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TN 2%, I8 i & B 1. 20% , K oy &
12.44% , &R 0.64% ) (i 5 BT AE W)
FHEARA RIFREE . KUK B (22 200 U/g) Fil
S H UK (72 177.78 U/g) T TR
TEAETE AR YR R 542 Bl 5 ik 2 g (71
155.56 U/g) . HEEAREF(69 733.3 U/g) M &
HEMF(62 222.2 U/g) T RAEHT# BFHR
A R 7 5 o] 5 W 1 8l . Sephadex G-25 11 Tk
SRR FERHAT R 7] PNPG 1 T F IR A=
YRR A,

EHMrEE T UV-2000 B, Jb 5035 A i H]
I EA RITAE A H s 5 PHS-3C pH 3, R4
HL R AR AT FR 2 ) 5 R AR B UE I, b7
JEE R b A RS W) ; CBS-A B Z IIRE4 A
FyER o AZIR HE F AL HDB-7L, g
PG 53 B A A R 2 ) 5 TSK & 1 64,35 4+ ( G2000
SWXL, 7.8 mm x 300 mm) ,dt 5T &KW R4 &
AR T 5 Alliance 2695 1 SO AH (A5 AL, I i
FEACA AR BRA H
1.2 LEHHE
12,1 o~ A8 40 0 T 32 00 5

ZH IR 13 ]IS AEE 0, 6 2 mL A9 0. 2
mol/L(pH 24 6. 8) i BREL 2% thiA 7K .0. 3 mL A9 0.
2 U/ml - A5 B A 0. 5 mlL (4 BF 55 W
AR ,37 CHEIR K PRI 15 ming SR )5 )3

B 0.4 mL {14 2.5 mmol/L [1¥] PNPG A,
37 CHERAKME Th ORI 15 min; B /5 A A
0.8 mL [ 0.2 mol/L ¥ Na,CO, %2 1F % i o
FHZE/K IR i, TE Py 405 nm 2k, 0 5E WO
B2 A, G B AR R I MDA OGBS A,
GE AR B Ao DUE 25 R LA o AW T
AN ZE T R
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KA S FXIRAE A, AR e 48 5 A, I
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DUBERE R AR B A 47 Sk S 4k, 326 B B
Wity S 52 B PE B L RUBR R L S )
KR B S Fh AP, 7538 1 h 4% A fedd 454
(WEMR 2% vhis R pH) | ¥ BN I 0. 023 g/g
(JBl) (B A AT E) 4.5 h FURRE L 10: 1 (mL/g)
PEATEAR , B A% T 90 °CF K 15 min, 10 000
r/min 4 °C &0 20 min, L BT, DA - %0
T AT 1 236 R F b Bl A 45 T I i 55 o
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Tab.1 Enzymolysis conditions of protease

filpFh 2t BRI IR fxi& pH
Enzyme type Optimum temperature/ C Optimal pH
T 25 I fiff Alkaline protease 50(40 ~55) 9.0(9.0~11.0)
JXUBR 2 i Flavor protease 50(50 ~55) 7.0(6.0~8.0)
A 2 i Neutral protease 50(45 ~50) 7.0(6.8~7.0)
& 44 H i Compound protease 50(50 ~60) 7.0(6.5~7.5)
B i EE Animal hydrolyzed protease 50(50 ~55) 7.5(7.0~8.0)
1.2.4 HRZRAR W R 3

A 16t R 9 2 1 T X 158 NS e 0 o Ay 3
Fr B , Tt A 25 I R IR R R R 5. 0 g, BHIR
H 8: 1 (ml/g) B I EE 0. 25 ¢, % 50 °C,pH
7.0, BRI E] 4.0 ho BRI ZRPFRTA] 4.0 h 5.
0h6.0h.7.0h.8.0 h;EFARNE:0.20 g,0.25
2.0.30 2.0.35 2.0.40 g¢; B}k tb:2:1.4:1.6:1,
8:1.,10: 1o S R4S, #5 BE#h B T 90 CHhsk
15 min, ZRJ5 50> 20 min( 10 000 r/min) . J/E «-

