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ABSTRACT

Curcuma xanthorrhiza Roxb. or Java Turmeric with the local name of Temulawak is one of herbal
medicines used in Indonesia. This plant is believed to prevent some degenerative diseases due to its active
compounds, especially curcumin (CUR) contained in Java Turmeric. Therefore, analysis of active
components including CUR is very urgent. This study highlighted the development of FTIR spectroscopy
coupled with PLSR for the determination of CUR in Java Turmeric powders. The levels of CUR in Java
Turmeric powders were determined using HPLC with UV detectors, and the obtained results were used as
actual values to be predicted using FTIR spectroscopy-multivariate calibrations. The results revealed that
the levels of CUR ranged from 0.6741 + 0.0705% (g/100 samples) to 2.1062 + 0.0095%. PLSR modeling for
the relationship between the actual value of CUR as determined using HPLC and calculated values as
predicted using FTIR spectroscopy provide the value of R2 of 0.9990 with RMSEC of 0.0028. The developed
method offers reliable results providing a green analytical method due to the use of minimum solvent and

reagent and does not involve extensive sample preparation.
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INTRODUCTION

Curcuma xanthorrhiza Roxb. or Java
Turmeric with the local name of Temulawak is one
of the components typically used in Indonesian
herbal medicine. Java Turmeric (JT) is widely
distributed throughout Southeast Asia including
Indonesia (Kusumadewi et al., 2022). This plant
has been reported to have some pharmacological
effects including anti-inflammation (Xiang et al,,
2018), preventing cancer (Noori et al., 2022), anti-
microbial (Septama et al, 2022), methicillin-
resistant Staphylococcus aureus (MRSA) infections
(Batista de Andrade Neto et al, 2021) and
antioxidant activities (Akarchariya et al, 2017).
The active compounds reported to be responsible
for these activities are xanthorrhizol and
curcuminoids (Rohman et al, 2020a). Among
curcuminoids, curcumin is more dominant than
two others (demethoxycurcumin and bis-
demethoxsycurcumin), therefore, to assure the
quality of C. xanthorrhiza, it is very essential to
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determine the levels of curcumin since the levels of
curcuminoids could be used as authentication
analysis of C. xanthorrhiza (Rohman et al,
2020Db).

Several analytical techniques have been
employed for quantitative analysis of curcumin
(CUR) in whole plants, in certain extracts, or
pharmaceutical preparations such as emulsion
including spectroscopic UV (Sharma et al,, 2012),
synchronized spectrofluorimetric method (Noori
et al,, 2022), HPLC with UV detection (Syed et al.,
2015), HPLC with photodiode array detection (Rafi
et al,, 2015), HPLC with electrochemical detection
(Long et al., 2014), liquid chromatography-tandem
with mass spectrometer and NMR spectroscopy
(Goren et al,, 2009) (Sorng et al, 2022). These
analytical techniques typically involved the
extensive step of sample preparation and needed
the skillful analyst, therefore, some rapid, practical,
and easy analytical techniques based on
vibrational spectroscopic methods for analysis
have been continuously developed offering
analytical results that are comparable to those of
reference methods.

Traditional Medicine Journal, 28(3), 2023 | DOI: 10.22146 /mot.82220 171

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.


http://dx.doi.org/10.22146/mot.82220
http://creativecommons.org/licenses/by-nc-nd/4.0/

Awal P. Kusumadewi

Vibrational spectroscopic techniques are
methods based on the interaction between EMR in
infrared regions with all components present in
herbal medicines to provide the vibrational
transitions as represented by vibrational spectra
(Li et al., 2020). Among vibrational spectroscopic
techniques, FTIR spectroscopy is the most popular
technique used for the quality control of herbals
due to the analytical responses extracted for
certain analytical tasks (Singh et al.,, 2010). With
the advancement of statistical software, specific
software called chemometrics is applied during
data treatment obtained from FTIR spectroscopic
measurement which typically involves large data
sets (big data analysis). Chemometrics is an
application of statistical and mathematical
calculation to treat chemical data with the main
purpose of obtaining easily understandable
information. Pattern recognition and multivariate
calibrations are widely applied for the quality
control of herbals. The combination of
chemometrics of PLS-DA and FTIR spectroscopy
has been successfully applied for the
authentication of Curcuma species (C. longa, C.
xanthorrhiza and Zingiber cassumunar) (Rohaeti et
al,, 2015), quantitative analysis of curcuminoids in
C. longa extracts (Wulandari et al., 2018), and for
analysis of curcuminoids in syrup formulations
(Prabaningdyah et al.,, 2018). To our knowledge,
the use of FTIR spectroscopy and HPLC combined
with PLSR for analysis of CUR in C. xanthorrhiza is
limited. Therefore, this study aimed to highlight
the application of ATR-FTIR spectroscopy coupled
with PLSR for quantification of CUR. The results
obtained from FTIR spectroscopy were statistically
compared with HPLC.

