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R A B2 A o v B e B R ——dE
TR R R AT BR T AT AN A 5 UM 2 KR
AWM —7r T A Y TR A R ¥ ; DPPH
Sigma 23w s HUIR MR (Vo) —— R HE 1 3 Ak T
By B w5 LR ——4 ME 8 56 A i B A BR B¢
2 ] 5 oAt Ak 27 3500 34 R 4 A 4
1.2 E5E&E#E

PHS-3C 5 % pH if—— L ifF K& {8545 IR
A W) CTISRT 5 % U 250 Hl—— B R 36 4E
PRA S B 8 TREA BRZA | 5 722E AU ] DL 43 560 B
11752 BV AR AT DL 43 560 B o —— B g O 3 )
AT FR/A F] s FD-1B-50 ¥ i T 1 l——Jb 5 1

e S B A A A BR ) o
1.3 HMRENE&EIZ

MR- R—>ERNME -
P — 3 ORHB L — 1Y pH B — i — £ i 18 A
(Wi 4y pH A, i B i o 2 7E9) 4R pH (AT 2
17) =B K% KTl 10 min— 5 3 2.0 (10 000 1/
min 10 min) — [ i &
1.4 EQMAIEF

1 g WG &GN ET 50 mL = f b,
A 20 mL ZER K, T 2 & B Y35 H pH (&R
FECR ), & (B iKY, E/S)2. 0% , i %
3 h, K, B0, E R, IE - OH JEBR A, DL T
M A OR (JGd Y - OH TE BRI K) o

®1 6MAREEMMEERMBENT

Tab.1 Suitable hydrolytic conditions for six different proteases

it Fr) i 2 H & A B4 1 P R G R R WUk A 1 it AR H B
enzyme pepsin trypsin neutrase alcalase flavourzyme papain
pH 2.0 8.0 7.0 7.5 7.0 7.0
W B/ C temperature 37 50 50 55 50 55

L5 WiEEAHEBRIZEGHMNL

Bl T O R 24 i ) B DR R A )
A ZEAFBOE JIRHR L 1:20 g/mL \pH 7. 5 il %
LS55 C I s (E/S)2. 0% (WA i [H] 3 h
A AR e — A A T H A 2R P DL BT A%
BZR X - OH Jif BR AR A w0, I HIAL AL th i A
FKP R e B A S 19 25 T R OKF BEA T 18— 1Y
B . A IR A K86 BE 2 0 O B L

0.5:20,1.0:20.,1.5:20,2.0:20.2.5:20 g/mL;
pH{H 6.5.7.0.7.5.8.0.8.5;[iff fi#% i i 45 .50,
55.60.65 C ;i (E/S)1.0% 1.5% 2.0% .
2.5% 3.0% ; ffgAf el 1.2.3.4.5 h,

R A B PR 2R 3 1 OF 28 iR B, 0 B M R
Sl R SR A=l A N B SR (B
L, (3%) 1E 58 3 56 88 3 9 45 I % K /K SF HE 51 0
%2,
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Tab.2 Factors and levels for the orthogonal design

% factor

K A B C D
level W RE/C s (w/w)/% BHE H (w/v) /(g/mL)
PH temperature enzyme-to-substrate ratio material-to-liquid ratio
1 7.5 50 2.0 1.0:20
2 8.0 55 2.5 1.5:20
3 8.5 60 3.0 2.0:20
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o 37 %

ZHOAFR RGN 2" K A AT
Jaar et B . A A im A 0.5 mL 10
mmol/L /KiFHR - ZBEVE W 0.5 mL A F ¥R .0.5
mL 10 mmol/L FeSO, ¥ .3.5 mL ZEW/K , &5
A 5 mL 100 mmol/L H,0, Ji ) Fenton % h,
WHIRA, K% 37 CH43E 30 min J5, 7E 510 nm
Ab I W B AL HL 0.5 mL ZE R K AR 10
mmol/L FeSO, ¥, 45 1 6 R A, B 0.5
mL ZE 48 K A% FE S, T A R IR OB O A
- OHEBRF A AT .

