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1 BBAIFREERERN SN E R EBRIA AR
1.1 BBRTFEER 5 BINIRE
.11 FERSBIMNERE

KA R IIE . BCPSETR  E AR R L, AEMFRE mo (29 2.00 g) #
s JBCET 105 CHER T, T 24 h RIEE o 06 T E 500 )5 RR i LR S
R BT 73 0 oh my A my, K>S B L A5

W= (m;—-m) /mp* 100%

FASEE: RHAYLIKEEIE (GB5009.5-2010 (£rfh 24 F K hrvE
it PR BRI E D

JETRIE . SRR KA (GB/T 5009.6-2003 € 5 g 5 00 52 ) o ¢
R RIS, T-20°Chifife & H

KAYIE . KR (GB 5009.4 - 2010 (£ 22 4 [ Kbk £ b K 2y
RS TE D) o

GIERIIIGE : K REHFE S UIRE, BIBR AT WA S5 45 an 2, VI BEIR
HERAFREN 0.5 g B CREAGE] 0.0001 @), AR, A 5.0 mL 10 % [Ff#E
IR, WSS, H 2.0 M I SEA AR pH % 2.0, 2 50 mL
REMT, HZBWKEER: B 3.0mL &L (12000 rpm/min, 10 °C, 20 min) )&,
W B35 2.0 mL i 1.0 mL A7y, JRA1EHHE 1h, 720 miE, BCTH 2
1.0mL, i 0.2 pm KAHBESL, ARG, 2R A 370 B (ORI %5 Fh
R G5,

1.12 FERSHNELER

&= 1-1 ERESFREZERS

By 2R TE (%)
W5 21.17+0.7
ilsHili} 2.21+0.16
Koy 70.40+2.79
K5y 2.14+0.09

SERAVEIME (n=5) HhREZERR.
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FHE 1-1 B g5 B ny L, JSURMIG IR ) = B R 2 & 70.40% 107K, , Hiak
il 21.17% W E A . HEE BT SEEESNSEn, BA1EN NPT

i £ IR FE R R N )

F1-2 BRI EEERS

A=

==<)

SIS FP S & mg/100g FAO/WHO/UNU #:## i /e AN (B2)L)
WA IR
AR Thr 13.278+0.532 2.3 (2.5)
HAR Ala 19.502+0.48 22(2.4)
TSR Val 11.758+0.371 3.9 (4.0)
TR Ile 11.178+0.405 3.0(3.1)
SRR Leu 27.491+1.146 5.9(6.1)
BN Phe 28.958+3.312 3.8(4.1)
R Lys 15.896+0.701 4.5 (4.8)
IR His 6.702+0.400 1.5 (1.6)
jamN vy Trp ND 0.6 (0.7)
R T AR 134.763
E| ST E =g s vy
R Arg 19.038+2.227
[y Tyr 10.482+0.643
i 2R Met 10.408+0.274
W R Cys 3.748+0.312
2R IR Ser 11.824+0.384
BB Glu 31.37740.681
HaEmR Gly 11.510+0.184
KA Asp 13.159+0.350
B AR TR 111.547

ROFFrP ISR T 17 Fha kiR,
S VU AR, AR =R

G E N 31.377%, R A

HAABRER. ANEAR. oalR. N

k. #

J

I RAEIR BEIR - HZIRA N R RIX VY PR Z LR 25 5N 75.55 %,

DG AE SRR A B N AR 7 2 SE IR (0 2 R AR Y

ORI, BT USSR A

R 2] HAl NAR AT s IR R 2, Foh s RAE 2 LKA A BE G B, T2
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SRIEEEN, R A B T FAO/WHO/UNU #EFEIA (3L W& EaTh
MHAR SN 1.5% (1.6%) HIbrdE. R HREIER S 50 LTS
e TR IERR I LL i g fltr, Ho iR & AR i, A nT WL )8 2 A R A )
B

1.2 S EBRNAENEIL

RIS LR —, TR RS, R, 34l
KIERHERS . RN, 29 50%IRE A SRR o G SRR R A 4 Ak
JRNFEH b, KRR e e e SR i, AR AR R E TR R,
FEREIT & il 20% 20470 O T SETHRE T IO AR, ST KB ER R — Pl 2k
PRI B A TR Uk, R RS E S U R AR AT, Ao A B AR
o A ISR

1.2.1 ARFAE

B 50g FSATFRESL, IO 6 5 ARFITA I 2585 F7K (0~4C) , 10°rpm 2J%K 3
K, IR 20s, 331 1mine K 1 moleL THCI 8% NaOH & i ANA) 3w, 0%
W pH R4 EE, HE 10min, & ORI, EAHRGOIRE A pH,
HABURFFAAR . ARG A IAE 4°C10000xg 1R, B0y 10mine HLIER >
h =R, BRI R NCIREINZ, IR R A TR, N RN AR &
Heg et bR A2, M 1 moleL'HCI 5 NaOH WO I, 85
pH £ 5.5, i#HE 10min, {8 AV, £ 4°CEAF T 10000xg, B> 10min,
PRV EPOIE . KB 1R U2 S s i e AR, DA R A R G R Y
7E 0~4°C FHEAT .

