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INTRODUCTION

Curcuma phaeocaulis, Curcuma kwangsiensis and

Curcuma wenyujin belong to the Zingiberaceae family, which

are distributed widely throughout the tropics and subtropics,

particularly in China. Their roots, called "Ezhu," are more com-

monly used as Chinese herbal medicines and food additives

and their annual market consumption exceeds 20,000 tons of

dried herbs. Pharmacological studies have found that they have

antitumor1-4, antiinflammatory5-7, antibacterial and antiviral8,9

effects, among others and inhibit lipid peroxidation10. Free

radicals (FRs) and reactive oxygen species (ROS) produced

during metabolism are major contributors to various chronic

diseases. Increasing evidence that oxidative damage plays an

important role in the development of chronic, age-related

degenerative diseases supports this point11. Antioxidants delay

or prevent the oxidation of free radicals and/or reactive oxygen

species and thus reduce the risk of disease12. The secondary

metabolites from curcuma plants mainly contain sesquiter-

penoids, including β-elemene, curcumol, germacrone, curdione

and neocurdione, as well as curcuminoids, including curcumin,

demethoxy-curcumin and bisdemethoxy-curcumin13-18. Data

suggesting that polyphenolic curcuminoids and some sesquiter-

penoid antioxidants may be useful for the prevention and/or

treatment of some age-related degenerative diseases have been

reported19. The present study thus endeavored to evaluate the
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antioxidant properties of the above mentioned Curcuma

species, with the aim of exploring more sources of natural

antioxidants and thereby promoting their development.

Screening of antioxidant components from medicinal

plants is complicated: Monomers are usually the first to be

isolated and their antioxidant capacities are then assayed

individually. However, this screening way is time-consuming

and uneconomical. In addition, because a synergistic action

exists among antioxidant components, research has shown that

several antioxidant components at lower concentrations have

better antioxidant capacity, which contributes to their safe use

as food additives20. These data render knowledge on how

antioxidant components or clusters can be more effectively

screened very crucial. Multiple regression analysis can esta-

blish the relationship between a dependent variable and

independent variables and stepwise regression is commonly

used multiple regression approach21. In the regression process,

independent variables are individually introduced into the

regression equation according to the number and order of their

partial correlation coefficients. The partial correlation coeffi-

cients of each introduced variable are then statistically tested;

significant variables remain in the regression equation, whereas

no significant ones are deleted so that other variables may be

selected. Given that new variables are introduced into the equa-

tion, some original variables are not likely to be statistically

significant due to their interactions and should be removed
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from the equation based on statistical tests; only significant

variables are thus retained for regression analysis. The optimal

regression equation is obtained once the introduction and

elimination of variables stop. As antioxidant capacity was

regarded as the dependent variable and peak areas of HPLC

chromatographic profilings of Curcuma extracts were taken

as independent variables in this study. Significant antioxidant

substances were selected as variables in the regression model.

The primary objective of this study was to systematically

evaluate the antioxidant capacities of different solvent extracts

from fresh and dried herbs of C. phaeocaulis, C. kwangsiensis

and C. wenyujin according to their 1,1-diphenyl-2-picrylhydrazyl

(diphenyl-hydrazine bitter; DPPH•) and hydroxyl radical (OH•)

scavenging activities, ferrous ion (Fe2+) chelating ability and

ferric ion reducing power. Multivariate stepwise regression

was used to establish component-effect model and to screen

antioxidant substances or clusters from curcuma plants.

EXPERIMENTAL

Ferrous triazine, deoxyribose and DPPH were obtained

from Sigma Chemical Co. (St. Louis, MO, USA). FeSO4·7H2O,

potassium ferricyanide, disodium hydrogen phosphate, sodium

dihydrogen phosphate, trichloroacetic acid, ferric chloride,

H2O2 and thiobarbituric acid were purchased from Guoyao

Company (China). Folin-Ciocalteu reagent, butylated hydroxy-

anisole and gallic acid were obtained from the China Drugs

and Biological Products Inspection Institute (purity, ≥ 98 %).

All reagents were of analytical grade.