MATERIALS AND METHODS
Materials

The rhizomes of Java Turmeric from 18
locations with different altitudes around Central
Java  (Wonosobo, Wonogiri, Temanggung,
Semarang, Purworejo, Pati, Magelang,
Karanganyar, Boyolali, and Banyumas), Special
District of Yogyakarta (Kulonprogo and
Mangunan), East Java (Ponorogo, Pacitan and
Magetan), and West Java (Sukabumi, Bandung,
Bogor). All Java Turmeric rhizomes were
authenticated in the Plant systematics laboratory,
Medicinal Plant and Traditional Medicine Research
and Development Center, Tawangmangu, Central
Java. Then, all Java Turmeric rhizomes were dried
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and subjected to powdering to get rhizome
powders.

HPLC Analyis

A-25mg of CUR was accurately weighed and
transferred into a 25 mL volumetric flask, added
with 20 mL methanol. This solution was shaken
vigorously for 5 min and diluted to volume using
methanol. Approximately 100 mg of C
xanthorrhiza powder was accurately weighed,
added with 20 mL methanol, vigorously shaken,
and added diluted to 25.0 mL with methanol. These
solutions were filtered using a 0.45 filter. The
separation of curcumin was carried out using an X-
bridge C-18 column (3.0 x 250 mm with particle
size 5 um. Aquadest: acetic acid 2%: acetonitrile
(49: 1: 50) was used as mobile phase delivered
isocratically with a flow rate of 0.5 mL/min at 1.50
kPa. The analytes were detected using UV at 425
nm with an injection volume of 1 pL. The levels of
CUR obtained using HPLC were used as actual
values during modeling with FTIR spectra assisted
by PLSR.

The acquisition of ATR-FTIR spectra

All powders of Java Turmeric rhizomes were
subjected to ATR-FTIR spectral acquisition
employing an FTIR spectrophotometer from Perkin
Elmer® (Massachusetts USA). FTIR instrument
was controlled with Spectrum 3™ FT-IR as
operating software. ATR-FTIR spectral acquisition
was taken with the specification:

Region :4000-650 cm! in mid-infrared
The scanning 132
Resolution :8cmt

ATR-FTIR spectra of all samples were
corrected against the air as background. After
every acquisition of ATR-FTIR spectra of samples,
a new reference air was measured as background
correction. The intensity of ATR-FTIR spectra was
scanned as absorbance in three replicates intended
for quantitative analysis.

Chemometrics Analysis

The level of CUR in all rhizome samples was
expressed as mean (from three replicates) *
standard deviation (SD) with the assistance of
Excel software (Microsoft Inc. USA). The
absorbances of ATR-FTIR spectra at selected
wavenumbers were explored as variables during
PLSR. Analysis of multivariate calibration was
done using Minitab® version 17.

Traditional Medicine Journal, 28(3), 2023



Analysis of Curcumin contents in Curcuma xanthorrhiza using FTIR

Figure 1. HPLC separation of curcumin (tr of near 7.6 min) using column of X-bridge C-18 column
(3.0 x 250 mm with particle size 5 pm using mobile phase of Aquadest: acetic acid 2%: acetonitrile
(49: 1: 50) delivered isocratic with flow rate of 0.5 mL/min (1: curcumin, 2: desmethoxy curcumin,

3: bidesmethoxy curcumin)
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RESULTS AND DISCUSSION

Due to its capability to separate the analyte
of interest, curcumin in this study, HPLC using a
reversed column was used applying a visible
detector at 425 nm. Figure 1 revealed the HPLC
chromatogram of curcumin (tr of nearly 7.6 min)
which is separated from other components
(tentatively identified as demethoxycurcumin and
bis-demethoxsycurcumin) indicating that the
HPLC method provides the best separation of
curcumin from others. The levels of curcumin in C.
xanthorrhiza powders from different regions were
quantitatively analyzed using HPLC and the results
were subjected to ANOVA tests to compare means,
as compiled in Table I. The levels of curcumin
ranged from 0.6741 + 0.0705% (g/100 samples) to
2.1062 + 0.0095%.