WHE(%) =[1-(A, —A,)/A,] x100

REWET A GEFRErg "

R AR R =l A A Ak g, B 4.5 mL 50
mmol/L Tris-HCl £ ik (pH 8.2) 4.2 mL Z& 1%
KIRATIEAE 25 TR H AR IR 20 min, BUH 5 37
BifmA 0.3 mL & 78 25 °C /K v Wi #4513 19 30
mmol/L 484 =& (LA 10 mmol/L HCI it 4]) , 28
145 Fl 10 mmol/L HCI % #: 48 2 = i iy HC1 15
T, R RES) 5 B B AR, 7E 325 nm kb A5 BF 30
0 2 WO B B M S L P g B O B 1Y
BEINAE . FE AR = W ET, Je i 1 mL AR SR
ZELK M 1 mL, O - jEERF A AR
ﬁDT.

WHE(% ) = (AA, - AA)/AA, x 100
2, AA A LV T WO J3E B s ) ) A5 A %
AA S FE b 8 VI R ' JEE B B (] £ A5 b 3

DPPH & th % & b & g 2 ¥ e
EhE 2 mL & 2 mL 1 x 10 * mol/L DPPH - ¥
(95% L BERLH]) m A TR — H 2045 h 32 5), £ i
T2 E 30 min, ££ 517 nm 3% K 400 2 K 6
BE,LL2 mL 95% Z A 2 mL ZEE K TR 5 18
N, DPPH - {FBRFEMITE AT

EWRR(%) =[1-(A, —A,)/A,] x100
X, A, RS + DPPH - I IROGTE ; A, h
FEFIR +95% LRI W GIE A, iy DPPH - %5
T+ ZE MK OB

FREe AR W W AR 2
mL, il A 2.5 mL 0.2 mol/L pH 6.6 A #2455
MR 2.5 mL 1% f) 2 AL 0 T, TR AT, TE
50 {7 20 min JSHIA 2.5 mL 10% i =i 2
% ,IB4 J5 LA 3 000 r/min 2.0 10 min, H b5 &
2.5 mL, il 2.5 mL 2848 /K A1 0.5 mL 0. 1%
FeCl, , 78 700 nm i 4 40 W 72 W0 B o W o' & ik

K, A i RE )RR

HAARF R ER G 2" RS T
3.4 mL R ik (pH 7.4) th SR IMA 0.6
mL 4 mol/L ) H,0, &k , 184, i & 10 min )5,
7E 230 nm g0 2 WO BE . 6 BRI AR
H,O, %k, % H,0, HRF I E AT .

HERFE(% ) = (A, -A)) /A, x100
A, AL AR i OGRS 5 AL S I AKE Y
W B o

Tk EFHA R e g Z: [ Dong
AU kIR AVE 1B B, 2 mL AR [ vk AR
i 2.8 mL ZMWIKIR G, R EMA 0.1 mL 2
mmol/L FeCl, #1 0.1 mL 5 mmol/L FE¥& %, )2 Jif
10 min J5 , 7£ 562 nm A0 WO BE . 7Bk B 5
BRI AT

BERETI(%) = (A -A)/A x100
LA AIRE G WOGEE s AL I ACKE Y
W B o

Tk B B A ALy B e A eyl 2 @
[F] Ve 2 A FE SR WK 0.5 mL, fin A 2.0 mL VIF 3l R
FLAW (2.5 mL WM ER % T 100 mL 95% (1) £ i
H1),45 0.1 mol/L pH 7.0 @R #h 2 KA 4.0
mL 78 2 R IR A IR A G T 60 Tkl i b
24 h, BUS0 pL B, KUK 4.0 mL 75% 1)
Z T ,50 wL 30% 1) fm 50 ER 4 Fi 50 wL 20 mmol/L
FeClL, (VA F 3.5% HCl) , 52 % i 4),3 min J5, 7
500 nm Kb G . RO AEL B /DN U B A S 6F
SV R 1Y) AR AR B ) R
1.7 HESZITHH

