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ABSTRACT
Curcuma (Zingiberaceae) is a large rhizomatous herb genus found in tropical and subtropical areas.
The biological activities of Curcuma species have been extensively studied. This research concen-
trated on rapidly determining the phytochemicals with antioxidant activity from Curcuma sp. with
the aid of high-resolution mass spectrometry (HRMS). In this study, the antioxidant activity of Cur-
cuma sp. extract and fractionswere determined byDPPH assay. Overall, fraction F3 had the highest
antioxidant property (IC50 = 20.91 µg/mL), which was then analyzed by UHPLC-Q-TOF/MS in nega-
tive electrospray ionization (ESI) mode. LC analysis was performed on an ExionLCTM UHPLC system,
and mass spectrometric analysis was conducted on an X500R QTOF mass spectrometer (AB SCIEX,
USA). The data were analyzed using SCIEX OS software version 1.2.0.4122 (AB SCIEX, USA). The char-
acterization of three types of curcuminoids from Curcuma sp. was discussed and distinguished by
ESI-MS/MS analyses. As a result, 13 curcuminoid compounds from the best bioactive Curcuma sp.
fraction were successfully identified. This study laid a foundation for isolating specific antioxidant
phytochemicals from Curcuma sp.
Key words: Curcuma sp., antioxidant, UHPLC-Q-TOF/MS

INTRODUCTION
The Curcuma genus (120 species) is a rhizomatous
annual or perennial herb in the Zingiberaceae fam-
ily.1 Most Curcuma species are found in tropical ev-
ergreen environments. Curcuma species grow best in
Malaysia, Thailand, India, Indochina, northern Aus-
tralia, and other parts of Asia.2–5 Curcuma is an eco-
nomically valuable genus with several applications.
Because of its preservation, therapeutic, and flavoring
characteristics, Curcuma species can contribute eco-
nomically.6,7 Moreover, the underground rhizome of
Curcuma is a significant source of yellow dye.8

Many species in this genus have significant medicinal
effects, allowing them to treat a variety of health disor-
ders, including stomachulcers, hepatic disorders, skin
diseases, chest pain, diabetes, and rheumatism.9C.
longa has anti-inflammatory properties.10 C. amada
has been tested for cytotoxic action in a leukemic
cell line, hemolysis, and antioxidant activity.11 In
addition, in vitro testing of volatile oils extracted
from C. caesia leaves revealed that they have potent
anti-inflammatory, antioxidant, and antibiotic prop-
erties. 12,13 Bioactive components found in Curcuma

species include flavonoids, monoterpenes, sesquiter-
penes, phenolic compounds, and antioxidants.14–16

UHPLC-Q-TOF/MS has proven to be an increas-
ingly useful, powerful, and significant technique
for determining chemical components and metabo-
lites in biological materials17–19 because of its great
speed, efficiency, and resolution.20 Hence, UHPLC-
Q-TOF/MS was used to analyze the phytochemicals
from Curcuma sp. fraction with the best bioactivity
result.
The DPPH assay is a typical antioxidant test based on
electron transfer, which produces a violet solution in
ethanol. In the presence of an antioxidant, the free
radical, which is stable at room temperature, is di-
minished, resulting in a colorless solution. TheDPPH
assay is a simple and quick approach to evaluate an-
tioxidant activity using spectrophotometry. 21 In this
study, the antioxidant activity of Curcuma sp. extract,
and fractions were determined by DPPH assay.
The aim of this study was to rapidly determine the an-
tioxidant components of Curcuma sp. rhizomes with
the support of UHPLC-Q-TOF/MS technique.
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MATERIALS ANDMETHODS

Chemicals and reagents

Deionized water for HPLC; HPLC grade acetoni-
trile (ACN), methanol (MeOH), n-hexane, ethyl ac-
etate (EtOAc), analytical grade formic acid, dimethyl
sulfoxide (DMSO) (Scharlau, Spain); 2,2-diphenyl-
1-picrylhydrazyl (DPPH) (Sigma–Aldrich, USA);
ascorbic acid (Merck, USA); ethanol absolute (Chem-
sol, Vietnam).