1.2.5 Mg i i

ARG O AR BT P, LA o 20 B
B3R (Y ) S Wi AR, B2 g T 1] CA) (g
i (B) BRELE (C) MmN 3R, it 3 [N 3
HKPSES ., R MK 3% 2
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R FHBEIE I8 I 4y F oA . LA
Mz COMXT >Rt 12 384 u) , #01IKHE (AH X
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¥ 6 511 u)  FFR AR (FRXS 20 i 1 450
u) , Gly-Gly-Tyr-Arg ( #1%F 4 F i & 451 u) , Gly-
Gly-Gly (AHX 3 it 189 u) AR e il , L&A
HESH 1) i YRR EAR T £k, 2ot bl
FE PR B B R B o i o A . (B

L/t A8 1R TSKgel G2000 SWXL (7.8 mm x 300
mm) , HEFE 10 WL, A0 % K 220 nm, & 30
C, s i K =5 OmR =45:55:0. 1 (4K
L) Wi 0.5 mL/min, AEAEZE0.22 pm ffL
B REAL 385 T AR AT I E o

R2 mEEREEERKTESHD

Tab.2 Response surface test factor level and coding

KT X # Factor
ot A Bl B A C RHRLL
Time/h Amount of enzyme/g Liquid-material ratio/ ( mL/g)
-1 5 0.2 2:1
6 0.3 4:1
1 7 0.4 6:1
1.2.7 HE AIRKZE S, FHOR A 09 8 w7 A 19 22 Ik

fit g =k v i 10 ku 5 ku 3 ku AY#EEUE
fi, 3K 45 MW =10 ku.5 kus MW <10 ku.3 ku<
MW <5 ku Fil <3 ku 4 420 & U T, 45 41
IR - AR TR R 3 1 1Cs,
1.2.8 BRI g =0T

PR L R B % R 7 TR OR A s e
Sephadex G-25 BEE HiALPEZ 524 (80 cm x 1.6
em) , BT IR R, B3 D8 I A 2L
SRR B 2H 3 25 18 1 /K T B 5T i Kk B2 30 mg/
mL, F#ES5 mL, {3 0. 5 mL/min, 7 280 nm | [
BB RS AR, B S 4 6 min I3 dE
— A, DA LR oA A W T 4 38 10 1C, 6
1.3 SHitoh

544512 i Design-Expert 8. 0. 6.0 {41
A e B A TET 2387, Origin O KA1 141, SPSS 9. 0 4
PFATEAR ST 8T, L o= 0.05 fEN 2257 B 3%
7J(’T|Zo ICso j‘jﬁﬂﬁﬂj$ﬁ5 50% Hﬂ‘ﬁéﬁﬁ&&; , ICso E/‘JTI‘
SR SPSS 9.0 B AFALLG A it Mk B2 -5 400 ) 3%
FAEIE ST XEES

2 RS0

2.1 FEfERAE AR BEAR M B & B BRI IR ST
JNE AR B A 23 3l 22 S bR 19 A )
TEFRABE 30 mg/mL N I oo 45 4 641D 1)
B RTRLS Bl YA —E B IS
PEAEZE AR, Forp A2 5 28 1 Wi AR = 00 -7
e I B ) 305 P A g, #0049 53% it
i T A 4 Bl ).t TR T — 1, A
ol PO LT s R AR R ] — JURE BT A 21 Y 22
JIK, ARSI 8] | 25 [ 254 01 5 K /N 28 7 1
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2.2 PBEEIREEAR BB A R R KT
HIPE 2 (a) A AT, BRI TE] ) 4 ~ 6 h I, -3
B D ) R, HAE 6 h I oA
R AR B B RAE 59 39% , Ak IR 8] 2y 6 ~
8 b IF, 110 il 3R i At Ak P (] 96 Jonn 228 i e AR o X T
2 AT DAy i I A P ) 4 4500, T 400 0 e e ) s 1)
B, 2R T PE IR 22, T A 1 ) i I, (7535
PRI E— 2K i, T SRR = P00 o7 2 B T
BRI BE D T R, I 2 (b) , Bl i i 0 1
T WA = X o= R 26 Y IR 140 390 1 3 S5 s
WA, FE B 0.3 g BiF, 10 i 5 3K f K (H
N 70.21% o 33X R S R () e g P 8] I Y
SETINE AT I 10 23 Ak 3 R0 B, 45 21 B 22 09 3 1k
UK, T P o, T R SRR — AP R, X o
W BRI HIBE S FRE i I& 2 () Al RHA EE
TE2: 1 ~ A 1IN AR =00 14 o= 80 2 BT TEHID 1 %
BT, ELAE 4 1 I oo 3 % W Y T4 1] 3015 3
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Different letters in the figure indicate significant differences between groups (P <0.05).
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Fig.1 Different proteases on «-glucosidase inhibition rate
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Fig.2 Single factor test of enzymatic hydrolysis of Defatted Antarctic Krill powder