AR EE 3 W, 4 RBCFSE., ks
T4 R B Excel #4347, W 3 P KF P <
0.05 % & MK F P <0.01,

2 RS0

2.1 EAMmRIERE

T T AR, f8 PA) A 8 (R oS i, B X
M) 1Y) - OH 3 BR ALy 10. 03% |, Tii 75 45 7f i 1)
EEZRAE T Bk A R A AR
it gk A 3] 1) I R - OHL 3 BR R 43 i T 40% ,
i P B AR B R - OH IF BR R I
(47.15% ) o 38 3 J7 22 53 A ol 0, 084k 3R B 6 5
JBR AR Al A AR R T A5 A 9 0T - OHL 35 B
RO WA AE 5 22 S MR R 3 1k 2E e A L
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figw
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BRI AN

enzyme species

Bl AREEEEHKBREREAHERENLR
LLHEAM,2. AREARE,3. HHEEAM, 4. XREA B,
5.k R, 6. e AT XTI

Fig.1 Hydroxyl radical scavenging abilities of

hydrolysates by different proteases
1. pepsin, 2. trypsin, 3. neutrase, 4. alcalase, 5. flavourzyme,

6. papain,7. control.
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pH AL 7 B d KA 6%k [Fi] —
Tit 7 TG A I 1) B3 pH (B IR AN & — R, il
pH {8 A i 4 Fh 26 B R ) it AS )00l P 2 T
M, - OH 15 Br o b pH {H /Y X KT I &, 12
pH 8.0 B, - OH ¥ B 3838 B fe K, B J5 JF I &
MR REBEH XAl LI pH A 5 5 fE 16 1 ¢ &R
AR BIFEAS IR /9 pH (B 25 A T L IR 9 43 1 AN
it 43— v 35 A 1 A 2 R SO [6), AT 52 i) i 5
T4 A B DL Ry AR e T, iE
WG RS Y pH (S E A, A e s H
RE P, S 7R B il pH (E 5 1R, Tl A A S ny iR
FEIR B B R o P U 7 il A T IR i 2 5 U 4 pH
1B, DA il A 25O 38 B B iy o NI ER 25 5L &, pH
8.0 #fk,

FRAMEERE /%
hydroxyl radical
scavenging activity

6.5 7.0 7.5 8.0 85
pH
2 pHEMEBHEBTRENZID
Fig.2 Effect of pH on hydroxyl radical

scavenging activity

B 0B AT 72 B AR A TR R0 R R H &
3 A, - OH JE BRARFEIRE M Th R 255 ETHE T
Wil 3 . e R I O R L BE R W AR
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Fig.3 Effect of temperature on hydroxyl

radical scavenging activity
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Fig.4 Effect of enzyme-to-substrate ratio on

hydroxyl radical scavenging activity

B AE A AFREG YR Tit 11 1 1L
BB 23 32 B 7 Wy 05, SRR v A A
FH/IN Bl 2 Bof [) %) SE 4, il 35 T 328 T B, U0 5/
iR R A8 S B 3 22, 72 W A A 1 R B ™ [
5 AL ROBHEAT 3 h 5, - OH i [k % B I [1] (1Y
MK SLZR 12 T R A B, BB 3 h O f el
fiff B [ o

http : // www. scxuebao. cn



626 Ko7 OF IR

37 %

D =2
(=] (=]
T 1

B 1.5:20 g/mL R f

.