Plant material

Curcuma sp. rhizomes were collected from Tra Vinh
Province, Vietnam. The plant was identified at the Re-
search Institute for Biotechnology and Environment
(Nong LamUniversity HoChiMinhCity). A voucher
specimen (NP0220) is deposited in the Center for Re-
search andTechnology Transfer, VietnamAcademy of
Science and Technology (VAST).

Sample extraction

Curcuma sp. rhizomes were rinsed thoroughly to re-
move the sand and soil, naturally dried overnight,
and ground into small pieces. 3.5 (kg) of the ground
rhizomes were extracted in approximately 20 L of
methanol for 24 hours at room temperature. Themac-
erate was filtered successively on Whatman filter pa-
per. The extract was concentrated using a rotava-
por (BÜCHI R-300, Switzerland) at 60◦C. After three
maceration cycles, 70.0 g of the crude extract (CE)was
collected. The crude extract was partitioned with n-
hexane and ethyl acetate to yield 8.0 (g) of n-hexane
extract (HE), 36.0 (g) of ethyl acetate extract (EE), and
26.0 (g) of methanol rest extract (ME).

Fractionation of ethyl acetate extract

The ethyl acetate extract (EE) of Curcuma sp. was
subjected to fractionation on a PLC 2250 system
(Gilson Inc., France). The instrumentation was
controlled by Gilson Glider CPC Software V5.1d.01
(Gilson Inc., France). Approximately 1.0 (g) of the EE
sample was fractionated with a 50 grams RediSep Rf
Gold® C18 reversed-phase column (Teledyne ISCO,
USA). Water (A) and methanol (B) were used as mo-
bile phase solvents. The gradient was as follows: 0–
25 min, 15-50% B; 25-35 min, 50-100% B; 35-50 min,
100% B. The flow rate was 20.0 mL/min, and UV de-
tection was performed at 254 nm. The solution was
collected in a 32 mL tube (25 mL for each tube). As
a result, the EE sample was separated into 5 fractions
(F1-F5).

Antioxidant activity

DPPH radical scavenging activity
The DPPH radical scavenging capacity of Curcuma
sp. extract and fractions were measured based on the
method reported by Kwang et al.22 with some specific
modifications. Briefly, 250 µM DPPH reagent in ab-
solute ethanol was prepared. The samples were dis-
solved in DMSO at a concentration of 400 ppm and
then diluted to different concentrations of 20, 100,
200, and 300 ppm. To evaluate antioxidant activity,
150 µL of DPPH reagent was mixed with 50 µL of
sample in each well of a 96-well plate. The exper-
iment was carried out three times for each sample.
The reaction mixtures were incubated for 30 minutes
at room temperature. A PowerWave HT Microplate
Spectrophotometer was used to detect the absorbance
of the incubated products at 520 nm (BioTek, USA).
The positive control was ascorbic acid. The IC50

value (the concentration of the sample required for
50%DPPH radical inhibition) was determined for the
sample based on the regression equation.
The following formulawas used to calculate theDPPH
scavenging effect:
Radical scavenging (%) =

(
Ablank−Asample

Ablank

)
×100%

where
Ablank : the absorbance at 520 nm of DPPH without
sample.
Asample: the absorbance at 520 nm of the mixture of
DPPH and sample.

Statistical Analysis
Data were processed using Excel 2016 and Rstudio
(version 1.4.1717) software. The results were com-
pared by one-way ANOVA and Tukey’s HSD post hoc
test. If p≤0.05, a difference was considered statisti-
cally significant.

