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Abstract. Due to the excellent antioxidant capacity of proanthocyanidins, 
combined with the antioxidant mechanism of anthocyanins, it inspired us 
to study the antioxidant capacity of proanthocyanidins and their complexes. 
In this article, we conducted antioxidant tests on proanthocyanidin-bovine 
serum albumin and procyanidin-metal complexes, using DPPH and ABTS 
methods to determine the antioxidant capacity of procyanidins and their 
complexes. The results show that compared with proanthocyanidins, the 
proanthocyanidin complex has a certain degree of improvement in the 
ability to scavenge free radicals. After being combined with metal ions, the 
ability to scavenge free radicals is significantly improved. When the ratio 
of proanthocyanidin B2 to Fe3+ is 2:1, the ability to scavenge free radicals 
is significantly enhanced. 
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Preface 

Proanthocyanidins are a general term for a large class of polyphenolic compounds that are 
widely present in plants. They have strong antioxidant and free radical scavenging effects, 
and can effectively eliminate hydroxyl radicals and superoxide anion radicals. They also 
promote the synthesis of arachidonic acid and phosphoric acid, which protect lipids from 
peroxidative damage in the process. They are a powerful metal chelator that chelates metal 
ions to form inert compounds in the body; protects and stabilizes vitamin C and aids in 
vitamin C absorption and utilization.  

Oxidative stress is related to the pathogenesis of human degenerative diseases such as 
diabetes, cancer and cardiovascular disease [1-3]. The antioxidant mechanism of 
anthocyanins is mainly manifested in reducing the accumulation of reactive oxygen species 
(ROS), scavenging free radicals, and reducing DNA damage. 

ROS is an oxygen-containing intermediate metabolite, including oxygen free radicals 
and non-free radicals. Oxygen free radicals include superoxide anion radicals (O2

-), 
three-electron reduction products of oxygen, hydroxyl radicals (OH), peroxy radicals (ROO) 
and nitric oxide (NO), etc., which are not free radicals. Including the two-electron reduction 
products of oxygen, hydrogen peroxide (H2O2), peroxynitrite (ONOO-), and singlet oxygen 
(1O2), etc., which are converted into new free radicals through the oxidation of other 
components[4-7]. 

Naturally occurring anthocyanin aglycones and their glycosides have an effect on 

                                                              
*Corresponding author: yuguanglv@163.com 

E3S Web of Conferences 341, 01013 (2022)

GMEE2022
https://doi.org/10.1051/e3sconf/202234101013

  © The Authors,  published  by EDP Sciences.  This  is  an  open  access  article  distributed  under  the  terms  of the Creative
Commons Attribution License 4.0 (http://creativecommons.org/licenses/by/4.0/). 



1,1-diphenyl-2-picrylhydrazyl (DPPH), OH, 2-diazo-bis(3-ethyl) -Benzothiazole-6-sulfonic 
acid) diammonium salt free radical [2,2'- azinobis (3-ethylbenzothiazoline-6-sulfonic acid 
ammonium salt), ABTS+], etc., have scavenging ability, and have a slight scavenging ability 
for DPPH and OH .Compared with the same concentration of vitamin C (vitamin C, VC), 
its ability to clear ABTS+ is slightly stronger.[8]. 

1 Experimental method 

In this study, two antioxidant detection methods were selected: DPPH method and ABTS 
method. 

2 Experimental result 

2.1 Results of the ability of proanthocyanidins to clear DPPH under different 
pH values 

2.1.1 The clearance rate of proanthocyanidin samples in absolute ethanol 

According to the sample amount of proanthocyanidin standard solution , the test solutions 
with mass concentrations of 0.1 mg/mL, 0.2 mg/mL, 0.3 mg/mL, 0.4 mg/mL and 0.5 
mg/mL can be obtained. Add sequence according to different samples, the experimental 
results obtained in parallel 2 groups are: Under the corresponding concentration, the 
clearance rate of proanthocyanidin in absolute ethanol solution is 91.95%, 91.35%, 92.80%, 
92.65% and 93.30%. 

2.1.2 Results of the ability of proanthocyanidin samples to remove DPPH under 
different pH values 

According to the sample volume of the proanthocyanidin standard solution , the mass 
concentrations of 0.1 mg/mL, 0.2 mg/mL, 0.3 mg/mL, 0.4 mg/mL and 0.5 mg/mL can be 
obtained at different pH values. Test the solution, add sequence according to different 
samples, and the experimental results obtained in parallel for 2 groups are: at the 
corresponding concentration, the clearance rate of proanthocyanidin absolute ethanol 
solution after adding different pH buffer solutions is changed, as shown in Table 1. 

Table 1. The clearance rate of proanthocyanidins of various mass concentrations at different p
H. 