S
S
1

P AHEERE/ %
hydroxyl radical
scavenging activity
N
o

e JE& , 45 SR FH T A 149 S 07 et i
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Fig.5 Effect of time on hydroxyl radical 30 9 ) . )
scavenging activity 0.5:20 1.0:20 1.5:220 2.0:20 2.5:20
B / (g/mL)

material to liquid ratio

Mootz mAEh R Ya  HE6
AL, SRR G 1.5:20 g/mL i, - OH R %
IRER R o 2R E /N, - OH 37 Bk 2%t it
F W DL P O B KIS 22 B A 280
BB A5 RN RS, H T 2.3 Exfiiiki
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Fig. 6 Effect of material-to-liquid ratio on

hydroxyl radical scavenging activity

PR AR A B R s ORI T R T 1.5:20 g/ TE AR I BT B4 5 2% 3, % i B 4% B

mL [, - OH i PR ARt 1t TREE S XN NI 4505250 hi %k 4.
fife BN R OK A D AN BT R Y TR A
£33 EXHBERITRER

Tab.3 Design and results of orthogonal experiment

. A 5 P ¥ 1t KT B %
P conditions of hydrolysis hydroxyl radical scavenging activity
" A B c D Y
1 1(7.5) 1(50) 1(2% ) 1(1:20) 50.58
2 1 2(55) 2(2.5% ) 2(1.5:20) 75.92
3 1 3(60) 3(3% ) 3(2:20) 62.16
4 2(8.0) 1 2 3 65.60
5 2 2 3 1 76.35
6 2 3 1 2 78.71
7 3(8.5) 1 3 2 70.35
8 3 2 1 3 69.01
9 3 3 2 1 65.97
K, 62.89 62.18 66. 10 64.30
K, 73.55 73.76 69.16 74.99
K, 68.44 68.95 69.62 65.59
x4 FAEFWER
Tab.4 Results of variance analysis
T7 Z AR R RSkl B Y77 F B
source SS df MS significance
A 341.641 2 170. 821 46.672 ok
B 406.472 2 203.236 55.529 ok
C 44.010 2 22.005 6.012 ok
D 408.948 2 204.474 55.867 ok
%% error 32.943 9 3.660
ST total 1234.014 17

Notes: Fy o5 (2,9) =4.26,F, ,,(2,9) =8.02,
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MR T AR 5 ) 7 25 43 T 4 SR AT IR A
(pH) B ) #1 D CEH FL) %F - OH JE R H A
DETES A NS ENQIT 3 ORRTES A A
- OH I BRH M FEKRNEM)FZ&:D>B >A>C,
TEAIR G, - OH i B 388K 8, A6 T 28 0
e B4 PR 2 0 K KL I 6 I 114 K -, R I e A5 i
EHEH A,B,C.D, ., ¥ B3 B 13 3 4
4 (A,B,C\D,) 5it & 415 8 0 w4 &
(A,B,C,D,) [AlHf 4T B UE X 50, - OH W5 BR R 4
W R 79.49% 1 82.08% ., Hi I UE IR 56 45 L AT
A,B,C,D, J i1 & 1 il fe A4 il Al T2 45, BD
pH {H 8.0 [ ff il JE 55 C @& (E/S)3.0% .
BHE L 1.5:20 g/mL B [E] 3 h,
2.4 EEMEFHMIMmELER

BRffiext - OH M9k hiE e fEIRPIIE A
Bk, - OH HAy e & M, IR 2 5 AW 4%
T (I AR H A DNA) S0y, R R - OH
SR 4% P s B — Bl oA O k0 . B 7 R
Vo X - OH W5 BRACR ScA7 , FLUOR ALK, R i i
WOERE - OH MU A Ve ALK, (A HXF - OH
THERAE T SR R I I B R AE R
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*ﬁ 240y
Es 20t
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B7 BRESEBHENFRER
Fig.7 Hydroxyl radical scavenging
ability of hydrolysates

