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Optimization of protease enzymatic hydrolysis of sheep lung and

studies on antioxidant activities of its hydrolysates
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Abstract: By using the hydrolysis degree as the evaluation, the sheep
lung enzymatic process was optimized to investigate the antioxidate
activities of the enzymolysis products, hydrolyzed by neutral
protease. On the basis of single factor studies, the response surface
analysis (RSM) assay was then used to obtain the best enzymatic
proscess. Our results showed that the optimal condition was as fol-
lows. The enzyme amount was 1 700.0 U/g, with solid-liquid ratio
23 1(mL/g) . enzymatically hydrolyzed for 4 h at 50 ‘C. Under this
optimal conditions. 3 times of the replication experiments turned out
that the error of the actual degree of hydrolysis (18.89%) was small.
compared with the theory one (18.19%). Moreover, the absorption
value of reducing power was found to be 0.472, and IC5, of the DP-
PH radical scavenging rate, the superoxide anion radical scavenging

rate, and the hydroxyl radical scavenging rate were 67 mg/mlL,
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40.07 mg/mL, and 31.88 mg/mL, respectively. These results of a-
bove detection indicated that enzymatic hydrolysates of sheep lungs
possessed certain antioxidant activity in virto.
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Table 1 Hydrolysis conditions of 4 kind of proteases
EHEHE pH ?EQJ%*E/ Jon g i/ 7KK ﬂ%ﬂ'ﬂlﬁ
C (UegH (mL/g) 1] /h
AINEEAE 6.5 50 1400 3:1 5
i 2 1 7.5 55 1400 3:1 5
WEE AN 8.0 50 1 400 3:1 5
FHEE AR 7.0 50 1400 31 5
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Table 2 Analysis of the main components of Sheep liver

g/100 g
HEN [l Koy Y ix
16.9040.82 0.8440.20 79.23+0.31 2.0340.16
101

IK Sk JEE
Degree of hydrolysis/%

CREC G HE I WL 1 o
i

Enzyme species
B 1 B R R T B R K L M % h
Figure 1 Effect of enzyme type on the degree of hydrolysis

of sheep lung
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Figure 2

Effect of hydrolysis time on the hydrolysis

degree of sheep lung
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Figure 3

Effect of hydrolysis temperature on the

hydrolysis degree of sheep lung
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Figure 4 Effect of amounts of enzymes on the hydrolysis
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Figure 5

Effect of water-solid ratio on the hydrolysis

degree of sheep lung
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Table 3 Factors and levels table

K A fEfRE BN R/ [OF/ ¢ =34 D it fife Iy
B /°C (U+g b (ml/g) [ /h
—1 45 1 200 1:1 3
0 50 1 600 2:1 4
1 55 2 000 3:1 5

2.4.1 REEAE M F ] Design-Expert. V8.0.6 F A, %

# A I B HEAT 2 0 VA 1005 45 2K B2 X 3 A T i
L E T T L KORE L L T AR R IR) B T 2 S ] ) A A

T

Y=18.08+0.60A+0.64B+0.05C+0.41D —0.82AB —
0.19AC —0.72AD +0.44BC —0.06 BD —0.10CD — 3.23A* —
1.24B*—1.98C*—2.16D*, (2

&K 4 Box-Behnken iXIiZit RER

Table 4 Box-Behnken experimental design matrix
and results
IR sy A B C D Y KA/ %
1 0 —1 1 0 13.95
2 0 0 1 1 14.03
3 1 —1 0 0 14.51
4 0 0 0 0 17.63
5 0 1 —1 0 15.13
6 0 0 1 —1 13.45
7 0 0 0 0 17.87
8 1 0 0 —1 13.24
9 0 0 —1 —1 13.11
10 0 —1 0 —1 13.49
11 —1 0 —1 0 11.89
12 1 1 0 0 13.55
13 1 0 1 0 13.79
14 —1 1 0 0 13.81
15 —1 0 0 —1 11.14
16 —1 0 1 0 12.61
17 0 0 —1 1 14.08
18 0 —1 0 1 14.02
19 1 0 0 1 13.04
20 0 1 0 —1 15.78
21 0 —1 —1 0 15.02
22 0 1 0 1 16.09
23 —1 —1 0 0 11.49
24 0 0 0 0 18.31
25 0 0 0 0 18.23
26 0 0 0 0 18.35
27 —1 0 0 1 13.83
28 0 1 1 0 15.82
29 1 0 —1 0 13.84
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R AR B2 R P=0.139 3>>0.05 AN | 3, L B [0 )4
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Table 5 Analysis of variance of regression equation
AR ¥ AEE PHM FAE P1{H 35
AR 109.66 14 7.83 31.19 << 0.000 1 % x

