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i E.ABIRAELEG AR, T BAFAE R = F T AR 282 2 (2,2'-azobis (2—amidinopropane ) , AAPH ) &4t %
&, W BACE & 5 5 347 R B AR B 21 % (0,100,200,300,400,500,600 W) A2 /&, vh 3 % & G A xR, #ATIR AL 5 4L 72
3B G LA (B4R ok BB 8 4 3835 B ( Protein disperse index,PDI) (4% 2B 24 B AL ) ER KR ) Ao 3l Ak
F(EME S ERR BT O Fh, ERAN . AN ELZEOREMRMIL, THEBARF (2 E 500 W) &
FEALE G 8T 4542 W 855.33 nm FE45] 50734 nm ,PDI 1 0.97 KeA&5] 0.26 , 3 & 1 543 F I65] 267 , & @ 5 At Fo
HRANARET 11804 #22.3% , LA E R LR E W 5 AR & T 207.95.361.48 m’/g, —# bt 4 T HAKT
0.77 nmol/mg,B, - B LEMEIK, - B LM AAEWENR G, BE LB M, X FELEERAE G IR
PRAE, LG TARALEEREZ RGN, ARG T LA Z B LB kR T E A2k A,

KB RERG,AMREKR B ELE, SH, HH

Effect of Ultrasound on the Structure
and Properties of Oat Protein Oxidized Aggregates

XU Yue',GUO Ya-nan',LI Shun-xiu’ ,MA Jun’ LI Ming-yue’,
WANG Zhong-jiang' , JIANG Lian-zhou' ,LIU Jun®*

(1.College of Food,Northeast Agricultural University , Harbin 150030, China;
2.Shangdong Yu wang Ecological Food Co.,Ltd., Yucheng 251200, China)

Abstract: In this study,oat protein was used as raw material , and the oxidized protein was oxidized by oxidant azobisisobutyl
hydrazine hydrochloride (2 ,2'—azobis ( 2 — amidinopropane ) , AAPH) , and the oxidized protein was ultrasonicated at different
ultrasonic powers(0,100,200,300,400,500,600 W).Using oat protein as a control ,the structure of the protein( particle size,
turbidity, protein disperse index ( PDI) , potential, secondary structure, functional group, hydrophobicity ) and functional
properties ( solubility , emulsification activity and emulsion stability ).The results showed that compared with oxidized oat protein
aggregates , the average particle size of soluble ultrasound ( power 500 W) oat oxidized protein decreased from 855.33 nm to
507.34 nm, PDI decreased from 0.97 to 0.26, turbidity decreased from 543 to 267, surface hydrophobicity and solubility
increased by 1180.4 and 2.3% , respectively. The emulsification activity and emulsion stability were increased by 207.95 and
361.48 m’/g,the disulfide bond content was decreased by 0.77 nmol/mg, the B, —folding structure was decreased, and the
a—helical structure the random curl was improved, and the subunit content increased. The emulsification properties of the
oxidized protein after the super—life treatment were significantly improved ,and higher than the emulsification of the oat protein
after oxidation, which provided a methodological and theoretical basis for improving industrial production and reducing
enterprise losses.
Key words: oat protein;oxidized aggregate ; ultrasonication ; structure ; properties
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MERPIR N =T R R E E IR
MHABAR = B A B A, HA SRR | BRI 1 B
EDIRL ., 2002 4F HEFE AR Ry 3 T AR 2% 35 0T 3k 19
CEBRT AR T E— AR E SIS
T, Hoh g B R B A HE 22 2B B T L AR B R
B HEE R T il DU AR R Y (AR
BREE 1 B R UM R D) AR SR A A,
TEME T S 53K 15% Zodv , R/ NEBy ORI 1.6~
2.3 1%, HESE R P Y S R TR 4H B 32 3 FAO/WHO
A 75 FRAR =, AR R =, B — s
FR R 1 6 SR FIURS PR . A IS 26 W, A e o)
LB R E TS A i, OA R AW
FREIR AT 1E Sk & Bk S E Y . e E A AA R
R E SR A T B AR e, T T N T E AT
. (H G ZE b S A R a9 s D, 3L Bk
10.57% , 33X 322 TR AW B o itk . THEZ R 4R
AN oA 5 e A= AR Ak, 43 PO 3 A 5 7% 5 4
TE RS SR A, A6 B K P A s L 5 7 VR T i — 28
TE RS T SR AR A, T B0 A B R A o 0 P R AIG
HET S B0 S BB ERY R IR

