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Text 

Text S1 Determination of the degree of hydrolysis (DH) 

3 mL of OPA reagent was added to each test tube, 400 μL of serine standard solution 

was added to the test tube, and the absorption value ODstand was measured at 340 nm 

after 2 min. It was calculated according to Eqs. (1), (2), and (3): 

SerineNH2 = ൣ൫ODsample - ODblank൯ × 0.9516 × X൧/ൣ൫ODsample - ODblank൯× Y × P൧(1) h = (SerineNH2 - 𝛽)/𝛼                                              (2) DH (%) = (h1 - h0)/htot × 100                                         (3) 

Where, ODblank represents the blank assay value, obtained by replacing the serine 

standard solution with deionized water, ODsample is the assay value when the serine 

standard solution is substituted with the sample, ODstand is the assay value of the serine 

standard solution, X: volume of the sample (L), Y: mass of the sample (g), P: protein 

content in the sample (%), h0: hydrolysis degree of the sample before hydrolysis, h1: 

hydrolysis degree of the sample after hydrolysis. The α, β and htot for this experiment 

were 1.00, 0.40 and 7.6 respectively.  
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Text S2 ABTS radical scavenging assay 

The ABTS radical scavenging activity was measured using an ABTS assay kit 

(Shanghai Yuanye Biotechnology Co., Ltd.) [1]. The working solution consisted of 

equal volumes of ABTS and oxidant solutions stored in the dark place at 25°C for 16 h. 

The solution was then diluted with deionized water until its absorbance at 405 nm 

reached 1.4 ± 0.05. Subsequently, 7 μL of the sample was added to the working solution, 

and the mixture was incubated at 25°C for 2–6 min. Deionized water (7 μL) was used 

as a blank. The absorbance of the mixtures was measured at 405 nm and used to 

calculate the total antioxidant capacity of the sample. The scavenging rate (%) was 

calculated using Eq. (4): 

ABTS radical scavenging activity (%) = [(Ablank -As)/Ablack] × 100            (4) 

where Ablank was the absorbance of the blank at 405 nm and As was the absorbance of 

the sample at 405 nm. 
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Text S3 Hydroxyl radical scavenging assay 

The method was slightly modified based on the approach described in a previous 

study [2]. The specific steps are as follows: 1 mL of the sample (2–10 mg/mL) was 

mixed with 1 mL of salicylic acid solution (9 mmol/L), 1 mL of FeSO4 solution (9 

mmol/L), and 1 mL of H2O2 solution (8.8 mmol/L) and thoroughly mixed. The mixture 

was incubated at 37°C for 30 min. After cooling, the absorbance was measured at 510 

nm. The control group used deionized water instead of the sample, while the blank 

group used deionized water instead of a salicylic acid solution. The hydroxyl radical 

scavenging rate was expressed as Eq. (5): 

Hydroxyl radical scavenging activity (%) = [(Ac + Ab - As)/Ac] × 100           (5) 

where As is the absorbance of the sample in the reaction, Ab is the absorbance of water 

instead of the salicylic acid used, and Ac is the absorbance of water instead of the sample. 
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Text S4 Determination of reducing power 

The reducing power was determined using the slightly modified method [3]. For this, 

1.0 mL of the sample (2–10 mg/mL) was mixed with 1.0 mL of phosphate buffer (0.2 

M, pH 6.6) and 1.0 mL of 1% (w/v) potassium ferricyanide. After incubation at 50°C 

for 20 min, 1.0 mL of 10% (w/v) trichloroacetic acid was added to the mixture. The 

solution was then centrifuged, and 2.0 mL of the supernatant was mixed with 2.0 mL 

of distilled water and 0.8 mL of 0.1% (w/v) FeCl3 and incubated for 10 min. The 

absorbance of the resulting solution was measured at 700 nm. An increase in the 

absorbance of the reaction mixture indicates an increase in the reducing power. 
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Text S5 Fe2+ chelating ability assay 

The metal ion-chelating activity was evaluated according to a previous study [4] with 

minor modifications. 0.5 mL of the sample (2–10 mg/mL) was mixed with 2 mL of 

FeCl2 (2 mmol/L) and 1.6 mL of distilled water. After incubating for 30 s, 0.1 mL (5 

mmol/L) of FeCl2 was added, and the reaction was conducted at 25°C for 10 min. The 

absorbance was measured spectrophotometrically at 562 nm. Deionized water, with no 

sample added, was used for the blank. The result was expressed using Eq. (6): 

Fe2+ chelating activity (%) = [(A0 - A1)/A0] × 100                         (6) 

where A0 and A1 represent the absorbance of the blank and the sample at 562 nm, 

respectively.  
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Table 

Table S1 Single factor test conditions 

  

Group 

Substrate 

concentration 

(%) 

Enzyme-

substrate ratio 

(U/g) 

Hydrolysis time 

(min) 

Hydrolysis 

temperature 

(°C) 

1 

5% 

10% 

15% 

20% 

25% 

30% 

1000 30 40 

2 10% 1000 

30 

60 

90 

120 

40 

3 10% 1000 30 

30 

40 

50 

60 

70 

4 10% 

200 

600 

1000 

1400 

30 40 
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Table S2 Box-Behnken test factors and level 

Factors Code 
Level 

-1 0 1 

Enzyme-substrate 

ratio (U/g) 
X1 200 600 1000 

Hydrolysis 

temperature (℃) 
X2 40 55 70 

Hydrolysis time 

(min) 
X3 30 60 90 
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