (curcumin and demethoxycurcumin) as 

determined by FTIR spectroscopy and multivariate 

calibration has been also used for identification of C. 

xanthorriza (Lestari et al., 2017). 

FT-Raman and FT-IR spectroscopic-based methods 

using ordinary least square were used for authentication 

of C. longa from methanyl yellow. Sample mixtures 

were prepared by mixing methanyl yellow at levels of  

0.01, 1, 5, 10, 15, 20, 25 and 30% (w/w). FT-Raman and 

FT-IR spectra of these samples were scanned at 4000-

400 cm-1. For quantitative analysis of MY in turmeric, 

there is a good correlation between actual and FT-Raman 

predicted value using absorbance value at 1406 cm-1 with 

the detection limit of 1% of MY. FTIR spectral regions 

were also evaluated for determination of MY, and 

finally, the absorbance ratio at 1140/966 cm-1 was 

selected. The R2 values obtained for such relationship 

were of 0.93 and 0.95, respectively using FT-Raman and 

FTIR spectroscopies, respectively (Dhakal et al., 2016). 

FT‐Raman spectroscopy offered more sensitive than FT-

IR in which FTIR spectroscopy has a detectable limit of 

5%. These results indicated that both techniques could be 

used for authentication of turmeric powder from 

adulteration practice using methanyl yellow.  

FTIR-ATR spectroscopy using wavenumber of 4000

-600 cm-1 combined with chemometrics of partial least 

square-discriminant analysis (PLS-DA) has been 

successfully used for rapid discrimination of Curcuma 

longa powder (turmeric) adulterated with Curcuma 

zedoaria and Curcuma xanthorrhiza in binary mixtures. 

The good of fit and good of predictivity of PLS-DA 

model were shown by the value of Q2 (0.9558), R2X 

(0.9813), and R2Y (0.9746). Quantification of 

adulterants was successfully carried out using 

chemometrics of PLS. The PLS model showed good 

calibration models which are shown by higher R2 and 

lower RMSEC value. External validation showed a high 

value of R2 prediction and lower RMSEP value which 

confirms the validity of the PLS model (Rawar et al., 

2019). 

Proton 1H-NMR spectroscopy is an ideal method for 

metabolite fingerprinting, therefore this technique is a 

powerful technique to be used for authentication studies. 
1H-NMR spectra can provide  100-1000 variables 

available for multivariate data analysis (Verpoorte et al., 
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Figure 1. 1H-NMR spectra of Curcuma longa, Curcuma heyneana, Curcuma manga, and adulterated Curcuma longa with 25% 

of adulterants concentration (Windarsih et al., 2018b). 
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2007). Windarsih et al. (2018a) have used 1H-NMR 

spectra combined with PCA and orthogonal projections 

to latent structures-discriminant analysis (OPLS-DA) for 

authentication of C. longa from C. manga. 1H-NMR 

spectra of C. longa, C. heyneana and C. manga exhibited 

characteristic profiles to differentiate between C. longa 

from C. heyneana and C. manga using certain regions of 

chemical shift (Figure 1). The difference in the chemical 

shift was caused by its metabolite contents present in 

Curcuma species. In the regions of 0.00-3.00 ppm, C. 

longa has more signals with higher intensities, while C. 

manga revealed few signals with low intensities. C. 

longa also has more signals and higher intensities than C. 

manga in regions of 5.50-10.00 ppm, and no signals 

observed after region of 8.00 ppm. The regions of 0.30-

3.00 ppm, 3.00-6.00 ppm, and 6.00-10.00 ppm 

corresponded to essential oils/ fatty acid, carbohydrates, 

and aromatic compounds present in evaluated samples.  

