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increased from 48.3% to 52.91% with the change of concentrations. At 
the same concentration of 0.01 mg/mL, SBP (48.3%) exhibited a 
significantly higher scavenging effect than VC (29.82%), which indi-
cated the high potential of SBP for applications in the pharmaceutical 
and food industries. 

3.3.5. Total reducing power determination 
Antioxidants could reduce Fe2+ to Fe3+ effectively, which could 

chelate with potassium ferricyanide to form a blue solution with a 
maximum absorption peak at 700 nm (Liu et al., 2021). Therefore, the 
total reduction capacity could be determined by establishing the SBP 
systems and comparing the absorption changes at 700 nm. The reducing 
power of SBP and the positive control are shown in Fig. 3E. SBP samples 
represents a dose-dependent manner, and the absorbance values of 
different concentrations (0.01–0.10 mg/mL) were 0.177–0.727 Abs. 
Moreover, the absorbances of all SBP samples were higher than VC so-
lution, indicating that SBP had a significant antioxidant effect. Similarly, 
procyanidins obtained from lychee pericarp also exhibited great 
reducing power. Combined with the radicals scavenging capacity, it 
could be concluded that SBP was a biologically active molecule with a 
high-efficiency antioxidant effect (Luo et al., 2020). 

3.3.6. Evaluation of synergistic Antioxidant effects with vitamin C 
The antioxidant effect of the combination of multiple antioxidants 

was significantly higher than that of a single antioxidant at the same 
dose. Synergistic effects between antioxidants were influenced by the 
ratio, concentration, and type of compounds (Quiroga et al., 2019). The 
study of synergistic effect between SBP and VC was essential for eval-
uating the potential of SBP to be an effective compound natural anti-
oxidant. The synergistic antioxidant results of the combination of SBP 
and VC at different concentration ratios are exhibited in Table 2 and 
Fig. 3F. In DPPH radical scavenging ability and total reducing capacity 
assays, the combined index (CI) values varied with the proportions of 
the compounds. It could be concluded that the combination showed a 
synergistic effect because the CI values were consistently below 1. At the 
ratio at 8:2 and 6:4, the CI values ranged from 0.3 to 0.7, which indi-
cated a general synergism. At the ratio of 5:5 to 2:8, the CI values were 
all below 0.3 and represented a strong synergism. The consistent effect 

was also implied by the conclusions of the total reducing power. In 
Fig. 3F, the total absorbances varied with the ratios of SBP:VC. The 
compounds showed higher absorbance values when SBP content was 
higher than VC, while the absorbances decreased as the VC increased. 
Such a trend suggested a dominant role for SBP in the compounds’ 
antioxidant capacity. Absorbances of all compound groups were higher 
than that of SBP and VC working alone, which confirmed the synergistic 
antioxidant properties of the compounds. In the compound system, VC 
was a potent antioxidant, and it provided SBP with hydrogen atoms to 
regenerate its antioxidant activity, resulting in the great synergistic 
antioxidant when SBP was combined with VC (Hu et al., 2021). The 
results were consistent with the results of studies on synergistic anti-
oxidants of medicinal vegetable oils reported in the literature, demon-
strating that SBP combined with VC was an effective compound 
antioxidant (Sharma et al., 2020). 

3.4. Resistance to oxidative damage in RAW264.7 cells 

3.4.1. The cytotoxicity of SBP to RAW 264.7 cells 
RAW264.7 cells were treated with SBP at the doses of 25, 50, 100, 

200, 400, 800 and 1000 μg/mL to determine the influence of the sam-
ples’ cytotoxicity. This was determined by the cells’ viability. It could be 
concluded from Fig. 4A that the toxic effects of SBP at a concentration of 
20–100 μg/mL on RAW264.7 cells were not significant. However, the 
toxic effect was evident when the concentrations exceeded 200 μg/mL. 
Hence, the maximum concentration of SBP at 100 μg/mL was selected to 
reduce the interference of SBP in the following study. 

3.4.2. Establishment of oxidative damage model by H2O2 and observation 
of cell morphology 

RAW264.7 cells were incubated with different concentrations of 
H2O2, and suitable doses were selected to establish an oxidative stress 
model. The cell viability results were calculated using the MTT method 
and shown in Fig. 4B. As the H2O2 concentrations increased to 300 
μmol/L, cell viability decreased significantly, indicating the oxidative 
stress state of cells. Additionally, the linear regression equation showed 
the IC50 was 785.2 μmol/L in Fig. 4C. Thus, the concentration of H2O2 at 
800 μmol/L was chosen as the oxidation damage condition in the 

Fig. 3. Antioxidant of SBP in chemical methods: (A) DPPH radical scavenging capacity; (B) ABTS racial scavenging capacity; (C) O2
•− scavenging ability; (D) •OH 

scavenging ability; (E) Total reducing power; (F) Total reducing power of the mixture. (*) p < 0.05, (**) p < 0.01, (***) p < 0.001. 
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