
 

Molecules 2014, 19, 19078-19096; doi:10.3390/molecules191119078 
 

molecules 
ISSN 1420-3049 

www.mdpi.com/journal/molecules 

Article 

Composition and Antioxidant Activity of the Anthocyanins of 
the Fruit of Berberis heteropoda Schrenk 

Li-Li Sun, Wan Gao, Meng-Meng Zhang, Cheng Li, Ai-Guo Wang, Ya-Lun Su and Teng-Fei Ji * 

State Key Laboratory of Bioactive Substance and Function of Natural Medicines, Institute of Materia 

Medica, Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing 100050, 

China; E-Mails: sunlili@imm.ac.cn (L.-L.S.); gaowan@imm.ac.cn (W.G.); 

chenxiangmengmeng@163.com (M.-M.Z.); lc6722821@126.com (C.L.);  

wangaiguo@imm.ac.cn (A.-G.W.); suyalun@imm.ac.cn (Y.-L.S.) 

* Author to whom correspondence should be addressed; E-Mail: jitf@imm.ac.cn;  

Tel.: +86-010-6021-2117; Fax: +86-010-6303-8251. 

External Editor: Ronald E. Wrolstad 

Received: 16 October2014; in revised form: 28 October 2014 / Accepted: 3 November 2014/  

Published: 19 November 2014 

 

Abstract: In present study, the anthocyanin composition and content of the fruit of  

B. heteropoda Schrenk were determined for the first time. The total anthocyanins were 

extracted from the fruit of B. heteropoda Schrenk using 0.5% HCl in 80% methanol and 

were then purified using an AB-8 macroporous resin column. The purified anthocyanin 

extract (PAE) was evaluated by high-performance liquid chromatography with a diode array 

detector (HPLC-DAD) and HPLC-high resolution-electrospray ionization-mass spectrometry 

(HPLC-HR-ESI-MS) under the same experimental conditions. The results revealed  

the presence of seven different anthocyanins. The major anthocyanins purified by 

preparative HPLC were confirmed to be delphinidin-3-O-glucopyranoside (30.3%), 

cyanidin-3-O-glucopyranoside (33.5%), petunidin-3-Ο-glucopyranoside (10.5%), 

peonidin-3-O-glucopyranoside (8.5%) and malvidin-3-O-glucopyranoside (13.8%) using 

HPLC-HR-ESI-MS and NMR spectroscopy. The total anthocyanin content was  

2036.6 ± 2.2 mg/100 g of the fresh weight of B. heteropoda Schrenk fruit. In terms of its total 

reducing capacity assay, DPPH radical-scavenging activity assay, ferric-reducing antioxidant 

power (FRAP) assay and ABTS radical cation-scavenging activity assay, the PAE also 

showed potent antioxidant activity. The results are valuable for illuminating anthocyanins 
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composition of B. heteropoda Schrenk and for further utilising them as a promising anthocyanin 

pigment source. This research enriched the chemical information of B. heteropoda Schrenk. 

Keywords: Berberis heteropoda Schrenk; HPLC-DAD; HPLC-HR-ESI-MS; TAC; DPPH; 

FRAP; ABTS 

 

1. Introduction 

Berberis heteropoda Schrenk, a type of Berberidaceae deciduous shrub that is native to the Xinjiang 

Uygur Autonomous Region of China, is used in both medicine and food [1]. Its ripe fruit contains 

glucose, fructose, malic acid, carotene, pigments and other substances. It was reported that B. 

heteropoda Schrenk is a rich source of anthocyanin compounds and that its beneficial effects are 

remarkable [2]. Its ripe fruits had been used for treatment of dysentery, enteritis, pharyngitis, stomatitis, 

eczema and hypertension [3]. Moreover, the residents of Kazakh and Uighur have drunk tea made from 

it for a long time. They also made it into jams. Thus, the value of the B. heteropoda Schrenk fruit has 

great potential for development. To date, only limited literature about this fruit is available, and most of 

it has focused on extraction methods, optimization of technical conditions, determination of the total 

flavonoid/berberine content, stability analyses or antitumor effects. However, the major anthocyanin 

constituents and the antioxidant activity of the fruit of B. heteropoda Schrenk have not yet been 

systematically studied, and in terms of large-scale applications, the potential of plant is now basically 

untapped [2]. This situation has largely restricted the research and development of the fruit of B. 

heteropoda Schrenk. 

Anthocyanins are the most common pigmented flavonoids and are widespread in the plant kingdom. 

These compounds are responsible for most of the brilliant colors (orange, red, pink, purple and blue) 

observed in most fruits, flowers, leaves and cereal grains [4]. The naturally occurring anthocyanins of 

plants are cyanidin, delphinidin, peonidin, petunidin, malvidin, and pelargonidin [4,5]. From a chemical 

point of view, the anthocyanin molecule is composed of a flavylium nucleus bearing one or more sugar 

residues. The most prevalent of these sugars, including D-glucose, D-galactose, L-rhamnose, D-xylose, 

and D-arabinose, are 3-glycosides or 3,5-di-glycosides [6,7]. In addition, these sugars may be esterified 

by aliphatic or aromatic organic acids, which can greatly help to stabilize the anthocyanin structure. 

However, anthocyanins are not stable and are prone to degradation. The stability of anthocyanins is 

affected by several factors, such as their chemical structure, their concentration, oxygen, temperature, pH, 

light, enzymes, metal ions and various storage conditions [8]. 

In addition to their natural colorants role, anthocyanins have attracted considerable global interest, 

mainly due to their health-promoting benefits, such as reducing the risk of coronary heart disease and 

preventing several chronic diseases, which are associated with their antioxidant properties. The likely 

mechanism postulated for their effects is that anthocyanins act as potent antioxidants by scavenging  

free radical species such as reactive oxygen species (ROS) or reactive nitrogen species (RNS), 

inhibiting certain enzymes or chelating trace metals involved in free-radical production and upregulating 

or protecting antioxidant defenses, breaking the free-radical chain reaction [9,10]. Because of their 

beneficial health effects as dietary antioxidant, dietitians have proposed that adding certain amounts of 
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exogenous anthocyanins derived from natural sources to the daily diet will delay or prevent many 

degenerative diseases. 

Identifying anthocyanins using HPLC-DAD is complicated by the fact that some anthocyanins show 

similar retention times and spectroscopic characteristics [11]. In the past several decades, a good number 

of technological advances in HPLC and the introduction of the ultra-performance liquid 

chromatography (UPLC) have achieved significant improvements in both speed and separation of 

anthocyanins. In addition, advancements in mass spectrometry (MS), such as tandem MS, 

high-resolution MS (HR-MS) and sequential collision MS (MSn) allow fast structural elucidation of 

anthocyanins that play a important role in food anthocyanin research [12]. Due to their “soft” ionization 

properties, leading to the production of intact molecular ions and the corresponding anthocyanidin 

fragments, ESI-MS techniques have been shown to be highly suitable for anthocyanin characterization. 

