
Procedia Engineering 18 (2011) 86 – 94

1877-7058 © 2011 Published by Elsevier Ltd.
doi:10.1016/j.proeng.2011.11.014

Available online at www.sciencedirect.com

 

Available online at www.sciencedirect.com

 
Procedia

Engineering  
          Procedia Engineering  00 (2011) 000–000 

www.elsevier.com/locate/procedia 
 

The Second SREE Conference on Chemical Engineering 

Determination of anthraquinone content in lac dye through 
combined spectrophotometry and HPCE 

Zhang Honga,b, Fang Guigana,*, Zheng Huab, Li Kunb 
a Institute of Chemical Industry of Forest Products, Chinese Academy of Forestry, Nanjing 210042, China 
bResearch Institute of Resources Insects, Chinese Academy of Forestry, Kunming, Yunnan 650224, China 

 

Abstract 

This study is aim to establish the method for determination of anthraquinone content in lac dye with the combined 
spectrophotometry and HPCE, With the 0.5%Mg(Ac)2-CH3OH solution as the colour-developing agent, the carminic 
acid concentration within the concentration of 5~50µg/mL presents a good linear relationship with the absorbance 
under the wavelength of 540nm (R=0.9994). Through the test, the results showed that the total anthraquinone content 
in lac dye was 82.13%, average recovery rate 97.80%, RSD 1.31%. Under 291nm detection wavelength and 25 ◦C 
column temperature, with pH8.035 60mmol/LNa2HPO4-Na2B4O7 • 10H2O mixed buffer as background electrolyte 
and 60cm × 75μm uncoated capillary column as separation lanes, separation voltage 20kV, pressure 0.5psi × 10s for 
sample injection, the relative contents of five components laccaic acids A, B, C, D, E were measured by peak area 
normalization method; combined with the spectrophotometry, the contents of five anthraquinone components - 
laccaic acids A, B, C, D, E were determined, respectively 40.42%, 17.66%, 2.54%, 1.51%, 20.00%. 
 
Keywords: spectrophotometer; high performance capillary electrophoresis (HPCE); lac dye; laccaic acid; anthraquinones 

Laccaic acid is a derived component of lac red, a type of multi-hydroxy anthraquinone substances 
extracted from the lac secreted from lac insects. The pigment itself is in red or pink, water-soluble. The 
aqueous solution is in pink to purple [1-3]. The physical and chemical properties of lac dye is very stable, 
which is not only a common food coloring[4-7], but also can be used as the natural dyes[8-16] of silk and 
cotton, etc; Moreover, it has better stability and stronger resistance to oxidation [17]. It is an excellent 
colorant that is extensively used. 

The known laccaic acid is composed of five anthraquinone carboxylic acids A, B, C, D, E with 
similar structure [1], seen Fig.1. It can be seen that only R group is slightly difference for A, B, C, E in 

 

* Corresponding author. Tel.: +86-871-386-1466, +86-25-8548-2548; fax: +86-871-386-0021, +86-25-8548-2536. 
E-mail address: hua-zheng@sohu.com, fangguigan@yahoo.com.cn. 

Open access under CC BY-NC-ND license.

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Elsevier - Publisher Connector 

https://core.ac.uk/display/82748758?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://creativecommons.org/licenses/by-nc-nd/3.0/


87Zhang Hong et al. / Procedia Engineering 18 (2011) 86 – 942 Zhang Hong et al/ Procedia Engineering 00 (2011) 000–000 

structure. The structural similarity causes it difficult for separation and detection of different 
anthraquinone component from laccaic acid[18], moreover, it is difficult to calibrate the laccaic acid 
contents in the lac dye. The product quality is expressed by the absorbance [19]. To detect the laccaic acid 
contents in the lac dye rapidly, conveniently and accurately, in this test, the carmine acid, a multi-hydroxy 
anthraquinone, is used as a control sample, to determine the total anthraquinone content in lac dye with 
the spectrophotometer[20-24], that is the content of laccaic acid; and then separate the lac dye by the high 
performance capillary electrophoresis (HPCE), and measure the relative content of five anthraquinones 
(laccaic acid) in the lac dye by the peak area normalization method [25-28], to provide a reference for the 
detection and quality control of lac, lac products and lac dye in research and practices. 