UHPLC-Q-TOF analysis
All UHPLC-Q-TOF experiments were performed on
an instrument consisting of an ExionLCTM UHPLC
system and an X500R QTOF mass spectrometer (AB
SCIEX, USA). LC separations were carried out on a
Hypersil GOLD C18 column (150 x 2.1 mm, 3 µ)
(Thermo Fisher Scientific, USA). The mobile phase
solvents were water containing 0.1% formic acid (A)
and acetonitrile containing 0.1% formic acid (B). The
gradient elution profile was as follows: 0–1min, 2%B;
1-25 min, 2-98% B; 25-29 min, 98% B. The flow rate
was 0.4 mL/min, and 2 µL of sample was injected for
analysis.
The Q-TOF analysis was acquired in negative electro-
spray ionization (ESI) mode. The parameters were as
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follows: ion source temperature, 500◦C; curtain gas,
30 psi; nebulizer gas (GS 1), 45 psi; heater gas (GS
2), 45 psi. For the TOF MS scan, the mass range was
set at m/z 70–2000. For the TOF MS/MS scan, the
mass range was set at m/z 50–1500. For the nega-
tive mode, the ion spray voltage was set at −4.5 kV,
the declustering potential (DP) was −70 V, the colli-
sion energy (CE) was−20 eV, and the collision energy
spread (CES) was 10 eV. All the obtained data were
processed by SCIEX OS software version 1.2.0.4122
(AB SCIEX, USA).
In this study, only the fraction with the best an-
tioxidant activity was analyzed by UHPLC-Q-TOF
to identify the bioactive compounds of Curcuma sp.
rhizomes.

RESULTS
Antioxidant activity from Curcuma sp. ex-
tracts and fractions
In this experiment, the antioxidant activity of Cur-
cuma sp. extract and fractions were evaluated by
DPPH assay. Table 1 and Table 2 present the an-
tioxidant results of the extracts and fractions of Cur-
cuma sp., respectively. The lowest antioxidant activ-
ity was observed in methanol rest extract (ME) (7.76
± 0.65%), while the bestDPPH inhibition activity was
observed in ethyl acetate extract (EE) (74.48± 0.80%)
with an IC50 of 29.40 µg/mL. As shown in Table 2,
fraction F1 had the lowest antioxidant result (0.82 ±
0.23%), and fraction F3 had the most effective antiox-
idant activity (84.27 ± 2.53%) with an IC50 of 20.91
µg/mL. Ascorbic acid was used as the positive con-
trol, of which the IC50 valuewas calculated to be 17.43
µg/mL.
The regression equations and IC50 values of the ethyl
acetate extract, fraction F3, and vitamin C are pre-
sented in Table 3.

UHPLC-Q-TOF analysis of fraction F3
According to the antioxidant activity screening result,
fraction F3 showed the best DPPH inhibition, which
was then analyzed by UHPLC-Q-TOF. MS and frag-
ment data of phytochemicals contained in fraction F3
are presented in Table 4. The total ion chromatogram
(TIC) of fraction F3 is shown in Figure 1. Figure 2
shows the chemical structures of the phytochemicals
that were discovered. The fragmentation pathway of
compound 11 at TR = 10.52 is shown in Figure 3.

DISCUSSION
Although the phytochemical composition of Cur-
cuma species has been identified and their antioxi-

dant activity has been demonstrated, the actual com-
pounds that contribute to antioxidant activity have
yet to be identified.23 To rapidly determine the an-
tioxidant constituents of Curcuma sp., fraction F3
with the best DPPH inhibition activity was analyzed
by UHPLC-Q-TOF/MS.

Identification of curcuminoids byMS/MS
Curcuminoid structures can be divided into twoparts:
a skeleton of a heptane or pentane system and two
aryl groups in the side chain.24 Based on the results
of UHPLC-Q-TOF analysis, all 13 compounds iden-
tified in fraction F3 were curcuminoids with heptane
skeletons. The skeletons (A, B, and C) and aryl groups
(Ar1 – Ar3) were confirmed to exist in fraction F3 of
Curcuma sp. (Figure 2). Compared with type A cur-
cuminoids, type B curcuminoids contained one keto
group at C-3 or C-5, while type C curcuminoids had
a double bond at the position of C-6,7.
In the negative mode, the product ions of aryl groups
Ar1, Ar2, and Ar3 were 123, 109, and 93 (Da), respec-
tively. The product ion of 59 (Da) referred to the ac-
etate group at the C-3 or C-5 position of the skeleton.
In addition, the [M-H-CH3]− ion could be observed
via loss of a methyl radical from the aryl group. Com-
pounds 5 and 9 were identified as type B, compound
8 was detected as type C, and the remaining 10 com-
pounds were type A curcuminoids.