Now, HPLC assisted by MS (HPLC-MS) has been frequently used as an excellent tool for the 

simultaneous chemical separation and identification of anthocyanin compounds. To our knowledge, the 

anthocyanin composition of the fruit of B. heteropoda Schrenk has never been described. One of the 

objectives of this study was to identify and characterize the anthocyanins of the fruit of B. heteropoda 

Schrenk using HPLC-HR-ESI-MS/MS. Another objective was to evaluate the antioxidant activity of its 

extracts according to the total reducing capacity, the DPPH-radical scavenging activity, the ferric-reducing 

antioxidant power (FRAP) and ABTS radical-cation scavenging activity. 

2. Results and Discussion 

2.1. Total Anthocyanin Content (TAC) 

The amount of total anthocyanin in the PAE that was determined using the pH differential  

method was 2036.6 ± 2.2 mg/100 g of fresh weight of B. Heteropoda Schrenk fruit, expressed as 

cyanidin-3-O-glucoside equivalents and calculated as the mean value of three measurements and the 

standard deviation. This value is considerably higher than that of other anthocyanin-rich fruits and 

vegetables. For instance, the anthocyanin content of Berberis boliviano Lecher fruit is 1,500 mg/100 g 

of fresh fruit weight [13], that of black chokeberries is 560 mg/100 g of fresh fruit weight [13], that of 

wild Lycium ruthenicum Murr. from Dulan is 520 mg/100 g of fresh fruit weight, that of wild Lycium 

ruthenicum Murr. from Gomud is 470 mg/100 g of fresh fruit weight, and that of wild Lycium 

ruthenicum Murr. from Delingha is 475 mg/100 g of fresh fruit weight [4]. The anthocyanin content of 

each of the above fruits was lower than that of the fresh fruit of B. heteropoda Schrenk. 

2.2. HPLC Analysis 

The HPLC-DAD chromatogram of the PAE of B. heteropoda Schrenk fruit that was obtained at 530 nm 

is displayed in Figure 1. The method utilized provided repeatable and satisfactory separation of  

the components of the PAE. Although several other components of the PAE were detected in the  

present study, five major anthocyanins were discovered as shown in the HPLC chromatogram.  

The major anthocyanins represented approximately 97% of the total peak area, and the relative  

amounts of anthocyanins 1–5 were approximately 30.3%, 33.5%, 10.5%, 8.5% and 13.8%, respectively. 
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However, two minor peaks (Compounds 6 and 7) were also detected which were identified as peonidin 

and malvidin by HPLC and HPLC-HR-ESI-MS/MS (Table 1). 

Figure 1. HPLC chromatogram of the five major anthocyanins of the fruit of B. heteropoda 

Schrenk that were detected at 530 nm. The peaks were numbered in order of their elution. 
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2.3. Structural Elucidation 

Five major anthocyanins were successfully isolated for the first time from the fruit of B. heteropoda 

Schrenk using preparative HPLC techniques. Compounds 1–5 were identified by HPLC-HR-ESI-MS/MS 

and NMR spectroscopic analysis. Figures 1 and 2 shows the structures of these five anthocyanins. 

Compound 1 was obtained as an amorphous red power. Its molecular formula of C21H21O12
+ 

(calculated m/z 465.1034), was established based on the molecular ion at m/z 465.1027 [M+H]+ 

observed in the positive-ion HPLC-HR-ESI-MS/MS spectrum. A major fragmentation that occurred at 

m/z 303.0486 [M+H−162]+ was in accordance with the presence of a delphinidin aglycone and the loss  

of a hexose moiety. The 1H-NMR spectrum revealed a symmetrical aromatic proton signal at δ 7.71 

(H-2'/H-6', s), two meta-coupled doublet protons on the A-ring at δ 6.63 (H-6, J = 1.5 Hz) and δ 6.82 

(H-8, J = 1.5 Hz) and a singlet proton at δ 8.91 (H-4), suggesting the presence of a delphinidin nucleus. 

The proton signals observed at δ 5.30–3.50 (H-1-Glu-H-6-Glu) indicated the presence of a glucopyranose 

moiety. The anomeric proton signal at δ 5.30 (H-1-Glu, d, J = 7.5 Hz) in addition to the C-3 carbon 

signal at δ 144.9 ppm indicated that a sugar moiety with a β-configuration was attached to the C-3 

position. From the above spectral studies, the structure of compound 1 was determined to be that of 

delphinidin-3-O-β-glucopyranoside, which corresponded with data in the literature [14]. 

Compound 2 was isolated as an amorphous red power. Its molecular formula was established  

as C21H21O11
+ (calculated m/z 449.1082), with twelve degrees of unsaturation, based on its positive-ion 

HPLC-HR-ESI-MS/MS analyses. A molecular ion at m/z 449.1075 [M+H]+ and a major fragmentation 

occurring at m/z 287.0538 [M+H−162]+ corresponded to those of a cyanidin aglycone and a hexose unit. 

Similarly, the observation of a set of ABX-type aromatic proton signals at δ 7.02 (H-5', d, J = 8.5 Hz),  

δ 8.05(H-2', d, J = 2.0 Hz) and δ 8.23 (H-6', dd, J = 9.0, 2.5 Hz), two meta-coupled doublet protons on 

the A-ring at δ 6.65 (H-6, J = 1.5 Hz) and δ 6.87 (H-8, J = 1.0 Hz) and a singlet proton at δ 9.00 (H-4)  

in the 1H-NMR spectrum also implied the presence of a cyanidin nucleus. From the appearance of the 

anomeric proton signal at δ 5.28 (H-1-Glu, d, J = 7.5 Hz) and the C-3 carbon signal at δ 145.6 ppm 

indicated that a β-glucopyranose moiety was attached to C-3 position. Thus, compound 2 was elucidated 

as cyanidin-3-O-β-glucopyranoside by comparison of the spectral data with the literature [15]. 

Compound 3, which also formed an amorphous red power, showed a molecular ion at m/z  

479.1185 [M+H]+ and a major fragment ion at m/z 317.0664 [M+H−162]+ in the positive-ion 

HPLC-HR-ESI-MS/MS spectrum, which was in agreement with the molecular formula of C22H23O12
+ 

(calculated m/z 479.1192), with twelve degrees of unsaturation. These data indicated the presence of a 

petunidin aglycon and a hexose moiety. Comparison of the 1H- and 13C-NMR spectra of compound 3 

with those of compound 1 demonstrated that the structure of compound 3 was very similar to that of 

compound 1, except for the presence of a methyl group [δH 3.98 (3H, s); δC 57.3]. Compound 3 was thus 

identified as petunidin-3-O-β-glucopyranoside by comparing these spectral data with reference [16,17]. 