 

            

O

O

COOH

HOOC

HO

OH

OH

OH

R

OH

              

O

O

HOOC

HO

CH3 OH

OH

A: R=CH2CH2NHCOCH3                                                           D: C16H10O7 
B: R=CH2CH2OH 
C: R=CH2CHNH2COOH 
E: R=CH2CH2NH2 

Fig. 1 The structural formula of five anthraquinone components in lac dye 

1. Materials and Method 

1.1. Materials and reagents 

Lac dye (Yunnan Mojiang Lac Plant); Magnesium acetate (AR) (Silian Chemical Plant); methanol 
(AR) (Shanghai Chemical Reagent Co., Ltd); disodium hydrogen phosphate, sodium dihydrogen 
phosphate (AR) (Shanghai Xinhua Chemical Plant); carminic acid standard sample (purity ≥ 96%) (Japan 
F.F.I. Food Industry Co., Ltd.); borax (AR) (Guangdong Shantou Xinning Chemicals Plant); boric acid 
(AR) (Chongqing Chuanjiang Chemical Reagent Factory); anhydrous ethanol (AR) (Tianjin Fengchuan 
Chemical Reagent Co., Ltd); phosphoric acid (AR) (Tianjin Damao Chemical Reagent Factory); sodium 
hydroxide (AR) (Tianjin Fengchuan Chemical Reagent Co., Ltd); sodium carbonate (AR) (Tianjin 
Fengchuan Chemical Reagent Co., Ltd); sodium bicarbonate (AR) (Chengdu Jinshan Chemical Reagent 
Factory). 

1.2. Instruments and equipments 

DU 800 UV - visible spectrophotometer (U.S. Beckman Coulter); Beckman P/ACETM system MDQ 
HPCE system (U.S. Beckman Coulter); fused silica capillary (60cm × 75μm) (Hebei Yongnian optical 
fiber factory); PHS-3C precision pH meter (Shanghai Precision Scientific Instrument Co., Ltd.); AB204-S 
precision electronic balance (Mettler Toledo (China) Co., Ltd.); Purelab Ultra ELGA ultrapure water 
system (U.K. ELGA). 

1.3. Sample pretreatment 

Precisely weigh 10mg carminic acid standard product and dissolve them in 100mL volumetric flask. 
Prepare 0.1mg/mL standard stock solution at constant volume with 0.5%Mg(Ac)2-CH3OH solution; 
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respectively pipette 0.5 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5.0 mL standard stock solution to 10mL 
volumetric flask to prepare the standard solutions of 5, 10, 15, 20, 25, 30, 35, 40, 45, 50μg/mL (mass 
concentration) for use. Measure the absorbance of different concentrations of standard solution of 
carmine acid with a spectrophotometer, three times for each sample and calculate the average value of the 
three times of measurement results. Plot a standard curve with absorbance as the ordinate and the 
concentration of the standard sample as the abscissa, and calculate the regression equation. 

Accurately weigh 10mg of lac dye sample and dissolve them in a 100mL volumetric flask, and then 
respectively pipette 1, 2, 3, 4, 5, 6, 7 mL of the sample into 10mL volumetric flask, and add 0.5%Mg 
(Ac)2-CH3OH developing agent to prepare lac dye solution of mass concentration of 10, 20, 30, 40, 50, 60, 
70 μg / mL for future use. 

Precisely weigh 50mg of lac dye sample and dissolve it in a 100 mL volumetric flask, add ultra-pure 
water to constant volume. Prepare the lac dye sample solution with mass concentration of 0.5mg/mL for 
use. Filter all solutions before sample injection with 0.45μm cellulose membranes. 