Correlation of phytochemicals and antioxi-
dant activity of Curcuma sp.
Ibrahim et al. showed the antioxidant activity of
three isolated curcuminoids (curcumin, demethoxy-
curcumin, and bisdemethoxycurcumin) from Cur-
cuma domestica and Curcuma xanthorrhiza with
IC50 values of 0.15, 0.16, and 0.36 µmol/L, respec-
tively.23 Waras et al. stated that the main bioactive
substances in the rhizomes of C. xanthorrhiza and C.
domestica that have efficacy as antioxidant and anti-
inflammatory activities are curcuminoids.25 Jesmin
et al. reported that nine purified compounds isolated
from the fresh rhizome of turmeric Ryudai gold had
antioxidant activity, of which six compounds were
curcuminoids.26

The antioxidant activity and chemical constituents of
Curcuma sp. showed that the presence of curcumi-
noids in the fraction was responsible for the consider-
able antioxidant activity. Our findings suggested that
Curcuma sp., a new species of the Curcuma genus, is
a promising source of natural antioxidants. Future
studies should aim to isolate compounds in fraction
F3 to accurately identify the compound(s) responsi-
ble for antioxidant activity from Curcuma sp.
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Table 1: Antioxidant activity screening of Curcuma sp. extracts at a concentration of 100 ppm.

Sample DPPH inhibition (%)

1st 2nd 3rd Mean± SD*

CE 27.37 26.61 25.69 26.56± 0.84

HE 17.98 20.43 19.65 19.35± 1.25

EE 73.85 75.37 74.21 74.48± 0.80

ME 7.66 8.46 7.16 7.76± 0.65

* Standard deviation.
Means are significantly different at p≤ 0.05 according to Tukey’s HSD test.

Table 2: Antioxidant activity screening of Curcuma sp. fractions at a concentration of 100 ppm.

Sample DPPH inhibition (%)

1st 2nd 3rd Mean± SD*

F1 1.07 0.62 0.78 0.82± 0.23

F2 13.61 13.45 14.12 13.73± 0.35a

F3 84.72 81.54 86.54 84.27± 2.53

F4 24.97 24.29 25.53 24.93± 0.62

F5 13.23 13.14 12.45 12.94± 0.42a

* Standard deviation.
Mean values followed by the same uppercase letter are not significantly different from each other at p≤ 0.05 according to Tukey’s HSD test.

Table 3: Regression equations and IC50 values of Curcuma sp. EtOAc extract, fraction F3, and positive control
(vitamin C).

Sample Regression equation R2 IC50 (µg/mL)

EE y = - 0.0147x2 + 2.4615x - 9.6637 0.9923 29.40

F3 y = - 0.0152x2 + 2.2394x + 9.8106 0.9740 20.91

Vitamin C y = - 0.0157x2 + 2.3991x + 12.947 0.9780 17.43

Figure 1: Total ion chromatogram (TIC) of fraction F3.
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Figure 2: 13 curcuminoids from fraction F3.

Figure 3: Fragmentation pathway of compound 11.

CONCLUSION
The goal of this study was to use UHPLC-Q-TOF/MS
technology to quickly assess the antioxidant compo-
nents of Curcuma sp. rhizomes. In this research, the
DPPH radical scavenging activity of Curcuma sp. ex-
tracts and fractions was determined. Consequently,
13 curcuminoids in fraction F3 with the strongest
antioxidant activity were identified by UHPLC-Q-
TOF/MS.This research could build a basis for the iso-
lation of targeted antioxidant compounds from Cur-
cuma sp.

LIST OF ABBREVIATIONS
ACN: Acetonitrile
CE: Crude extract
DMSO: dimethyl sulfoxide
DPPH: 2,2-Diphenyl-1-picrylhydrazyl
EE: Ethyl acetate extract
ESI: Electrospray Ionization
EtOAc: Ethyl acetate
HE: n-hexane extract
HPLC: High-performance liquid chromatography
HRMS: High-Resolution Mass Spectrometry
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IC50: Half-maximal inhibitory concentration
ME: Methanol rest extract
MeOH: Methanol
TIC: Total ion chromatogram
UHPLC-Q-TOF/MS: Ultra-High-Performance
Liquid Chromatography-Quadrupole Time-of-Flight
Mass Spectrometry

ACKNOWLEDGMENTS
This research is funded by the Pilot production project
of Vietnam Academy of Science and Technology
(VAST) under grant number UDSXTN.02/20-21.