2.3 MR EGERICERRES
2.3.1 Hpd Al g R

PARR e B AA , F AT Expert 8.0. 6.0 %t
Xt 7 25 5 HEAT [LE LA A5 20 W [l
FE. Y = +84.26 — 1. 244 + 1. 47B - 1. 35C +
0.47AB + 0. 040AC - 0. 065BC - 6. 55A° -
6.01B> =5.48C% . MIZIG45EH (32 3) Iy 204
(F4)FLAFE S pr e or i A I 2 PR = (P <
0.000 1), WA B E(P=0.130 1 >0.05) ,%
BT LA Fa . CV < 10% , 32 B A {35 B L4
HR; =0.982 7 R* =0.992 4, BRI 4 4%
U IR 25 /N e AR 1 5 5 R v 5 R 2R A R A
B AT 045 DR 28 0T oo~ 2680 W T I A0 161 258 194 5% i) I

e RS N > RHR HE > I fE]
2.3.2 g S AT A5 R A I T P A

M 3 (a) AT LU H T Al Bl P a] 38 i
T 3R 510 T N 0 T I UK/ , TSR P ] [
BN IR T oo 46 W T TR 4 R i AR fb i T —
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[ 5 s ) PR 2K, BRI 18 K, 400 o] S S 384 T
eIl ] B LG TR R T AR I [RD X - ?ﬁ%
R A 1 5 14728 A e 1 18 T e i v 20, 4
HIRA M KAEAE 5.5 ~6.0 h f13:1 ~4:1, . 3
() Al LLFE 8 0 55 R H 0 bE 52 B A T AS W]
2.

http: //www. shhydxxb. com



568 Eomw ol % Rk % % ) 31 &

®3 WMEERITSER

Tab.3 Response surface design and results

24 Group A C Y/ %
1 0 0 0 83.79
2 0 0 0 83.84
3 1 0 1 70.01
4 0 1 1 73.12
5 -1 -1 0 72.56
6 0 0 0 83.65
7 -1 0 -1 74.54
8 1 1 0 71.79
9 1 0 -1 72.10
10 0 -1 1 69.19
11 1 -1 0 69.01
12 0 0 0 83.79
13 -1 1 0 73.45
14 0 1 -1 76.49
15 0 -1 -1 72.30
16 -1 0 1 72.29
17 0 0 0 83.97
x4 FESWH
Tab.4 Table of variance analysis
ki I i s . . oo
Source Sum of Squares df Mean Square
FEHY Model 557.7 9 61.97 101.93 <0.000 1 significant
A 12.33 1 12.33 20.28 0.002 8
B 17.38 1 17.38 28.58 0.001 1
C 14.63 1 14.63 24.07 0.001 7
AB 0.89 1 0.89 1.47 0.264 8
AC 6.40 x10 3 1 6.40 x10 3 0.011 0.9212
BC 0.017 1 0.017 0.028 0.872 3
A? 180.57 1 180.57 297.04 <0.000 1
B2 152.02 1 152.02 250.07 <0.000 1
C? 126.27 1 126.27 207.71 <0.000 1
% 7% Residual 4.26 7 0.61
S0 Lack of fit 3.08 3 1.03 3.48 0.130 1 not significant
iz 2% Pure error 1.18 4 0.29
LR ZE Total error 561.95 16

o~ H & B A 2R
a-glucosidase inhibition rate/%
o~ Hi B HEE R %R

a—glucosidase inhibition rate/%

6. 00 7.00

o Hi B R E R %R
a-glucosidase inhibition rate/%

0.25 i i
N ol 5.50 . 0.25 N
B:ESRIE  0.205.00  A:FE _CRHBEE ) 055 00 A:EE CRRBEE 9 007020 B:EEHmME
Amount of Time/h Liquid-material Time/h Liquid-material Amount of
enzyme/g ratio/ (mL/g) ratio/ (mL/g) enzyme/g
(a) (b) (c)

