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Determination of curcumins in turmeric by micellar electrokinetic 
capillary chromatography
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Abstract

A rapid method for the determination of curcumins 
in Chinese herbal medicine turmeric by micellar 
electrokinetic capillary chromatography (MEKC) has 
been developed. Curcumin, dimethoxy curcumin and 
bis-dimethoxy curcumin were separated in less than 10 
minutes using a 60 cm × 50 μm I.D uncoated fused-silica 
capillary column with a buffer consisting of 25 mM 
hydroxypropyl-β-CD (HP-β-CD), 10% methanol, 40 mM 
sodium borate and 40 mM SDS (pH 9.50). The recovery 
effi ciencies were 95.7 - 106.3%. The calibration curves 
exhibited good linearity in the range of 90 - 1220 μg/
mL (R = 0.9996) for curcumin, 80 - 1120 μg/mL (R = 
0.9998) for dimethoxy curcumin and 80 - 1200 μg/mL 
(R = 0.9998) for bis-dimethoxy curcumin. Contents of 
curcumins in a methanol extract of turmeric sample could 
easily be determined by this method. The effect of pH, 
buffer, surfactant and organic modifi er concentration on 
the migration behavior of the solutes were discussed.
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Résumé

Nous avons développé une méthode rapide pour la 
détermination des curcumines dans l’herbe médicinale 
chinoise curcuma, en utilisant la chromatographie 
capillaire électrocinétique micellaire (MEKC). La 
curcumine, la déméthoxy curcumine et la bis-déméthoxy 
curcumine ont été séparées en moins de 10 minutes en 
se servant d’une colonne capillaire de silice fusionné, 
non enduite, de 60 cm × 50 μm I.D, avec une solution 
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tampon composée de 25 mM en hydroxypropyle-β-CD 
(HP-β-CD), de 10% méthanol et 40 mM en borate de 
sodium et de 40 mM en SDS (pH 9.50). Nous avons 
obtenu des niveaux de recouvrement de 95.7 à 106.3%. 
Les droites de calibration ont affi ché de bonnes linéarités 
dans la gamme de 90 à 1220 μg/mL (R = 0.9996) pour 
la  curcumine, de 80 à 1120 μg/mL (R = 0.9998) pour 
la déméthoxy curcumine et de 80 à 1200 μg/mL (R = 
0.9998) pour la bis-déméthoxy curcumine. Grâce à cette 
méthode, nous avons pu déterminer aisément les contenus 
en curcumines dans un extrait méthanol d’un échantillon 
de curcuma. Nous avons aussi discuté de l’effet du 
pH, du tampon, du surfactant et de la concentration 
du modificateur organique sur le comportement de 
migration des solutés.

Introduction

Turmeric (Curcumu longa) is commonly and widely 
used in traditional medicine in China, Japan and South-
eastern Asia. Curcumins, isolated from turmeric (Cur-
cuma longa) have been known to have several pharma-
cological properties. It is reported to be cytotoxic and 
tumor-reducing (1) and are natural antioxidants (2-4) 
Because of their antioxidant activity, curcumins have 
been found to exhibit anti-mutagenic (5) and anti-carci-
nogenic (6) properties. Moreover, curcumins have been 
known to inhibit phorbol ester-induced tumor promo-
tion in mouse skin (7). It is an inhibitor of arachidonic 
acid metabolism (8) and is a good anti-infl ammatory 
agent (9). Recent studies indicate its possible use as an 
antiviral agent against the human immunodefi ciency 
virus (10).  TLC (11,12) and high-performance liquid 
chromatography (HPLC) (13) methods have reported the 
determination of these curcumins. However, the proce-
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dures of TLC and HPLC usually require a large amount 
of organic solvents. Thus, capillary electrophoresis (CE), 
which is characterized by its high effi ciency, low cost 
and easy turnover mode, has been used for analysis of 
many compounds (14-21).

Matthias Lechtenberg et al. (22) and Kailong Yuan 
(23)  have developed capillary zone electrophoretic 
(CZE) method for the separation and quantifi cation of 
the three curcuminoids. Wanatabe et al. (24) succeeded 
in developing micellar electrokinetic chromatography 
(MEKC) separation of these curcumins using a high 
molecular mass surfactant (a butyl acrylate/butyl meth-
acrylate/methacrylic acid (BBMA) copolymer), but this 
method suffered from the disadvantage that this amphi-
philic polymer is not commercially available.