AUTHOR CONTRIBUTION
Tran Chieu An: performed the analytic calculations,
analyzed the data, and contributed to the writing of
the manuscript.
Pham Hong Ngoc: performed UHPLC-Q-TOF anal-
ysis, processed the experimental data, analyzed the
data, and contributed to thewriting of themanuscript.
Tran Phan Huynh Nhu: prepared the sample and car-
ried out antioxidant experiment.
Ung Nguyen Hoang Kiem: contributed to sample ex-
traction and fractionation.
Le Ngoc Hung: devised the project and the main con-
ceptual ideas.
Phung Van Trung: devised the project, the main con-
ceptual ideas, and developed the theoretical frame-
work.

COMPETING INTERESTS
The author(s) declare that they have no competing in-
terests.

REFERENCES
1. Kress WJ, Prince LM, Williams KJ. The phylogeny and a

new classification of the gingers (Zingiberaceae): evidence
from molecular data. Am J Bot. 2002;89(10):1682-96;PMID:
21665595. Available from: 10.3732/ajb.89.10.1682.

2. Larsen K. A preliminary checklist of the Zingiberaceae of Thai-
land. Thai For Bull. 1996;24:35-49;.

3. Xia Q, Zhao KJ, Huang ZG, Zhang P, Dong TT, Li SP et
al. Molecular genetic and chemical assessment of rhizoma
Curcumae in China. J Agric Food Chem. 2005;53(15):6019-
26;PMID: 16028990. Available from: 10.1021/jf0508495.

4. Maknoi C. Taxonomy and phylogeny of the genus Curcuma L.
(Zingiberaceae) with particular reference to its occurrence in
Thailand [Ph.D. thesis]. Songkhla, Thailand: Prince of Songkla
University; 2006;.

5. Leong-Skornicková J, Sída O, Jarolímová V, Sabu M, Fér T,
Trávnícek P et al. Chromosome numbers and genome size
variation in Indian species of Curcuma (Zingiberaceae). Ann
Bot. 2007;100(3):505-26;PMID: 17686760. Available from: 10.
1093/aob/mcm144.

6. Xiang Z, Wang XQ, Cai XJ, Zeng S. Metabolomics Study
on Quality Control and Discrimination of three Curcuma
species based on Gas chromatograph–mass spectrometry.
PhytochemAnal. 2011;22(5):411-8;PMID: 21433157. Available
from: 10.1002/pca.1296.

7. Prasad S, Aggarwal BB. Turmeric, the golden spice: from tra-
ditional medicine tomodernmedicine. Herb Biomol Clin ASp.
2011;13:263-88;Available from: 10.1201/b10787-14.

8. Srivilai J, Waranuch N, Tangsumranjit A, Khorana N, Ingkan-
inan K. Germacrone and sesquiterpene-enriched extracts
from Curcuma aeruginosa Roxb. increase skin penetration
of minoxidil, a hair growth promoter. Drug Deliv Transl Res.
2018;8(1):140-9;PMID: 29159692. Available from: 10.1007/
s13346-017-0447-7.

9. Saikia B, Borthakur SK. Use of medicinal plants in animal
healthcare-A case study from Gohpur, Assam. Indian J Tradit
Knowl. 2010;9:49-51;.

10. Ayati Z, Ramezani M, Amiri MS, Moghadam AT, Rahimi H, Ab-
dollahzade A et al. Ethnobotany, Phytochemistry and Tradi-
tional Uses of Curcuma spp. and Pharmacological Profile of
Two Important Species (C. longa and C. zedoaria): a review.
Curr Pharm Des. 2019;25(8):871-935;PMID: 30947655. Avail-
able from: 10.2174/1381612825666190402163940.

11. Anuchapreeda S, Khumpirapang N, Chiampanichayakul S,
Nirachonkul W, Saiai A, Usuki T et al. Characterization
and biological properties of Zederone and Zedoarondiol
from rhizomes of en-Lueang (Curcuma cf. amada). Nat
Prod Commun. 2018;13(12):1615-8;Available from: 10.1177/
1934578X1801301211.