Compound 4 was also presented as an amorphous red power. The positive-ion HPLC-HR-ESI-MS/MS 

spectrum showed its molecular ion at m/z 463.1223 [M+H]+ and a major fragment at m/z 301.0697 

[M+H−162]+, corresponding to the molecular formula of C22H23O11
+ (calculated m/z 463.1229), with 

twelve degrees of unsaturation. These data corresponded to those of a peonidin aglycone and a hexose 

moiety. Further support for this structure was obtained by comparing the 1H and 13C-NMR spectra of 

compound 4 with those of compound 2. The spectral features of compound 4 were almost identical with 
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those of compound 2, except for the presence of a methyl group [δH 3.99 (3H, s); δC 56.7]. Based on the 

above-described observations, compound 4 was assigned as peonidin-3-O-β-glucopyranoside, which in 

accordance with the relevant published data [18]. 

Compound 5 was also obtained as an amorphous red power and had the molecular formula of 

C23H25O12
+ (calculated m/z 493.1339), with twelve degrees of unsaturation, as determined using 

positive-ion HPLC-HR-ESI-MS/MS. A molecular ion at m/z 493.1332 [M+H]+ and a major fragment at 

m/z 331.0762 [M+H−162]+ were consistent with a structure consisting of a malvidin aglycone and a 

hexose moiety. By comparing their 1H and 13C-NMR spectra, the structure of compound 5 was found to 

differ from that of compound 1 mainly in the substitution pattern in ring B. The existence of a methyl 

group at δH 3.99 (6H, s, OCH3-3'/OCH3-5') in addition to a carbon signal at δC 56.7 ppm and a 

symmetrical aromatic proton signal at δ 7.97 (H-2'/H-6', s) revealed two methoxyl groups, one located at 

C-3 and the other at C-5. Based on the above-described evidence, compound 5 was identified as 

malvidin-3-O-β-glucopyranoside by comparison with previous data [19].  

The detailed data obtained using HPLC-HR-ESI-MS/MS are presented in Table 1 and Figure 2, and 

the 1H- and 13C-NMR spectroscopic data are shown in Table 2. This is the first time that all of the major 

anthocyanins in B. heteropoda Schrenk fruits were systematically isolated and characterized. 

Figure 2. High-resolution electrospray mass spectrum of identified anthocyanins. Peak 1: 

delphinidin-3-O-glucopyranoside; Peak 2: cyanidin-3-O-glucopyranoside; Peak 3: 

petunidin-3-O-glucopyranoside; Peak 4: peonidin-3-O-glucopyranoside; and Peak 5: 

malvidin-3-O-glucopyranoside. 
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Figure 2. Cont. 
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Figure 2. Cont. 
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Table 1. Chromatographic and spectroscopic characteristics of the major anthocyanins in the fruits of B. heteropoda Schrenk, determined using 

HPLC-DAD and HPLC-HR-ESI-MS/MS. 

Peak a 
tR (min)
HPLC 

(%) 
HPLC 

λmax 

(nm) 

tR (min) 
HPLC-HR-ESI-MS/MS 

M+ 
(m/z) 

Fragment Ions
(m/z) 

Compound 
Contents b 

(mg/100 g Fresh Fruits) 

1 22.38 30.34 524/278 5.96 465.1027 303.0486 Delphinidin-3-O-glucopyranoside 617.84 ± 0.98 
2 27.54 33.47 516/280 7.01 449.1075 287.0538 Cyanidin-3-O-glucopyranoside 681.58 ± 1.13 
3 34.42 10.55 527/278 8.22 479.1185 317.0664 Petunidin-3-O-glucopyranoside 212.59 ± 1.79 
4 37.88 8.53 520/280 10.02 463.1223 301.0697 Peonidin-3-O-glucopyranoside 173.65 ± 0.66 
5 41.48 13.77 528/278 12.20 493.1332 331.0762 Malvidin-3-O-glucopyranoside 279.83 ± 0.60 
6 78.83 0.16 520/280 26.12 301.0704 - Peonidin 3.29 ± 0.05 
7 79.52 0.22 530/278 27.38 331.0803 - Malvidin 4.49 ± 0.06 

Notes: a Numbered according to the order of elution; b mean value ± SD (n = 3). 

Table 2. 1H-NMR and 13C-NMR spectroscopic data for compounds 1–5 in CD3OD/TFA-d (7:1, v/v) (δ in ppm. J in Hz). 

Position 
1 2 3 4 5 

δH 
a δC 

c δH 
a δC 

d δH 
b δC 

d δH 
a δC 

c δH 
a δC 

d 
2  164.1  164.4  164.0  164.1  163.0 
3  144.9  145.6  145.1  145.5  145.3 
4 8.91 (s) 136.4 9.00 (s) 137.1 8.98 (s) 136.9 9.02 (s) 137.4 9.02 (s) 137.3 
5  159.6  159.6  159.0  158.8  158.9 
6 6.63 (d, 1.5) 103.9 6.65 (d, 1.5) 103.8 6.67 (d, 1.2) 103.6 6.66 (d, 1.5) 103.5 6.67 (d, 0.5) 103.1 
7  170.8  170.7  170.7  170.9  170.9 
8 6.82 (d, 1.5) 95.4 6.87 (d, 1.0) 95.2 6.88 (d, 0.6) 95.2 6.89 (d, 1.5) 95.3 6.93 (d, 0.5) 95.4 
9  157.9  157.8  157.8  157.9  157.9 

10  112.9  113.8  113.6  113.6  112.9 
1’  120.3  121.3  120.1  121.1  119.9 
2' 7.71 (s) 113.6 8.05 (d, 2.0) 118.6 7.90 (d, 1.8) 109.2 8.19 (d, 1.5) 115.2 7.97 (s) 110.6 
3’  147.7  147.4  149.9  149.6  149.8 
4’  146.1  155.7  145.7  156.5  164.4 
5'  147.7 7.02 (d, 8.5) 117.3  147.4 7.05 (d, 9.0) 117.6  149.8 
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Table 2. Cont. 