The aim of the present work was to develop a viable 
MEKC method for the rapid separation and determina-
tion of curcumins in Chinese herbal medicine. In this 
work, the buffer media parameters such as the concen-
trations of HP-β-CD, the concentrations of background 
electrolyte, surfactant and pH were considered and their 
effects on the separation were also studied.

Experimental

 Apparatus
The analysis was carried out in a home-made capil-

lary electrophoresis system equipped with a UV detector 
and a power supply (The Institute of Chemistry, Jinan, 
China).  Measurements were carried out in a fused-silica 
capillary of 50 μm I.D. and 375 μm O.D. with a total 
length of 60 cm and a detection length of 50 cm (Yong-
nian, Hebei Province China). A pH meter (Delta 320, 
Mettler Toledo Instrument Company, Shanghai, China) 
was used for pH measurement. The electrolyte was fi l-
tered through a 0.45 μm fi lter before use. The operating 
wavelength was 258 nm and the voltage of the power 
supply was 20 kV.

Chemicals and reagents
The standard curcumins (their structural formulae 

are shown in Figure1), β-CD,  HP-β-CD and sodium 
dodecyl sulfate (SDS) were purchased from Sigma (St. 
Louis, MO, USA). Methanol, which was used as an ad-
ditive to buffer electrolyte in MEKC, was of analytical 
grade. Sodium borate, boric acid, and sodium hydrox-

Figure 1. Structural formulae of curcumins.
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ide (NaOH) are also of analytical grade. They were 
purchased from Jinan chemical factory. The pH of the 
buffer electrolyte was adjusted with 0.1 M boric acid or 
0.1 M NaOH. Double-distilled water was used to prepare 
all solutions.

Preparation of standard solution
Stock solutions of three curcumins were prepared at 

1 mg/mL in methanol. A working solution was prepared 
by diluting the stock solutions with water. Standards were 
prepared fresh and in low actinic glass to protect against 
photo-decomposition.

Sample preparation
Crude turmerics were obtained from two different 

places: Jinan Shandong and Chengde Hebei. Turmeric 
was ground fi nely, then 1.000 g was accurately weighed 
out, dissolved in 100 mL of water and vortexed. The 
sample was centrifuged at 2000 rpm and the water was 
decanted. 3 mL of methanol was added and the sample 
was vortexed again. The sample was centrifuged for 30 
min at 2000 rpm. This extraction procedure was repeated 
three times before the extracts were combined together. 
The fi nal solution was diluted with methanol to the 10-
mL mark and was fi ltered through a 0.45 μm fi lter. The 
fi ltrate was injected into the capillary electrophoresis 
system directly at an injection voltage of 20 kV for 5 
second.

Electrophoretic procedure 
A new capillary was conditioned by fl ushing succes-

sively with 1.0 mol/L NaOH solution for 60 min, 0.1 
mol/L NaOH for 30 min and double distilled water  for 
30 min before use. Between each injection, the capil-
lary was rinsed with 0.1 mol/L NaOH for 2 min, double 
distilled water for 2 min and with the corresponding 
running buffer for 2 min.

Results and Discussion

Effect of HP-β-CD
The MEKC mode was used to separate the three cur-

cumins. In preliminary experiments, the stability of the 
three curcumins in the buffer containing 10% methanol, 
40 mM sodium borate (pH 9.50) and 40 mM SDS was 
tested. The results showed that the three curcumins were 
stable for 7h. When HP-β-CD was added to the buffer, 
the three curcumins were stabile for 10 h. 

When the buffer containing 10% methanol, 40 mM 
sodium borate (pH 9.50) and 40 mM SDS was used, all 

the three compounds co-eluted. When different concen-
trations of β-CD (1, 5, 10, 15 mM) were used, all the 
three compounds still co-eluted. Therefore, the effect 
of different concentrations of HP-β-CD (10, 15, 20, 25 
mM) on the resolution and migration time were studied. 
When the concentration of HP-β-CD was 10 mM, all 
the three compounds could not be baseline separated. 
When the concentration of HP-β-CD was 15 mM,  bis-
dimethoxy curcumin could not be baseline separated 
from dimethoxy curcumin.  All three compounds were 
baseline separated when the concentration of HP-β-CD 
was 20 and 25 mM. The migration time of the three 
compounds all decreased with increased concentration 
of HP-β-CD. With respect to the baseline separation and 
the migration time, an optimum value of 25 mM HP-β-
CD was chosen.