EI AT, 38 0 4 B T B S AL 86 L R AR (R b 47
P IFIE BTz, il A D A B bk vl el g 4k
FLC R v R 4y oAb B A i e P R SR AR A G
25 [A] G5 M0 ofe e 38 285 1A o A Sh BE R o (L7 34 Joi 4k
HFR N AR S K A BR BN, o Bk AT Tolk 4k 2B
75 K i EE 3 b BB ARG BRBE A pH | R B 45 B SR 4
o PRAEXE R K TR A S — Fh AR S B T4
A, FHSEE R BRER R, BinE & E R T
v AR S IR R B AR A AR R AR B B U]
] DARY R 4 45 26 (1 45 M BOVEFE 7, an U e fE e
RN KA | PR T ok A8 38 1 Bk AR 40 A v L $ e
T PSR T B9 EE K PES T e R B AR VA A R R EL
AR L R AR B B4y TR SR AR R A T
HHEAEA A BRI H & AT T 207, PR A A
BB T B A L 2 R ER, DLk 5 ffe 5 42
AR AT REREE R B, oA I R X )
A F TIKER IR EL (AAPH) 43R 5= A 19 & A B 2%
JE NG T A A S B e R B el S P AT
b e (AR 2 X B R 5 A FTPE B e AR ER R R ), HL
SR FH I T g i 114 SR A b SR A AR B B RS S A
I, LK AAPH A Ay # S S A0 2R 1A 3R 1 404k
7T,

AMFE LATMERE & P S WF o 4 5, SR AAPH
FHET S A P B - AR SRR R AL i e
A R SR AR 0 A R P SRR K AL R 4R
A 5333 AT AN IR 8 75 By 22 (0,100,200, 300,400,
500 600 W) [ 77 b L, 8 5 48 75 A B X 2R 1 45 4
ik Cpife PDI JUE Wy TR EEM B REHT LBk
PR Ao ae R (FE R R FLILE R LA AR M) A
ni) , A AT 5T R 75 Xk 4 Ak R 1 45 A 19 B 5 ) RE R
PEARILI S R, DLIITE 43 F /K LT e Z R H A
A 2R SRS i B DL, SR HE S AR T I T &
DA B At iR A P AR e
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WR SRt

1 MBERE
1.1 MBS

MEEEE Al 85% , VU LEHE PR AR W4 AR A R
ONED AEERE R AL TR A BR A F] =
o KRBT EEAAIRFIE RN A & A2k
(NaNy) INERWEPIHTAHRAF; LR R
TYCEAG ML TG B-Fidk L BE  Geniview 4\
A iR R Geniview AW HA 5 T kg £
(AAPH) 32 Sigma 2\ A]2—- KR (DTNB) |
DU Z. g (EDTA) (EDTA ghdh  KE s 1k
TABRAT L, 1- -2 SRR g
BRI BR S F] A58 i (OPA) M Al
WRGHAMRAF] 8- 2K ZEME -1 -iREL (ANS) I
RT3y A B 7] s PREE (Urea ) 32057 XU
LRRAEY THRA BR AT ; Tris— Gly ey (pH8.0) b
FUORJRIERAE B ARG BR A F IR Bk ILAR
IR A BRA A s+ e R e (SDS)  &REE
ETRM A RS A .