B3 ZERXEEAX o EEEEEINENRN

Fig.3 Effect of three-factor interaction on the inhibition rate of a-glucosidase

2.3.3 MR IR R Y B ARRE T B A D AR I E] 5. 91 h A
MR S 58 804 , A1) Design-Expert 8. 0. 6.0 JinE 0.31 g R EL 3. 75: 1, A4 T TIMAE Ay
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84.49% . FHIBIPREAE B A ULAL AT BB BRUUARIER 0 TB0NR A WA R A T e i 15 51 il
WFE] 5.9 h BEAS I 0.31 g RHALE 3.75: 1,58 @)™ W), AR i AT BRE e €3 32 I o 14 o0 A
i3 HEE AR S ERE O 83.96% , ST &4 (a) Al HIEE " 1) I 18] K 22 BUAE h 7
MEAR LG IR 2576 + 1% LAPY, BEWTm B R fefs 15 %23 min ZJ8], 454 b ol i 2R 0065 5 R 3

B B 2R T o BT PR Wi =40 o3 1 Lo A , AniEl 4 (b) Ko 2 ik oy ¥
2.4 SEREABBETSYNSTES® RIEEY <3 000 u, 5 98.63% . XKWL

AR o3 1 R TE BRI €% b A O B IF(R] AR b 1 K 8 B B R G AR I
AL BT AR 3 7 3 SR BUR B E R E R BEA BN I 2R SRR B B A R R . X
2 AR TRAM o FRELYERLA 3 TR A0 8 U e R U R T IR B
itk log,n =4.88x° —1.28x" +10.5x -23.3 R’ ¥
30.990, &G FBEE bR i n e As 2w

0.5 90
80
=)
= 0.4 75
: £
= 2 60
> 0.3 b
@ g 50
g o
& 0.2 S 40
£ E
g N 30
é 0.1 20
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E 4 EfEYH GPCZRSFENT
Fig.4 GPC spectrum and molecular weight distribution diagram of the hydrolysate
2.5 #&ig MR o HSE C, oty 24tk
RS AT B A
S5, M 10 ku 5 ku F13 ku FE 8 FRORE AR T El .
A3 C, (MW =10 ku) .C, (5 kusMW <10 ku) . S 25 7 b
C,(3 kusMW <5 ku) fil C, (MW <3 ku) %5 4 4~ N-: 7
SN EE 20 .
415, BEAHAA o RS TR 10, (il 2 F / )
S . Hok €[ (14.89 £2.15) mg/mL1f &2 15 77
ICo (M B AL T C,[(24.95 +1.12) mg/mL] .C, B2 7
[(22.25£1.96) mg/mL]Hl C,[ (16.48 £0.98) il
mg/mL] o A5 SCHR" 5 AR 0 43 RN % 5
A U I FCAE T B R 7S ) (9 410003 -
RN B R BUREE A s 0 C, C, C,
A -7 2 BE A | ik &5
Eﬁﬁ%ﬁm i LiJ% @ %%%ﬁﬁ%ﬁﬂ%in(,Lﬁ .
Y)Aﬁﬁ%’f&%ﬂ%%i <5 ku éﬂﬁ#ﬂ%ﬂﬁﬁ%ﬂiﬁ?,% S E N EI R
E‘L%m A U 5 Ay DR R ik P 2 Fig.5 Effects of different molecular weight
2 o FIAHE T D R AR RS B <3 ku 430 peptides on inhibition rate of a-glucosidase
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2.6 EEEIREN

JH SephadexG-25 4385 C,, 15 5] 3 /> ¥ il 0
(C,-1,C,2,C,-3) tnE 6(a) o 1T C,-3 HAr
RN, TCIEWCR ST S SL 5, BT LAAUE 58 T
PIANZH 00 o= 2 B A A 1Y) 1C T Hi &l 6
(b) W] C,-2[ (4.64 0. 14) mg/mL] %} a-Hj%j
W 8 1 35 9 Pz = T C,-1[(13.97 £0.35)
mg/mL ], 52 AT SCHR BT 4 B AR
SEPVHIFH G-10 43 B Al AL 28 BE 4238 -4 2 T
B0 RS B 2 N4y, Ho 5 — AN A i 5
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Cfl c=-2
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0.2 E

