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Optimization of Enzymatic Preparation of Antioxidant Peptides from
Sheep Bone by Response Surface Methodology
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WANG Yingli', ZHANG Zhonghai*, JIN Ye'
(1. College of Food Science and Engineering, Inner Mongolia Agricultural University, Hohhot 010018,China;
2. Inner Mongolia Aufaly Food Co., Ltd., Bayan Nur, 015000, China )

Abstract: Antioxidant peptides from sheep bone were prepared by enzymatic method, and the
amino acids compositions of peptides were analyzed. On the basis of single factor test, the extraction
conditions of antioxidant peptides from sheep bone were optimized using response surface
methodology. At the same time, peptides with different retention molecular weights were isolated by
ultrafiltration, and their antioxidant activity and amino acids compositions were detected. Salicylic
acid method, 2,2-diphenyl-1-picrylhydrazyl (DPPH) method and deoxidization Fe** method were
applied to investigate the antioxidant activity of peptides with gradient molecular weights and their

amino acid compositions were also analyzed. The results showed that the optimum enzyme for
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enzymatic hydrolysis of sheep bone was alkaline protease, and the optimum process for polypeptide

preparation was as follows: pH was 8.9, the amount of enzyme added was 6 400 U/g, hydrolysis

duration was 3.25 h, substance mass fraction was 8.8% and the hydrolysis temperature was 50 C.

The -OH scavenging activity, DPPH - scavenging activity and the reducing power of the optimal
hydrolysis products were (91.31+0.48)%, (32.00+£0.12)% and (0.085+0.003), respectively.
Components [ (M, <3 000), II (3 000<M, <10 000) and III (M>10 000) obtained through
ultrafiltration had antioxidant capacity. In addition, component [ (M, <3 000) had the highest
antioxidant activity, in which the essential and hydrophobic amino acids accounted for 30.41% and

43.13% of the total amino acids, respectively. The antioxidant peptides from sheep bone can be

explored as a potential natural antioxidant.

Keywords: sheep bone, antioxidant activity, response surface methodology, ultrafiltration separation,

amino acid composition
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Table 2 Response surface experimental design and results
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1 -1.00 -1.00 0.00 0.00 76.98
2 1.00 -1.00 0.00 0.00 74.85
3 -1.00 1.00 0.00 0.00 78.99
4 1.00 1.00 0.00 0.00 78.11
5 0.00 0.00 -1.00 -1.00 75.42
6 0.00 0.00 1.00 -1.00 79.55
7 0.00 0.00 -1.00 1.00 84.01
8 0.00 0.00 1.00 1.00 85.98
9 0.00 0.00 0.00 0.00 90.89
10 0.00 0.00 0.00 0.00 89.46
11 -1.00 0.00 0.00 -1.00 73.56
12 1.00 0.00 0.00 -1.00 75.33
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25 0.00 -1.00 0.00 -1.00 75.48
26 0.00 1.00 0.00 -1.00 78.21
27 0.00 -1.00 0.00 1.00 81.00
28 0.00 1.00 0.00 1.00 86.11
29 0.00 0.00 0.00 0.00 88.70
30 0.00 0.00 0.00 0.00 90.07
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x3 EERORAFEFEDN
Table 3 ANOVA of model regression equation

LY 14 ok

900.26 64.30 56.74 < 0.000 1
A (pH) 473 1 473 4.17 0.062 0
B(FF7S ) 4431 1 4431 39.10 < 0.000 1 o
C (Ft e BsF 1] ) 60.39 1 60.39 53.29 < 0.000 1 i
D (E 3 Bt 380 179.03 1 179.03 157.96 < 0.000 1 it
AB 0.39 1 0.39 0.34 0.567 2
AC 0.021 1 0.021 0.019 0.893 7
AD 5.69 1 5.69 5.02 0.043 2 i
BC 11.94 1 11.94 10.53 0.006 4 o
BD 1.42 1 1.42 1.25 0.283 9
CD 1.17 1 1.17 1.03 0.328 9
A2 351.66 1 351.66 310.29 < 0.000 1 o
B 205.55 1 205.55 181.37 < 0.000 1 o
c? 96.56 1 96.56 85.20 < 0.000 1 o
D? 163.05 1 163.05 143.87 < 0.000 1 o
B 2% 14.73 13 1.13
R 12.57 10 1.26 1.74 0.355 3 e
Vi 2 2.17 3 0.72
¥l 922.52 29

