s
2 R LVEERARL IR RAE(RAFELRFHER, A4 611137)

FESES R283 XHEFRERS A XEHRS
DOI  10.6039/j.issn.1001-0408.2018.07.25

1001-0408(2018)07-0968-05

# E BB EOURRI Y, FE KRR B TE R, AR G RN R RE . ik AR GRRE Ak
RAR, B ZiX 3 A s b | R A Box-Behnken #6127 ik %7 A8 5 ok 45 B 4R BRER B & 0k b ik A8 B PR R BOR B S AT R
&, FRATEIE R, AEAXTC(VC) Al B, AT, 1-= 2K 3 -2- = 3 L K bk (DPPH) #= 2, 2" -% fUA--(3- T A K F =4
iRk -6-55 82 ) (ABTS) B i 3k 89 75 IR 2 A 3547 , 3R I 50 B & A9 RSN AL B M. 28 R 80805 O A AR SR IR A1 A kb e 281 1
(mL/g) ,#2 /5 Bt 18] 65 min, 4232 %, BiEiXIe ¥, B850 % & 69 T 3R IE 4 65.45 mg/g(RSD=1.68% ,n=3) , 5 FRMNI{A 49 A8 2] %

£ K 548% ., ¥¥(E G s ABTS /7« DPPH @ w L3 A — & 695k
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ABSTRACT OBIJECTIVE: To optimize extraction technology of protein from Cryptotympana pustulata and investi 1t8) in

vitro antioxidant activity, so as to provide reference for further research of protein from C. pustulata. METHO

the ratio of liquid to material, ultraonic time and extraction times. Validation test was condu n

in vitro antioxidant activity of protein from C. pustulata was scavenging rate of 1,
b@ -6esulfonic ac1d) (ABTS) free radical as index.

control ,

1-diphenyl-2-picrylhydrazyl (DPPH) and 2, 2’ -azino-bis (3-ethyl

RESULTS: The optimal extraction condition of protein from C.
ultrasonic time of 65 min, extracting for tw1ce Inv
mg/g (RSD=1.68% ,n=3),
scavenging effect on ABTS and

atw

relativi error

ISPPH free radical,

amount of protein as response value, based on single factor test, Box-Behnken response surface metgogy as

XtRaction
to optimize
tanfin C (VC) as positive

ows as the ratio of liquid to material 28:1 (mL/g),

erage extraction amount of protein from C. pustulata was 65.45

h redlcte value was 5.48% . The protein from C. pustulata showed strong
e a 'ca s. When the concentration of protein from C. slough was 0.2 mg/mL, and the
1éals was 97% , the effect of which was similar to VC. The protein from C. pustulata showed
1G5 was 0.96 mg/mL,

e extraction technology of protein from C. pustulata optimized by Box-Behnken response surface methodology

the effect of which was not as good as VC.

shows high accuracy and good reliability. The protein from C. pustulata shows certain antioxidant activity in vitro.

KEYWORDS Protein from Cryptotympana pustulata; Ultrasonic assisted extraction; Technology optimization; Box-Behnken
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1.1 {88

TU-1901 XEH ER A=A WL A3 6 BT (b a3 43
FRAL 284 BR3F AR/ ] ) s PHS-3C A5 % 8 B 3 (116 T
IXFRT) s DB-206SC H s XUIH I T4 4 (nlg#B R 53k
K% A RS A H])

1.2 @M AHRERF

WSE R A I 1 R AT R T 24 Ml B0 A BR S ] (it
5120160810, ;=1 PU I ) , 28 0 Hh 2 24 K2 5 S IH 2L
P25 5 PR L H B A sROR AR IS R 7 1 i 7 s e
K C(ve, asiRHRfE T, 5 : 2015121901, 46
JE:>99.7% ) ; A+ IE 1R T (R R AR A TRA
F) L, 45090165, 4l : >99.0% )51, 1- 4 HE-2- 5L
2% JJF (DPPH, 3 [¥ Sigma 2> w , 1t 5 . D9132, 4li i . >
97% ) ;2,2 - A IR - (3- 2 KL I = WE WK bk -6- Tt
iz ) (ABTS, Bl £ EMHERAWRA A HS .
D1220A, 4% : >99% ) ; HEE | T A ik (B A 30~
60 °C) E AL ERER AR ERM A R AN AN L A R
SR R b Al , K Atk
2 FiEEHER
2.1 EBSEHNE

