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HRRREURBEEFARNFEG R AL L 54485 30 min,

B 50°C kA 20 ¢ 1 ml/g, 48 B 2 & 150 W3 Bk M 2 K, EWEH T EETROHNE
B RAFEXE(11.8740.32) %, vh @k id TR FER R B KBS, KK EF 5 G R
PEORRBLE T ERE, AR —F TR EETHOREORETIRE,
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1 #R57EE
L1 skt

JE AR R CH A 3R 480 bR A 8 75 b IR 8 R 2 AR
ARk 7 B AH ) BT 5% BT 45 5E O JE i 4 LRI (Nitraria
tangutorum Bor),

Z O ¥ G-250 (Amresco 28 F)) 45 il 4 MLE H
HH (Sigma A ) , S BE BB Y R 43 4t

KQ-250B a5 o I 1 e A (B2 LU T 7 A A8 A PR
A FD , Labtech UV1000 $840A] L4360 BE T (AL B3 4R
FRMUER A BRAFD AR K W 4 (g /R AR 2k
ABRA T, RE-52A Jig #% 78 & #s (B8 E 5% A AL A 4%
J7), SHB-IT & 3h 7k X 2 Fl B 28 % G KA T3 A
PR FE]D ,BL320H B F R F (AL R FIHT K P A RA
A, LGJ-18S Y2 R T AL (AL s A IRAE ML B R R A R
AT, TDLSM & X R A 8% U B O AL G AR O AL
/DN
L2 Bk
L2.1 EmaBRBUE SR A E S RN TR

JE R SRRy A O — R — B EE P

B B 418 , B E 3B —10 000 r/min B> 15 min(HX
EEEERSE -EE TREEE B FENE
HIR.
L2.2 BRERERRT FEEFReEA 200 1ml/g,
R A IE] 30 min B DA 150 W, 2 HKEL 2 KA 444
TR IR BE PR 30,40,50,60,70,80°C /K5 24 [ 5 444
DO ] 30 min, BFEZHAR 150 W, R EE 50°C, 32
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BUREC 2 YR BCREEL BEHR 5 ¢ 1,10 ¢ 1,15 ¢ 1,20 ¢ 1,
25+ 1 mL/g K 24 [ 2 2544 AR 20 ¢ 1 mLL/ g,
P E] 30 min, 8 75 R BE 50°C , JEHUK B 2 WK S
BT 100.125,150,175.200 W 7K ; X4 [ & £ 4
ORGSR 20 ¢+ 1 mL/ g, 48 75 A ] 30 min, 4 7 IR
50°C, A Zh=R 150 W IRHEBUABGEEK 1.2.3.4.5 /KF;
4 [ 8 SR G 20 ¢ 1 mL/ g, IR EE 50°C, B
FRINER 150 W, SRHREL 2 YR 8 75 A (] 356 B 15.,30.,45,
60.75.90 min KF-#EATIAE .

L.2.3 map; AR E T AR RIS R N
FH Box-Behnken F) #0240 A SR BT IR BT 04T 4 B
& 3KFRIRE T, RIEH RAK I 1,

*1 NI ERFKE
Table 1 Test factors and level
S K Level
Factors —1 0 1

#75 it fE] Ultrasonic time/ min 15 30 45

HA IR Ultrasonic temperature/ ‘C 40 50 60
Wik Ratio of water raw material/(mL « g=1)  15:1 2001 25:1
7 #R Ultrasonic power/ W 125 150 175

L.2.4 PrfEhRMehl 435K % W BRI I (4R
I3 2 B ¥ W 0.00.,0.02,0.04.,0.08,0.10,0. 20 mL F
10 mLEZERE F, ZFEMKE 1 mL, R5&KE F
ANE O G-250 ¥R 5 mL, R4, & 10 min, T
595 nmAh I & HR Y6 RE , DA 2F I 35 2R AR T WO B
Ak B, DA 6 BE R O Ak AR, 2 AR oE Bl &R (Y =
0.231X—0. 007 9,R*=0.991 8),
1.3 IENE