Sample preparation: Samples of C. phaeocaulis, C.

kwangsiensis and C. wenyujin were collected before and after

January 2012 from their respective areas of original cultivation

in China: Wenjiang, Sichuan Province; Lingshan, Guangxi

Province; and Ruian, Zhejiang Province. They were identified

by Dong Jian-yong (Pharmacy Department, Wenzhou Medical

College, Wenzhou, Zhejiang, China). The dry herbs were

processed by boiling the fresh samples for 40 min, followed

by parching at 35 °C until a constant weight was obtained.

The samples to be tested were cut into smaller pieces, ground

into powder and then passed through a 20-mesh (0.9 mm)

sieve. Twenty-five grams of the fresh and dried powder samples

was placed in a Soxhlet apparatus and extracted for 6 h. One

hundred milliliters of solvent containing distilled water, 95 %

ethanol and ethyl acetate was used as an extractant. Extracts

were cooled to room temperature and then concentrated to 10

mL using a vacuum rotary evaporator (Büchi R-210, Flawil,

Switzerland). Each concentrated extract was serially diluted

to approximately 50 % until eight samples of varying concen-

trations were available for use in the assays. Concentrations

ranged from approximately 40 to 0.05 mg/mL for both fresh

and dried extracts. All concentrations were calculated on a

dry rhizome mass basis. Extracts were stored in the dark at

-5 °C prior to use.

DPPH free radical scavenging: The capacity of extracts

to remove DPPH was determined using a modified version of

the method described by Shimada et al.22. Briefly, 2 mL of

extracts and 1 mL of freshly prepared 0.2 mM DPPH metha-

nolic solution were thoroughly mixed and kept in the dark for

0.5 h. The absorbance of the reaction mixture at 517 nm was

measured using a spectrophotometer. Each sample was detected

three times and expressed as mean ±SD. The percentage of

free radical scavenging activity was calculated as follows:

Extract

Control

A
Scavenging activity (%) 1 – 100

A

 
= × 
 

(1)

where AControl is the absorbance of the blank sample and AExtract

is the absorbance of test samples.

OH••••• radical scavenging effect: OH• radical scavenging

effect was determined as previously described23. Reaction

mixtures contained FeSO4 (0.2 mL, 3 mM), EDTA (0.2 mL,

3 mM), H2O2 (0.2 mL, 3 mM), deoxyribose (0.5 mL, 5 mM)

and various concentrations of extracts (1.5 mL). All mixtures

were dissolved in KH2PO4/KOH buffer (20 mM, pH 7.4). After

incubation at 37 °C for 1 h, trichloroacetic acid (1 mL, 2.8 %

w/v) and thiobarbituric acid (1 mL, 1 % w/v) were added

and the mixture was heated in a water bath at 100 °C for 15

min. The absorbance of the resulting solution at 532 nm was

measured. OH• scavenging activity was calibrated, with a

higher percentage indicating higher antioxidant activity.

Fe2+ chelating effect: This study adopted the Fe2+ chela-

ting assay used by Singh and Rajini24. FeSO4 (0.1 mL, 2 mM)

was mixed with various concentrations of extracts (1 mL),

followed by ferrozine (0.1 mL, 5 mM). Absorbance at 562 nm

was measured after 10 min. The ability of extracts to chelate

ferrous ions was calculated as follows:

Extract

Control

A
Chelating effect (%) 1 – 100

A

 
= × 
 

(2)

where AExtract and AControl are the absorbance of the extract and

negative control, respectively.

Reducing power test: Reducing power was measured

according to the method described by Duh and Yen25. Various

concentrations of extracts (2.5 mL), phosphate buffer (200

mM, pH 6.6, 2.5 mL) and potassium hexacyanoferrate solution

(1 % v/w, 2.5 mL) were placed in a test tube and heated at

50 °C for 20 min. The test tube was then cooled in an ice bath,

after which trichloroacetic acid (0.5 mL, 10 %) was added.

After centrifugation at 3000 g for 10 min, a 5 mL aliquot of

the supernatant was mixed and reacted with distilled water

(5 mL) and ferric chloride (1 mL, 0.1 %) for 10 min. Finally,

absorbance at 700 nm was measured, with increased absor-

bance of the reaction mixture indicating increased reducing

power.