Position 
1 2 3 4 5 

δH 
a δC 

c δH 
a δC 

d δH 
b δC 

d δH 
a δC 

c δH 
a δC 

d 

6' 7.71 (s) 113.6 8.23 (dd, 9.0, 2.5) 128.1 7.81 (d, 1.8) 112.9 8.23 (dd, 8.5, 2.0) 128.9 7.97 (s) 110.6 
3'-O Me     3.98 (s) 57.3 3.99 (s) 56.7 3.99 (s) 56.7 
5'-O Me         3.99 (s) 56.7 

1'' 5.30 (d, 7.5) 103.7 5.28 (d, 7.5) 104.1 5.32 (d, 7.8) 103.8 5.29 (overlap) 103.9 5.33 (overlap) 103.9 
2'' 3.77 (m) 75.0 3.73 (m) 74.8 3.70 (m) 74.9 3.67 (m) 74.9 3.71 (m) 74.9 
3'' 3.61 (m) 78.3 3.56 (m) 78.1 3.57 (m) 78.2 3.60 (m) 78.2 3.60 (m) 78.1 
4'' 3.50 (m) 71.3 3.46 (m) 71.1 3.47 (m) 71.1 3.47 (m) 71.2 3.47 (m) 71.3 
5'' 3.61 (m) 79.0 3.56 (m) 78.7 3.57 (m) 78.8 3.60 (m) 78.8 3.60 (m) 77.8 
6''a 3.94 (dd, 12.0, 1.5) 

62.6 3.92 (dd, 12.0, 2.0) 

62.4 3.94 (dd, 9.0, 3.0) 

62.3 3.93 (dd, 10.0, 2.0) 

62.4 3.92 (dd, 9.5, 1.5) 

62.3 

6''b 3.77 (dd, 12.5, 5.0) 3.73 (dd, 12.0, 4.5) 3.74 (dd, 12.0, 6.0) 3.72 (dd, 12.5, 6.0) 3.77 (dd,12.0, 6.0) 

Notes: a The 1H-NMR data were obtained at 500 MHz ; b The 1H-NMR data were obtained at 600 MHz; c The 13C-NMR data were obtained at 125 MHz; 
d The 13C-NMR data were obtained at 150 MHz.  
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2.4. Antioxidant Activity 

2.4.1. Total Reducing Capacity of the PAE 

The total reducing power of the anthocyanins can be used as an index of their antioxidative 

electron-donating activity. The total reducing capacity of the PAE and the ascorbic-acid control are 

shown in Table 3 and Figure 3A, respectively. The results showed that the reducing power of the  

PAE was approximately one-third that of ascorbic acid. The IC50 value, which was the concentration 

that raised the absorbance at 700 nm to 0.5, of the reducing power of the PAE was 139.65 μg/mL. 

Furthermore, both PAE and ascorbic acid exhibited a dose-dependent reducing power. Good linearity 

was obtained using the PAE at concentrations of 90 to 190 μg/mL and ascorbic acid at  

concentrations of 30 to 62 μg/mL. The calibration curve of the PAE and ascorbic acid were  

Y (absorbance) = 0.0033X (concentration) + 0.0615 (r = 0.999), Y (absorbance) = 0.0099X 

(concentration) + 0.0434 (r = 0.995), respectively. 

Figure 3. Antioxidant activities of the PAE of B. heteropoda Schrenk fruit determined using 

the total reducing capacity assay (A) and the DPPH free radical-scavenging assay (B). The data 

represented by different-colored bars are significantly different (p < 0.05). 
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Figure 3. Cont. 
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Table 3. Antioxidant activities of PAE and ascorbic acid in terms of the total reducing 

capacity assay, DPPH radical scavenging activity assay, ferric-reducing antioxidant power 

(FRAP) assay and ABTS radical cation scavenging activity assay. 

Samples A700 nm = 0.5/Total Reducing Power (μg/mL) a IC50/DPPH (μg/mL) b 

PAE 139.65 ± 0.01 47.16 ± 0.35 
Ascorbic acid 46.12 ± 0.04 9.30 ± 0.21 

Samples FRAP value (mmol/g) TEAC/ABTS 
PAE 4.32 ± 0.03 2.250 ± 0.17 

Trolox 7.007 ± 0.14 - 

Notes: All the trials were performed in triplicate and all the data represent the means ± standard deviation  

(n = 3). Data in the same column with different letters are significantly different (p < 0.05); a The antioxidant 

activity was evaluated as the concentration of the test sample required to raise the absorbance at 700 nm to 

0.5; b The antioxidant activity was calculated as the concentration of the test sample required to decrease the 

absorbance at 517 nm by 50%. 

2.4.2. DPPH Radical-Scavenging Activity of the PAE 

The effect of an antioxidant on DPPH radical scavenging is generally ascribed to its 

hydrogen-donating ability. The decrease in absorbance at 517 nm reflects the DPPH-radical reduction 

potential of samples. In the present study, the concentration of the samples required to scavenge 50% 

of the DPPH radicals (IC50) was used as an indicator for comparing their antioxidant activities.  

The results are shown in Table 3 and Figure 3B. As shown in Figure 3B, the DPPH radical-scavenging 

activity of the PAE and ascorbic acid increased as the concentrations increased. At a concentration  

of 90 μg/mL, the PAE scavenged almost all of the DPPH radicals that were present (>95%). The IC50 

value for the PAE was 47.16 μg/mL, however, the IC50 value for the control, ascorbic acid, was  

9.30 μg/mL. In terms of the IC50 value, DPPH radical-scavenging activity of the PAE was approximately 

one-fifth that of ascorbic acid.  
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2.4.3. Ferric-Reducing Antioxidant Power (FRAP) of the PAE 

A simple and reliable assay was adopted to evaluate the reducing capacity of antioxidants in the 

present study. This assay is based on the reaction of an antioxidant with the TPTZ-Fe(III) complex  

to generate TPTZ-Fe(II). The absorbance of TPTZ-Fe(II) at 593 nm was measured to evaluate the 

reducing power of the tested sample. The corresponding FeSO4 value provides quantification of  

the antioxidant activity of the extract. A higher FeSO4 value demonstrates a higher ferric-reducing 

capacity. In this assay, the PAE exhibited a high antioxidant activity, with a FeSO4 value of  

4.32 mmol/g, whereas the FeSO4 value of the Trolox control was determined to be 7.007 mmol/g 

(Table 3). As far as the FeSO4 value be concerned, Ferric-reducing capacity of PAE was approximately 

three-fifths that of Trolox. 

2.4.4. ABTS+ Radical-Scavenging Activity of the PAE 

The ABTS+ radical-scavenging assay is considered an excellent tool for investigating the 

antioxidant activity of hydrogen-donating antioxidants and chain-breaking antioxidants [20]. This 

assay is based on the inhibitory effect of the antioxidant on the absorbance of ABTS+, which reflects 

the antioxidant capacity of the tested sample. The TEAC values were calculated using standard curves, 

with a higher TEAC value indicating a higher antioxidant activity. The PAE exhibited a good 

antioxidative activity in this test, with a TEAC value of 2.25 mmol/g (Table 3), which was comparable 

to that of the extract of pigeon-pea leaves (1.095 mmol/g) [21]. Therefore, B. heteropoda Schrenk fruit 

is an excellent candidate antioxidant. 