OPLS-DA offered better separation than PCA for 

discrimination of C. longa and C. longa adulterated with 

C. manga and with C. heyneana as shown in Figure 2. 1H

-NMR spectra at regions of 6.00-8.00 combined with 

OPLS-DA has been successfully used for classification 

of C. longa and C. longa adulterated with C. manga. 1H-

NMR combined with OPLS-DA has also used for 

differentiation of authentic and adulterated C. longa with 

C. heyneana. The variables used are peaks with certain 

chemical shifts at optimized 1H-NMR spectra of 

authentic and adulterated C. longa. All of the authentic 

C. longa samples were clearly separated from the 

adulterated ones. The multivariate calibration of partial 

least square (PLS) was successfully applied to predict of 

adulterants in C. longa. The lower RMSEC and RMSEP 

values of 0.94% and 0.83%, respectively for adulterated 

C. longa with C. heyneana indicated the good of 

accuracy and precision of the calibration models to 

authentication studies (Windarsih et al., 2018b).  

The application of metabolite fingerprinting based 

on 1H-NMR for the authentication of C. xanthorrhiza 

adulterated with Zingiber cassumunar has been reported 

by Wijayanti et al. (2019). The chemometrics used as 

PCA and PLS-DA. A diverse group of metabolites could 

be detected by 1H-NMR spectroscopy. PCA using the 

chemical shift in 1H-NMR spectra of the plant extracts as 

variables clearly discriminated pure C. xanthorrhiza 

extracts from different origins and C. xanthorrhiza 

extract adulterated with Z. cassumunar. PLS-DA 

employed to enhance the separation obtained from the 

PCA model resulted in well separation and good 

classification of pure C. xanthorrhiza from the 

adulterated ones. The developed method could be a 

useful and powerful tool to assess adulteration practice 

and to evaluate the authentication of C. xanthorrhiza 

extracts. 

3.4 Authentication of Curcuma species using 

chromatography 

Due to its capability to separate components of 

interest present in Curcuma species, chromatographic-

based techniques such as thin layer, liquid, and gas 

chromatography in combination with chemometrics 

evolved as emerging techniques for authentication 

studies (Esteki et al., 2018). Chromatographic methods 

equipped with numerous detectors have been used for 

identification of adulteration practices by quantification 

of specipic markers (compouds) present in genuine and 

adulterated samples (Esteki et al., 2017) Most 

chromatographic methods intended to Curcuma species 

authentication are developed for analysis of curcuminoid 

in C. longa and C. xanthorriza.  

Rafi et al. (2011) have developed TLC fingerprints 

for differentiation of three herbs, namely Turmeric 

(Curcuma longa), java turmeric (Curcuma xanthorrhiza) 

and cassumunar ginger (Zingiber cassumunar). The 

visualization of separated zones was performed using 

visible and UV lights at 254 and 366 nm, respectively. 

The pattern of TLC fingerprint was different among 

three herbs evaluated exhibiting specific marker zones 

respectively. For example, turmeric was characterized by 

7 zones at Rf of  0.05–0.97 under UV 254. This result 

indicated that TLC fingerprint can be used for 

discrimination and authentication of three herbs tested. 

HPLC is a common method used for quantitative 

analysis of curcuminoid either for authentication or 

quality control purposes (Siregar et al., 2017). HPLC 

using fingerprint profiles combined with supervised 

pattern recognition of DA has been exploited for 

authentication and discrimination of C. xanthorrhiza 

from C. longa by determining the contents of 

curcuminoids. The results showed that curcuminoid 

contents in C. longa were higher than those in C. 

xanthorrhiza, as a consequence both species could be 
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adulterated Curcuma longa with Curcuma heyneana and 

Curcuma manga (Windarsih et al., 2018b) 
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discriminated and authenticated based on curcuminoid 

levels. In addition, the discrimination and authentication 

of both species were also achieved based on HPLC 

fingerprint chromatograms using curcuminoid 

components as marker peaks. Combined with DA, HPLC 

fingerprint offered excellent result allowing two species 

to be separated and correctly classified (Rafi et al., 

2015).  

 

4. Conclusion 

The authenticity of Curcuma species, especially 

Curcuma longa (turmeric) and Curcuma xanthorriza 

(javanese turmeric) used as important components in 

some traditional medicine is very important. Some 

analytical methods based and molecular spectra are 

proposed, developed, validated and used for 

authentication of C.longa and C. xanthorriza. Combined 

with chemometrics techniques, molecular spectra offered 

rapid, reliable and no excessive sample preparation for 

authentication of Curcuma. 
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