Biosafer 650—92 #8740 Mo mE i FE AR
N F HH-6 BUR KBS IR ZHERHE R A6 RN
] ;LW-1600 FC 480 Lo E it B4R
FAUZS A BR N F] ; Zetasizer Nano ZSP By IR AL AR 2
) 3 F—4500 264366 RETT H AR HITACHI A+
MAGNA-IR 560 {37 AR 2T 43 S EJE =5
N Ultra— Turrax T 25 & 4B 8y fE2 FE IKA 4y
] ; ALPHA 1-4 LSC BU R T HL 8 E Christ 2
) s PHSJ-4A RIS 2 pH 1+ E B RN A
DK-98—1 AU MR /KIS R A lrhr U # A R
ANH]XW-80 A igieiREay HIETHHY T
1.2 LWHE
1.2.1 w7 R 22 AR 09 A Ak 3R AR AR 1
% ARYE ESFPFAE 1 7 v I s ok, R A 2 R
F 0.01 mol/L pH7.4( £ NaN,0.5 mg/mL) [45IE £h 5%
PR WIS R 10 mg/mL (1 36 22 R IS, N A
AAPH FHEZZ B W T AAPH ¥ )& 25 1 mmol/L,
TE S 37 CIER 1 T A4 3 24 h J5, In A
14000 kDa #B#4S$H , F 4 CiBMT 72 h, 456 h #H—1K
TR ENTS IR AA 100 mL 7 7K G540 B iCE:
TR U AN R RS VORI AR IR AT 3 em , 7R
75 J13%.(0 100 200,300 400 .500 600 W) &4 Fi#8
755 min, AR A RIRIERET A28 5 s, LIAE ER 8 34
KPR R R, R S A S IR R R E 4 C
B AL R CE L A B, B 0 55 4F 2 9000 r/min,
20 min, AAF FIEWE AR P40t 24 h B RTEE
BOATAS2 7 FhA] i P 8 pe aHe 22 28 1 SR AR A, B 5 L
Tl PRI 2 R B N AR 1) 8 FREE S 4 Bl Ay 44 e
SOAP SOOAP .U-100 W—SOOAP . U-200 W—SOOAP .
U—-300 W-SOOAP U—-400 W—SOOAP U-500 W—
SOOAP .U-600 W—SOOAP,

122 pUEMNlE SRR I IEREB
o KRR SR T 25 B T 2K R R R T MR B, T
FEiR FRESIWEFE 60 min, 436G THE 600 nm R
EHWCE . PAFE TIORESS [, 00 ot B (E



@“étﬂ@h‘«il

WR S Wit

AN

AV

T=1.302 x (1)