3. Experimental Section 

3.1. Plant Material 

Fresh ripe fruit (3 kg) of B. heteropoda Schrenk was manually harvested in Daxigou (Latitude 44°26′ 

N, Longitude 80°46′ E, Altitude 1000 m), Huocheng County, Yili Kazakh Autonomous Prefecture, 

Xinjiang Uygur Autonomous Region of China during September 2012. The fruit was maintained at −18 

°C from immediately after collection until they were used. Samples were also preserved in a refrigerator 

(−18 °C) for later analysis in the laboratory. 

3.2. Reagents and Apparatus 

2,2-Diphenyl-1-picrylhydrazyl (DPPH), potassium ferricyanide and ascorbic acid (vitamin C) were 

purchased from the Sigma-Aldrich Chemical Co. (Shanghai, China); The FRAP and ABTS assay kits 

were obtained from the Beyotime Institute of Biotechnology (Haimen, Jiangsu Province, China). The 

methanol and acetonitrile for the HPLC analysis were of chromatographic grade and were purchased 

from J.T. Baker (Phillipsburg, NJ, USA). All other reagents and solvents were of analytical grade. 

The ultrasonicator was purchased from Tian Pong Electricity New Technology Co. Ltd.  

(Beijing, China) The filter papers were produced by Hangzhou Special Paper Industry (Hangzhou, 

Zhejiang Province, China). The 0.45-μm reinforced nylon membrane filter was purchased from ANPEL 

(Shanghai, China). The freeze dryer used was an EYELA FDU-1100 model (Tokyo, Japan). The L5S 
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spectrophotometer was purchased from the Jingke Industrial Co. Ltd. (Shanghai, China). The 

multimode reader was a PerkinElmer EnSpire model (Waltham, MA, USA).  

3.3. Extraction and Primary Purification of the Anthocyanins 

The fresh fruit of B. heteropoda Schrenk (100 g) were crushed using a pulverizer, and then 

ultrasonically extracted for 30 min using 1 L of 0.5% HCL (v/v) in 80% methanol in the dark at  

room temperature. This extraction process was repeated three times to ensure exhaustive extraction.  

The supernatants were combined and were filtered through filter paper to remove the fruit residues, 

proteins and the polysaccharide-containing sediment. The filtrate was concentrated using a rotary 

evaporator at less than 35 °C, and then was lyophilized to produce the crude anthocyanin extract (22.666 g). 

The crude anthocyanin extract was purified using an AB-8 macroporous resin column (2.5 cm × 45 cm) 

to remove sugars, acids and other water-soluble substances. The successive eluting agents were 0.5% 

aqueous HCl (1 L), 0.5% HCl in 95% ethanol (1 L), 95% ethanol (1 L). The eluent obtained using 95% 

ethanol (0.5% HCl) was evaporated under reduced pressure at less than 35 °C and was freeze-dried to 

yield the PAE (10.956 g). 

3.4. Isolation and Identification of the Main Anthocyanins in the PAE 

3.4.1. Isolation 

The PAE (5.0 g) was further fractionated using a medium-pressure chromatographic column  

(4.9 × 46 cm) using a gradient elution of 0%, 20%, 25%, 30%, 35%, 40%, 50%, 70% CH3OH/H2O 

(containing 0.1% HCl; 2 L of each eluent), resulting in 37 fractions. The 37 fractions were concentrated 

separately under reduced pressure at less than 35 °C and then were analyzed using HPLC. Fractions 12 

(121 mg), 15 (209 mg) and 21 (201 mg) were further refined by preparative HPLC (Shimadzu LC-6AD, 

Kyoto, Japan) using a YMC-Pack ODS column (20 × 250 mm, 10 μM, YMC Co. Ltd., Kyoto, Japan) at 

room temperature with a flow rate of 4.0 mL/min and detection at 530 nm. The eluting solvents were 

CH3CN/H2O/TFA at a ratio of 12:87.9:0.1, 11:88.9:0.1, 13:86.9:0.1, which yielded compounds 1 (21.0 mg), 

2 (21.0 mg) and 3 (3.4 mg), 4 (3.0 mg) and 5 (5.0 mg). 

3.4.2. NMR Identification 

The structures of the isolated anthocyanins were elucidated by spectroscopic analysis.  
1H (500 MHz) and 13C (125 MHz) NMR spectra were obtained using an Inova 500 spectrometer 

(Agilent Technologies, Inc., Santa Clara, CA, USA) in CD3OD/CF3COOD (7:1, v/v) containing  

TMS as an internal standard. The chemical shift values were expressed in δ (ppm) and the coupling 

constant (J) values were presented in Hertz.  

3.5. Total Anthocyanin Content 

The TAC was determined using the pH differential method [22,23]. The absorbance at 530 nm  

and 700 nm was measured in pH 1.0 buffer (potassium chloride-hydrochloric acid) and pH 4.5 buffer 
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(sodium acetate-acetic acid). The results were expressed as mg of cyanidin-3-glycoside equivalents/100 g 

of fresh fruit weight. The TAC was calculated using the following equation: 

A = [(A530 − A700) pH 1.0 − (A530 − A700) pH 4.5] (1)

TAC (mg/100 g) = A × MW × DF × 
L×ε

1
 × 

M

V
 × 100 (2)

where MW is the molecular weight of cyanidin-3-glucoside (449.2 g/mol), DF is the dilution factor, 

ε is the molar extinction coefficient of cyanidin-3-glucoside (26,900 L·cm−1·mol−1), L is the cell-path 

length (1 cm), V is the extract volume (mL) and M is the fresh fruit weight (g). The data were expressed 

as the mean values ± SD (n = 3). 

3.6. HPLC-DAD Analysis 

The anthocyanins were separated using an analytical HPLC system (Agilent 1290) equipped with a 

G4220A 1290 Bin Pump, a G4226A 1290 Sampler, a G1316C 1290 TCC and a G4212A 1290 DAD. 

The analytical column used was an Agilent ZORBAX Eclipse XDB C18 column (4.6 × 150 mm, 5 μm, 

Agilent). The PAE (10 mg/mL) was filtered through a 0.45-μm reinforced nylon membrane filter before 

injection. An aliquot of 5 μL of solution was injected. The anthocyanin chromatograms were obtained in 

the visible spectral region (530 nm), and the spectroscopic data from 200 to 600 nm were recorded 

throughout the entire run.  

A gradient program was applied for analysis of the anthocyanins. This program followed a previously 

reported technique, with a slight modification [4]. The mobile phases were as follows: A, a 3% 

formic-acid aqueous solution and B, 15% methanol in acetonitrile. The applied gradient conditions were 

as follows: 0–40 min, linear gradient from 3% to 11.5% B; 40–50 min, 11.5% B; 50–60 min, linear 

gradient from 11.5% to 13.5% B; 60–70 min, linear gradient from 13.5% to 15.5% B; 70–85 min, linear 

gradient from 15.5% to 23% B; and 85–90 min, linear gradient from 23% to 3% B. The flow rate was  

0.8 mL/min, and temperature was 35 °C. The peaks of the anthocyanins from B. heteropoda Schrenk 

fruit were numbered in order of their elution. 