12. Mukunthan KS, Satyan RS, Patel TN. Pharmacological evalua-
tionof phytochemicals fromSouth IndianBlack Turmeric (Cur-
cuma caesia Roxb.) to target cancer apoptosis. J Ethnophar-
macol. 2017;209:82-90;PMID: 28733192. Available from: 10.
1016/j.jep.2017.07.021.

13. Borah A, Paw M, Gogoi R, Loying R, Sarma N, Munda S et
al. Chemical composition, antioxidant, anti-inflammatory, an-
timicrobial and in vitro cytotoxic efficacy of essential oil of
Curcuma caesia Roxb. leaves: an endangered medicinal plant
of North East India. Ind Crops Prod. 2019;129:448-54;Available
from: 10.1016/j.indcrop.2018.12.035.

14. Akter J, Hossain MA, Takara K, Islam MZ, Hou DX. Antioxidant
activity of different species and varieties of turmeric (Curcuma
spp): isolation of active compounds. CompBiochemPhysiol C
Toxicol Pharmacol. 2019;215:9-17;PMID: 30266519. Available
from: 10.1016/j.cbpc.2018.09.002.

15. De B, Karak S, Das S, Begum S, Gupta P, De Pradhan I et
al. Profiling nonpolar terpenes of rhizomes for distinguishing
some Indian Curcuma species. J Appl Res Med Aromat Plants.
2019;13:100207;.

16. Vella FM, Calandrelli R, Cautela D, Fiume I, Pocsfalvi G,
Laratta B. Chemometric screening of fourteen essential oils
for their composition and biological properties. Molecules.
2020;25(21):5126;PMID: 33158110. Available from: 10.3390/
molecules25215126.

17. Bao BH, Kang A, Zhao Y, Shen Q, Li JS, Di LQ et al. A selec-
tive HPLC–MS/MS method for quantification of SND-117 in
rat plasma and its application to a pharmacokinetic study. J
Chromatogr B Analyt Technol Biomed Life Sci. 2017;1052:60-
5;PMID: 28359984. Available from: 10.1016/j.jchromb.2017.03.
008.

18. Romański M, Kasprzyk A, Teżyk A, Widerowska A, Żaba C,
Główka F. Determination of prodrug treosulfan and its bio-
logically activemonoepoxide in rat plasma, liver, lungs, kid-
neys,muscle, andbrainbyHPLC–ESI–MS/MSmethod. J Pharm
Biomed Anal. 2017;140:122-9;PMID: 28346882. Available
from: 10.1016/j.jpba.2017.03.023.

19. Huang JT, Cheng YY, Lin LC, Tsai TH. Structural pharma-
cokinetics of polymethoxylated flavones in rat plasma using
HPLC–MS/MS. J Agric Food Chem. 2017;65(11):2406-13;PMID:
28251856. Available from: 10.1021/acs.jafc.6b05390.

20. Dong Y, Jia G, Hu J, Liu H, Wu T, Yang S et al. Determination
of alkaloids and flavonoids in Sophora flavescens by UHPLC-
Q-TOF/MS. J Anal Methods Chem. 2021;2021:9915027;PMID:
34367714. Available from: 10.1155/2021/9915027.

21. Huang DJ, Ou BX, Prior RL. The chemistry behind antioxidant
capacity assays. J Agric Food Chem. 2005;53(6):1841-56;PMID:
15769103. Available from: 10.1021/jf030723c.