JE R R R R E SR S S 8K G250
AR AR EARASR OO =HEAFS P EAR
i (g)/ JFRHE & (g) X100%,

L4 HHEath
A HAER A SAS 9. 1 BAfF#AT .
2 HBREHMH

2.1 2PN R ORI AR A M

2.1.1 MERENEARSRGER  hE 1A,
FREEIRE TR, 2 E R AR B R 3, 50°C I R
A Rk B IR K, B A 75 TR R 4k S 1 K, BT DL
T R R S T2, AT R R 1 R P 0 T
HZmZ M #E B HE R R o TR MR E AR R
A, NI S BEH RS ERE TR, Wik, @5 E
JE IO 4 il E — e T Rl AT

2.1.2 VORI EEEARAE M B 2w BOR
L (15 + 1~20 * DmlL/g REAFEHRR EFA MR, R’
B EEARET , B T REE KA TV BOE R R MK, M
BHEGEE] 20 ¢ 1 mL/g B4 T3 Bos 5 8 i . |
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Fig. 1 Effect of ultrasonic temperature on protein yield

A\

5:] 10:1 15:1 2(;:1 25I:I
WL Ratio of water to raw material/(mL-g)
B2 &EIEXZEARSERHRM
Fig. 2 Effect of the ratio of liquid to solid on protein yield

I, BORLEE 20 ¢ 1 mL/ g 347
2.1.3 MAEREXNEHRGRKEmM K 3 AL bE
A BIRB A ENFR/NT 150 W R H B
HEINFE A, R AT 150 W 2 J5 8 H R R X &
# TR, XATRER i T8 5 BRI/ T 150 W X 40
MR BEIME R W Y 2 3R Wi, B R R
T 150 W iy A, 2B H RS R BCH B
PR it B AR BBUBE P B T R LA 150 WL

H/\H

l(;O 12.5 1510 l7l5 2(;0
#BRL)R Ultrasonic power/W
B3 EFEENEARGENRMN
Fig. 3 Effect of ultrasonic power on protein yield
2. 1.4 RIBORETEHBRGRKEmM  HE 4 7R,
EESHETIPTIN R -E: 8 & Gk P I S =i
BRI A E4RE 1 SRR 2 Z AR IR
HEINELHA B 5 4R 2 Y5 PRI 3.4 YK ] 4R ORI e F
Z, TR AR RC LU 2Rk, B
1, N2 B FIFERERY M 225 18, SR IO B £ 2 Ik
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Fig. 4 Effect of extraction times on protein yield

2.1.5 EFE RS E H AR mE S AT BE
5 R P I ) AR S, p T P R ) S ARV R {8 7 4 e
RUSTREIR M A ) S T 2R AR R B R R T
o LmFIE]7E 30 min 2 B L BIAR AR , Bl A 1] 4 5
TR PR R T A5 B LR R, 8 H AR R
2 TREBHIFE—E I B B RFFAAE . PRt , i 7
] 30 min fxfE.
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Protein yield/%
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Fig. 5 Effect of ultrasonic time on protein yield
2.2 el TR A3 AT VA A R o AR B I R S U B
BRTYE
2.2.1 maniERASE IR IR RIS R ek
PR A/E P B[R] (X)) S P TR BE (X)) JRORHEL (X)) LB 75
AR (X D4 AN E, DU R B0 2 A5 30 2 e B
AT, R IR 2,
2.2.2 [PIABEARIGEST 5040 R 2.3 WA, DU
F VR TR AS R e N Y B R] R BE OB L RN T
R E AR, 1S EE R R Y =12, 4740, 22X, +
2.13X, + 2. 48X, + 1. 30X, +0. 15X, X, — 0. 25X, X, —
7.50X, X, +0. 50X, X; +0. 76 X, X, +0. 91X, X, — X,* —
2.25X,2—2.71X,"—1.81X,”, AT REBAEW K
PR R AR RE AAE EAE A L 48 BBD B4 T BRI %
Tho FERES VR AR R (X)) B IR EE (X)) JBURHEE (X)) .
AR (X D4 NSECT 4T 29 il K5 Rk 2
ik, BHEFEHEE 3.08% ~12.87%, M R =

0.972 8T A, ik B 45 R 5 EIR HONE B A A CHE. P 1
VER—F TR I A R B T, P B/ BE 4 18
EFbbm . SRS X, GEARED X GRRHD X, GBS
ZHAR) X (L AR i 25 (P<0. 015 X, X, GRS IR BE
FEENE) X X, BB LU 8P TR) Xk i 7 (L 14 52 i . 2
(P<C0.05),