Concentration  0.1mg/mL  0.2mg/mL  0.3mg/mL  0.4mg/mL  0.5mg/mL pH 

 95.55 95.80 95.75 95.55 95.60 3 

 92.90 92.45 92.85 92.55 92.95 5 

Clearance rate 48.50 50.60 56.10 57.45 56.00 7 

 (%) 37.45 39.50 44.25 45.05 46.80 9 

 36.60 41.40 42.70 43.45 43.70 11 

 -16.80 -14.45 -14.75 -14.95 -13.50 13 

 
According to the experimental results, the ability of proanthocyanidins to clear DPPH 

under different pH values was drawn as shown in Figure 1. 
In the DPPH removal experiment, it can be seen that when proanthocyanidin is under 
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acidic conditions, its clearance rate is slightly higher than that of proanthocyanidin ethanol 
solution. When proanthocyanidin is under neutral and alkaline conditions, its clearance rate 
is lower than that of proanthocyanidin-ethanol solution. And as the alkalinity increases, the 
clearance rate decreases.  

 

Fig. 1. The ability of proanthocyanidins to clear DPPH under different pH value. 

2.3 Study on the Antioxidant Activity of Procyanidins in vitro 

2.3.1 Determination of the ability of proanthocyanidin complexes to scavenge 
ABTS+ 

In the experiment, in order to evaluate the anti-oxidation ability of proanthocyanidin 
complexes, a scavenging experiment was carried out, and the anti-oxidation comparison 
analysis with Vc was carried out. The experimental results are shown in Figure 2. 

     

Fig. 2. Proanthocyanidins and its complexes, Vc on the removal of ABTS+. 

Figures 2 show that proanthocyanidins, their complexes, and Vc have a scavenging 
effect on ABTS+, and the ability to scavenging DPPH gradually becomes stronger as the 
concentration increases. 

Based on the linear regression simulation of procyanidin-iron, proanthocyanidin-copper, 
proanthocyanidin-bovine serum albumin, proanthocyanidin and Vc clearance 
ABTS+antioxidant curve in Figure 2, the correlation coefficient R2 and the linear simulation 
equation are obtained, and their antioxidant capacity is compared and analyzed.  

Table 2. Analysis of anti-oxidation results of proanthocyanidins and their complexes and Vc. 

sample Linear regression equation R2 

A: Proantho Cyanidins Y=-0.00126X2+1.9547X+5.5952 0.9975 

B: Procyanidins-Bovine Serum Protein Y=-0.0055X2+1.3231X+18.143 0.9969 

C: Proanthocyanidin-Iron  Y=-0.0054X2+1.4095X+6 0.9876 

D: Procyanidin-copper  Y=-0.0117X2+1.8355X+12.238 0.9966 

Vc Y=-0.0159X2+2.1737X+4.619 0.9749 
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It can be seen from the analysis of Table 1-2 that the order of ABTS+ scavenging ability 
of the samples is: procyanidin-bovine serum 
albumin>procyanidin-iron>procyanidin-copper>procyanidin>Vc, and the concentration has 
a good linear relationship with the clearance rate. 

2.3.2 Determination of the ability of proanthocyanidin complexes to scavenge DPPH 

The scavenging ability of primary free radicals was determined by the DPPH antioxidant 
activity method. The scavenging ability of proanthocyanidin complex to DPPH was 
determined, and the results are shown in Figure 3. 

       

Fig. 3. Proanthocyanidins and its complexes, Vc on the removal of DPPH. 

Figure 3 shows that proanthocyanidin and its complexes and Vc have a scavenging 
effect on DPPH, and the ability to scavenging DPPH gradually becomes stronger as the 
concentration increases. 

Table 3. Analysis of anti-oxidation results of proanthocyanidins and their complexes and Vc. 

sample Linear regression equation R2 

A: Proantho Cyanidins Y=-0.0084X2+1.4108X+908571 0.9945 

B: Procyanidins-Bovine Serum Protein Y=-0.0114X2+1.7789X+808333 0.9986 

C: Proanthocyanidin-Iron  Y=-0.0156X2+2.1834X+8.9524 0.9895 

D: Procyanidin-copper  Y=-0.0174X2+2.3542X+9.8095 0.9717 

Vc Y=-0.006X2+1.158X+7.7619 0.9847 

It can be seen from the analysis of Tables 3 that the order of the clearance capacity of 
the samples is: procyanidin-copper>procyanidin-iron>procyanidin-bovine serum 
albumin>procyanidin>Vc, and the concentration has a good linear relationship with the 
clearance rate. 

     

Fig. 4. The scavenging effect of different ratios of proanthocyanidins  B2 and Fe3+ on DPPH free 
radicals. 

It can be seen from Figures 4 that adding a small amount of metal ions to 
proanthocyanidin B2 has a stronger ability to scavenge free radicals. When the molar ratio 
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of proanthocyanidin B2 to Fe3+ is 2:1, the ability to scavenge free radicals is the highest. 

4 Conclusion 

In this subject, the antioxidant capacity of procyanidins and their complexes was 
determined. The results showed that the antioxidant capacity of procyanidin complexes was 
improved compared with that of procyanidins. After combining with metal ions, the 
antioxidant capacity was significantly improved. 
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