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HEELZHR BRTHOEEE KEZTEEI S, ANS T RELRS ku A5 ¥ o930 F KA E Wil 1> £ £ 4
BBk .o F R F<2.5 ku 4 W Rk AL B AL S A0 W i 4 = 4 %9 DPPH A 1 3k I % 49 1Cy 1A (mg/mL) 5 %) 2
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FIEE 45 e H K, Sigma 23 A,
1.2 KBENR5EE

Cr-103 B! nh 224X, BT RALES A R

Al s XW-80A IR TEAL , L Ve A as T ;
SHZ-A BUK IR IR & # , b i Sl A7 BR 2
5 Agilent 1100 R 51 =800 AR (5L, ZEERFE
FAMWAF (B AR Waters XBridg BEH
SEC #1) ;FD-1 BU¥ R T EEHL , Jb st i8R AL RHE &
JEA BRI F)  pHs=2 R BT, 1A % Rl 22 U3 A
FR 2\ 7 ; Varioskan Flash 4 H 3 i 5 1% \LEG-
END MACH 1.6R BE.0 0L, 55 E Thermo A H] ;
Millipore #UE O, Bl TRHCARA A,
1.3 KEH*
1.3.1 W& H K Y <2.5 ku B 2 23 04
% WOESABW . H 95% BAE S BoKE
R B VR TR HEAT BT, B0 R U R
W F £ B AR 1R T ) BT Sk S BOCR 5% BRI
T, e AR VAR 1 (5 000 Ulg 2 (R ) o817 i
fiff fif 2% £ 52 .50 °C,pH 6.5, FH 1 mol/L. NaOH =%
HCI PR A7 BRI BEfE € . W 6 h J5 7E 90 °CF X il
AT 20 min KiE ,8 000xg 50> 15 min BRITIE , ¥
VWS VR TR ITAE-20 °CF A .

HBUE . T HE R 10 ku A1 2.5 ka BB IE

FEEXT Y £ 2 2 1 AR T i WORE DB 23 9, 1931 3 A~
20 53>10 ku,10~2.5 ka Fl1<2.5 ku, If¥<2.5 ku
Wt T Ia a5,
1.3.2 @FEAIIE ] 60 2200 F a5 R T
Ky <2.5 ku BEBEIRZL 73 O BI6E 8 S0 A A
FRUE MR E (L = 94.46 00" = -0.61 ,by = 4.64) ,iC
TR LM H O 8 o (8 K SO H b
L™ KR a8 JE AR (0) B 1 (100) , +AL™=H]
55, —AL'=BE 50" RN R AR AT (+) 31 4%
(=), +AC=HRLL  —Ad' =53 4% ; b" 2o B 00 78 Ak Y
N (+) B (=) BIZE AL, +AD =50 8, —Ab'=55 1 |
B2 (AE) TR AS .

AE =[(Ly=L")*+(ag—a’)*+(by=b")*|" (1)
1.3.3 AMEMLE B F<2.5 ka Ho ML
B FKBCAL 1 mg/mL MV . B 1 mLiXIE R L1
ml 5 5§ (BTG 4 000 U/mL), H 1 mol/L
R pH EHE 1.8, HIREMN RS, & T
37 °C 100 r/min AY7K I $5 R e G R 2 h, WoR

HIH AL ,90 C/K 10 min KEE, 75 FAZH I
B R P kS i A 2 mL AR RV (BTG
200 U/mL), HI 1 mol/L & A ALBN T pHE % 7,
WA TR RS, & 37 °C 100 r/min B KT
R IR e R 2 b, WSCEE W T AR R, 90 °CoK i 10
min K