1 P<0.01 e fi 3“7 P<0.05 , 1 3 “*7 ; P>0.05, A . 3%

WE O TREMEE S, BAlY B .C.D.A* B .C*D*,
BC Xt -OH 3§ B3R i % (P<0.01),AD % -OH
T B R 3 (P<0.05) , 3 3 AT, F(A )=4.17,
F(B)=39.10,F(C)=53.29,F(D)=157.96, Rl - [K 2% %}
25 R A DT SR AR TG P A R I SR R R
350> it g B[R] > AR i >pH

233 mp@moaAr ZIRWME S PR, HEmLE
TR I Rx PR 3R A8 BAE ] W 3 EDE ) 2%
WA R, B 5(a) % BRI DY, Ui B pH Al
it V5 Jon ek G PR 3R A8 EAE R B B T 5 (b) A5 Rk
MR BEDE , UhW] pH FE A B R] PR IR 52 AR AR
BF S TD Ao e I 3 1 I O R, S e i Ak 3 5%
A 8 s A el e A P 52 A /] 5 (e) () B, B R
Jo b 43 77 ) 1 i 7 Y TS5 A B 15 B A I
A B A AT - OH ¥ B 25 14 52 ) L IS o & 0
Tl e o 1) o G 2 ) K T 5 () 3R i 3 Joit 0 4K
1 pH XF - OH ¥ bR B M, 55wk B o] &
HOR BT B L SepH Z 128 AR R L B pH Y
B, - OH W bR R0 A, BB pH X8 B R (1)
SR AN A ZEES (d) 45 pH RIS K BT i3 2

R Tl e R T g ST ) AR LA FH 2 L - OH
T I3 5 i it 4% o 5t R e A S 0 74 385 i ¥ 422 0% O
Jo B2 T BRI R A, LA B T A b ) SR A
Pt S N 2t ) P R 10 B R A B (D X - OH 3 Bk 2%
RS M B 3X 5 7 22 0 AT 2 SR — B
234 RAEBRM A R R A IE R BT
Ak S5 B Il U3 g B A A 0T B0, AR AR R R
pH 8.92 i it 6 317.25 Ulg M i it 18] 3.23 h,
BBy T 5 8K 8.81% | il i Uik & 50 CH, B 1)
-OH ¥ bR dm i, B R 91.67%, #& BRIz & 1F
HEAT S ARSI R 7 Oy (EERAE PR pH 8.9 B VS
6 400 Ulg. [ fift B (] 3.25 h, H kit &2 0 5K
8.8% I 50 °C,BAESL I A 3 Wk, M %E - OH
5 B E R (91.310.48) %, JAE # #5230 BLIS AH , 3iF BH U1
AR AR 0 SR A8l A
24 ¥BSHBERBEASEIMMMEMLEENE
HR

P S8 A JUR T 2o 3 o T A PR SR AR A AR
T SR 5 A AR 2 4 28 iR T 0 A A A R A
KM TR B & — RGN
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Fig. 5 Response surface plots of variable parameters on - OH radical scavenging rate

B ER K R T L ek 22 i s 0 ML e B B
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Fe 1A JFURE 77 Al DPPH - 15 BR 16 M PEAL 2B LA ik
RGP F1, LI 25 RN 4 Fios . i 4l
o 2 B K R RE BE Y - OH .DPPH - %5 B BE 1 FNl Fe*
W JFRE T, 2 WA [R] AR X 43— o2 o5 14 0 401k IR0
2R, H5 1 (M,<3 000)3% K -OH .DPPH - fig
TR Fe i Ji 7 W 2 v T H AW AL 43, RE g5
a4k 11 T AR R SR A T P A X AT L e R R P
UE XA R B A A IR AT ) A5 Btk & B
M.<5 000 2153 (PT84 30 PR s T A g 41 . 25
U5 5 B2 G B T AR IR AT 4 B A R LA DR
21 43 1 Bt AR T T R/ IN I AR R Ry - ML<5 000 41

x4 WERAHEBERYREBRASHRELES
Table 4  Antioxidant activity of alkaline protease
hydrolysates  and  their  ultrafiltration

components

-OH 7B | Fe*iBJHAE | DPPH- ¥ bk
R /% yi| R /%

it gt T 91.31+0.48° 0.085+0.003° 32.00+0.12*
5 T (M,<3000) 96.98+0.46* 0.107+0.003* 60.83+1.00"
2043 11 (3 000<M, <
10 000)
Eigigll|
(M>10 000)