2416

https://www.ncbi.nlm.nih.gov/pubmed/21665595
10.3732/ajb.89.10.1682
https://www.ncbi.nlm.nih.gov/pubmed/16028990
10.1021/jf0508495
https://www.ncbi.nlm.nih.gov/pubmed/17686760
10.1093/aob/mcm144
10.1093/aob/mcm144
https://www.ncbi.nlm.nih.gov/pubmed/21433157
10.1002/pca.1296
10.1201/b10787-14
https://www.ncbi.nlm.nih.gov/pubmed/29159692
10.1007/s13346-017-0447-7
10.1007/s13346-017-0447-7
https://www.ncbi.nlm.nih.gov/pubmed/30947655
10.2174/1381612825666190402163940
10.1177/1934578X1801301211
10.1177/1934578X1801301211
https://www.ncbi.nlm.nih.gov/pubmed/28733192
10.1016/j.jep.2017.07.021
10.1016/j.jep.2017.07.021
10.1016/j.indcrop.2018.12.035
https://www.ncbi.nlm.nih.gov/pubmed/30266519
10.1016/j.cbpc.2018.09.002
https://www.ncbi.nlm.nih.gov/pubmed/33158110
10.3390/molecules25215126
10.3390/molecules25215126
https://www.ncbi.nlm.nih.gov/pubmed/28359984
10.1016/j.jchromb.2017.03.008
10.1016/j.jchromb.2017.03.008
https://www.ncbi.nlm.nih.gov/pubmed/28346882
10.1016/j.jpba.2017.03.023
https://www.ncbi.nlm.nih.gov/pubmed/28251856
10.1021/acs.jafc.6b05390
https://www.ncbi.nlm.nih.gov/pubmed/34367714
10.1155/2021/9915027
https://www.ncbi.nlm.nih.gov/pubmed/15769103
10.1021/jf030723c


Science & Technology Development Journal, 25(2):2410-2417

22. Lee KJ, Oh YC, Cho WK, Ma JY. Antioxidant and anti-
inflammatory activity determination of one hundred kinds of
pure chemical compounds using offline and online screen-
ing HPLC assay. Evid Based Complement Alternat Med.
2015;2015:165457;PMID: 26504472. Available from: 10.1155/
2015/165457.

23. Jantan I, Saputri FC, Qaisar MN, Buang F. Correlation be-
tween chemical composition of Curcuma domestica and Cur-
cuma xanthorrhiza and their antioxidant effect on human
low-density lipoprotein oxidation. Evid Based Complement
Alternat Med. 2012;2012:438356;PMID: 23243446. Available
from: 10.1155/2012/438356.

24. Jia S, Du Z, Song C, Jin S, Zhang Y, Feng Y et al. Identifica-
tion and characterization of curcuminoids in turmeric using

ultrahigh-performance liquid chromatography-quadrupole
time of flight tandem mass spectrometry. J Chromatogr A.
2017;1521:110-22;PMID: 28951052. Available from: 10.1016/
j.chroma.2017.09.032.

25. Waras N, Laksmi A, Ni LPEKS, Latifah KD Curcuminoid con-
tents, antioxidant and anti-inflammatory activities of Cur-
cumaxanthorrhiza RoxB. andCurcumadomestica Val. promis-
ing lines from Sukabumi of Indonesia. Prosiding Seminar Na-
sional Kimia Unesa; 2012. p. 284-92;.

26. Jesmin A, Amzad Md. H; Kensaku T; Md. Zahorul I; and De-
Xing H. Antioxidant activity of different species and varieties
of turmeric (Curcuma spp): isolation of active compounds.
Comp Biochem Physiol C Toxicol Pharmacol. 2019;215:9-17;.

2417

https://www.ncbi.nlm.nih.gov/pubmed/26504472
10.1155/2015/165457
10.1155/2015/165457
https://www.ncbi.nlm.nih.gov/pubmed/23243446
10.1155/2012/438356
https://www.ncbi.nlm.nih.gov/pubmed/28951052
10.1016/j.chroma.2017.09.032
10.1016/j.chroma.2017.09.032

	Analysis of chemical components from ``white turmeric'' (Curcuma sp.) fraction with antioxidant activity by ultrahigh-performance liquid chromatography-quadrupole time-of-flight mass spectrometry (UHPLC-Q-TOF/MS) 
	INTRODUCTION
	MATERIALS AND Methods  
	Chemicals and reagents
	Plant material
	Sample extraction
	Fractionation of ethyl acetate extract
	Antioxidant activity
	DPPH radical scavenging activity

	Statistical Analysis
	UHPLC-Q-TOF analysis

	RESULTS
	Antioxidant activity from Curcuma sp. extracts and fractions
	UHPLC-Q-TOF analysis of fraction F3

	DISCUSSION
	Identification of curcuminoids by MS/MS
	Correlation of phytochemicals and antioxidant activity of Curcuma sp.

	CONCLUSION
	LIST OF ABBREVIATIONS
	Acknowledgments  
	Author contribution
	COMPETING INTERESTS
	References