134 ZJKEEMME K<25ka Hop LHE
Jo 0 A i A AR i T BT S VR R 5 mg/mLL
W, W25 mL iz, MA 2.5 mL 10% (Ji &5
) SR CWOKE W, TR A IG5,
HE 20 min, ZRJ5 7 4 200 v/min F 0> 10 min, B
1.0 mL iR, A48 IR 5] 3.0 mL(V ey
Viamnn =3:2), IREWAET 60 C/KIBERAS
min,4 200 r/min &0 10 min, B FE & T % K
310 nm AR5 W G BE X B B o i 2 SR 754 O
W 22 K T (mg/mL) |, i SR A5 RE 5 b £
JRE i, JE A A e H IR Hl bR 4L

1.3.5  SAH S RORAH €38 (RP-HPLC ) i A5 ) £
EERERAKBYOWEIRE  HaEEAKED .
AR5y F B 4 0 Fe<2.5 ku 400 22 8 i ks
B 43 I oA R Agilent 1100 2R 51 &5 850 AR
A, A HT AR R s BT WA 5 AT
Waters XBridg BEH SEC £ (3.5 wm,7.8 mmx300
mm) , TSI K L HE=40%:60% (R FLH ) , A iR
FE L EE 30 °C,DAD K% & 214 nm, #EFE 10
wL, Fiti# 0.8 mL/min , B[] 20 min,

1.3.6 DPPH H H B3 FRAE 1 I & ¥ DPPH
WA I A B EE 145 0.26 mmol/L. DPPH ¥ 3, Bt
100 wL. DPPH ¥ 5 20 wL FE 5 ITA 96 FLAR 1,
75 R REE £ R W 30 min, FEIE K 517 nm 4
42 H B B AR A E WO R P ATINE 3
DPPH H H 335 B R iR A

DPPH m%?%ri%zé(%b“f"f‘ D100 (2)

K, A—— A IS A DPPH B (4 1 5%
JE s A —— I AKE S A DPPH (4 W6 B 3 A ——
AFESY A DPPH B WOEJ
1.3.7 ABTS A HHEVEREE T M E 5 mL
7.4 mmol/LL ABTS fiff #5 ¥ 5 88 L 2.6 mmol/L
K.S,05 IR ST, WEALHRE 12~16 h, BLHL ABTS
TAEW ., ABTS TAEWH 80% & Befi B , (1R 4%
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WAE 734 nm P AL OGS 0.7, 4 200 pL
ABTS TAEW 5 20 wL FES A 96 FLAR T, i
BEEIR A 6 min, 769 K 734 nm AL & W% P
FHAE 3 ., ABTS A B 3&3E BRI A,
ABTS f R (9)= AU =10 <100 (3)
0

A A AT S I A ABTS B (1% 5
B A——INAKE SR AT ABTS 1 W 5% ;Aj—jJ[I
AFESL AT ABTS WG
1.3.8 oo 5 W 41 M 400 40 0% MR i 00 E - HF 100
pL 55 50 WL o 4 8 BV M (0.35 U/mL)
RAIA] 6 37 CHE 20 min, AR5, MRS+
JITA 100 L 1 mmol/L X it 35 24 J nik ng 77 45 4% 11
(EY), 16 37 CHF 30 min, 2R )5, 1A 1 mol/L
Na,CO3 2 112, 7E 410 nm 3 K AR 0 5E W% 5
oo W R A A 9 R AR 2

PR TEE ] R (%0 )=—conwol —sample s 100 (4)

control

A me— X B A WG A cample ™
TIAKEE S W A

2 HR5SM
21 HRAEELRTHR<25kuBEERASNEE
0 R W% P 1 70 7 i T N P A G B A
RZ—, HWHE MW — LR 5 Y 2 i ik
PR R 8 i Ak B JORE R R R R TR B e
I <2.5 ku BRI 70 B R R BE0 12 B 2R (0,
AREHKFERC T EEY , Wk 1R, il 5 /<
2.5 ku M IR AL 20 AR L TR 22 40 BE A J5URE Y £ 2R
K L a" K b {34 AR, R 2N Al RE &
EAMARRAENAR, EAMEHNTEARK
Or T ROIFER N R IR A, AR B A
) o2 (0 Tl A R A TR, 5 E AR

x1 HEAERFRTHR<25 kuEEREASHEF
Table 1 Colour readings of soft—shelled turtle egg powder and its < 2.5 ku hypoglycemic peptide fraction