PLZE L35 1 2 A 0 B S SR AR AR B 3250 5
il R T o A A R A A < 43 0 R BB TR
10 g A A LA 2 g FIVE A R B4R 0.25 g, 7% T 500 mL 7K
oA A PR B ERA 0.5 g, %5 T 100 mL7 ’/@

Hh

B AT B 50 : 1 IIATR HER OGNS

2.1.1 trifERh & ryehl B f gﬁ mg, 1§
BEHRE, BT 25 mL RRED , Wk ¥ 22 2 %08, BI15 0.6
mg/mL [ 4F fil ] WS, A s a8 BB
X RLARY VN2 .3.4.5mL%E5mL R, sk
FER ML, BSAS TR BT i Wk B2 (0.00,0.12.,0.24.,0.36
0.48.0.60 mg/mL) (% RS IAIRE . AR 2 1 B o e vk
R R SR I 1.0 mL, 43 ) B T HLZERUE L A B A
B A 5.0 mL, #2757, I FE 10 min J5 , [0 4504
HfIn ASRARIHA I (B2 mol/L #E Ak X 1 mL, ik &
2mL)0.5 mL, 37 BPYRA) , & CE: 30 min, SR A 484011
DL YEHEREE T 650 nm P4 AR RE OB RE . A4 I3
P8 R e BE R AR R (o, mg/mL ) WG EE S AR A
(y) 2 i b v il £, A5 A5 0 il 26 05 5o y=1.011 1x+
0.061 9(+»=0.999 8) , #& B £F IfIL 375 1 A 1 o 00 Jo o R 5
LRAEJL SN 0.12~0.60 mg/mL.

2.1.2 FEMPEASEAMNE  BOBE R, BT
40 CHEFAHHET B = S0, IR T426: 1(Vim,
mL/g) FRCRH A R AR 3 K, ARk 1 he WEAR)S
FET Ak, 40 °C T4, BPAmim iRy A . WG 25 AR E
WA AR K 2 g, B T HEIE R P, $%— R BOR LI A
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75% W, SR 5 VA AL AN T 7 pH 28 10, 88 75 B
GEE 75 )20 200 W, 45K Sk 40 kHz) — 5 Y B[] 1
B, SR BOR I L VBB T 250 mL B K EA R
B i B2 1017 00T BRI A ot VS YA ) I O B
THEEA S,
2.1.3 KK KR LY ORI E N
0.36 mg/mL 5T B8 SRR 1.0 mL, #2211 35 R 730
FEHWE GRS, ISR S T B A e, AT 69K
ZEH RO R RSD K 1.87% (n="6) , I #4453
BE AT
2.1.4 FEEMWE K5 SFRIBCELIE IR A R 6 03, R0
2 g RIS BN B T2 55 e 2. 1. 27 BT Jy il A 74
WO, #2117 WUR Jy 0 W6 B2, IF 1S AE S v 2R
MRS 4558, PP RS EMRSD A 1.45% (n=
6), R Z I ILEE MR
2.15 FUEMIAE KRB AR R 2 g, MR
RN R AL T2 40 “2.1.27 R Jy pe kA T4, ek
TG ] A0 AR AR R 5 450, 4262 L1 3 5 )
TE 4 WITHCE 30,4045 .50 .55 .60 min B FE 5L OB,
JEERE P EAN SR SR ENPEATEN
RSD 4 1.65% (n=06) , F Wiz 4E i (25 60 min PYARE
R
2.1.6 MRS ORRFRELE T o i [y i
158 I3 A (2 26 %ﬁ}i}m 2 13
1!3

H I, Wi B g i 5 I T2 A R 4
| AR ARV R A RO, TR b

1
o 2L WIS S S8 IR TR

9.4% ,RSD }2.35% (n="6) , ZHH1Z 5 I R A0 5 o
22 BEZRKEACEHEEANENTE

WLt 2 1 R BRI 32 Z R IR R s, R 1S AT
i B R S L IR I | pH 255 10 At i S A ) o 8 AR 2R
FA T FEL AT, DT 5 0 B 1 P e A D) R o Sk
KB, BOREEE BRI ] R R B S 2 R UK
() SR 20 BOA I G R A i V5 T pHLTRORHEL
7 B[] HR BB R, 25 B O Mgt 2 11 S U 1Y
AR
2.2.1  FFSHVE T pH O IR B IR BRI RS AR
B AR Ry K 2 ¢, BT HEIE M A 1555 75% &
fist, AR AN o B AR A pH £ 7.8.9.10, 11, =
TR A HE I 2 YR, UK 60 min, FEBORIEL , &I B
TR SE 2528 250 mL, 42 2. 1.1 300 T 4845 , I A 5 %
HEHHEH P E A SR SR ILE LA,