HPLC conditions: HPLC was performed on an Agilent

Series 1100 system (Agilent Technologies, USA). A Hypersil

ODS column (250 mm × 4 mm I.D., 5 mm) was used for sepa-

ration. The mobile phase consisted of water and acetonitrile

with gradient elution as follows: 0-15 min, 30-45 % aceto-

nitrile; 30-40 min, 47-60 % acetonitrile; 40-50 min, 60-90 %

acetonitrile; 50-60 min, 90-100 % acetonitrile. The flow rate

was 1 mL/min. The samples were detected at 210 nm. The

column temperature was maintained at 30 °C and each sample

was tested three times.

Data processing and statistical analysis: A multivariate

statistical method of stepwise regression was used for screening

active components in extracts to build a model of antioxidant

components and antioxidant capacity. Stepwise regression was
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directly performed using Matlab 7.0 procedures. Chromato-

graphic peaks of extracts with a limit of quantification (signal-

to-noise ratio) > 10 were labeled and integrated. The

chromatographic peak areas and retention times were then

obtained, removing 70 % missing peaks at the same retention

times. The 20 chromatographic peaks, which constituted an

18 × 20 matrix, are shown in Fig. 1. These variable data were

normalized and used for stepwise regression analysis. The

dependent variable was represented by EC50, which is the

sample concentration in which half of the radicals were removed.

In addition, the experimental results were expressed as the

mean ±SD of three replicates. All scavenging and chelating

curves were generated by GraphPad Prism software.

RESULTS AND DISCUSSION

HPLC profilings of extracts: A 1 mL supernatant of the

half-maximal effective concentration (EC50) was filtered

through a 0.45 µm membrane and the filtrate (20 µL) was

detected for HPLC analysis. HPLC chromatogram of mix

samples from three fresh or dried curcumas are shown in Fig. 1.

As shown in Fig. 2, the HPLC profilings of extracts from

different solvents and species significantly differed, but those

from the same species of dried and fresh herbs were similar.

In the ethyl acetate extracts, the contents of peaks 8, 9, 10 and

17 (components) in C. phaeocaulis were higher than those in

C. wenyujin and C. kwangsiensis, especially for peak 17. The

contents of peaks 8, 9, 10, 14, 19 and 20 in C. wenyujin were

relatively high, whereas the components of peak 14 in C.

phaeocaulis  and C. kwangsiensis were particularly small. The
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Fig. 1. HPLC chromatogram of mix samples

contents of peaks 8, 9, 10 and 15 in C. kwangsiensis were

higher than those in C. phaeocaulis and C. wenyujin, with the

components of peak 15 detected in considerably small

amounts. The HPLC chromatograms of 95 % ethanol and ethyl

acetate extracts from the three Curcuma species were similar.

On the other hand, the HPLC chromatograms of water extracts

showed few components, among which peaks 9 and 10 were

the main ingredients, although their contents were low.

DPPH••••• radical scavenging activity: The DPPH• radical

is a stable nitrogen-centered free radical widely used for scree-

ning the in vitro antioxidant activities of fruits and vegetables,

plant extracts and foods26. The DPPH radical scavenging rates

of the water, 95 % ethanol and ethyl acetate extracts from

C. phaeocaulis, C. kwangsiensis and C. wenyujin are shown

in Fig. 3a,b. The clearance rates of ethyl acetate extracts
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Fig. 2. HPLC chromatograms of the 18 samples: 1, ethyl acetate (EAc) extracts from C. kwangsiensis; 2, EAc extracts from C. wenyujin; 3, EAc extracts

from C. phaeocaulis; 4, 95 % ethanol (EtOH) extracts from C. kwangsiensis; 5, 95 % EtOH extracts from C. wenyujin; 6, 95 % EtOH extracts from

C. phaeocaulis; 7, H2O extracts from C. kwangsiensis; 8, H2O extracts from C. wenyujin; 9, H2O extracts from C. phaeocaulis; 10, EAc extracts from

fresh C. kwangsiensis; 11, EAc extracts from fresh C. wenyujin; 12, fresh EAc extracts from fresh C. phaeocaulis; 13, 95 % EtOH extracts from fresh

C. kwangsiensis; 14, 95 % EtOH extracts from fresh C. wenyujin; 15, 95 % EtOH extracts from fresh C. phaeocaulis; 16, H2O extracts from fresh C.

kwangsiensis; 17, H2O extracts from C. wenyujin; 18, H2O extracts from fresh C. phaeocaulis.
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approximated those of dried 95 % ethanol extracts at the tested

concentrations and significant differences in clearance among

different species were not observed. The water extracts exhi-

bited lower clearance rates compared with the ethyl acetate

and 95 % ethanol extracts. The antioxidant capacities of

different solvent extracts in the range of 0-10 mg/mL clearly

showed concentration dependence.