Bt xt O°7 - Wik hE B0 -
T PEAS K AE B AT 5 Ak T 1 5 5 1 Ak 4, dn o
LA - OH, [l 2 5] %& N Wad A Ak = i .
HY &1 8 W] L, Bl & A R R T L, 3 Rl ) B X
O’ - M HI R K, HHWERT 0.5 mg/
mL [}, % O - B R R TR, RS
fE0.1 ~1.0 mg/mL 3t [ N, B 4 O°° - 1
FH A QLK (5 2 B 5 T 1.0 mg/mL i,
WO O« B % 5 T LA, 2% B i A o

S FEEI OF7 - I

100

el
(=]
T

W s N N X
(=l ele - -]
T T L — T
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S
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Fig.8 Superoxide anion radical scavenging

ability of hydrolysates

B f& ik 5t DPPH - 9 3% % 7% 1 ME 9 AT
HI, V. X DPPH - 119 ¥ B AR S5 ik, 7 AR /N 09 &
JEREFR A B 7R L 100% , 0 0 = T LK
A A% W T R WS LK A LG, B R RN
DPPH - W5 R F LLNUK SR 2, fEW B 3 mg/
mL B}, i i kT DPPH - (13 B 2 2 LAK Y 2 7%
%, W WA 2 #5519 DPPH - 5 BR AR .
TEAH R I 5 J7 36 FAE i R B2 (2 mg/mL) &, B
Zafa N Z Ik DPPH - JEER 3 (43.31% ) W& &
TR ARt ta i £k (15.68% ) KW 4 &t
W& — A% DPPH - J5ER A

100 r

90 1 +VC

80 -=- JJlfk camosine

70 i‘ - EEf#EW hydrolysates
60

50 -

40 r
30
20
10

DPPH H HZE R / %

DPPH radical scavenging ability

0 05 1.0 1.5 20 25 3.0 3.5 4.0
W / (mg/mL)

concentration

B9 EgfRikx DPPH BEHEMEBRUR
Fig.9 DPPH radical scavenging
ability of hydrolysates
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¥R

5, DT HH BT 1 E 3 R . 1] 10 R
Ve i JRAE ST e, £ 0.1 ~ 0.5 mg/mL ¥ J& ¥ [l
Ve B8 JEURE g s 5 g, Bl #s T A . LK
TRV PR 9 1) 30 i FIE 7 WL ot 4 38 ) 48 KT 394 K, P
W JEURE ) SRR A AR IEAN G . S LKA
Bl B R A T i A O SR RE T o A AR [R] A8 5 T i
HIFEdR A (10 mg/mL) &, B4 &AW 2 ki
JAE A1 (0.459) S K Tk (0.046) ™ I 10 fiF, %
B B 5 Gt TN H AT B 1 3 LR

201
— +VC
. E 16 -= JJLJIK camosine
H g S B hydrolysates
<gS 12
=23 |
= Q
KEE
g 04r

0 2 4 6 8 10 12 14 16 18 20
B / (mg/mL)
concentration
B 10 EFEREEREND
Fig. 10 Reducing power of hydrolysates

B g st H,0, 89 7% B id H,0, £ 4
IR N 28 5 Bior i H,0 F1 O, fE O°7 + (&)@
BT s AN R A IR I, S A R AR A -
OH, ir LAi B H,0, 43 F ] LABH IE - OH By ™= 4=
P L1 RTRN BB FE VR BE 09 T, 3 R ) Bkt
H,O, HEFR R K, H S & T 1 mg/mL
i3 R Bxt HyO0, BYTH B g 1 A A, 8.7
Tit e VR S — R L AT 1) HL O, VE BRI o 72 A [H] Y )
FE T IEAEE R M (2meg/mL) K, MG BN Z

