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Abstract: The degree of hydrolysis, as measured by potentiometric titration in the presence of formaldehyde, and free radical scavenging
rate in five bioenzymes, namely flavor proteases, alkaline proteases, papains, neutral proteases, and pepsins were compared to identify the
bioenzyme with the best proteolytic performance against the Prunus dulcis var. amara prolamins under optimal conditions. The effects of
independent variables such as enzyme addition, substrate concentration, pH and reaction time were explored via single-factor experiments.
Box-Behnken response surface methodology considering these four factors at three levels was then used to optimize the proteolysis of these five
bioenzymes. The results demonstrate that alkaline proteases outperform the other enzymes when using the Prunus dulcis var. amara prolamins
as substrate. The optimal conditions were determined to be as follows: a reaction time of 4.12 h; a total of 5208.93 U/g of the enzyme should be
added; the substrate concentration should not exceed 3.21%; and the pH should be maintained at 9.22. Final evaluations using these conditions
allowed for an additional round of refinement and we determined that the optimal conditions are as follows: a reaction time of 4.0 h; 5000.0 U/g
of enzyme; substrate at 3.0%; and the pH at 9.0. These conditions were then validated by the evaluation of the end product with these processed
petides increasing the DH% and DPPH free radical scavenging rate to 26.74%+0.54% and 97.86%+0.58%, respectively. These values are very
similar to the predicted values from our in silico evaluation, confirming that these are the optimal conditions for the proteolysis of the prolamin
proteins produced by Prunus dulcis var. amara.
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Table 1 Optimal enzymolysis conditions for five proteases

5 &9 RfEpH HERET/C ES
1 AAEaHE 8.0 55 5000
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3 B E O 2 37 5000
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Table 2 Response surface design test factor level and coding
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Fig.1 The enzymatic effect of different proteases on the

prolamin
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Fig.2 The effect of enzyme addition on the proteolysis of
Amygdalus amygdalus
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Fig.3 The effect of substrate concentration on the proteolysis of
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Table 2 Response surface test design and results

L5 B DH/% B s sFR /% K5 k. DH/% B s sER /%

A B C D A B C D
1 0 1 0 -1 1716 86.67 16 0 0 0 0 2675 97.62
2 210 0 -1 1849 87.53 17 0 -1 -1 0 1928 89.45
3 1 0 0 1 2087 91.67 18 0 0 -1 1 1934 88.65
4 -0 0 1 1881 87.82 19 <1 0 1 0 2034 90.82
5 1 0 1 0 2274 92.36 20 0 0 1 1 2034 91.45
6 0 0 0 0 2674 97.32 21 1 0 0 -1 1835 87.37
7 0 1 -1 0 1664 86.46 22 1 -1 0 0 2134 90.24
8 0 -1 0 -1 1785 86.67 23 -1 1 0 0 219 90.89
9 0 0 1 -1 1578 85.26 240 1 1 0 2279 92.67
0 0 0 0 0 2674 96.97 25 0 0 -1 -1 159 85.64
11 0 -1 1 0 1898 89.47 26 1 1 0 0 2268 92.35
12 1 0 -1 0 2015 90.76 27 0 1 0 1 2114 92.27
13 0 0 0 0 2579 97.94 28 0 -1 0 1 1983 90.44
4 -1 0 -1 0 1669 86.84 29 -1 -1 0 0 1786 88.18
15 0 0 0 0 256l 98.14

* 3 M ERRERAEDM OKEE)

Table 3 Analysis of variance of response surface test results (degree of hydrolysis)

7 2RI FiA HEWE ¥ F{E P& BEH
ARA 308.89 14 2206 1735  <0.0001 significant
A-B1E] 2.36 1 2.36 1.85 0.1947
B-heBgg 4.94 1 4.94 3.89 0.0688
C-pH 29.70 1 2970 23.36 0.0003
D-RMIRE 27.97 1 2797  22.00 0.0003
AB 0.4032 1 0.4032 03171  0.5823
AC 2.51 1 2.51 1.98 0.1816
AD 121 1 121 09516  0.3459
BC 6.33 1 633 497 0.0426
BD 3.13 1 313 246 0.1388
CD 0.1849 1 0.1849 0.1454  0.7087
A? 49.24 1 4924 3872  <0.0001
B? 4243 1 4243 3337  <0.0001
(o 132.67 1 132.67 10434  <0.0001
D? 117.86 1 117.86  92.69  <0.0001
KRE 17.80 14 127
K IAIR 16.48 10 1.65 4.98 0.0677 not significant
HhiR £ 1.32 4 0.3306
EHm 326.69 28

HH Design Expert AT 1A S 05 225047, Wk
3. K 4o XWHEERAGHAT T 200, SRR
SRR (p<0.01), i RELR 735114 0.9515.
0.9724, ViWIIZERLE RIS LA TR R, 43

FRRAAT RAMGER, B RIUMEAREZE (p>0.05),
VAR A ARG N UL & R LU . 23K
AR (R [ R B 0 ] R KR S R T 2
pH SRR XTI AR (p<0.01). JEiL
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Table 4 Analysis of variance of response surface test results (DPPH free radical scavenging rate)

7 £ R P75 Aa AdE ¥ F 14 P& BEM
ARA 404.18 14 28.87  34.01 <0.0001 significant
A-F 8] 10.68 1 10.68  12.58 0.0032
B-hnBgg 3.92 1 392 462 0.0496
C-pH 20.02 1 2002 23.59 0.0003
D-JRA R 45.01 1 4501  53.03 <0.0001
AB 0.0870 1 0.0870  0.1025 0.7535
AC 1.42 1 142 167 0.2174
AD 4.02 1 402 474 0.0472
BC 6.05 1 6.05 713 0.0183
BD 0.9120 1 09120  1.07 0.3175
CD 2.53 1 253 298 0.1064
A2 70.36 1 7036 8290  <0.0001
B2 82.95 1 8295 9773  <0.0001
Ce 129.96 1 129.96 153.11  <0.0001
D2 186.08 1 186.08 21923  <0.0001
KRE 11.88 14 0.8488
K IR 11.00 10 110 498 0.0677 not significant
YhiR £ 0.8829 4 0.2207
B A= 416.07 28
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Fig.7 Response surface diagram of the effect of each factors
interaction on the degree of hydrolysis of amygdalin
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