P T LA R, Mg 2 P B B Bl AR T VR pHL 3
KGR, M FE 5L pH /T 10 B, Bl 5 15 pH Y38
R Wit R AR IR AR AR, AR VA pH KT L0,
AR T -2 , 25 Fe 2 5 bl v BE 2 S 0l 25 11 45 ha ik
W, T B EE AR PR SR TG , DR L AR 50 it 2 1 38
HU %) pH 5 R 10,
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Fig 1 Result of single factor tests

2.2.2 WORFH T WRSE B T BRI B ORE 2 R U
WRIEM A 2 g, B THIEMH, 204 10:1,15:1.,20: 1,
25:1.30: 1 (V/m,mL/g) B RCRE L I K R 5 1 75% £
Fist , A AL SR 7 pH 10, %8 Y8 75 $E 60 min,
PRI 2 YR, YEAT , A9 2 BRI AR BRI K 2 45 &
250 mL, $% B8 “2.1.17 T NI R B SV TR R T
FIHREA SR, AR A 1B,

F P 1B ] T, W B P ) B I B A VRORE L
FOTE A, Yok} ik 3] 25 - 1B, HEBUE R Bk, LG
YL IRORE . , S RO AR UGS . ORI
HEEE 25 = 1AE Ay e W TAT 3 A ORk L R 2R A e 5.

2.2.3 R R[]0 R A AR IR R ORE AR
WA BRI AR 2 g, B THETE A, A 25 5 L) 75%
fist, F AR AL BN TR R pH 2 10, 205 T = T 4%
FLEL 30 .45 .60 .75 .90 min, 3EH 2 ¥k, D’é
KEZRZE 250 mL, ﬁﬂﬁ“zn”
ﬁf%ﬂfrﬁ,ﬁ\*% < ,/5@
R IEWQ‘?:ESOmmH"JL M%ﬁ%éﬁﬂi

nn A TR

i, & ] mﬁ"jﬁ,%@éiﬁﬁfﬂﬁﬂﬂ %E%mmﬁ
AR R F X AT RE 2 T i el 4, S R AR %
FifE e AL o S 436 75 BT [E] 60 min A Ay v iz [fT 43 A R
R () R 2 A s
2.2.4  FERQREON W TP BGE R RS B AR
WAdE IR A K 2 g, BT HEIE T, A 25155 75% &
fist, FH & A AL BN R 7 7 pH 22 10, = IR 7 2 HL 60 min,
SEEECL . 2.3.4.5 I B EBURIE L, A IR, oK
255 250 mLo FHE 2,117 I50 N BRI E R S RO
IR E S, AR WA 1D,
FH & 1D AT, $ R 1 Ut st 2 1 AN RER AR 4 b4
I >k, FREOR B i 2 YR B, Bl & PR QR B B, 8
PR HGE IS A B2 5 (B AR LA 18 . s B R By
2 URAE Sy i [0 TRT 43 BT B OB R 28 A s o
2.3 Box-Behnken lg 5z H A ALt & HAVIREV T 2
AR RIS R, B OR (X)) A

- 970 - China Pharmacy 2018 Vol. 29 No. 7
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B A] O, FREGREL (XG) A K 2R, DA A 1 P2 U ()
SR AR, FEA T 3 R 3 7J(q7—l§l’] Box Behnken i 50 %31,
DAL A it 2 1 4 BT 2 BT T 17 4106 4
ISy S AU W et PN
*1 BER5EKER
Tab 1 Factors and levels
ES

’Iu /\

R e KR TR
1 20:1 45 1
0 2511 60 2
1 3001 75 3

%2 Box-BehnkenikIfiZit54&E R
Tab 2 Design and results of Box-Behnken test
b [FS

RIG5 X % Y Y,mg/g
1 0 0 0 65.04
2 0 0 0 65.61
3 0 1 1 56.81
4 -1 1 0 49.26
5 0 1 -1 3543
6 0 0 0 65.27
7 0 0 0 63.89
8 1 1 0 60.46
9 0 -1 1 41.89