100
S8z 9
MR =
G2 g0t
E55
Jog 7 - Ve '
M‘a = -=-JJLK camosine
bl 23 60 - BE#EW hydrolysates
50 L 1 1 1 L 1 1 L L 1
0 020406081.012141.61.82.0
WE / (mg/mL)
concentration
11 EfEikx H,0, BiERR
Fig.11 Hydrogen peroxide scavenging

ability of hydrolysates

ik H,0, i3 (97.27% ) 3% w5 T % 4k fo 48 j7
LRk (4.41% )" W B G & o ) B B Y
H,0, i#FriE
B R o) Ak B T A A p & 12 W
L,V e BB B TR R B I AL R K
HRESAEHAR , E 5 mg/mL B, V. 1R R T
BAREIIOLN 9. 47 % , T L JEK R 63 A8 TR0 11 30k 5
T2 Ay B 7 B Ve T 11 6 T RO 4 9, fE 5 mg/
mL i, WL I % Y 1) Ik B8 T2 BB 0 4 B
ik 95.26% F1 85.90% , 7 WA i Y8 AT 3 (1) 37
BRE TR AR

100

—— Vc
-& Lk camosine
- AW hydrolysates

W TEERT /%
ferrous ion chelating capaci
wn
(=)

Y / (mg/mL)

concentration

12 EBRRNTSEFESEN
Fig.12 Ferrous ion chelating capacity of hydrolysates

Bl il i 2 I BR B AL 69 A9 ) AR A i
13 ] 11, Bl 5 W B 3 R,V o T i %) R '
Y5 2T Rk B, i UK 1 WO A T B AT
G2, WV o T O S R AR A R o AR
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Optimization of enzymatic technology of yellow-margined box turtle
muscle and antioxidant abilities of its hydrolysates in vitro

WANG Yanmei', WAN Quan’, LAI Nianyue’, LIN Lin', YE Yingwang',
JIANG Shaotong' , LU Jianfeng'*
(1. College of Biotechnology and Food Engineering ,Hefei University of Technology ,Hefei 230009 , China;
2. College of Animal Science and Technology ,Anhui Agricultural University ,Hefei 230036, China
3. Hefei City Center for Animal Husbandry and Fishery Technical Extension ,Hefei 230009 ,China)

Abstract. Antioxidants are known to be beneficial to human health as they may protect the body against
damage by reactive oxygen species,which can attack DNA | protein and membrane lipids and play a critical
role in a variety of disease such as cancer, diabetes, cardiovascular disease and Alzheimer’ s disease.
However,there is much evidence that the use of natural antioxidants in foodstuffs is more attractive because
of the potential health hazards associated with synthetic antioxidants in vivo. Turtle not only has a high
nutritional value,but also has a potential medicinal value. In order to better know turtle’ s nutrition and
healthy function, the functional properties of enzymatic hydrolysates from yellow-margined box turtle
( Cistoclemmys flavomarginata) muscle were investigated in this research. An enzymatic treatment procedure
was devised to make the preparation of antioxidant peptide. By using a L, (3") orthogonal array design, the
optimum conditions for hydrolyzing yellow-margined box turtle muscle with Alcalase to obtain antioxidant
peptides with the highest hydroxyl radical scavenging activity were as follows:pH 8. 0, temperature 55 C,
material-to-liquid ratio 1. 5: 20 g/mL, enzyme-to-substrate ratio 3. 0% and reaction time 3 h. Under the
above conditions, the scavenging rate of hydroxyl radical was 82. 08% . Subsequently, the antioxidant
properties of yellow-margined box turtle hydrolysates were determined in vitro. The results showed that the
enzymatic hydrolysates had good scavenging abilities on hydroxyl radical( + OH) , superoxide anion radical
(0*" - ),a,a-diphenyl-B-picrylhydrazyl radical (DPPH - )and hydrogen peroxide (H,0,),and they also
had certain reducing power,ferrous ion chelating capacity and the inhibition of linoleic acid autoxidation. In
general , the yellow-margined box turtle hydrolysates showed certain antioxidant activities in different systems
in vitro ,and they will have new and broad prospects.

Key words; Cistoclemmys flavomarginata; turtle muscle; protease; enzymatic hydrolysis; antioxidant
activity
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