1.2.2 pH-#BRFE R AR E i R IRBA EE L
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100 1
el -
80 1

70+
60 -

50-
40-

HEREE solubility (%)

304
204
10

L] 1 1 T T T T T T 1 L] T
0 1 2 @8 2 % B T 8 ¥ M0 A% 12
pH

1- 1 pH X SR E B A RRE IR0

B 1-1 af W, RERTER I fi s ih 2k U7/, JERTFER GI7E pHS.S HI%
it FE B fIGs ARE SCBREAE , 5.5 IR K2 BOE IR LS5 . S, iR
TR AT A 0, BRI A 4 T A B AR A, DliE k. 4 pH i pl [l
(BN RN | N g S D g s (5 NP e v S B s S 10 i A R R R i p T I
- 7K 431 (R r A R O T 8 1 -2 1 oy 1 RN AR ELARE AT 2
T T REIK S AR ITR, ¥ T7K T o IRIRAL BRI T 85 (b ) vz N H T4
A, KshRErE, B IRREE A S R R P

RS DA PR ORISR T 2, 0 T4 R IR A I 2 X H 2L, &
FUT SRR E B R T R =ANK 1) EARRRR/ARTE 5 N & AR R
FER/IN: 20 7155 F RO B BRI AR S R/ s 3D B8 — IR L IS DT UE kL K
N —RRRE, TN D B R U B R BCR IR DGR F . T R EET, ik
H{ pH2.0. pH2.5. pH3.0. pH11.0. pH11.5. pH12.0 ¥k (A%, 2 )5 1E pHS.5
Wb B FUTDCEE I, et 6 AMEG AL, HHTIRS . 4R 1-2 BioR, 1
pH12.0 I8 AR IR BUR e i, 1551 79.00%, 7E pH3.0 IR (A R I HEBCR A,
A5 58.39%. {F pH2.0. pH11.0 Al pH11.5 &4 vh & A B KR BCR R G B 22 7
(P>0.05) . BEAHEH pH S A M ME BB g 9, 2R B BT R BOR & I N
s, HRACBRZH 8 B SO T IRACBRA . (e iR s i e th gerh, B
/B PE s, R A RO, B pHI11.0~12.0 £ T M g T
pH2.0~3.0 451 NI ARRE, X HEEECRL R EaRAAY) & . UL TR
(FE I, LEAR I PR AR 45 A N B 0w i 0 TR I 2 S 4R R = (e — AN
LT R, AR IC AIN, o LOR RS pH (12.00 FRHTH
filt, AEAEHLR 5.5 NEHTIEN, AT B A KRG
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% Recovery yield(%)

oo

w
1
)]

=
1
o
o
——

dlE +
70- +
654 &
d
60
554
50 T T T T T

pH
1-2 A[E pH ElULBYHEAT E HIREUE

W AR WA AR EREE (P<0.05)
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2 ETESAISHIEE ISR

AR H Rl BT EL, RO AR RE SR, o S ROR
AR, BEif G R AT T AR . T SR T IR BRI P SR HK R R 2 11 5
FUACTERERT H 1, ASERR I ARNG) 2 WA RE T 1 i A T iR A (B 1,
FUREIR MR R I H 1 LA R B s i

2.1 I ERRERSREIRIT

PR 1.2.2 fEL R R AR BT, MERGFREN S0g REATEE 5 4, DARLGLE
116 5Z&WKIEE, 10000xg 2% 20s, IAJH 3 IR B RKEE 4 |29 10
PP UEIR, VR pH AT A 5.50, T 10000xg. 4°C &0 10min, YIHEHE A
J ARICoh AP 28 0y SRR pH A% IR T5 A2 12.00, T 10000% g 4°C E.L» 10min,
BR AN, R LW pH & 5.50, EAHIR B A FUTE R AL, FRidh
OP1; SE=13A1 M) pH #0154 12.00, T 10000xg. 4°C Z.L» 10min, &%
AP, YERF B3 pH12.00, DLER S SR I0 1% N — SR BEIR4N, 1F 40°C 4
PER [N 50min, RN pH £ 5.50, LEAABEO&E FUtEE AR, brid
h OP2; F4x 2 A1 pH W 4 12.00, T 10000xg. 4°CE.L» 10min, FR2:
AN, PR LVEW pH 2 5.5, FEAHF BSOS U R U MR
I3 2R 24, SAITC T 2 B A 5% 1 B 1 ST, AT 2 40 R ST pH & 12.00,
Horp— s I = SR BEIR AN (AR FE AR A FUR LI 1%, S5 — AN, 15 40°C
N 50min J&5, 20 S0VE R L FOATR pH £ 5.50, T 10000xg. 4°C B5L» 10min
DUPERR VT, AN — SR BEIR AN 1 A LA AR 10 4 RP4, I8N — SR BEIRAM 1 22 1
JRZAARIC A RPS,