10 1 0 -1

11 -1 0

g | - C,O

13 0 24.66

64.69

1 61.95

7|<FH Design-Expert 8.0.5 4 %) £ 2 Wh A58 51 7

s ﬂﬂ ANHT AR I 1 ) [ R

Y=64.90+5.00X; +6.38X;+9.23X;+ 1.26X.X> + 3.26 X.X; +

1.04X.X, —5.92X* — 10.46 X, — 14.74X,%, J5 7543 Wr & e WL

%é 3 o
R3 FEDHER
Tab 3 Analysis result of variance

FERBE I A Bk F P
ot 2935.52 9 326.17 34380  <0.0001
X 200.00 1 200.00 21081 <0.0001

f 325.89 1 325.89 34350 <0.0001
X 681.17 1 681.17 71799 <0.000 1
XX 6.33 1 6.33 6.67 0.036 4
XX 4245 1 4245 4474 0.000 3
XX 431 1 431 454 0.070 6
)G 147.75 1 14775 15574 <0.000 1
X 460.57 1 460.57 48546 <0.0001
X7 915.28 1 915.28 964.75  <0.000 1
B 6.64 7 0.95
KA 492 3 1.64 3.80 0.1149
i 172 4 043
BA 2942.16 16
R=0.994 8 R/=09723

FH 2% 3 A A1, ASHIF 52 Fr e ALY 1) P<<0.000 1, FBi%
PR ELAT 3 P s TRI R, SR BL00T ) P=0.114 9>>0.05, A~
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A 1, RIIBERTCR  BARA AT s R°=0.994 8,
R.’=0.972 3 Ut Wiz B R0 m] DU A B 97.23 % B e o« 25
TR AR R ELA Bl (R v R P R AT S AT TR
7 il D 5 2 1 R A U RN A . T 2240 Ml
FER, WRORE HE B ST V) AR B 00 gt 2 1 2 B
YELAT S 2 R 50 RN SR B B B > B S ) >
REEE, ELVBORHEE BRBGR BB B8 75 S ] (552 B
FH B R S50k w2 P B I Y HAT B
2.4 ur]r‘ﬁﬁﬁﬁ

— A DR 2 [ A K 3 2 2 B R T
M) S Eﬁaﬁﬁﬁﬁ B WA A8 1 DR 2 el i 2 1 R O
Rz, 25 5 WL 2,
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Fig 2 Response surface plot and contour map of the
effects of each factor on the amount of protein
from C. pustulata

F T 2 T2, YO LRI e i) e st 26 1 4 B
AR R TRORE FE AN AR | I 5 R 7 ] ) S < W gt 7
P PRI ST 05 BN 5 T 7 Bk (AN A | Wl 2
FRIBCIE B VRORE LU 34 fin i i w5, LR 75 B ) R 5 2 11
PRI S MR o WBOR HE R R B s B A 45

P 2 VIS TR, 2 A o gt 28 1 41 B o L 8 52
IR ZE AT M BE L , R W BRI IR . B
] 5 4 B A 22 AR 4 e £ RS B, 10 B HG 5%
M AN S8 3 o A 8 5 R ) e O AR 2R L
27.84: 1(mL/g) 4L HU}[H] 65.38 min 2 HK £ 2.39 K,
I it 2 1 4R R R 69.25 mg/g.
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25 WIERIE

xR PR AT AR S BRI R T 245
PREAT THBIE , fie 2 e Wil 2 11 I B BSR40 < O
2 g, WOBHL (2821, V/im, mL/g) , #75 i}[i) 65 min, ﬁﬁx
2. VMBIE G B T e 105, S AT 3 Ik, I
FI] fry W b8 2 11 B UL R 65.45 mg/g(RSD—1.68% ,n=
3), 5TME (69.25 mg/g) AT IR 224 5.48% , 1%
TSR MRS ] S
2.6 HEEIEQMNEIMLENRFEERER

W I U 2 A4 T R BGRAT I P2 B FH SR R A pH. 22
W 1A S5 L (pH=5.8) , SR LA 02424 9.5 cm
5 000 r/min &[> 10 min, 2 & K PR ULIE 2 I, & 9115k
W, W pH 2 B TSNS, 4 CiENT 48 h, 1%
VR, Al oK 0 Z T TR R 6 A T AR AT
AALTE SR .
2.6.1 DPPH H HiIEHSEREENE S MSCHR[201 0515,
43 EL 2 mL AS[R] iR (0.2,0.4,0.6,0.8.,1.0 mg/mL)
A WL B RO VC ST T HLZE 2 s v, A4
A 2 mL DPPH & (FHJC/K 2B il 457, 0.2 mmol/L)
RAEIE] AT F I 30 min, F 517 nm K
AL 7 S R PRI O B A i A 3 IR Hﬂﬁiﬁ
{H, I+ DPPH H H L1 R : DPPH H 3