P A FToRF B FLIAE 600 nm Ab (1 W2 '
V R BT R HE2E 0.01 m,
1.23 RSN E KA LA 0.05 g/mL [
VT, BEFE Y A0 0T, SR8 i AT rp, Y8 Y A
| 8% - A5 B B &= 1 finAE , {di F Zetasizer Nano ZS M
e HOR AR {E RN PDI{H .
1.2.4 70T 2B Crudden 287 (9300 Iy ik, 3
FYVEE 2. R ] Zetasizer Nano ZSP X Z& & W B9
Zeta HLOLHEATINSE o A EE HAR S 53 80E] 50 mmol/ L,
pH7.0 FUBSERELR 2% vl v, Bic Bl BT S 43 500N 0.2% 1Y)
VAR, FAEAF 1 mL, M SE MR R 25 C .
1.2.5  ZIAMGCIEES T S IE R ™ i o7 vk, IR
TEMET . FEE TR B T TR A N 784 T4, FRER
1 mg#Edh T 100 mg IRACEN IR 5T, 76 35 B AF 18 P iF
BEIF R A A8 -, T2 A0 635 A3 A ) 52 W G 3% o
525 F - D% 8038 Bl A 4000 ~400 ecm ™' |, 43 HE R
4 em ™ P BOREEE 0.01 em ™ HHE R EL 64 K, W6
25 °C,
1.2.6  FREHFAKENZE 20 Kato 25 (177 1k, It
FVEER ., A 0.1 mol/L B4 A PEWE IR 3k 2% wh i W Wi
FE,10000 r/min 5738 20 AR 0.5 h BREULIEY), LU
Lowery 1543 A7 I3 v & P 28 (M 2, 3 o Bl e £k
SEIH ) 35 R R, TR R S WO E T 0.05 ~
0.4 mg/mL,H 40 pwL ¥ E A 8 mmol/L 1Y ANS ¥4 &
TN ZE AR 09 R B 4 oL, 2R 1R 5 )5 #
B 3 min, FETE OGS EE TR BE AT FE G HR BE I L,
M2 M i & Dl K BB N, =390 nm, K& 595 K
VEE N N, =468 nm , T I L5V E Fy 5 nm, T2
FEBE A 10 nm/s, BRI S5 W EEL T
B, RAAg) i B 0 R R BT AR 5 I R B K TE RN
1.2.7 e s e o wE 20 R AR 25 6y
o, HFEVEE . 400 mg OPA XH F8 406+ 1 mL
P Py b, SR R T I T R I A TSt e o A9
JE 200 g/L SDS AWK 2.5 mL X EE A 0.1 mol/L i
WIFRFS WL 25 mL, 2k 17 5% 2 2 38 X8 P9 in A 100 pL
M) B-FiFk LW, B Jo B U 78 /K B 45 2 50 mL,
il £ B OPA VW FH T J5 2K 43 H1 , 2 B OPA 335
4 mL 5 200 pL SACKBEE QR TR S e T
35 C /KA 3R 2 min, DL 7K B K 25 1 24 M % BR 7E
340 nmAbil & W SCAIE.
128 HBHIEEMEM MBS HENNE =818
Ellman 22" (77 3%, IR AE & 2. FREC 400 mg 114
DTNB, Jin A Tris— Gly £& vh ¥ x& 245 2 100 mL, Bt 1%
Ellman 35 . 23 5IFRE 2 mg & FHFE ST 2 mL
i TrisGly 22 vhi% ( pH8.0) F10.02 mL 1 Ellman X5,
M2 B 35 R MR ¥ DL IR A 5 7E 25 °C N AR R R
15 min, 4668 1 a2 HAE 412 nm &b G,
PIASIN Ellman 5] 25 1, DA 13600 L/ (mol - cm) 7H
YCREOTHEUFEHE O E . R E A B R Eh 22
YREC AL 0.5 mL RN 5 mg/mL (W T,
BT 10 mL WRLES.OAE L I 2.5 mL & 8 mol/L JR
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221 Tris— H & WE (104 g Tris 6.9 g H &, & Fn
1.2 g EDTA,pH8.0) , %k 1.5 min il A 20 pL. DTNB
(0.004 ¢ DTNB F{ Tris— H&MRIEM ERZE 1 mL,
) , N 25 min, 37 BPFE 412 nm 400 W 5% B o X
LTI N | s =g = WD g S W (1R i e < I A )
13600 L/ (mol-cm) MG R TR B HIE & &, RIE
FrRfEHZE (v =0.0502x—0.0009 , R? =0.9994) 15 H T
ST po (T FHEE/RIE G FR % 13600 L/ (mol -cm) ,
RIF AT B FRA RS =,

7353 xD x A,

—SH #rfit (pmol/g) = c

H(2)

C Bk C‘vﬁ?ﬁ?ﬁﬁl%

~SS Frhit(pmol/g) =~ 3 (3)