Effect of pH
The pH of choice in MEKC is as important as it is 

in CZE to ensure that weakly ionized compounds are 
separable. The states of ionization of compounds in the 
sample zone and their apparent mobility change with the 
buffer pH. An electrolyte system containing 25mM HP-
β-CD, 40 mM Na2B4O7, 40 mM SDS and 10% methanol 
at fi ve different pH values from 8.0 – 10.0 was used in 
order to study the effect of pH on the separation. Figure 
2 shows the dependence of the migration times of the 
compounds on pH. As can be seen from Figure 2 that 
the migration time of all compounds increased as the 
buffer pH increased in the range of 8.0 – 10.0. At pH 
8.0 – 8.5, all three compounds almost co-eluted. At pH 
9.0, bis-dimethoxy curcumin almost co-migrated with 
dimethoxy curcumin. At pH 9.5, all three compounds 
were well separated. At pH 10.0, although all three 
compounds were well separated, the migration time of 
all three compounds increased but with no increase in 
resolution and the peak of curcumin was broader. There-
fore, the best pH of the buffer was 9.5.

Effect of sodium borate concentration
Sodium borate improved the buffer capability in the 

range of 8 – 10, but also showed good complex-form-
ing characteristics (25). Therefore, sodium borate was 
chosen as the background electrolyte of the buffer for 
the separation of these compounds. In the presence of 
25 mM HP-β-CD, 40 mM SDS, 10% methanol and pH 
9.5, a range of 20 mM to 50 mM sodium borate was 
tested. The results obtained are shown in Figure 3 where 
the migration time was plotted against sodium borate 
concentrations. In Figure 3, the migration times of all 
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Figure 2.  Effect of buffer pH on migration time.  Electrophoretic conditions: 25 mM HP-β-CD, 40 mM sodium borate, 40 mM SDS, 10% 
methanol at with various pH values.  Fused-silica capillary, 50 μm I.D., detection length 50 cm, total length 60 cm; injection : 20 kV for 5s; 
temperature: 22ºC; UV detection: 258 nm.

Figure 3.  Migration times versus borate concentration for the three curcumins.  Electrophoretic conditions: 25 mM HP-β-CD, 40 mM SDS, 
10% methanol, pH 9.5 at various concentrations of borate; other conditions were set identical to those in Figure 2.
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dimethoxy curcumin, and followed by curcumin. This 
shows that the methylated compounds are more lipo-
philic and therefore more soluble in micelles. When the 
concentration of SDS was lower than 20 mM, the three 
compounds were co-eluted. When the concentration of 
SDS was 30 mM, bis-dimethoxy curcumin almost co-
migrated with dimethoxy curcumin. At a concentration of 
40 – 50 mM, all three compounds were well separated. At 
a concentration of 50 mM SDS, the migration increased 
rapidly with no increase in resolution but unsymmetrical 
peaks appeared. To achieve good baseline separation, 
symmetrical peaks and short migration time, an optimum 
value of 40 mM SDS was chosen.

Effect of methanol concentration
In MEKC, the addition of organic solvent to the buffer 

can lengthen the migration time and widen the migration 
window (26,27). The organic solvent also modifi es the 
entity of micelles. Electrolyte systems containing 25 
mM HP-β-CD, 40 mM sodium borate, 40 mM SDS and 
pH 9.5 were used to study the effect of four methanol 
concentrations on the separation. The results obtained 
are given in Figure 5. When the concentration of metha-

three compounds increased with increased concentra-
tions of sodium borate. When the concentration of borate 
was 20 mM, the three compounds co-migrated. When 
the concentration of borate was 30 mM, bis-dimethoxy 
curcumin almost co-migrated with dimethoxy curcumin. 
When the concentration of borate was 40 – 50 mM, all 
the three compounds were well separated. When the 
concentration of borate was 50 mM, the current was 
high and resulted in Joule heating. In order to achieve 
good baseline separation and migration time, an optimum 
value of 40 mM borate was chosen.