3.7. HPLC-DAD-HR-ESI-MS/MS 

HPLC-DAD-HR-ESI-MS/MS was performed using an Agilent 6520 Accurate-Mass Q-TOF LC/MS. 

The chromatographic separation was conducted using an Agilent ZORBAX Eclipse XDB C18 column 

(4.6 × 150 mm, 5 μm, Agilent, Wilmintton, DE, USA). The separation conditions were the same as those 

used for HPLC/DAD analysis, described above. The concentration of the PAE was 1.0 mg/mL. The MS 

parameters were as follows: capillary voltage, 4000 V; gas (N2) temperature, 350 °C; flow rate, 8 L/min; 

and nebulizer pressure, 35 psi. The instrument was operated in the positive-ion mode with scanning from 

m/z 0 to 1500. 

3.8. Antioxidant Activity 

3.8.1. Total Reducing Capacity Assay 
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The total reducing capacity of the PAE was evaluated as described by Cui et al., with a slight 

modification [22]. For this analysis, the PAE was dissolved in distilled water for the preparation of 

solutions of various concentrations (90, 115, 140, 165, and 190 μg/mL). One milliliter of a sample 

solution was mixed with 2.5 mL of sodium phosphate buffer (0.2 M, pH 6.6) and 2.5 mL of 1% (w/v) 

potassium ferricyanide. The mixtures were incubated at 50 °C for 20 min in the dark and then was 

centrifuged at 1000 g for 10 min after adding 2.5 mL of 10% trichloroacetic acid. The supernatants  

(2.5 mL) were collected and mixed in a test tube with 2.5 mL of distilled water and 1.0 mL of 0.1% 

(w/v) ferric chloride. After a 10-min incubation at room temperature in the dark, the absorbance of the 

resulting solution at 700 nm was recorded using a spectrophotometer. An equivalent volume  

of distilled water, instead of the sample, was used as a control. The reducing power of ascorbic acid 

(30, 38, 46, 54, 62 μg/mL) was also determined for comparison. The increased absorbance of the 

reaction mixture at 700 nm indicated an increased reducing capacity. The concentration of the test 

sample that was required to raise the level of absorbance to 0.5 at 700 nm was calculated. 

3.8.2. DPPH Radical-Scavenging Activity Assay 

A modified method was employed to evaluate the DPPH radical-scavenging activity [24]. Briefly, 

2.0 mL of an ethanolic solution of PAE at various concentrations (5, 10, 15, 20, 25, 30, 60 and  

90 μg/mL) was added to 2.0 mL of 0.2 mM DPPH that was dissolved in ethanol. The mixture was then 

shaken vigorously and was maintained for 30 min at room temperature in the dark. The absorbance of 

the mixed solution at 517 nm was determined. Ascorbic acid (vitamin C) was used as the reference 

compound. All of the samples were analyzed in triplicate. The scavenging activity of each sample was 

calculated according to the following formula: 

Scavenging activity (%) = [1 − (A DPPH sample − A sample control)/ADPPH blank] × 100 (3)

where A DPPH sample = absorbance of 2 mL of the sample solution + 2 mL of DPPH solution;  

A sample control = absorbance of 2 mL of the sample solution + 2 mL of ethanol; and A DPPH blank = absorbance 

of 2 mL of ethanol + 2 mL of DPPH solution. The concentration of sample required to cause 50% 

inhibition (IC50 value) was determined. 

3.8.3. Ferric-Reducing Antioxidant Power (FRAP) Assay 

The FRAP of the PAE was determined using a total antioxidant-capacity assay kit following the 

FRAP method (Beyotime Institute of Biotechnology, Haimen, China), using a previous report as a 

reference [25]. The stock solutions included a TPTZ (2,4,6-tripyridyl-s-triazine) solution, a TPTZ 

diluent, the detection buffer, 1.0 mL of a 100 mM FeSO4 solution and 0.1 mL of a 10 mM Trolox 

solution. A working solution was freshly prepared by mixing the TPTZ diluent, the TPTZ solution and 

the detection buffer in a 10:1:1 (v/v) ratio, respectively. The working solution was maintained at 37 °C 

before use. An aliquot of 5 μL of the PAE solution was allowed to react with 180 μL of the FRAP 

working solution for 3–5 min at 37 °C. Then, the absorbance of the mixture at 593 nm was measured 

using a multimode reader. Five microliters of distilled water, instead of a sample, was used for the 

blank. The standard curve was obtained using FeSO4 in the concentration range of 0.15–1.5 mM. The 

results were expressed as FeSO4 values, which were calculated using on the standard curve. 
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3.8.4. ABTS+ Radical-Scavenging Capacity Assay 

The ABTS+ radical-scavenging capacity was determined according to the instruction of the Beyotime 

Institute of Biotechnology and methods described previously [21]. This capacity is based on the ability 

of different substances to scavenge the ABTS+ radical in comparison with that of a standard (Trolox). 

The stock solutions included an ABTS solution and an oxidant solution. The green ABTS+ solution 

was prepared by reacting ABTS with an equal quantity of an oxidant in and allowing the mixture to 

stand for 12–16 h at room temperature in the dark before use. The resulting solution was diluted with 

80% ethanol to obtain an absorbance of 0.70 ± 0.05 at 734 nm. The solution was prepared freshly for 

each assay. An aliquot of 10 μL of the PAE solutions was mixed with 200 μL of the diluted ABTS+ 

solution and maintained for 2–6 min at room temperature in the dark. Then, the absorbance of the 

mixture at 734 nm was recorded. A calibration curve was prepared using Trolox (a water-soluble 

analogue of vitamin E) in a range of concentrations from 0.15 to 1.5 mM.  

To ensure a correct measurement, the test sample was diluted with water to the concentration at 

which the percentage of inhibition was 20%–80%. The result was calculated based on the Trolox standard 

curve and was expressed as the Trolox-equivalent antioxidant capacity (TEAC), which was defined as 

the mmol of Trolox for which the antioxidant activity was equivalent to the activity of 1 g of the sample. 

3.9. Statistical Analysis 

All of the assays of the antioxidant capacities (total reducing capacity, DPPH radical-scavenging 

activity, FRAP and ABTS radical-scavenging capacity) were performed in triplicate. The analytical 

data were expressed as the mean values from assays conducted in triplicates and the standard deviation 

(SD). 