2 AL, BRI Ellman 3050 BB 5 2 6B 5 D
BARFERRE C BN EARLKRE WK E,
mg/mlL
1.2.9 - e 5k filf 12 BN 3R TN A TG e 5E i FRL UK 4
B SHLIR[221 W7k, IFFEIEB Y. BEM 22 o
Wil & 25 /100 mL H & e . 12.5 g/100 mL ¥
0.5 mol/L Tris — HC1 ( pH6.8) .2 /100 mL SDS
1 g/100 mLIRFERTE , 43 B8 e v i SR 12% , ik 4 s vk i
K 5%, FESHARBE KR ARES A 2% (v/v)
B-FiF LW, K AT B 5 min, FAEE A 10 pl,
Jis B K AE T AR N AT, A T 4E S R R 80 mA
PEASTE 1 2 120 mA . BER YL@ 0.25%
ZZ o (R250) R, I €20 2R FH v FP 2 174 1 R 1
W, A/ YK R/ 2288 T oK H2 227:37:236 (v/v/v) .
12,10 ZFEHEMIERMNGE 208 Petrucelli 25 [
Tk IFFEVEIE B, 2% (w/w) BYFEZE 85 Y 53 0
Z 43RS .0 (10000 x g, 10 min,20 °C) . FEL
FOEREN LERMEA S 2. LERNEARS
SR RS R A R R R

S(% ) =%x100 H(4)

.S ROREMHE, % ; P, RBos HIFW P HEH
SRR, mg s P, ZRREE S TP R R Y B, mg,
1211 zlfbPEFZLIAL R E I a2 2 B8 Pearce
aEPY RGO IR RV . TR A Y AE IR 4 )
JIA 15 mL 0.1% (w/v) B AW AN 5 mL F K,
FLUE L = 3 H BT UL (24000 r/min) AR 1 min J5, A\
M ICEREL Y 50 pL 2L, FH 0.1% (w/v) ) SDS
VEWORBE 100 7% )5, 76 500 nm P KR HS 0 6 R o
FULALTE MR (EAL) FnglfbFa e P36 % ESI pg 35
NN R

EAI(m®/g) 2 x2.303 x DF x A,
m/g) =

[exex(1-0) x 10000 ]

H(5)

ESI(min) =ﬁx100 #:(6)

i, DF SRR BES [T, DF =100 A, (A, 435136
75 0.30 min BFEYIROGHEE ;¢ RARBEHWKE, g/mL; ¢
TR, @ =0.01 m;0 FoRTMAHNT H43%0,0 =0.25,
1.3 EiEALIE

B SLYG AT = R S SPA T SE 5, B SPSS
Statistics 22 4% EPa JE4T ANOVA 25 55 5 35 M 55
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B, Tukey” s HSD 34T ANOVA 22 S MEAG 50, 2%
FWE P <0.05 Jy 2R R Origin 9.1 ¢
 \PeakFit 4.12 BRAFS AT A5 BEATELAE 53 A | 1l R Ab B
Fe Pl 53 AT b 3
2 HRE5HH
21 FWRMBEREZEARUREERNSY
UnpEl 1~ 4 AT 5 SOAP AH L, SOOAP 442
HAOR, PO {EL A R (R U i 2 394 K, T e A7 {1 Bl =2 %%
555 SOOAP AH L, 22 7 A LAY S Tl e 22 BR
Wit 35 P 15 1 9 O, R PUREAR (L L PDI A A1y 2 R
R IRSEURINF KR BRI PDL (RN 0k B (B
FELIR A 500 W HTS35 M 855.33 nm (0.97 1 543 T [¥%
Fl)Hz/IME 507.34 nm 0.26 F1 267 , B AN B D) S B StE 4 Rk

JE s NS, AR S D13y 500 W K.
600

o
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Fig.1 The turbidity value of soluble ultrasonic oat protein
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Fig.2 The average particle size of soluble ultrasonic oat protein
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Fig.3 The PDI value of soluble ultrasonic oat protein
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Fig4 The potential value of soluble ultrasound oat protein