*2 REHRRER
Table 2 Experimental solutions and results
K% Factor
o Xy AR X MARE X BORlE Xy EATIER BARAERE
Test No. Ultrasonic Ultrasonic ~ Ratio of water ~ Ultrasonic Protein
time temperature raw material power yield
/min /C /(@mL«g™1) /W /%

1 15 40 20 150 6. 66
2 45 40 20 150 6.84
3 15 60 20 150 11.56
4 45 60 20 150 12.34
5 30 50 15 125 5.66
6 30 50 25 125 8.31
7 30 50 15 175 6.02
8 30 50 25 175 12. 32
9 15 50 20 125 7.29
10 45 50 20 125 7.64
1 15 50 20 175 11.12
12 45 50 20 175 11. 44
13 30 40 15 150 3.08
14 30 60 15 150 6. 06
15 30 40 25 150 7.38
16 30 60 25 150 12. 37
17 15 50 15 150 6.08
18 45 50 15 150 6. 66
19 15 50 25 150 11. 25
20 45 50 25 150 11.73
21 30 40 20 125 6. 63
22 30 60 20 125 8.72
23 30 40 20 175 6. 89
24 30 60 20 175 12.03
25 30 50 20 150 11.50
26 30 50 20 150 12. 87
27 30 50 20 150 12. 34
28 30 50 20 150 12. 90
29 30 50 20 150 12.74

PR 2 BRRFE

Mean square .68 Coefficient 7.35
error of variation

R 0.972 8 SEXIE Mean 9.26

2.2.3 WA HIZ T =4ERRA A5 T YRS R 2k EIAR
FELHHAR T R AR . IR 6 ATLAE i, R R
FRTSR B PRI ] -5 3 B2 3 P48 e » (Rl —
FRISELR » SRl SR BN AL SE K R BE TR s/ N, A 7
AT GRS I R ANAE B OB EL S 0, R S
RGN, FEEBORH LA BE— 3R AR AR 15 P 2%,
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3 FESH
Table 3 Analysis of variance
TFERAR I H B ¥ F{H P
Source SS df Mean square  F value P value
R Model 231. 33 14. 000 16.52 35.74 <<0. 0001
X1 0. 60 1. 000 0. 60 1.30 0. 2726
Xz 54. 61 1. 000 54. 61 118. 14 <<0. 0001
X3 74.00 1. 000 74. 00 160. 08 <C0. 0001
X4 20. 20 1. 000 20. 20 43.70 <<0. 0001
X1Xz 0. 090 1. 000 0. 090 0.19 0. 6658
X1 X3 2.500 1. 000 2.500 5. 408 0. 9424
X1Xy 2. 250 1. 000 2.250 4. 867 0. 9827
X2 X3 Lo01 1. 000 101 2.18 0.1615
Xo Xy 2.33 1. 000 2.33 5.03 0. 0416
X3 Xy 333 1. 000 333 7.20 0.0178
X2 6.43 1. 000 6.43 13.90 0. 0022
X2 32.89 1. 000 32.89 71.14 <<0. 0001
X3 47.52 1. 000 47.52 102. 80 <<0. 0001
Xy 21.32 1. 000 21.32 46.12 <C0. 0001
2% Error 6.47 14,000 0.46
KR Lack of fit 5.10 10. 000 0.51
#4iiR2% Pure error 1.38 4. 000 0.34
B Total 237. 80 28. 000
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R SR IR T 20 ¢ 1 ml/ g B, B H S 352 BHR
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Fig. 6 Effect of ultrasonic power and ultrasonic time on protein yield and its contours
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Fig. 7 Effect of the ratio of liquid to raw material and ultrasonic time on protein yield and its contours
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Fig. 8 Effect of ultrasonic power and ultrasonic time on protein yield and its contours
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Fig. 9 Effect of the ratio of liquid to raw material and ultrasonic temperature on protein yield and its contours
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Fig. 10  Effect of ultrasonic power and ultrasonic temperature on protein yield and its contours
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Fig. 11 Effect of ultrasonic power and ratio of liquid to raw material on protein yield and its contours