1.4. Conditions for Measurement 

Measure the absorbance of lac red sample solution with the developing agent 0.5%Mg(Ac)2-CH3OH 
under the 540nm wavelength by spectrophotometry, three times for each sample and calculate the average 
value of the three times of results; then calculate the total anthraquinone in the lac red sample according 
to the regression equation. Conduct the repeatability, stability and standard recovery rate tests 
respectively according to the above test results. 

The uncoated quartz capillary 60cm × 75μm (effective length 50cm), separation voltage 20kV, 
separation time 25min, detection wavelength 291nm, column temperature 25 ◦C were adopted. Sample 
injection at the pressure 0.5psi × 10s, with 60mmol/L disodium hydrogen phosphate - borax mixed buffer 
at pH 8.035. Before the capillary was used, flush them with methanol, water, 0.1mol/L hydrochloric acid, 
1mol/L sodium hydroxide and buffer solution successively. Flush with water, 0.1mol/L sodium hydroxide, 
water, electrophoresis buffer successively for 5 min, 3min, 3 min and 5 min at the interval of two samples 
running. 

2. Results and analysis 

2.1. Determination of total anthraquinone content in lac dye 

2.1.1 Selection of the wavelength 
Scan the 0.1mg/mL carmine acid standard product and lac red sample prepared in 1.3 in the visible 

light zone. The results were shown in Fig.2. It was discovered the maximum absorption of carmine acid at 
540nm and greater absorption of laccaic acid at 540nm, therefore, 540nm was selected as the detection 
wavelength. 

Fig. 2 Scanning peaks of carminic acid and lac red                                 Fig.3 Standard curve carminic acid sample 
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2.1.2 Plotting of standard curve 

Measure the absorbance with standard carminic acid with mass concentrations 5, 10, 15, 20, 25, 30, 
35, 40, 45, 50μg/mL prepared in 1.3 with UV spectrophotometer according to the method in 1.4. With the 
absorbance as the ordinate and the carminic acid standard sample concentration as the abscissa, obtain the 
standard curve equation Y=0.023X-0.0094 (Fig. 3). 
2.1.3 Determination of total anthraquinone in laccaic acid samples 

Measure the total anthraquinone of the lac dye samples with mass concentrations of 10, 20, 30, 40, 
50, 60, 70 μg / mL prepared in 1.3 according to the method of 1.4. The results were shown in Table 1. 
Table 1 Determination of the total anthraquinone in lac dye samples 

Sample number 1 2 3 4 5 6 7 

Absorbance/Abs 0.1755 0.3762 0.5528 0.7528 0.9481 1.1078 1.3125 
Total mass of anthraquinone 

determined in lac dye sample/µg 80.3910 167.6520 244.4350 331.3910 416.3040 485.7390 574.7390 

Weight of lac dye/µg 100 200 300 400 500 600 700 
Content of total anthraquinone 

in lac dye sample/% 80.39 83.83 81.48 82.85 83.26 80.96 82.11 

Average/% 82.13 

 
2.1.4 Determination of repeatability 

Measure the lac dye samples of 50µg/mL prepared in 1.3 for 9 successive times according to the 
method in 1.4 and obtain the absorbance. RSD is 0.14%.  
Table 2 Determination results of repeatability of lac dye 
Sample number 1 2 3 4 5 6 7 8 9 
Absorbance/Abs 0.9375 0.9354 0.9344 0.9351 0.9342 0.9342 0.933 0.9351 0.9336 

Average/Abs 0.9347 
RSD/% 0.14 

2.1.5 Determination of stability 
Measure the 50µg/mL lac red sample prepared in 1.3 once every 2h according to the method in 1.4. 