B /K AT, 398 R 1 S5 A AR BRI 2K AR AR s/
2 THT 7 FEL A 50 )32, 415 R 22 B () v L AH B4 T, (e it
T EALREEARIYIE W, UL /N i 28 S e R,
WA TR I 22, DE TS BOE FUORLAE  PDI (BRI
BERYIE R o BRAE R v %) X i, A7 17 6, 29 4 SR A Y
FE TR g AL D (SR AR LA N . BF SRR
B S AT S AR T OT 8 SR AR, i H e R
TR JEE (1 i B R A, B P DR — 2L P8
A PDIAELFNR BEAE KA, FL AL (IS S, HLRE & B 5
D 0 48 O H AR FH 28R B B I, I e 7S T R
500 WINSCRIB B R o 2l 5 D)3 500 W I,
AT PDIAEL A (BT O AT (-5 5 21 Y A 75 I3
HAMRUAE , S B 205 K S W g AT o
SR A AT

22 FUREE_REMAFNE

LLAMDERE A 3 A A W O Ay, LR eI 1
e I AT e TAHY, BERE 1A 2 T 9% 1600 ~
1700 em 'JEBIN, FZH C = O 4R sHFl H-0
-H I i IR 3SR Y, BEUS S WL AT 1T g i
a—1RJE B- P B B-Fe M TCHLI A ith & 22 k.
R 1 iR, 5 SOAP AHLL,SOOAP 1 B, 25441 £,
o~ BRI FNTC KL 65 Hh 45 44 349 sk b 5 15 SOOAP AH L, 41
ORI 8 P 22 B8 7 AL RS, BE 35 7S D) 3 g 4
K (100~200 W) ,B-Hr B4 2, o BRIEFN B HL LS
FaIUR | A R P D 5 Y HE— 25 4 Ok (300~500 W),
B YT Z LA IR, o WRTREFN B L FA 45 A 4G 22, T 2
FUIAR 600 W IR B, FlI B, G2 .

WHFERW], KA ST B PT & 4548 (B TE R
TS T IR, B, G5 HE 1) 15 Z2 DA THT 2 ke 2
FIRERME, EAELT AT SN, A LM
P& L, a— BRELEA AT IT , HL 2% 5% 09 B 7K 1 5k 1]
AR B FEAE T, # fB T I3 A1t 2K AH ELAE 9 - 15
BT, R BEEE 3 AR R A I - P&y & 1
Tt o= BEHE R TR h o7 B R B L 3 5 e M A6
FEAER R MR A B AR B 5T DT ) AN As SO 5
R TS A B T AN T s v SR R AR
A AT I SR AR A, A T AR Sy 100 ~200 W
B-Ir B IE 2 , o~ BRJERN B— 5% fA LA Pl fiE
AL P S BT VR R R S RN 2 A G, kil
S DR p 2D B O, iR ALY BY U] g el g Py
T oMt — 20 AL B-Fe M ARRIR o BRELS
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Table 1  Secondary structure component content
oy TGRSR GARTE A (% )
" B (%) By (%) - WBIE (%)  BEEf(%) - TAE (%)
P (em™) 1615~1637 1682~1700 1646~1664 1664~1681 1637~1645
SOAP 30.31 £0.251° 15.90 +0.244* 20.43 £0.215° 15.902 +0.255° 24.39 +0.454°
SOOAP 37.51 +0.034" 9.69 £0.136" 16.62 £0.312° 15.16 +0.046" 21.01 +0.123"
U-100 W-SOOAP 30.35 £0.262" 10.02 £0.225" 21.59 +0.224" 18.847 +0.585" 13.20 +0.494¢
U-200 W-SOOAP 31.78 +0.232° 10.06 +0.23" 19.57 +0.277¢ 15.539 +0.419¢ 23.95 £0.267"
U-300 W-SOOAP 31.25 £0.245" 9.15 £0.232° 19.64 £0.27¢ 15.542 +0.143" 22.39 +0.299°
U-400 W-SOOAP 29.93 +0.271° 10.9 £0.199" 21.30 £0.268" 17.185 £0.263" 21.65 +0.299¢
U-500 W-SOOAP 28.16 +0.258" 8.99 +0.214" 22.1 £0.251° 18.48 £0.256" 22.27 £0.243°
U-600 W-SOOAP 30.75 £0.232" 10.19 +0.218" 20.45 +0.29° 16.825 +0.257™ 21.78 +0.295"
R FHRARFERZREE,P <005,
140
U-600 W-OOAP
130 U-100 W-OOAP
OAP
120+ U-200 W-OOAP
—_ U-500 W-OOAP
X 110k U-400 W-OOAP
100 agh 0N
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% 90t
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WA (em ™)
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Fig.5 Infrared spectrum map
FE RIS FEAT P BB 43 4540 , B— T B 458 /0, a— 12
TE B— 5 Ff1 Il y— JCHEL I 5 i 19 22, BLAEAE 55 5 1) 5
FEREEE, Ak T E AT EEME R, (B4
FADIFIAE] 600 W B, w5y 5m JE 8 S VR T R A
g ke A AR RS 1 R A A AR o 1B
B AR s gl 254 i /L, B— I & A A i B i,
X 5 He 2™ (UBFFY 45 B AH— 25 o
23 FAMEBEREEHSUBREENRERKYE