4. Conclusions 

Our research has provided the chemical basis for and evidence of high levels of antioxidant activity 

of the fruit of B. heteropoda Schrenk. The high anthocyanins content indicated that the fruit of  

B. heteropoda Schrenk can be considered as an excellent source of natural colorants and a functional 

food that benefits human health However, we have only taken a glimpse into the antioxidant activity of 

the fruit of B. heteropoda Schrenk. Further investigations must be conducted to elucidate its other 

biological effects. In conclusion, the composition of the major anthocyanins and the antioxidant 

activities of the fruit of B. heteropoda Schrenk were systematically investigated for the first time.  

The results of this research are important for the further development of applications of the fruit of  

B. heteropoda Schrenk. 

Supplementary Materials 

Supplementary materials can be accessed at: http://www.mdpi.com/1420-3049/19/11/19078/s1. 

Acknowledgments 

The authors gratefully acknowledge Jianbei Li for his help with the HPLC-HR-ESI-MS/MS analysis. 



Molecules 2014, 19 19095 

 

 

Author Contributions 

Tengfei Ji conceived and designed the experiments; Lili Sun performed the experiments and analyzed 

the data; Wan Gao, Mengmeng Zhang, Cheng Li, Aiguo Wang and Yalun Su contributed materials and 

analysis tools; Lili Sun and Tengfei Ji wrote the paper. 

Conflicts of Interest 

The authors declare no conflict of interest. 

References 

1. Xu, X., Baharguli, H., Eds. Kazak Medicine Blog, 1st ed.; The Ethnic Publishing House: Beijing, 

China, 2009; Volume 1, p. 156. 

2. Teng, Y.; Zhang, G.Q.; Peng, Z.M. Research on Berberis heteropoda Schrenk Red Pigment 

Extraction and Its Stability. Food Sci. 2007, 28, 67–70. 

3. Ministry of Health of Forces Logistics of Xinjiang. Handbook of Chinese Herbal of Xinjiang; 

People’s Publishing House: Xinjiang, China, 1970; pp. 153–283. 

4. Zheng, J.; Ding, C.X.; Wang, L.S.; Li, G.L.; Shi, J.Y.; Li, H.; Wang, H.L.; Suo, Y.R.  

Anthocyanins composition and antioxidant activity of wild Lycium ruthenicum Murr. from 

Qinghai-Tibet Plateau. Food Chem. 2011, 126, 859–865. 

5. Liliana, S.; José, G.C.; Ovidio, A.; Coralia, O. Anthocyanin Composition of Wild Colombian 

Fruits and Antioxidant Capacity Measurement by Electron Paramagnetic Resonance Spectroscopy. 

J. Agric. Food Chem. 2012, 60, 1397–1404. 

6. Clifford, M. Anthocyanins: Nature, occurrence and dietary burden. J. Sci. Food Agric. 2000, 80, 

1063–1072. 

7. Cooney, J.M.; Dwayne, J.J.; McGhie, T. LC-MS identification of anthocyanins in boysenberry extract 

and anthocyanin metabolites in human urine following dosing. J. Sci. Food Agric. 2004, 84, 237–245. 

8. Sari, P.; Wijaya, C.H.; Sajuthi, D.; Supratman, U. Colour properties, stability, and free radical 

scavenging activity of jambolan (Syzygium cumini) fruit anthocyanins in a beverage model system: 

Natural and copigmented anthocyanins. Food Chem. 2012, 132, 1908–1914. 

9. Meltem, T.; Seref, T.; Ufuk, D.; Mehmet, O. Effects of various pressing programs and yields on 

the antioxidant activity, antimicrobial activity, phenolic content and colour of pomegranate juices. 

Food Chem. 2013, 138, 1810–1818. 

10. Rice-Evans, A.C.; Miller, N.J.; Paganga, G. Structure-antioxidant activity relationships of 

flavonoids and phenolic acids. Free Radic. Biol. Med. 1996, 20, 933–956. 

11. Chirinos, R.; Campos, D.; Betalleluz, I.; Giusti, M.M.; Schwartz, S.J.; Tian, Q.; Pedreschi, R.; 

Larondelle, Y. High-performance liquid chromatography with photodiode array detection 

(HPLC-DAD)/HPLC-Mass Spectrometry (MS) profiling of anthocyanins from Andean Mashua 

Tubers (Tropaeolum tuberosum Ruiz and Pavon) and their contribution to the overall antioxidant 

activity. J. Agric. Food Chem. 2006, 54, 7089–7097. 

12. Sun, J.H.; Lin, L.Z.; Chen, P. Recent Applications for HPLC-MS Analysis of Anthocyanins in 

Food Materials. Curr. Anal. Chem. 2013, 9, 397. 



Molecules 2014, 19 19096 

 

 

13. Carla, D.C.J.; Carls, F.; He, J.; Tian, Q.Q.; Steven, J.S.; Giusti, M.M. Characterisation and 

preliminary bioactivity determination of Berberis boliviana Lechler fruit anthocyanins. Food Chem. 

2011, 128, 717–724. 

14. Choung, M.G.; Baek, I.Y.; Kang, S.T.; Han, W.Y.; Shin, D.C.; Moon, H.P.; Kang KH. Isolation 

and determination of anthocyanins in seed coats of black soybean (Glycine max (L.) Merr.).  

J. Agric. Food Chem. 2001, 49, 5848–5851. 

15. Lee, J.H.; Cho, K.M. Changes occurring in compositional components of black soybeans 

maintained at room temperature for different storage periods. Food Chem. 2012, 131, 161–169. 

16. Lee, J.H.; Choung, M.G. Identification and characterisation of anthocyanins in the antioxidant 

activity-containing fraction of Liriope platyphylla fruits. Food Chem. 2011, 127, 1686–1693. 

17. Lee, J.H.; Kang, N.S.; Shin, S.O.; Shin, S.H.; Lim, S.G.; Suh, D.Y.; Baek, I.Y.; Park, K.Y.; Ha, T.J. 

Characterisation of anthocyanins in the black soybean (Glycine max L.) by HPLC–DAD–ESI/MS 

analysis. Food Chem. 2009, 112, 226–231. 

18. Fossen, T.; Slimestad, R.; Øvstedal, D.O.; Andersen, Ø.M. Anthocyanins of grasses. Biochem. 

Syst. Ecol. 2002, 30, 855–864. 

19. Alcalde-Eon, C.; Escribano-Bailón, M.T.; Santos-Buelga, C.; Rivas-Gonzalo, J.C. Changes in the 

detailed pigment composition of red wine during maturity and ageing. A comprehensive study. 

Anal. Chim. Acta 2006, 563, 238–254. 

20. Leong, L.P.; Shui, G. An investigation of antioxidant capacity of fruits in Singapore markets. 

Food Chem. 2002, 76, 69–75. 