ATR-FTIR spectra at 1/A 4000-650 cm-! are
shown in Figure 2. The chemical structure of
Curcumin is also included in Figure 2. Each peak
and shoulder in ATR-FTIR spectra can be explained
by the vibrational transition of functional groups
present in the studied Java Turmeric rhizomes. The
detailed investigation indicated that the ATR-FTIR
spectra of the studied samples are similar since the
chemical compositions of all rhizomes are similar.
Since ATR-FTIR spectra are fingerprinting in
nature, the samples could be differentiated by
looking at the absorbance values of peaks and
shoulders and the exact wavenumbers of each peak
and shoulder. The peak at 1/A 3300 cm™! appeared
broad band indicating the presence of hydrogen
bonding due to the stretching vibration of -OH. The
alkyl groups of methyl (CHs) and methylene (CHz)
were observed at 1/A 2960 cm (asymmetric
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stretching of CHs), 2922 cm (asymmetric
stretching of CH:z), and 2875 (asymmetric
stretching of CHz). The strong peaks at 1/A 1743
cm! and 1660 cm! corresponded to unconjugated
and conjugated carbonyl (C=0), respectively, while
the peak at 1/A 1512 cm! is due to the absorption
of C=C in stretching vibration mode. Peaks at 1/A
1454 cm and 1372 cm! could be attributed to
CHz and CHs group vibrations in bending mode.
Peaks at 1/A 1260, 1117, 1097, and 1030 cm™ are
due to the stretching vibration of C-0. The peak at
1/A 960 cm! corresponds to the stretching
vibration of C-OH, while peaks at 1/A 870 and 760
cm! originate from functional groups of -HC=CH-
(trans) and -HC=CH- (cis) out of a plane,
respectively (Prabaningdyah etal., 2018; Siregar et
al,, 2018).

PLSR was used to treat the absorbance
values as variables of FTIR spectra at different
wavenumbers. PLSR has advantages due to its
ability to handle more descriptor variables
(absorbance values) of targeted analytes, and to
provide non-orthogonal descriptors and multiple
responses. In addition, PLSR offers good predictive
accuracy with a lower risk of correlation chance.
The limitations of PLSR relate to the high risk of
overfitting (Cramer, 1993). PLSR is a full-spectrum
and factor analysis based on inverse calibration
which is very effective for the correlation of two or
more variables (Khajehsharifi et al.,, 2017). Some
spectral regions were evaluated for this task, and
the selection of wavenumbers regions was based
on the capability of the model to provide the best
correlation between actual values of curcumin as
determined by HPLC and FTIR predicted values,
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Table 1. HPLC results on curcumin contents of Java Turmeric obtained from different regions.

Origins Curcumin content (%)
Sukabumi 2.1062 £ 0.00952
Banyumas 2.0279 = 0.02982
Bandung 1.3706 + 0.0342b

Karanganyar 1.3103 + 0.02202
Mangunan 1.2308 £ 0.0034¢

Boyolali 1.1202 + 0.00604

Pacitan 1.1096 + 0.01394
Purworejo 0.9549 + 0.0143¢
Ponorogo 0.9388 + 0.0055¢f

Kulonprogo 0.8747 + 0.0343¢f8
Bogor 0.8739 £ 0.0263"8
Wonosobo 0.8702 + 0.0078fs

Magetan 0.8432 £ 0.0192¢

Wonogiri 0.8300 £ 0.0148¢

Pati 0.8013 + 0.01468h
Temanggung 0.7423 £ 0.0338M
Semarang 0.7159 £ 0.0216!
Magelang 0.6741 + 0.0705!

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

Values are means # SD of triplicate

Figure 2. Attenuated Total reflectance-Fourier
xanthorrhiza powders scanned at 4000-650 cm

[B]
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transform infrared (ATR-FTIR) spectra of Curcuma
-1[A] along with the chemical structure of Curcumin
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expressed by highest values of R and the lowest
values of RMSEC and RMSEP. Finally, the
absorbance values at 43 wavenumbers were
applied to predict the contents of curcumin.
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Curcumin (CUR)