Effect of SDS concentration
Electrolyte systems containing 25 mM HP-β-CD, 40 

mM sodium borate and 10% methanol at fi ve different 
SDS concentrations in the range of 10 – 50 mM at pH 
9.5 were used to study the effect of SDS concentration 
on the separation. The results obtained are showed in 
Figure 4, where the migration times are plotted against 
SDS concentrations. One can see from Figure 4 that the 
migration times of the three compounds increased with  
increasing SDS concentration. The elution order of the 
compounds was: bis-dimethoxyl curcumin eluted, then 

Figure 4.  Effect of SDS concentration on migration time.  Electrophoretic conditions: 25 mM HP-β-CD,  40 mM sodium borate, 10% metha-
nol, pH 9.5 at various concentrations of SDS.  Other conditions were as set identical to those Figure 2.
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nol was in the range of 0 – 5%, the three compounds 
almost co-migrated and the migration times of the three 
compounds increased. This behavior can be explained 
by the decreased electro-osmotic fl ow (EOF). When the 
concentration of methanol changed from 10% to 15%, 
the migration times of the three compounds decreased.
This might be attributed to the increased partitions of the 
diphenolics into the aqueous phase, which caused the 
three compounds to migrate faster. At 10% methanol, the 
three compounds were well separated. At 15% methanol, 
bis-dimethoxy curcumin and dimethoxy curcumin were 
not baseline separated, so an optimum value of 10% 
methanol was chosen.

Calibration graphs for curcumins
Calibration graphs (peak-area ratio, y, vs. concen-

tration, x, mg/mL) were constructed in the range 0.09 
– 1.20 mg/mL for bis-dimethoxy curcumin, 0.08 – 1.12 
mg/mL for dimethoxy curcumin, and 0.08 – 1.22 mg/mL 
for curcumin. The regression equations of these curves 
and their correlation coeffi cients were calculated as fol-

lows: bis-ditemethoxyl curcumin, y = 423.15 – 0.28x (r = 
0.9998, n = 6); dimethoxy curcumin, y = 689.23 – 0.17x 
(r = 0.9998, n = 6); curcumin, y = 536.55 – 0.31x (r = 
0.9996, n = 6).

System suitability and recovery of method
The method was validated for reproducibility of the 

migration time and the peak area of the analytes. The 
relative standard deviations (R.S.D.) of the migration 
time and the peak area of each of the peaks for six repli-
cate injections were (1.50 – 2.08%) and (3.15 – 4.56%), 
respectively. The LOD was determined at a signal-to-
noise ratio of 3 and was found to be 0.012 mg/mL. Ac-
curacy of the method was determined by adding suitable 
amounts of the analytes of known concentration to plant 
extracts. Recovery experiments were performed four 
times by adding 0.25 mg/mL bis-dimethoxy curcumin, 
demethoxy curcumin and curcumin into the extract of 
turmerics obtained from Jinan and Chengde. The recov-
eries were 103.2, 97.8, 95.7% and 101.8, 98.4, 106.3%, 
respectively. 

Figure 5.  Effect of methanol concentration on migration time.  Electrophoretic conditions: 25 mM HP-β-CD, 40 mM sodium borate, 40 mM 
SDS, pH 9.5 at with various concentrations of methanol. Other conditions were set identical to those in Figure 2.
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Figure 6. The electropherograms of the standards mixture solution and the real samples.  (A) The standards mixture, (B) The sample from 
Jinan, (C) The sample from Chengde.  Electrophoretic conditions: 25 mM HP-β-CD, 40 mM sodium borate, 40 mM SDS, 10% methanol, 
buffer pH 9.5;  fused-silica capillary, 50 μm I.D., detection length 50 cm, total length 60 cm; injection : 20 kV for 5s; temperature: 22ºC; UV 
detection: 258 nm.

Table 1.  Quantitative results of curcumins content in turmeric.

Sample Component Content of Curcumins (%) RSD (%)
Turmeric from Jinan bisdimethoxy curcumin 1.10 4.31

dimethoxy curcumin 1.42 3.57
curcumin 0.98 2.52

Turmeric from Chengde bis-dimethoxy curcumin 1.25 3.91
dimethoxy curcumin 1.53 3.26

curcumin 1.30 1.97

(A) (B)

(C)
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Determination of curcumins in turmeric
The tested solutions of turmeric were analyzed under 

the selected conditions. The electrophoretic graphs were 
obtained as shown in Figure 6A, B and C. The content 
of each curcumin in turmeric was obtained as shown in 
Table 1. The results were the same as the results used by 
the HPLC method carried out in our lab.

Conclusion

MEKC is a viable method for the separation of 
curcumins. In the present work, a rapid method for the 
separation and determination of curcumins in crude 
turmeric by MEKC is described. The proposed method 
is simple, economic, rapid and robust.
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