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Abstract: In order to develop safe and food-derived angiotensin converting enzyme (ACE) inhibitory peptides, the scallop skirt was
fermented by Bacillus natto. The single factor test was used to determine the fermentation paremeters such as fermentation time, fermentation
temperature, inoculum size and liquid-to-material ratio with the peptide content and ACE inhibition rate as indicators. Box-Behnken response
surface analysis was applied to optimize the process conditions and a quadratic multiple mathematical model was established. The results
showed that the regression model could better reflect the relationship between the level of each factor and the response value, the order of factors
affecting peptide content was time > liquid-to-feed ratio > inoculation amount > temperature, the influence of each factor on ACE inhibition rate
was time > liquid-to-feed ratio > inoculation amount > temperature. The best technological conditions for the preparation of ACE-inhibitory
peptide from natto fermented product were as follows: fermentation time 38.4 h, fermentation temperature 39.9 ‘C, inoculation amount 6.0%,
liquid to material ratio 22.5. Under the fermentation conditions above, the polypeptide content was 238.91 mg/g in the lyophilized product, in
which the ACE inhibition rate was up to 83.70%. The results of this study provide a theoretical basis for the high-valued application of scallop
skirt and development of food-derived ACE inhibitory peptides.
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Fig.1 Standard curve of peptide content
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Fig.2 The growth curve of Bacillus natto
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and ACE inhibition rate
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Table 2 Response surface methodology design and results

KIE T X R BB/ C Xy K B0 1] /h Xa@obh b X, 8 2/% Y2 % Ik8-2/(mg/g) Y,:ACE 374 /%

1 0 0 0 0 201.2 75.52
2 1 0 0 -1 179.8 76.27
3 0 1 0 -1 182.1 45.05
4 0 0 0 0 209.2 70.73
5 0 0 -1 1 175.4 50.14
6 0 0 1 1 204.7 76.38
7 -1 -1 0 0 178.1 79.63
8 0 0 0 0 199.3 71.61
9 0 0 0 0 207.9 81.64
10 0 0 -1 -1 173.7 54.87
11 0 1 0 1 200.9 61.87
12 -1 0 -1 0 175.6 58.88
13 0 0 0 0 203.1 79.25
14 -1 0 0 -1 187.6 59.71
15 0 -1 -1 0 166.6 65.59
16 1 1 0 0 186.7 66.39
17 -1 1 0 0 191.7 57.44
18 0 -1 1 0 184.6 88.29
19 -1 0 0 1 191.2 81.36
20 1 0 0 1 188.5 68.51
21 0 1 -1 0 196.0 49.86
22 0 1 1 0 188.5 56.50
23 1 -1 0 0 176.1 80.82
24 1 0 -1 0 171.6 61.95
25 -1 0 1 0 193.6 65.71
26 0 0 1 -1 185.7 54.67
27 1 0 1 0 175.2 68.08
28 0 -1 0 1 173.4 83.85
29 0 -1 0 -1 175.2 68.03

#* 3 ZREERARESESMIAEZERBEE R
Table 3 Variance analysis of polypeptide content regression model and variance coefficient significance test

T AR FF A= R H7 F{& P& BEH
X 132.67 1 132.67 5.58 0.0332 *
X, 703.80 1 703.80 29.58 <0.0001 wokE
X3 448.96 1 448.96 18.87 0.0007 ok
X4 208.33 1 208.33 8.76 0.0104 *
XiXs 225 1 2.25 0.10 0.7630
TR
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LR
X, Xs 51.84 1 51.84 2.18 0.1620
X, Xy 6.50 1 6.50 027 0.6093
XoX; 162.56 1 162.56 6.83 0.0204 *
XXy 106.09 1 106.09 446 0.0532
XXy 74.82 1 74.82 3.14 0.0979
X, 791.30 1 791.30 33.26 <0.0001 wokx
X,? 717.86 1 717.86 30.17 <0.0001 wohx
X3 873.95 1 873.95 36.73 <0.0001 ook
X4 439.62 1 439.62 18.48 0.0007 ok
HEAR 3723.94 14 266 11.18 <0.0001 Hokx
PP 260.19 10 26.02 143 0.3909
iR ER 72.89 4 18.22
o 4057.02 28 CV.%=2.61 R=0.9179

i e E B2 E(p<0.001); **EFHEBE(P<0.01); *EFHRFE(p<0.05).
4 ACE HIFIZREHRBFEFFHFERREZ IO
Table 4 Variance analysis of ACE inhibition rate regression model and significance test of variance coefficient

7 ZRIR T Fe 24 Bz F 14 | 1 BEMK
X 31.01 1 31.01 1.59 0.2281
X 1388.90 1 1388.90 71.16 <0.0001 ok
X3 389.20 1 389.20 19.94 0.0005 ok
X4 336.13 1 336.13 17.22 0.0010 **
X1 Xz 15.05 1 15.05 0.77 0.3946
XiXs 0.12 1 0.12 0.01 0.9380
XXy 216.24 1 216.24 11.08 0.0050 ok
XoX3 64.48 1 64.48 3.30 0.0906
XXy 0.25 1 0.25 0.01 09115
X3Xy 174.77 1 174.77 8.95 0.0097 *k
X 2.40 1 2.40 0.12 0.7310
X, 70.09 1 70.09 3.59 0.0789
X5 627.69 1 627.69 32.16 <0.0001 *okk
X4 242.42 1 242.42 12.42 0.0034 ok
AR 33984 14 242.74 12.44 <0.0001 ok
e 183.93 10 18.39 0.82 0.6360
R ER 89.33 4 22.33
p i 3671.66 28 CV.%=6.54 R*=0.9256

i e E B2 E(p<0.001); **EFHEBFE(P<0.01); *EFRFH(p<0.05).
Y1=75.75+1.61X;-10.76X,+5.70X5+5.70X4+1.94X;
X»-0.17X,X5-7.35X1X4-4.01X,X5+0.25X,X4+6.6 1 X5 X4
0.61X,%-3.29X,%-9.84X5>-6.11X4>

HIER
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REWEAME R, FEZKREEY,
R X KBS Xo0 VBORHEE X350 3 X,
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Fig.7 Response surface plot of polypeptide content
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