The results see Table 3. The RSD is 0.34%, suggesting that the sample has good stability within 8h. 
Table 3 Determination results of stability of lac dye 

Test time/h 0 2 4 6 8 
Absorbance/Abs 0.9397 0.9368 0.9348 0.9322 0.9310 

RSD 0.34 

2.1.6 Determination of standard recovery rate 
Fetch 1, 2, 3, 4, 5, 6, 7 mL of 0.1mg/mL lac red newly-prepared in 1.3 into 10 mL volumetric flask, 

and then add 1mL 0.1mg/mL carmine acid standard product, and then add 0.5%Mg (Ac)2-CH3OH 
solution to constant volume, to determine the absorbance, as shown in Table 4. 
Table 4 Recovery rate of total anthraquinone in different concentrations of samples 

Sample 
number Absorbance/Abs 

Actual concentration 
of total anthraquinone 
in the sample/µg/mL 

Theoretical concentration 
of total anthraquinone in 

the sample/µg/mL 

Recovery 
rate/% Average/% RSD/% 

1 0.3903 17.3783 18.2130 95.42 

97.80 1.31 

2 0.5935 26.2130 26.4260 99.19 
3 0.7633 33.5957 34.6390 96.99 
4 0.9625 42.2565 42.8520 98.61 
5 1.1432 50.1130 51.0650 98.14 
6 1.3204 57.8174 59.2780 97.54 
7 1.5226 66.6087 67.4910 98.69 
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2.2. Determination of relative content of five anthraquinone components in lac dye 

2.2.1 Optimization of electrophoresis conditions 
2.2.1.1 Composition and concentration of electrophoresis buffer 

The rationale of capillary electrophoresis is that different mass charge ratios of charged ions can be 
separated with the variance of migrant rate under a certain electric field. The buffer composition and 
concentration will certainly affect the separation, migration and electroosmotic flow of the sample during 
the electrophoresis process, therefore, selection of appropriate buffer has decisive role for the separation 
of samples. In this test, we investigated the impact of different concentrations of phosphate, borax, 
carbonate, and mixed buffer system on the separation of lac dye. As shown in Fig.4, when the 60mmol/L 
Na2HPO4-Na2B4O7·10H2O mixed buffer was used as the basic electrolyte, the retention time of lac dye 
was relatively short with better separation effect. In addition, after the background electrolyte was 
selected, we explored the impact of SDS, β-cyclodextrin, ethylene glycol, acetonitrile and other additives 
on the separation effect; however, due to multiple components of lac red with similar structure, the 
separation peaks canoe be significantly improved, therefore, we finally selected 60mmol / L disodium 
hydrogen phosphate – borax solution as the buffer system. 

 
Fig.4 The electrophoresis spectra with 60mmol / L disodium hydrogen phosphate - borax solution as the buffer system 
 
2.2.1.2 Selection of pH values of buffer solution 

As seen from Fig.1, the laccaic acids A, B, C, E only differ from one R group and their molecular 
weight difference is small. We selected Na2HPO4-Na2B4O7·10H2O system as the buffer solution in 2.2.1.1, 
so, pH values will affect the separation and migration of components, and change the inherent binding 
effect of borate buffer system on the separating components, therefore, it is obvious that the pH value will 
improve the separation effect. In this test, we investigated that effect of the buffer solutions with pH 7.356, 
7.945, 8.324, 8.524, 8.632, 8.709, 8.820, 9.143, 9.433, 9.656, 9.886 on the separation. The results showed 
that when the pH value was about 8.0, the separation effect was better. 
2.2.1.3 Selection of separation voltage 

Under the conditions of the selected background electrolyte composition, concentration and pH, we 
investigated the effect of separation voltages 10, 15, 18, 20, 23, 25 kV on the separation. The results are 
as shown in Fig.5. When the separation voltage was 10, 15, 18kv, the retention time was significantly 
extended and the peak tailing was obvious; and when the separation voltages were 23, 25kv, the retention 
time was not reduced significantly and the separation effect was exactly the same as that of 20kv. 
Considering the above factors, we selected 20kV as the separation voltage of the buffer solution. 
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Fig.5 HPCE of lac dye under different separation voltages           Fig. 6 Scanning peaks of lac dye with reference of buffer solution 