PLSR modeling for the relationship between
the actual value of curcumin as determined using
HPLC and the calculated value as predicted using
FTIR spectroscopy is depicted in Figure 3. The
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Figure 3. Partial least square regression (PLSR) modelling for the relationship between actual value
of curcumin as determined using HPLC and calculated value as predicted using FTIR spectroscopy.
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values of R? were 0.9990 with RMSEC and RMSEP
values of 0.0028 and 0.0032. The high value of R?
and low values of RMSEC and RMSEP indicated that
the combination of FTIR spectroscopy and PLSR
provides an accurate and precise method for the
analysis of curcumin. The similar values of RMSEC
and RMSEP also indicated that over-fitting is not
observed during calibration and validation
modelings (van Wyngaard et al, 2021). FTIR
spectroscopy in combination with PLSR offers a
direct method for analysis of CUR with simple
operational and free from the use of organic
solvents since the sample can be directed into ATR
sampling accessory. In the future, the combination
of FTIR spectra-PLSR can be used as an alternative
method for analysis of CUR in C. xanthorrhiza
powder using HPLC by correlating the peaks and
the predicted values obtained during PLSR
modeling. In addition, the developed method offers
a green analytical method due to the use of
minimum solvent and reagent and does not involve
extensive sample preparation.

CONCLUSION

FTIR spectroscopy in combination with
PLSR is successfully applied for predicting the
levels of curcumin in Java Turmeric powder. The
relationship between the actual value and FTIR
predicted values provides a high value of Rz and a
low value of RMSEC indicating that the developed
method is an accurate and precise analytical
method for analysis of curcumin. FTIR
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spectroscopy is rapid and reliable for the analysis
of curcumin, providing the green analytical method
without any sample preparation.

ACKNOWLEDGEMENT

The authors thanks to Kemendikbudristek
for supporting this study and Medicinal Plant and
Traditonal Medicine Research and Development
Center (B2P2TOOT- Tawangmangu, Central Java)
for research facilities.

REFERENCES

Akarchariya, N. Sirilun, S. Julsrigival, ], &
Chansakaowa, S., 2017, ‘Chemical profiling
and antimicrobial activity of essential oil
from Curcuma aeruginosa Roxb., Curcuma
glans K. Larsen & ]J. Mood and Curcuma cf.
xanthorrhiza Roxb. collected in Thailand’.
Asian Pac. ]. Trop. Biomed. 7(10), 881-885.

Batista de Andrade Neto, ]., Pessoa de Farias
Cabral, V., Brito Nogueira, L. F.,, Rocha da
Silva, C., Gurgel do Amaral Valente S3, L.,
Ramos da Silva, A., Barbosa da Silva, W. M,,
Silva, ]J.,, Marinho, E. S, Cavalcanti, B. C,
Odorico de Moraes, M., & Nobre Junior, H. V.,
2021, ‘Anti-MRSA activity of curcumin in
planktonic cells and biofilms and
determination of  possible action
mechanisms’, Microb. Pathog. 155, 104892.

Cramer, R. D., 1993, Partial Least Squares (PLS): Its
strengths and limitations. Perspectives Drug
Discover. Design, 1(2), 269-278.

175



Awal P. Kusumadewi

Goren, A. C,, Cikrikei, S., Cergel, M., & Bilsel, G., 2009,
‘Rapid quantitation of curcumin in turmeric
via NMR and LC-tandem mass
spectrometry’, Food Chem. 113(4), 1239-
1242.

Khajehsharifi, H., Pourbasheer, E. Tavallali, H.,
Sarvi, S, & Sadeghi, M., 2017. The
comparison of partial least squares and
principal component regression in
simultaneous spectrophotometric
determination of ascorbic acid, dopamine
and uric acid in real samples. Arabian J.
Chem., 10, S3451-S3458.

Kusumadewi, A. P. Martien, R, Pramono, S.,
Setyawan, A. A, & Rohman, A., 2022, ‘Review
on the application of chemometrics for the
standardization and authentication of
Curcuma xanthorrhiza’, Food Res. 6(2), 1-8.

Li, Y, Shen, Y. Yao, C, & Guo, D., 2020, ‘Quality
assessment of herbal medicines based on
chemical fingerprints combined with
chemometrics approach: A review’, J.Pharm.
Biomed. Anal. 185, 113215.

Long, Y., Zhang, W., Wang, F., & Chen, Z., 2014,
‘Simultaneous determination of three
curcuminoids in Curcuma longa L. by high
performance  liquid  chromatography
coupled with electrochemical detection’, J.
Pharm Anal. 4(5), 325-330.

Noori, S., Kiasat, A. R,, Kolahi, M., Mirzajani, R,, &
Seyyed Nejad, S. M., 2022, ‘Determination of
secondary metabolites including curcumin
in Rheum ribes L. and surveying of its
antioxidant and anticancer activity’, J. Saudi
Chem. Soc. 26(3), 101479.

Prabaningdyah, N. K., Riyanto, S., & Rohman, A,
2018, ‘Application of FTIR spectroscopy and
multivariate calibration for analysis of
curcuminoid in syrup formulation’, J. Appl
Pharm. Sci. 8(3), 172-179.