A 4.32 1 4.32 17.20 0.001 0 * %

B 4.94 1 4.94 19.67 0.000 6 * %

C 0.03 1 0.03 0.11 0.743 2

D 1.98 1 1.98 7.90 0.013 9 *

AB 2.69 1 2.69 10.71 0.005 6 * %

AC 0.15 1 0.15 0.59 0.455 1

AD 2.09 1 2.09 8.31 0.012 0 *

BC 0.77 1 0.77 3.08 0.100 9

BD 0.01 1 0.01 0.05 0.829 4

CD 0.04 1 0.04 0.15 0.703 0

A? 67.51 1 67.51 268.83 <C 0.000 1 * %

B? 9.91 1 9.91 39.47 < 0.000 1 % %

C? 25.39 1 25.39  101.12 < 0.000 1 = =

D? 30.15 1 30.15  120.08 < 0.000 1 * %
sz 352 14 02

% L 3.12 10 0.31 3.16 0.139 3
ali R 2% 0.39 4 0.10

Js¥ill 113.17 28

tox o x RN ZEFMEF.P<0.01;
R?=0.968 9,R%5=0.937 9,

FREREF.P<0.05;
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F 6 A R 5 TR L6 (o Y Tl 98 B T ) A v R B o T
i B IFI) o 5 Tl R O 8 X KRR R 194 55 ) R T A D

2.4.3 IRIFSCES 333 B Design-Expert.V8.0.6 X} Jj 2 it
ﬁkﬁ@ A5 1 bk B A 2 R R AR - R AR

W 50.25 CLiNEE R 1 698.58 U/g. KK 2.03

(mL/g) , BEff i E) 2 4.08 h, gL A IS 1K fif B Ry 18. 19/
BRI BRERE AT AT O A E Dy - B AR IRLEE 50 °C 0l
1700 U/g, KEHE 2 = 1(mL/g) , B fig A (8] 4 h, %F b3 o fh
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Figure 6 Response surface plots showing the interactive effect of hydrolysis temperature, amounts
of enzymes. and enzyme hydrolysis time on the DH of sheep lung
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Table 6 Amino acid composition analysis of Sheep lung
g/100 g
AHER Eg HHER Eg
REAR 4.01 FSLAR 1.88
S 173 | mmme 3.84
2210 1.52 T 2 R 1.06
wHER 6.45 RN AR 2.02
H & R 6.43 i 2 iR 2.93
HNR R 3.90 AR 1.01
2 & R 0.15 AR 3.33
AR 2.87 i R 4.16
HAR 0.86 i K R 27.02

B R AL IR K R G R Y
TR UN TR T URL T UN PO LeT )
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2.6.1 4Bk DPPH - figJ; I8 7 w1, E N fl g 5 Ve
X DPPH « 134 [k 32 B 4 5 1 1< B8 179 484 DK 38 i 48 K A [
U T Vi BE ) AR R N Ve 5 DPPH -« 35 BR % 22 (] {2 2 3
K F X5 Zhou Da-yong 5 R Fj DPPH 3 % vh o & 14
it I fige i €00 Py JUE T 45 186 A% 9008 B DPPH » B9 45 — 3%, 12
B R EE S 100 mg/mL I, 3 i 5§ % v X5 DPPH « 193 B
K 73.20% T Ve G BRFIX ] 95.20% . 2 fili B ff B Y
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B 7 FMEEMikSE Vet DPPH - o5 & R4 A
Scavenging effect of sheep lung hydrolysate

Figure 7
derived from the neutral proteases and ascorbic

acid on DPPH radical
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Figure 8 Reduction ability of sheep lung hydrolysate derived

from the neutral proteases and ascorbic acid

2.6.3 HER O, - fE 0, « BREESEEZ ML TEE
A A H A B - R RN A E A A R
Bk, 255005 DNA LA RS %0 48 i A 5 35 i Rk . B 1Bl 9
AN TE R R B Y AR S Ve xE O, « TR
SRR BE A Ok B 0 4 0 T 4 O FE W O 30 mg/mL B,
SRR BN O, « BIEBR 2 34,9106, Ve I 1 bR 2 15 2
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Figure 9 Scavenging effect of sheep lung hydrolysate

derived from the neutral proteases and ascorbic

acid on superoxide anions radical
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Figure 10 Scavenging effect of sheep lung hydrolysate
derived from the neutral proteases and ascorbic

acid on hydroxyl radical
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