2.2.1.4 Selection of detection wavelength 
With the reference of disodium hydrogen phosphate - borax mixed buffer system with concentration 

of 60mmol/L and pH8.035, full-wave band scanning on the UV and visible light regions of the 2.0×10-

3mg/mL lac dye solution containing 50% ethanol, as shown in Fig.6, the maximum absorption peak 
appeared at 291nm and 497nm; but as seen from the electrophoresis spectrum, we discovered that, when 
the detection wavelength was 291nm, the baseline was stable, the peak shape was better, and the lac dye 
has stronger absorption, so the 291nm was selected as the detection wavelength. 

2.2.2  Determination of five anthraquinone components in laccaic acid 
2.2.2.1 Determination of peak appearance of five anthraquinone components 

According to the basic separation mode of capillary zone electrophoresis (CZE), the separation of 
substances by the capillary electrophoresis is based on the ion mobility of different components, and its 
ion mobility is proportional to the effective charge[29]. The formula of electrophoretic mobility [30] is as 
follows: 
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(1) Where, eo is electroosmosis mobility, which can be expressed as 
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(2) Where,  is double layer potential, related to the capillary material, the charging conditions of the 

inner wall and composition and concentration of electrolyte solution;  is the dielectric constant of 
electrolyte solution and  is the viscosity of electrophoretic medium. 

(1) Where, in formula (1), eff is the effective electrophoretic mobility, which can be expressed as 

r
q

E
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                  (3) 
(3) Where, in formula (3), q and r are the quantity of electric charge and radium respectively, and  

is the viscosity of the electrophoretic medium. 
As seen from formula (2), since the five components of lac red can realize separation and detection 

under the same conditions, so their double layer potential , dielectric constant of electrolyte solution  
and viscosity of electrophoretic medium  are the same, that is, the electro-osmotic mobility of five 
component eof is the same. Therefore, the separation sequence of five anthraquinone components 
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depends on the effective electrophoretic mobility eff. As seen from formula (3), 6Л is a constant, so the 
ion mobility app depends on q / r, that is, the charge density. As seen from Fig.1, laccaic acid D is lack 
of a carboxyl and two hydroxyl groups compared with other four components, so its charge density is 
lowest. A, B, C, E differ from each other in R group and only C has one carboxyl group, so the charge 
density of C is highest. A, B, E have no ionization groups, so its charge density is dependent on the 
ionization ability of phenolic hydroxyl on the para-position caused by electrophilic induction effect of R 
group. Since the electrophilic ability CH2CH2NHCOCH3>CH2CH2OH>CH2CH2NH2, so the order of 
charge density is A> B> E. To sum up, the peak appearance of five anthraquinone components of lac red 
is laccaic acid C> A> B> E> D. 
2.2.2.2 Determination of relative contents of five anthraquinone components 

0.5mg/mL lac red sample solutions prepared in 1.3 were fetched for continuous sample injection for 
9 times according to the condition in 1.4, and then the relative contents of five anthraquinone components 
of laccaic acids A, B, C, D , E in lac red were measured by peak area normalization method. The results 
are shown in Table 5. 
Table 5 Determination of relative contents of five anthraquinone components in lac red by peak area normalization method 