For the fresh extracts, the antioxidant capacities of different

solvent extracts in the range of 0-25 mg/mL also demonstrated

concentration dependence. At lower concentrations (0-10

mg/mL), the ethyl acetate and 95 % ethanol extracts from C.

wenyujin had higher clearance rates compared with those from

the two other species. In addition, the scavenging rates of fresh

extracts with the same solvent differed. For the same Curcuma

species, the clearance rates were in the following order: 95 %

ethanol extracts > ethyl acetate extracts > water extracts.

Stepwise regression was used in selecting active compo-

nents against the DPPH radical to define the component-effect

relationship between DPPH scavenging rate and antioxidant

components. The following regression model was used: Y =

85.26·X14 + 29.50·X15 + 799.00·X16, where Y represents the

EC50 of DPPH and Xi is the ith peak (component) in chroma-

tograms. The correlation coefficient of the model was 0.854

and the leave-one-out cross-validation coefficient was 0.823.

OH••••• radical scavenging activity: The OH• radical is

reactive oxygen species with high reactivity capable of attac-

king most biological substrates, such as DNA, polyunsaturated

fatty acids and proteins. The prevention of such deleterious

reactions is highly significant in terms of both human health

and the shelf-life of foods, cosmetics and pharmaceutical

products27,28. The OH• radical clearance rates of C. phaeocaulis,

C. kwangsiensis and C. wenyujin are shown in Fig. 3c,d. Both

dried and fresh herbs with ethyl acetate and 95 % ethanol

extracts at a lower concentration (0.01 mg/mL) showed higher

OH• clearance rates, suggesting that some chemical compo-

nents in these Curcuma species have strong OH• radical scaven-

ging capacity. Concentration-dependent (concentration range,

0-0.05 mg/mL) inhibition against OH• radicals was observed

in all assays. The clearance rates of water extracts were signi-

ficantly lower than those of ethyl acetate and 95 % ethanol

extracts, suggesting that antioxidant components should be

mainly medium and weakly polar components. The following

stepwise regression model for OH• clearance rate was used:

Y = 73.02·X19 -203.84·X2 + 38.98·X9 + 89.21, with a correlation
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coefficient of 0.903 and a leave-one-out cross-validation

coefficient of 0.882, which may indicate components 9

(curcumin) and 19 (unknown composition) have better OH

scavenging rates.

Fe2+ chelating effect: Iron with high reaction activity

is regarded as an important accelerator of lipid oxidation,

indicating that chelating Fe2+ can protect against oxidative

damage29. The chelating effect of water and 95 % ethanol

extracts on Fe2+ increased as concentrations increased from

0.1 to 40 mg/mL (Fig. 3e,f). The chelating effect of water

extracts was higher than that of 95 % ethanol extracts, whereas

ethyl acetate extracts had almost no chelating effect on Fe2+.

As shown in Fig. 3e,f, compared with the OH• radical

scavenging effect, the chelating effect was not effective for C.

phaeocaulis, C. kwangsiensis and C. wenyujin. For the fresh

extracts, at 25 mg/mL, the chelating effects were in the descen-

ding order of C. wenyujin > C. phaeocaulis > C. kwangsiensis.

The following stepwise regression model for ferrous chelation

rate was used: Y = 231.66·X16 + 13.95, with a correlation coeffi-

cient of 0.388 and a leave-one-out cross-validation coefficient

of 0.35.