A L a b”
V& AT 85.57 +0.20 3.99 + 0.09 33.72 +0.32

<2.5 ku 4 Ak 40 2 61.02 +0.88 -2.15+0.09 19.04 + 0.32

22 HUFM ESHKESBHMEWL orz
¥=0.0533x+0.0015

DA B K b o b e il 28, HmOke < w-ossi
(SRR (1) BEH R D3 oo
y=0.0533x40.0015, 4G R EOH 09931, WM 2 o
FRE H 2 R R D 2 ke oL | A .

0.0 0.5 1.0 1.5 2.0 2.5

RIIWTSE R, W M i 2 RN H g K
fifp I <2.5 ku 4150 HA AL 1 BERE D280 3% PR K
78 W 8 v o W R, Rt E LR A AL
KAR RN, WEFE R, 1B 1 8 1 A e I A
Wy P A U D i i e G L9380l SR
FHRSMESU B I B AR, PRI 15 <2.5 ku
RN N2 20 14 8 B A A e Pk S 2 AR R R A
TEAE R MIE 1 . AN &l 2 iR, 22 18 I8 i i A
Ja,<2.5 ku 253 Fir 7= AR B RS B N 2 (181 2),
PRI AE S i AR E, TP K
i 3 PR P A i 7 A R K

A X o ek vk 2

Relative mass concentration/mg-mL™
1 SHREESNERIRERLZ
Fig.1 Standard curve for determination

of peptide content
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Yy AR o3 Ui 4oy Je<2.5 ku oy 28 B
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Fig.2 Peptide contents of <2.5ku fraction before

and after gastric and gastrointestinal digestions
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Fig.3 Liquid phase diagram of enzymatic hydrolysate
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THALIE =9 00 43 F & 43 A DL 3. AR TH AR
o TR R A KA SRR R o T R K, Y DA
6] £ 7E 7~10 min; 1M <2.5 ku 2043 H /0N 1 &
JIK B & BB 0, 12~17 min B4 €0 335 06 WY g 184 o, 3¢
B SR FH 8 8 5 ) 45 19 <2.5 ku 410 TP BK A 0 1 IR
AU, ANy T R A

A= P TR S S T AR R ) e L
Oy, /Ny AR R OR 5 b Ak
Wl , T R 93 o ok 22 K 5 B0 A % e 2 ol o
kIS0 R <25 ku AN 4 B ARSI
e 0 1) 5 i R W T RS AN K, HUAE 10.38 min Ak
H B — B (B 4), 48 7 0% 4 5y 7R AR S B 400
AT A B, S T RE R,
Sh RS BT, <2.5 ku A0 28 AL, 2
A3 T A B K (12~17 min) B9 (5335 W 38 16 A K,
HAE 13 min 247 B —ASB0 06, SR, K40 F Il
i Z K (6~10.5 min) [ 0335 0 BE A%, ££ 2 10 min

FEAT s U 58 AT AR MR HBFE 11.46 min 2247
B — N 0 3 0, EL e e e DA R 2SR AR
<2.5 ku 4153 K41 i 22 OR T S i T A
A R P A A R A R R, TN AR
E YN R R R I O N 7 5
2.4 HLET. 5 DPPH BEBEBRIFMMHTL
W9 K B0 R SRS R 36 7 Bl PR LA
BAREIER, XRERE IR B A EEE L,
DPPH /2 —F Pk | 5 F 00 5 19 bt S8 A T 1 T
fli ik, HFRRPUARE TS 480E DPPH B
FEWE bR DPPH & — Rl A7 B T 1 AR e
B, AR R RO, EHK 517 nom &b F
SR, 7E DPPH ¥ 3 HHoin At S0 Ak 0 ml i 4
o, TR /N W B2 (B, D5t DPPH 35 B 2% W] il ik
Wiz OD A i A2 fb A7 2 BT, 5 H 8 <2.5 ku
4 5y K E A B A P 43 5% DPPH 43 7
iR mE 6 iR,