B 0 2 T 5 /K P S S R T R B B 3 M ) £
R 4rFER T /K 3k A B i F8 2, O B 5 H)
BEMEBREEVIAH G, W 6 i, 5 SOAP AHLEL, TR A
Zad A b e, iR m sk M K, 5 SOOAP AL,
SEALMER T A & ad M S A S, BEE S YR A B
o, HAR T H /K PE 2 B S RS /N ka3, BLAE R
FEIER A 400 W B R SRR M B R, $E e T 1180.4

FEALNAEAE, S imnT S ECE A R A B
b BBk RIF A G ARk, 2 B2 2R M s /K P 3L AT,
B K AR HAE FH 34, Wi K PR g 3 K — E R E
PEHEERE A A AR, R B AR PEREAG, £l s ab
PUJE , BEAE S DR 34 in (100~400 W) , & 1 &4
fRPTBAE A M R AR AL T I R K,
FEH TP K, 2588 ik 3 A, 220 s /K PR R,
HR AL FE T | A 14 25 A B0 5 S BOUR BB R AR ) IR
Mg gt n] 48 #8509 8 3R, AL T 51 N ER Y 5L
IR X IR 8 T AT, B3 A i K PG O, AR RS DR O
i T R I Y Y AR DR E 500 W, AR
PR G AR T B 2 25 R PR SR 5 R I LA K R 5 1] B

BN R R S SRV
eS|
K6 FKimsikik
Fig.6  Surface hydrophobicity diagram
fii 8 1 FORTIR A L AR A I R TS RN
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Table 2 Distribution of functional groups
FE ity Ui 25 24 55 (nmol/mg ) Ui B 55 ((umol/g) JAB AL (mol/g) Z i (pumol/g)
SOAP 0.34 £0.02° 455 £0.21" 6.03 +0.11" 0.74 £0.12°
SOOAP 0.24 +0.04° 3.37 £0.28° 6.1 +0.21" 1.36 +0.18"

U-100 W-SOOAP 0.32 £0.02° 3.96 £0.24¢ 6.03 £0.22" 1.04 £0.14"
U-200 W-SOOAP 0.33 £0.02° 4.18 £0.19* 5.6 £0.16" 0.71 £0.17*
U-300 W-SOOAP 0.39 £0.03° 4.85 £0.23" 6.09 £0.23" 0.62 £0.13*
U-400 W-SOOAP 0.44 £0.03* 493 £0.25" 6.13 £0.14" 0.60 +0.15*
U-500 W-SOOAP 0.46 +0.01° 5.4 +0.17" 6.57 +0.26" 0.59 +0.17°
U-600 W-SOOAP 0.40 +0.02" 402 0.3 5.46 £0.32° 0.72 £0.15*
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Fig.8 Protein solubility map
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