Reducing power: Reducing power was measured accor-

ding to the method described by Duh and Yen25. Fig. 3 (g,h)

shows the reducing powers of different solvent extracts from

C. phaeocaulis, C. kwangsiensis and C. wenyujin. The greater

absorbance was, the stronger reducing power was and the better

antioxidant capacity was. The reducing powers of different

solvent extracts increased as concentration increased. The

reducing power of 95 % ethanol extracts approximated that of

ethyl acetate extracts and the reducing power of water extracts

was significantly lower compared with that of the two other

extracts. Water extracts exhibited marginal reducing power for

the dried samples in the range of 0.1-40 mg/mL. At 25 mg/mL,

the reducing powers of the three Curcuma species were in

the descending order of C. wenyujin > C. kwangsiensis > C.

phaeocaulis. The following stepwise regression model for

reduction absorption was used: Y = 2.54·X16 + 0.36·X19 -

0.053·X17 + 0.035, with a correlation coefficient of 0.905 and

a leave-one-out cross-validation coefficient of 0.885.

Fig. 2 showed the HPLC chromatograms of the chemical

components and contents of different extracts varied, which

represents the material basis for their different antioxidant

capacities. Therefore, EC50 and corresponding concentrations

of extracts were used as the dependent variable and indepen-

dent variables, respectively, to build a multivariate statistical

regression model for screening antioxidant components. The

stepwise regression model of the 18 samples, except for the

ferrous chelation model, indicated that the three other anti-

oxidation methods can build a better regression equation model

with a correlation coefficient greater than 0.85 and a leave-

one-out cross-validation correlation coefficient greater than

0.8, suggesting that the regression model has good robustness

and predictive ability and that a good component-effect

relationship exists between active components and their anti-

oxidant capacity. Compared with water extracts, the ethyl acetate

and 95 % ethanol extracts from C. phaeocaulis, C. kwangsiensis

and C. wenyujin exhibited good DPPH and OH• free radical

scavenging activities, suggesting that the antioxidant consti-

tuents in the extracts are of high antioxidant capacity. Curcumin

(shown by the HPLC retention time as component 9 was

selected for investigating the screening capacity of regression

models to validate antioxidant ability using the above men-

tioned methods. The results are shown in Fig. 3i, with curcumin

at lower concentrations exhibiting a higher OH• free radical

scavenging capacity, which is consistent with the regression

equation. Much research has shown that curcumin is a strong

active antioxidant substance30-32. Furthermore, it has almost

no ferrous chelating ability and does not appear in the ferrous

chelation regression model. These findings indicate that multi-

variate statistical regression analysis can help screen active

components. Many studies have also reported that, in addition

to curcumin, other ingredients from Curcuma plants, such as

curcumin analogues and sesquiterpene, also have antioxidant

capacity33,34. However, due to a lack of standard substances,

other potential active components, such as components 14,

15, 16 and 19, could not be verified by testing.

In the regression equations, several components were

usually introduced into the regression model simultaneously,

indicating that synergistic or antagonistic interactions may exist

among the antioxidant components. Data suggesting a wide

range of synergism and antagonism between the antioxidant

components contained in foods have been reported20,35,36.

Therefore, strategic selection of foods or diets to maximize

synergisms and minimize antagonisms in antioxidant activity

is crucial. In the DPPH experiment, the combination of compo-

nents 14, 15 and 16 demonstrated good antioxidant capacity,

suggesting that these three components have synergistic

antioxidant ability. The OH• free radical scavenging and

reduction methods suggest that components 9 and 19 as well

as components 16 and 19 may have synergistic antioxidant

capacity, whereas components 2 and 17 may have antagonistic

effects. In the four models, components 16 and 19 were intro-

duced into the regression equation thrice and twice, respec-

tively, suggesting that these two components are potential

antioxidant substances.

Conclusion

We systematically evaluated the antioxidant capacities of

different extracts from C. phaeocaulis, C. kwangsiensis and

C. wenyujin. The results showed that ethyl acetate and 95 %

ethanol extracts have good scavenging rates against DPPH

and OH radicals at lower concentrations, indicating that the

extracts contain some antioxidant components. Multivariate

statistical analysis found that components 19, 14, 15, 16 and 19

in the HPLC chromatograms might be the main antioxidant

components. The antioxidant capacity of curcumin (component

9) was further validated by several antioxidant experiments,

suggesting that multivariate statistics can be used for the rapid

screening of antioxidant components from medicinal plants.
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