500

400 -

300 G <25 ku 415

200

AF X 58
Relative intensity/mAu

100

AR <25 ku 4143
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R
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4 BiEWLET . BE<25ku AoMiGHEEEE
Fig4 HPLC chromatograms of <2.5 ku fraction before

and after gastric digestions
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Fig.5 HPLC chromatograms of <2.5 ku fraction before

and after gastrointestinal digestions
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W0 5 <2.5 ku 2H 53 S B 8 W iE A9 ~ T
Y EAT 533510 DPPH [ i 3638 w1 | LB v B 5 e |- WeiE
F ST e PR AR R L <2.5 ke 4143 £g oo
2 I WAL JS DPPH 1 th 35 B 5 1 38 &2 w_iij::::::::
TR LB B A T R A A R W sor
<2.5 ku 415FELAT BLUF 10 B B S0 AP, 2% =1 ﬁi///////////
I3 3810 7 1 04k ELAT B 9 DPPHL 1 f 3 B
SRR PE . S U ] e R = A —
B 7050 K T AT R 22 R 2 R
FERLSUHE R L T R PR o PR 25 o o A R E6 %&%ﬂagikﬁ%nérjzasﬁﬁng;m DPPH &
SRR, AHRGE T, <2.5 ku 414028 I W 4k B
Ja A 220 R N s AR A AR BT IR Fig.6 DPPH radical-scavenging activities of <2.5ku
AT S B0 4 () DPPH [ FH 2R3 BR TG fraction before and after gastric and
25 HILEI.JE ABTS HEEERIEMNLEL gastrointestinal digestions
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15307, # <25 ka 455 KL E F1H 5
=53 5 ik ABTS 208, Z5RUNE T fos, 5

—_
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ABTS [ 1 535 bR 1
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2
S
T

(=]
—
o

DPPH H i 5E 7 B 16 M A0 &, <2.5 ku 4 43 76 18 4 8ol 18 20
. ~ N UL X
ﬂ:ﬁﬁﬁ‘ﬁ%% E/‘J ABTS E‘ Ha%yjﬁslg%{élﬁ ,2}1 E& Mass concentration/mg-mL™
B i AL T P BRI BE7 BRBBHELW.E<25kuADH
Sk A S
26 HILHJE a-WEIEE RN E AT ABTS B il e it

Fig.7 ABTS radical-scavenging activities of <2.5 ku

TR REEE R AT AAL & W B I — 25
VSR 5 5 B, L0 5 U 99 %2 A 5 )
X o A K 106 SR s, T 0 -
i R SRR K 2 BT S A T Wi

fraction before and after gastric and

gastrointestinal digestions

I A 2 G KA 2 00 35 B A B =mes

B EL 0. 1, oo AT EHE 0 70 1 =gl

S £ P K Al £ W 0 38 A K A R MR AR 485 = Esf

A, S B0 6 I A RO R R B e

I 2R 2P, R T B U o R E3 a0

D 35 P B 40 1 £ 85 <2.5 u 40150 2 B ¥ ok K

I P O WA T AT 8 TR, <2.5 ku G S T TR

HA BAT T A o M ATRELE R 35 0, Vs comnt oL

ELZECREL A EIRTE 3 SRR Ry R A ) 7 B8 BRBHELI.E<25ku AN

S AL 70 2E A I Bk 9 (4 mg/mlL) T R BUAR =T 81 E B A0 0 7

—% B3 24 3 e (80%ZEE ), Fig.8 a-Glucosidase inhibitory activities of <2.5 ku
FE [ ol T B B co— 7 A W 1 4 D Y fraction before and after gastric and

gastrointestinal digestions
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1Cso, FLAH B/ PEBRSE  S5 R L3 2, 5 IHAkHTAH
o, B % E W i T R R <2.5 ku 415 1Y
DPPH H HI 537 B S o %0 W 400 o 05 7 R
M, BEAR T ABTS A H LG BRTE M, b 5 I iH
b=y B4 161 DPPH At 315 5 M a—Hi 2
W 00 ) L 1o (E AR, AR T SCHR 3 1
o—H A FEH R HI K (RVPSLM, 3k A XS E S &