Sampl
e 

numbe
r 

Peak 
area of 
laccaic 
acid A 

Peak 
area of 
laccaic 
acid B 

Peak 
area 
of 

laccai
c acid 

C 

Peak 
area 
of 

laccai
c acid 

D 

Peak 
area of 
laccaic 
acid E 

Total 
peak 
area 

Percentag
e of 

laccaic 
acid A /%

Percentag
e of 

laccaic 
acid B /%

Percentag
e of 

laccaic 
acid C /%

Percentag
e of 

laccaic 
acid D /% 

Percent
age of 
laccaic 
acid E 

/% 

1 950219 41286
2 59145 34792 48955

4 
194657

2 48.81 21.21 3.04 1.79 25.15 

2 94194 42487
6 65072 37461 50296

7 
197157

0 47.74 21.55 3.30 1.90 25.51 

3 106047
0 

45671
8 57922 37106 52649

4 
213871

0 49.58 21.35 2.71 1.74 24.62 

4 106071
5 

44478
3 60789 37248 51048

7 
211402

2 50.18 21.04 2.88 1.75 24.15 

5 108674
1 

47970
0 81034 43921 53394

9 
222534

5 48.83 21.56 3.64 1.98 23.99 

6 114073
8 

49926
7 75765 45395 54516

6 
230633

1 49.46 21.65 3.29 1.96 23.64 

7 107735
1 

49258
4 64233 40309 55362

9 
222810

6 48.35 22.11 2.88 1.81 24.85 

8 122226
7 

52384
9 74750 43817 53910

2 
240378

5 50.85 21.79 3.11 1.82 22.43 

9 119751
8 

51731
1 72088 44888 60834

8 
244015

3 49.08 21.20 2.95 1.84 24.93 

Average - - - - - - 49.21 21.50 3.09 1.84 24.36 

2.3. Contents of five anthraquinone components in lac red 

According to the content of total anthraquinone (laccaic acid) in lac red measured by 
spectrophotometer, the separation of lac red by HPCE and the relative contents of five anthraquinone 
components in lac red measured by peak area normalization method, we calculated the relative content of 
five anthraquinone components- laccaic acid A, B, C, D, E in lac red. The results were shown in Table 6. 
The results showed that, laccaic acid A is the major component in lac red, up to 40.42%; followed by 
laccaic acid E and laccaic acid B, respectively 20.00% and 17.66% in lac red; the contents of laccaic acid 
C and laccaic acid D is relatively lower, only 2.54% and 1.51% in lac red. 
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Table 6 Calculation of five anthraquinone components in lac red 
Sample laccaic acid A laccaic acid B laccaic acid C laccaic 

acid D 
laccaic acid 

E 
Relative content of laccaic acid/% 49.21 21.50 3.09 1.84 24.36 

Content of total anthraquinone in lac dye 
sample/% 82.13 

Content of laccaic acid in lac dye sample/% 40.42 17.66 2.54 1.51 20.00 

3. Conclusion 

3.1. With the carmine acid as the standard sample, 0.5%Mg (Ac)2-CH3OH solution as developing agent, 
the content of total anthraquinone (laccaic acid) in lac red are determined by a spectrophotometer at 
540nm wavelength. The sample processing is simple, measurement results are accurate, the linearity, 
precision and stability are good and the standard recovery rate as high as 97.80%. 
3.2. Establish a method of separation of lac red –HPCE and optimize the electrophoresis conditions: 
under the  291nm wavelength, 25◦C column temperature and 0.5psi × 10s sample injection conditions, 
with 60mmol/L Na2HPO4-Na2B4O7·10H2O mixed buffer (pH8.035) as the background electrolyte, 60cm 
× 75μm uncoated capillary column as the separation lanes, five types of laccaic acids are effectively 
separated; the relative contents of five component of laccaic acids A, B, C, D, E were measured by the 
peak area normalization method. 
3.3. Determination of the total anthraquinone content (laccaic acid) of lac red samples by the combined 
spectrophotometer and capillary electrophoresis. The total anthraquinone content (laccaic acid) is 82.13%, 
of which, the laccaic acid A accounts for about 49.21%, which is 40.42%, the major component in lac red; 
the laccaic acid B accounts for about 21.50%, which is17.66%; the laccaic acid C accounts for about 
3.09%, which is 2.54%, the laccaic acid D accounts for about 1.84%, which is 1.51% and the laccaic acid 
E accounts for about 24.36%, which is 20.00%. 
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