Rafi, M., Wulansari, L., Heryanto, R., Darusman, L.
K, Lim, L. W, & Takeuchi, T., 2015,
‘Curcuminoid’s Content and Fingerprint
Analysis for Authentication and
Discrimination of Curcuma xanthorrhiza
from Curcuma longa by High-Performance
Liquid Chromatography-Diode  Array
Detector’, Food Anal. Methods, 8(9), 2185-
2193.

Rohaeti, E., Rafi, M., Syafitri, U. D., & Heryanto, R,,
2015, ‘Fourier transform infrared
spectroscopy combined with chemometrics
for discrimination of Curcuma Ionga,
Curcuma  xanthorrhiza and Zingiber
cassumunar’, Spectrochim Acta A Mol. Biomol
Spectrosc. 137,1244-1249.

Rohman, A., Wijayanti, T., Windarsih, A., & Riyanto,

176

S., 2020a. The Authentication of Java
Turmeric (Curcuma xanthorrhiza) Using
Thin Layer Chromatography and 1H-NMR
Based-Metabolite Fingerprinting Coupled
with Multivariate Analysis. Molecules,
25(17),1-13.

Rohman, A., Widodo, H. Lukitaningsih, E.,
Windarsih, A., Rafi, M., & Nurrulhidayah, A.
F., 2020b, ‘Review on in vitro antioxidant
activities of curcuma species commonly
used as herbal components in Indonesia’,
Food Res. 4(2), 286-293.

Septama, A. W,, Tasfiyati, A. N., Kristiana, R., & Jaisi,
A. (2022). Chemical profiles of essential oil
from  Javanese turmeric  (Curcuma
xanthorrhiza Roxb.), evaluation of its
antibacterial and antibiofilm activities
against selected clinical isolates. South
African J. Botany, 146, 728-734.

Sharma, K., Agrawal, S. S, & Gupta, M, 2012,
‘Development and validation of UV
spectrophotometric method for the
estimation of curcumin in bulk drug and
pharmaceutical dosage forms’, Int. J. Drug
Dev. Res. 4(2), 375-380.

Singh, S. K, Jha, S. K, Chaudhary, A., Yadava, R.D.S.,
& Raij, S. B,, 2010, ‘Quality control of herbal
medicines by using  spectroscopic
techniques and multivariate statistical
analysis’, Pharm Biol, 48(2), 134-141.

Siregar, C., Martono, S, & Rohman, A., 2018,
Application of Fourier transform infrared
(FTIR)  spectroscopy  coupled  with
multivariate calibration for quantitative
analysis of curcuminoid in tablet dosage
form. J. Appl. Pharm. Sci, 8(8), 151-156.

Sorng, S., Balayssac, S., Danoun, S., Assemat, G,
Mirre, A., Cristofoli, V., Le Lamer, A. C,
Jullian, V., Gilard, V., Fabre, N., Martino, R., &
Malet-Martino, M., 2022, ‘Quality
assessment of Curcuma dietary
supplements: Complementary data from LC-
MS and 1H NMR’, J. Pharm. Biomed. Anal.
212,114631.

Syed, H. K., Liew, K. Bin, Loh, G. 0. K,, & Peh, K. K,,
2015, ‘Stability indicating HPLC-UV method
for detection of curcumin in Curcuma longa
extract and emulsion formulation’, Food
Chem. 170, 321-326.

an Wyngaard, E., Blancquaert, E., Nieuwoudt, H., &
Aleixandre-Tudo, J. L. 2021. Infrared
Spectroscopy and Chemometric
Applications for the Qualitative and
Quantitative Investigation of Grapevine
Organs. Front. Plant Sci., 12, 1-16

Wulandari, R., Sudjadi, Martono, S., & Rohman, A,
2018, ‘Liquid chromatography and fourier

Traditional Medicine Journal, 28(3), 2023



Analysis of Curcumin contents in Curcuma xanthorrhiza using FTIR

transform infrared spectroscopy for Xiang, H.,, Zhang, L., Xi, L., Yang, Y., Wang, X,, Lei, D.,

quantitative analysis of individual and total Zheng, X.,, & Liu, X. (2018). Phytochemical
curcuminoid in Curcuma longa extract, J. profiles and bioactivities of essential oils
Appl. Pharm. Sci. 8(9), 107-113. extracted from seven Curcuma herbs.

Industrial Crops Products, 111, 298-305.

Traditional Medicine Journal, 28(3), 2023 177