FP, A R A5 (b T B R S A 5 ) B
NN IR T4 AT R o3 255 W Tt 400 28 75028 %
SRR A B R R T R SR A Ak 2 P R ) -
BT BN R, AR R EH R LR RGFPS A
I 1 <2.5 ku 443 1 15 1 T80 A6 9 52 BEAK
B o R A AEE R G M, H o B AT
it 1 41 R 8 80% A2 A7

&2 DPPH.ABTS EHEFRKE a-BEEEHEMEIN ICy &
Table 2 ICs, values of activities for DPPH, ABTS radical-scavenging and a—glucosidase inhibition

ICs/mg - mL™"
A= - - - - P1a
AT H K H M iH A
DPPH A & A AR &R 13.61 = 0.30° 6.79 + 0.41" 3.56 £ 0.21°¢ <0.0001
ABTS A & & & xR 18.21 £ 0.50° 179.40 + 35.03" >300° <0.0001
a—H) ) bE 3 By ) B b 17.96 = 0.16* 10.81 +0.20 <le <0.0001

TE WA AR b LR 22 5 i 35 P<0.05
3 HFig

AR P AT A ROK it R B d 1,
U] B AR T R <2.5 ku WY RRBEALSY . I
05 4 £ 1 B A R <2.5 ku 414 B BB B
(o), 78 8 hARE RN, R E AL S
Jo i p g A e A R K, B B iE T AR R
T <2.5 ku BFEFELL 53 19 DPPH H A 2575 bR K -
T 2 T WA R L WA AT A R &
A 1 o AR

2 % x #
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The Digestion Characteristic of Protein Hydrolysate of Soft-shelled Turtle Egg
and Its Effects on Antioxidative and a—Glucosidase Inhibitory Activities

Zhao Caidong, Qi Yaoyao, Lei Chuwen, Qiu Leyun, Deng Zeyuan, Zheng Liufeng’
(Nanchang University, State Key Laboratory of Food Science and Technology, Nanchang 330047)

Abstract Antioxidant intervention and inhibition of a-glucosidase activity are the effective strategies for prevention and
treatment of diabetes. In this study, protein of soft-shelled turtle egg was hydrolyzed by papain, and hydrolysate fraction
(HF) with low molecular weight < 2.5 ku was separated by ultrafiliration. The digestive characteristic of HF and changes
of antioxidative and a—glucosidase inhibitory activities were investigated using in wvitro simulated gastrointestinal digestion
model. The results showed that the HF had a good color (yellowish green), and its aqueous solution was colorless and
transparent. The chromatographic peaks of HF were slightly altered after gastric digestion, indicating that it had a good
stability in stomach. However, the original chromatographic peaks were decreased after gastrointestinal digestion, and even
some peaks were disappeared. Novel chromatographic peaks were correspondingly formed, and the peptide contents were
also increased, indicating that some bioactive peptides in HF were digested to produce shorter peptides. The ICs, values
(mg/mL) of DPPH radical —-scavenging activities for HF before digestion and after gastric and gastrointestinal digestions
were 13.61, 6.79 and 3.56, respectively. The ICs values (mg/mL) of ABTS radical-scavenging activities were 18.21,
6.79 and 3.56, respectively. The ICs values (mg/ml.) of a—glucosidase inhibitory activities were 17.96, 10.81 and <1,
respectively. Therefore, HF with low molecular weight < 2.5 ku of soft-shelled turtle egg has a potential hypoglycemic ef-
fect, and its products still has a strong or even better hypoglycemic potential after gastrointestinal digestion.

Keywords soft—shelled turtle egg; papain; in vitro digestion; antioxidation; a—glucosidase inhibitory activity