[1—(A4,—A40)/A]x100% , Horr , A Sy ke TSRl
E’JIQ%%E,AO%J#%%% G e RO, A

s s R L 4.
1 ABTS E HEHBRIEEXR

4li§/K 5 DPP

gt

& Determination results of scavenging ability of

protein form C. pustulata to DPPH and ABTS
free radicals
DPPH A HIEF R, %

ABTS A IEER%, %

B, mg/mL

PR VC PR vC
02 302 94.1 97.0 98.9
04 38.1 954 97.8 99.2
0.6 32 96.4 98.1 99.4
0.8 475 9.9 934 99.5
10 51.0 98.7 98.6 994

H 2% 4 T 0, WA 25 (1 6 DPPH [ i B A —E 11
TH BRI B 5 I AR 1 VC A L, HoX DPPH [ i3
THBRAE RS . RN 0.2~1.0 mg/mL L P,
W 2 116 DPPH H 35 BR AR5 2R (e T i v
5t , AR BE BRI (1C5) 4 0.96 mg/mL.
2.6.2 ABTS H AW BREESE 2 BT 40,
il % 7 mmol/L B ABTS %51 Fll 2.45 mmol/L fY 4 7 iR £
W, B A ISR BUR S Sl RS T O
B AE R . WL mL AR, F 45 mL 4 B AR R
ZAE 734 nm FA AL IO EE S 0.7 £ 0.005, B2 ABTS
1) TAEW . 3 B2 mL (4 Wbt 25 1A R VC I (L
T 70905 0.2.0.4.0.6 0.8, 1.0 mg/mL) T H 2 %]
B H, T 4 mL 9 ABTS TAE W, it 6 2 [ 6
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min, 734 nm AP B AR A I 3K,
BOEIME , I3 T ABTS A LA % . ABTS A
AT BR R (%) =[1 — (4,—40)/A]x100% , Hp, 4
FEoh 5 ABTSTR G IO, A i -5 IR A W)
HIR SR , A R 4EEk 5 ABTS IR BRI G RE , 45 5 W
<4,

26 4 I 0, Wi 26 115 VC X ABTS A L B
Bom S RRIGTE . FERTREWREE R 0.2 mg/mL s, Bl 28
Xt ABTS'F H 35 BR R /1K 97.0% , HAEFH 5 VC A 4.

3 Tt

25 H AR I 2 8 T BRI R AN U VA X
gt P B IR RS ) L 43 i) LK RIS ) v B2 1) & R
ARBUAF , 45 R L) 75 % Z A R BRI A HRE
A, FLRE RS A Bh R B R S R U R R B
(B S, WA 5T LA 75% C A R I 7], SR 6 75
B EREU PEU 8 AER S ARG R v, B
AR A E K R 75 I S i T iy, B i B A 2 AR
Sy i A R 2B R 15 min BE G 1 OGRS PRI
B R K DA L AR T DT i/ o B B, P IR
TR TR b, R 0 R 304 st 2 1 SR IBUR A pH L B
mﬁ?ff,iﬁﬁ%%ﬁ?ﬁ%é@lﬁﬁﬁﬁﬁﬂmﬁm F4) 252 FL 25T

E?jcmﬂjﬂ’a pH{E) 5.8, i1t WF 78 M@ ARER 7 |
%f&ﬁfw A T T e R Y 3 T L R 2
5, 7;2%%53%@53‘/2%%55%%7&@ , HA kB X T2
JURC 5 A o R P T 5 R B A | TR AR AR 0 S
YRR, BSOAS IS SR A PR I 00 o WG 28, 1 174) 5

AWRTE VPR b 8 75 I R] | B2 O B 5K A
% EA R FR IS A FERE |, EF T Box-Behnken Ufﬁ]fhﬁ
B BETT, f gk s gt 2K B’JTEEXI
rE i 6 4 ], ARy ) g;g [A] %n

H HLRZ IR /)N

SEIPCIBION Wit £

BB > Tﬂﬁf“ﬁ/zt{jEL,
HE K 2 ‘%HX #F (451*%!:%728 1,
| in, S22 U, AR AF T EAT 3 ISR IE I B

45 Rt A P AR U 65.45 me/g, Eﬁmﬁﬁﬂﬁ{)ﬂ' I
EE Sl

W2 LA TS Z a7 LD PR 2 Ak
PR R E S, A SRR, SR LA T I
it gt B 1 BAT B BRI 1, 3 AT o R AR

FIBTF R AR IERT o SR, AFFALIEAT 1 RS
SEALTEMERIE S, BOR SR SRR b e 0 HHE A TR TR

FETEEFSE -

S ik
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