IR ARIKF] (11.8740.32) %, P tk, R A RSA 41
A B IR BARES B0 T 52 .
3 %Kik

HEM RN RRE, HE T B REE S
e Bh RIS B IE BLKFYE L SR 5 SR FH e i TED %
Xof R AR R 2 R A B R B T 2 kAT k. TIE
SIHTaE SRR I, B A R R A R &
YR Ay 875 ¥R BE > W0k L > M5 Th 3R 1R B IR S
RN AR RN D, ERERRTZHN.
P ] 30 min, 8 7 IR EE 50°C, OBHEL 20 ¢+ 1 mL/g,
FAThER 150 WL IRBUREL 2 WA T Bl R R E
B SE RS 38R B (11, 87 0. 32) %5, B ik, SR R Wi oz T
BB AR R MR AL A5 R v e R R R S IR AR
B RAR AR, BEhE B T FR e i IEAS BRI 5 BT
R R, XCELAR SEIONE B e BT M A P

&% 3k

(1] 5. ARV RIF LRI Bkl RHE 200001 :17-18.
[2] PAN X L,SHEN G M,CHEN P. A preliminary research of taxonomy

and systematics of genus Nitraria[ J]. Acta Botanica Yunnanica, 1999, 3 : 287-
295,

[3] FEAE, AL, TRHE M. Sk K 20 3 B 25 5 i 46 1 R 6 VR A 2 R L 45
ARALT]. HiERHL,2005,12(1) :15-17.

[4] #0546 /K, Li0E. AREEERY TR AN ELT] m5E
R 52 5,2005(14) :21-23.

[5] ERHER KR £V B0 538 o = W X 25 A A (M. 22
M H R AR A, 1973,

(6] WzTF W, BWA %, FH £ e B4 K Th it 7 ik
JELTD. & i Tk BH,2010,31(7) :371-373.

[7] A%, VEDUR. 5 96 58305 7R 430 b 35 vy 4 11 1 2R 552 1 Ik i 14 PR
(1], & iRk ,2004,25(7) :164-167.

(8] JVIZ=8 50 I, SRR Bk, 5. B AR AEL A 1 2R 52 9 78 3R LA B LA
FEAERMBIRL]. BRI, 1994,16(3) :338-341.

(9] XU&ae, 24, . ARIRERERSHT] KRR E2,2001,23(5):

146

289-290.

[10] Bu##Rvb Jise % /R A, VR e 3. R oy 4R 1 R0 B AL 9 14 Ak 22 B 4 4
R RGFEE T FEAREZERCH AP ,2003,20(1) :50-54.

(11 EBME, ZEEMR, RA . B AR F 22L& YR ERR T
L] BB, 2004,25(7) :97-99.

[12] REF, i, U, 505 A0 R FE 7l % R b GR35
PafEABEFELT]. RRF=HIWE 5T 57T & »2005,17(5) . 573-576.

[13] YAO H L. Optimization of ultrasonic extraction process of polysaccharides
from Ipomoea batatas[]]. Medicinal Plant,2011,2(2) :53-56.

(147 230k, 35857 . m O I vk A 75 e SR UMIAT 20 T 200D, o IR
1#,2011(10) :122-126.

(157 A7 SCHE , T EE 4. Wi O T 925 B LA B0 Tl A B R FICT . o B o
Jnzy,2005,12(2) :68-71.

(161 BXREH, Yo 30, 7 3, 45, WAL TR ¥ U0 A ol 0 Bl 48 B AL 20K 3 59
T 2B B EYI 24, 2013,4(34) . 764-770.

[17] ZkJE6. 2 A B Aifb A e R (M. b st Rh2 it , 2000.
[18] BKARVE , AR e Wi 7 18T v DAL SR BUIE UK B Ul T2 R [T, B2
#,2013,27(7) :988-995.

[19] WK, A BB (M. b5t Ak % Tl i jiidt: , 2008,

[20] SUN Y,LIU J,KENNEDY ] F. Application of response surface meth-
odology for optimization of polysaccharides production parameters from the
roots of Codonopsis pilosula by a central composite design[]]. Carbohydrate
Polymers,2010,80(3) : 949-953.

[21] SUN Y,LIU J,KENNEDY ] F. Extraction optimization of antioxidant
polysaccharides from the fruiting bodies of Chroogomphis rutilus (Schaeff. :
Fr. )by Box-Behnken statistical design[J]. Carbohydrate Polymers,2010,82:209-
214,

[22] GUPTA S,MANOHAR C S. An improved response surface method for
the determination of failure probability and importance measures[ J]. Structur-
al Safety,2004,26(2):123-132.