Absorbance at 280 nm(A)

0.1

0

0 30 60 90 120 150

Yeli4AF Elution volume/mL
(a)

o R REE A%

a-glucosidase inhibition rate IC,/(mg/mL)

B HEL6(a) AR, Hl A I Z AR E A F 8 1Y
M B 2 B R, 1) 42 01E S 45 i ) o vh 35 A
IKVEZIERR , XA 15 SCHRARE 1) BAT oA 2 B
TR 41 5 1 A0 B R L

LR G-25 A0S ) (Cy2) X o
200 T A T R T B R A
Sephadex LH-20 zii fb.41 15 85 H /K i 15 2 1) o-
FAIH H T ) 21 73 (1C5, O 40 mg/mL) 1%
BIL S Sk A DURR AT A 7 15 B Y o 2
Bl B 6 35 PE I B (1G5, (624 6. 77 mg/ml)

16
14
12

10

(b)

6 SephadexG-25 B BIEFZHS (C,-1.C,-2) X o-H B HEFBEEMH IC,,
Fig.6 SephadexG-25 gel chromatography and the inhibition rate of a-glucosidase of each fraction ( C,-1, C,-2)
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BT S Fs C,2 mZNEEIK, Hvh 73+ i e
7200 ~1 000 u /5 97.59% , Zit8 C,-2-1,
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Tab.5 Molecular weight and molecular mass distribution of C,-2

C,2-1  597u  543u 1.10056
43 F-1 Molecular mass G422 335u  332u 1.007 25
€23 246u  243u 1.008 92
Iy Fit53 Aii Molecular 2.40 46.11 51.48 0.01

mass distribution/ %

T MW OhE 77, MN B804 737 B, MW/MN 270 A 4.

Notes: MW is weight average molecular weight, MN is number average molecular weight, MW/MN is multiple dispersion index.
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Optimization of preparation technology of Antarctic krill powder peptide by
response surface methodology and analysis of its inhibitory activity on o-
glucosidase

LANG Meng', JIANG Weiwei', SUN Huimin', SONG Yishan'*"

(1. College of Food Sciences and Technology, Shanghai Ocean University, Shanghai 201306, China; 2. Engineering Research
Center for Processing and Storage of Shanghai Seawater Products, Shanghai 201306, China; 3. National Freshwater Aquatic
Products Processing Technology R&D Center, Shanghai 201306, China)

Abstract; The best biological enzyme was selected according to the inhibition rate of a-glucosidase. Based on
the single factor, optimization of enzymatic hydrolysis conditions could be obtained through the response
surface. The enzymatic hydrolysate of the defatted antarctic krill powder was separated and purified by
ultrafiltration and G-25. The molecular mass and distribution of enzymatic hydrolysate and peptides were
studied by gel chromatography. The results showed that; The compound protease had the best enzymatic
hydrolysis effect; The best enzymolysis conditions were enzymolysis time 5.9 h, material-liquid ratio 3.75: 1,
enzyme addition amount 0. 062 g/g ( raw material ) ; The molecular mass of the enzymatic hydrolysate was
concentrated below 3 000 u, accounting for 98.63% ; The C4 ( <3 ku) component by ultrafiltration had the
best inhibition rate of a-glucosidase [ IC,, was (14.89 £2.15) mg/mL ] ; After purification by G-25, the C4-
2 fractions ( <3 ku) had higher a-glucosidase inhibitory than other fractions[ ICs, was (4.64 £0.14) mg/
mL ] ; In the C4-2 fraction, 97.6% of peptides were <1 000 u. The molecular weights of C4-2-1, C4-2-2,
and C4-2-3 were 597 u, 335 u, and 246 u respectively. This research for the first time studied the method of
preparing a-glucosidase inhibitory active peptide from Antarctic krill powder, which provides a basis for the
comprehensive utilization of Antarctic krill resources.

Key words: Antarctic krill powder; process parameter optimization; separation and purification; molecular

mass distribution; a-glucosidase inhibitory activity
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