21. Kong, Y.; Wei, Z.F.; Fu, Y.J.; Gu, C.B.; Zhao, C.J.; Yao, X.H.; Thomas, E. Negative-pressure 

cavitation extraction of cajaninstilbene acid and pinostrobin from pigeon pea [Cajanus cajan (L.) 

Millsp.] leaves and evaluation of antioxidant Activity. Food Chem. 2011, 128, 596–605. 

22. Cui, C.; Zhang, S.M.; You, L.J.; Ren, J.Y.; Luo, W.; Chen, W.F.; Zhao, M.M. Antioxidant capacity 

of anthocyanins from Rhodomyrtus tomentosa (Ait.) and identification of the major anthocyanins. 

Food Chem. 2013, 139, 1–8. 

23. Meng, J.F.; Fang, Y.L.; Qin, M.Y.; Zhuang, X.F.; Zhang, Z.W. Varietal differences among the 

phenolic profiles and antioxidant properties of four cultivars of spine grape (Vitis davidii Foex) in 

Chongyi County (China). Food Chem. 2012, 134, 2049–2056. 

24. Jing, L.H.; Shen, X.J.; Toshihiko, S.; Tomomasa, K.; Zhou, J.C.; Zhao, L.M. Characterization and 

activity of anthocyanins in Zijuan Tea (Camellia sinensis var. kitamura). J. Agric. Food Chem. 

2013, 61, 3306–3310. 

25. Luo, J.G.; Li, L.; Kong, L.Y. Preparative separation of phenylpropenoid glycerides from the bulbs 

of Lilium lancifolium by high-speed counter-current chromatography and evaluation of their 

antioxidant activities. Food Chem. 2012, 131, 1056–1062. 

Sample Availability: Samples of the compounds 1 and 2 are available from the authors. 

© 2014 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 

distributed under the terms and conditions of the Creative Commons Attribution license 

(http://creativecommons.org/licenses/by/4.0/). 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue true
  /ColorSettingsFile (Europe Prepress)
  /AlwaysEmbed [ true
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Aharoni-Bold
    /Algerian
    /Andalus
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Aparajita
    /Aparajita-Bold
    /Aparajita-BoldItalic
    /Aparajita-Italic
    /ArabicTypesetting
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScriptMT
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /Calibri-Light
    /Calibri-LightItalic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /DaunPenh
    /David
    /David-Bold
    /DFKaiShu-SB-Estd-BF
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /DokChampa
    /Dotum
    /DotumChe
    /Ebrima
    /Ebrima-Bold
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EuphemiaCAS
    /FangSong
    /FelixTitlingMT
    /FencesPlain
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Gabriola
    /Gadugi
    /Gadugi-Bold
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Gautami-Bold
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /Gisha
    /Gisha-Bold
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /IskoolaPota
    /IskoolaPota-Bold
    /JasmineUPC
    /JasmineUPCBold
    /JasmineUPCBoldItalic
    /JasmineUPCItalic
    /Jokerman-Regular
    /JuiceITC-Regular
    /KaiTi
    /Kalinga
    /Kalinga-Bold
    /Kartika
    /Kartika-Bold
    /KhmerUI
    /KhmerUI-Bold
    /KodchiangUPC
    /KodchiangUPCBold
    /KodchiangUPCBoldItalic
    /KodchiangUPCItalic
    /Kokila
    /Kokila-Bold
    /Kokila-BoldItalic
    /Kokila-Italic
    /KristenITC-Regular
    /KunstlerScript
    /LaoUI
    /LaoUI-Bold
    /Latha
    /Latha-Bold
    /LatinWide
    /Leelawadee
    /LeelawadeeBold
    /Leelawadee-Bold
    /LevenimMT
    /LevenimMT-Bold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /MalgunGothic
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal
    /Mangal-Bold
    /Marlett
    /MaturaMTScriptCapitals
    /Meiryo
    /Meiryo-Bold
    /Meiryo-BoldItalic
    /Meiryo-Italic
    /MeiryoUI
    /MeiryoUI-Bold
    /MeiryoUI-BoldItalic
    /MeiryoUI-Italic
    /MicrosoftHimalaya
    /MicrosoftJhengHeiBold
    /MicrosoftJhengHeiRegular
    /MicrosoftJhengHeiUIBold
    /MicrosoftJhengHeiUIRegular
    /MicrosoftNewTaiLue
    /MicrosoftNewTaiLue-Bold
    /MicrosoftPhagsPa
    /MicrosoftPhagsPa-Bold
    /MicrosoftSansSerif
    /MicrosoftTaiLe
    /MicrosoftTaiLe-Bold
    /MicrosoftUighur
    /MicrosoftUighur-Bold
    /MicrosoftYaHei
    /MicrosoftYaHei-Bold
    /MicrosoftYaHeiUI
    /MicrosoftYaHeiUI-Bold
    /Microsoft-Yi-Baiti
    /MingLiU
    /MingLiU-ExtB
    /Ming-Lt-HKSCS-ExtB
    /Ming-Lt-HKSCS-UNI-H
    /Miriam
    /MiriamFixed
    /Mistral
    /Modern-Regular
    /MongolianBaiti
    /MonotypeCorsiva
    /MoolBoran
    /MS-Gothic
    /MS-Mincho
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MVBoli
    /Narkisim
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NirmalaUI
    /NirmalaUI-Bold
    /NSimSun
    /Nyala-Regular
    /OCRAExtended
    /OldEnglishTextMT
    /Onyx
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PlantagenetCherokee
    /Playbill
    /PMingLiU
    /PMingLiU-ExtB
    /PoorRichard-Regular
    /Pristina-Regular
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rod
    /SakkalMajalla
    /SakkalMajallaBold
    /ScriptMTBold
    /SegoePrint
    /SegoePrint-Bold
    /SegoeScript
    /SegoeScript-Bold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /SegoeUI-Light
    /SegoeUI-SemiBold
    /SegoeUI-Semilight
    /SegoeUISymbol
    /ShonarBangla
    /ShonarBangla-Bold
    /ShowcardGothic-Reg
    /Shruti
    /Shruti-Bold
    /SimHei
    /SimplifiedArabic
    /SimplifiedArabic-Bold
    /SimplifiedArabicFixed
    /SimSun
    /SimSun-ExtB
    /SnapITC-Regular
    /Stencil
    /Sylfaen
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /Tiger
    /TigerExpert
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /TraditionalArabic
    /TraditionalArabic-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga
    /Tunga-Bold
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Utsaah
    /Utsaah-Bold
    /Utsaah-BoldItalic
    /Utsaah-Italic
    /Vani
    /Vani-Bold
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vijaya
    /Vijaya-Bold
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Vrinda-Bold
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 900
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.33333
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 841.680]
>> setpagedevice