(23] B3, A0S0, 8 10 S, 5. A ST P i Jig 16 & Wk 335 3 k0% Wil . THY
SMHTARALLT]. AR AR IR R S22 CF ARBL2ERRD ,2007(2) :93-97.

[24] ZRESHA b5 4. A B IR I 2 T2 R U] AEm TR
WA AR ,2004,32(8) :93-96.

[25] KT RN, FEHG , 5. TR N I A BTk LA i b 20k i kB T 2000,
B R (H RBHERRD ,2004,25(5) :642-646.

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn



http://www.fineprint.cn

wF @ ¥ 2015014):147~151

DOI.:10. 11937/bfyy. 201514038

M oz TSR LM B 3 & HEIR EN T2 6

F P f R, FoEOE

L EMRA R 2R H255BE, JAR Ak 132101;2. K Bl SiEY B EA A S RPERE BREALRE,
AR TR 13210153, BT R ER 2GR 2520, TLIF Mo 210023)

s PESREEINT -

&

W EARBENRM, A S EAGRRE A BAL, o R R BRA L B EH R BERE,
FIHSE) 4 A E & # 4T Box-Behnken ¥ w40 4-i% it , Bl B @O ERALERE S BRIR L
Lo ZREAN . FHELEBORERRILEHE AR50 1 ml/g, 8 FRE 63C, 8 %5
500 W, 323 A 1) 30 min, H $4B04RIEH 2.448 6%, AR EH AT E A TR L8k,
FikEE, AA TR,

KR T 20 N IR 2

FESEES:S636.9 CEFRIZAG:A  XEHES:1001—0009(2015)14—0147—05

Z= B3 3¢ (Potentilla chinensis Ser. ) B EB P TR 3R
JRAEYT BV A N SR TR R TR
BRSNS i 55 s AR ZY B I Y s B [ SR K 4R
YWERA RGBSR ) PO 7 T R4 LTS M E . L
AL PR TERR B R SEAY . BRSEZHE(PAP)
RREFRN FBEEERSZ - Bk R R, &

F—EEEN T A8 4, AL, B HETEOARRSEY

BRI LM PADP X i Je 4 A A (L RE B4 4 T el g 40
i T L 386 5 3R Sl AL AR ) BB 2R G 38 5 S e A T 1
AT ELA 45038 (¥ L b Rg i 1 M . R SO J7 (8,
FERTF AT (B TR SR T Z A il . %
IR AR BT I il BN R 58 T BORHEL
A [B] AR G DR 4 AN R R RS R
AR A RO, 38 5 ) 7 TR 95 G A 2R B 3 22 Wl i AR 3R B T
L ATBEERHE— ST R BB KRS

4%, E-mail :limin1042004@163. com.

HEETH: kL3S A RABERPTREZRELER T
KBFH B (FREAF 2013 % 012 %),

rFE HHA:2015—01—23

1 #BEFE*
L1 s
PAZRRR STHR A AR B 2 B 25 A Y

Optimization of Ultrasound-assisted Extraction of Protein From
Nitraria tangutorum Bor by Response Surface Methodology

GAO Qingya"? ,ZHAO Baotang"? ,ZHANG Ji'** ,ZHAO Qingfang' , YIN Zhenxiong'*
(1. College of Life Science, Northwest Normal University, Lanzhou, Gansu 7300703 2, Higher Value Application Engineering Laboratory for
Gansu Distinctive Plants,Lanzhou,Gansu 730070)

Abstract: Taking Nitraria tangutorum Bor as test material, based on single factor experiments, solvent-solid ratio,
ultrasonic time, supersonic power and ultrasound tissue temperature were selected as influencing factors. The experiment
mathematical model was arranged according to Box-Behnken central composite design, for protein yield as response
values. The results showed that the optimum extraction conditions were that the ultrasonic time 30 minutes, ultrasonic
temperature 50°C ,the ratio of liquid to solid 20 ¢ 1 ml/g, ultrasonic power 150 W. The protein extraction yield was
(11. 8720. 32) %. The mathematical model and the experimental data were consistented with response surface method;
the optimization of the fruit of Nitraria tangutorum Bor protein extraction process was simple, provided the basis for the
further development of Nitraria tangutorum Bor protein.
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