93.38+0.52" 0.096+0.001" 55.08+1.24"
92.04+0.66° 0.094+0.001" 49.66+0.81°

43,5 00<M.<10 000 4143 ,M;>10 000 #1743y, {H A
2 B GT R BRAR AR X 43 5 i 22 KR B S A TR
I A — 5 e, 25 AR PIIE 9E K IR B D R 1
PrEALRK 5 000<My<10 000 4H 4342 Hofl AH X 4
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25 SEBAMDH
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LR AL T 5 5 RE RV BE A A, Sah SRR
il , ¥ A Pro.His Met Tyr Val Lys F1 Cys (7K fiff ;=
YRARRE B B EEBRAE ) . hR S AlH, FE
Z AR P & B E e W AR S S
TR U ) 27.03% , i K PR SR £ 1k 39.96%
JE 43 B A B 1 AN () 20 73 Bt 48 A IRzl B R 41 1l — 2L

2043 1T (3 000<M, <10 000) it 2 i iR 4 o it 43 B It
11 (35.81 ghg), 2053 I (M,>10 000) X Z (31.56 ghg),
HIRRK ARG EUE S W2 IR, Al
(M,<3 000) JBAGF8 8, 5 1 (M,<3 000)HHi
KM LR P o5 e g, S 43.13% i IR BCE A
X KPR 2 53 A AR 5 45 A T 0 B K M 2 BRI (Pro
Phe Met 55 ) FlAE A% 1 B 17 % 20 B R (Vaal ), 3 26 %5
KR T 2 S A i A TR 48 R
PRGBS h BE AT DAHEI 443 T (M, <3 000) 24 4
SREPEALIIRE, X5 2.4 HEA £ K N g 4
Gy VR AT SR T I R
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Table 5 Comparison of amino acid contents in sheep bone, polypeptide solution and the ultrafiltration components

FILR & %\ﬁ/(g/hg)

Z B R

KAt e/ R 4 B4R (Asn/Asp) 0.81 2.09
IR (Thr) ™ 0.44 0.93

22 TR (Ser) 0.47 1.11

4 BBk /43 2 W2 (Gln/Glu) 6.47 3.50
H & (Cly) 1.56 5.02
AR (Ala)* 1.01 2.57

2 Jit 2 B2 (Cys) 0.03 0.09
AR (Val) 0.42 1.03

F 5 2 (Meet )™ 0.09 0.33
S5E R (Tle) ™ 0.26 0.56
FEE IR (Leu)™ 0.64 1.65

Ji% 2 R (Tyr) 0.27 0.58

F TR E R (Phe )™ 0.47 1.07
AR (Lys)* 0.69 1.47
41 54 2 (His )* 0.21 0.50
AR (Arg) 0.77 238

it 222 (Pro)* 1.12 3.01
GAHE TR S I 43 B % 15.75 27.90
B K BB IR T 12t 43 AU/ %% 28.25 39.96
Dot R HE R T 5% 20.44 27.03

T RN R R LR N B K B R | R RIZ AR W TR

3 z &

PR3 LR P2 & 7 9 i R 258 H
(4, 30 3 Tl A 0 A = 1 e PR R . R B 2R
HEF7E pH 8.9, BEUSINEE 6 400 U/g. [ fifk B 1]
3.25 h B R i o Bk 8.8% (R IR FE 50 CAM4 T,
19 20 BA PA LI R 2 IR, 3 - OH W BR %
(91.31+0.48) % , Fe’*i& i fig 71 4 0.085+0.003 ,

Ho 1 285 11 Ao
(M,=<3 000) (3 000<M, <10 000) (M>10 000)
1.77 2.84 2.63
0.98 1.16 1.04
1.15 1.33 1.18
3.16 4.79 4.25
4.71 6.47 5.75
2.82 3.32 2.76
0.07 0.12 0.13
1.23 1.32 1.15
0.40 0.37 0.40
0.62 0.70 0.64
1.87 2.01 1.80
0.63 0.60 0.59
1.17 1.20 1.04
1.49 1.96 1.68
0.56 0.62 0.58
2.01 2.80 232
2.71 4.20 3.62
27.36 35.81 31.56
43.13 39.88 39.45
30.41 26.08 26.39

DPPH - 15 B M (32.00+0.12) %, #uEH 7 1 (M<
3 000)$7T AL TG 1 o ok FL g /K M R T o1 b 48] e
155, K 43.13% il i AL B TS B oE i BRI T
B TAE N 4 BT A, B0 PR 2 I A B R A
g1, WA T W0 PR R HL 5y T, i T A AR
BN T RAS AN R o TR A ST A R £ A AL
TG PEAF ST SE AL L, AT iE— 25 X /N K B 46k ) i 4

TEFATIRATRIY, =i i E AR SR HERL =
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