22 BHFERF XTI RMES E
22.1 EARAREE

H{ AP. OP1. OP2. RP4 Fll RP5 AW T, IBCHIEK AN 10mg/mL 1)
TR, AR pH i 7.00 F1012.00, B IR R4 AT, ol 2 4,
—H AT EEARMSSE, B 4T 10000xg. 4°CHE.Lr 10min, H_EHHOIE
MrE R A e, HEED RS .
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222 EARKE

B3R 5 ST A, H 20mmol/L iR £ 22 (pH 7.50) #1 NaOH %
VRG] Img/mL (15 T, A B pH A 7.00, 54 11 pH 4 12.00.
K FH 4 AL P SO 5 vl P B A TR AR

223 EBRILICEE

B FUER TR B FLARR P B s, B OP1 Al a1 5T, 73T 2 1 Ok B
434 2,504 5.00. 10.00. 15.00. 20.00. 25.00. 30.00. 35.00mg/mL, pH ii%
12.00, & A FAIH-S KEMEL 3 0 7 I LEBILE 10000r/min (1444 F AT H4E, B
0.1mL FUALIEZ 250 f5FR 5 T 600nm MEWOGIE .. B UL IS T LUK 1)
FULIE R ECR LR, FUA AR E ML 4d 5 FLAG)E R B Com) 5 LA BLE & B CemD
(P T LA 100 Ko,

SR LI FLARE R R R2 e, B OP1 A8 BT, Y8R 1 TR
4 35mg/mL, pH & 12.00. HEABAE S KMl 14, 317,213, 1
D1 3120 7030 401 BIELEIZE 10000rpm AT R AT HL, FLAGTETE A FL
s MR R 7L EIR T 3.

TR IR AN B2 B BUALARRF PRI 52, B AP. OP1. OP2. RP4 Al
RPS S4B AR, IR A 35meg/mL (K8 1 BTG TR pH %2 7.00 A
12.00, SRS KRG, 3 0 7 MBI TR, FLATEPE S FLARR e 3R
RJTIER E.

224 AMBEEBAH BIRE

B 40 mL il ()RS IH- 2 - i 25 FLA T 80 mL B, £E 10000 x
g« 4 CHMTELD 10 min, I FEAFMZE, FENED
Wz, Wk Bz, FFm 3L in 3 f5 AR Tris 2009 (0.1 mol/L. pH=7.0,
2% SDS), FHAIENABARESAT NI ZITE WA, a2
B T-80 °C VKFEAE 12 h, SRJGHE 4 °C P, H—IXE T-80 °C UK 1%
f£ 12 h, 4°C TR, Wb E AR 3 A FIL)Z . 5 ¥R AT 10000 x
gv 4 CHAMFFEL 10 min, MAFALBKME. P2 LR —ENEE, T
1 PRT A 4 B4 3] 00 A VA B T B P 8 11 A 2R e LA 2 v 1 2 1 e
FERIATNS 25 o

225 AL EEBRFUEEERBF N
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2.2.5.1 HEEHTALEE

JEUEHRE S 2000g R 250 30 3Bk, B 20mL _EiE RS 1 S0mL B0 .
INNEEARR Tris VRIS, %0 TR 15 min. FERLE 2500 g FI4CTF, &
20 7381, BORJZ 10mL ZR iU 7% 28T IS0V T, 3 23 S kAl 38) o (1)
2o Ry 4 AR DT BUERD 208, E-20C 41 Tt
o YITEMRICTT: 0.1 mol/L LMEE V2 HlE . BLOPTER T, 2500 g F14°C 1,
B0 10 43 h e A TTIE EEDEDTIE, 7E-20°C 44 FUTiE 3 /M, B 03RRI
WE, WHBEL 2 R, EAPEMT 2mL 50mM BRIREEE (ABC) WiF. ©&,
i F BCA 75 8 3T e . B 100pg B IR 208 BP &, TR R
PR AL, N DTT £4LWEE 10mM, 55 K 1he BUH G, HGEIA 1AA
RS S50mM, HEEFRE 30 75 WK 2081 10K Da BIEE S, ¥
200uL50mM ABC ¥, 2500g N B /OEBEMR, BE 1 IE, W0 100uL 50mM
ABC ¥
22.52 HEA N

FEUEE I 1ug/ul ) Trypsin, 4 100pg & A JEYINA 1.0ug B, 37
JE/KHT 4h, SRJGAMIN Trypsin 1.0pg, 37 & 12h.  SEHCHHEBIESME, 5000g 250
VRV A B IE R T, RN 2001 50mM ABC VAR 4k SE8 08, IS IE T kA Ik
Byl (10KDa LU0, EA 5T
2.2.53 tnic kB BR #h

AFH 200uL 0.1%TFA, 0.5% &% B 158 5 B IkB: . T 2000l
0.1%TFA, 60%ZJETEALERERH:. 48 400-600uL 0.1%TFA, 1% £ 5Tk
AT K EIERE S IMABREAL N, ATFE S SZ B L BR AT, IRBOB R SR AT Rl 2
HEHL ARG N TR A 5. BRI 200ul 0.1%TFA, 0.5% &3
VEBRERAE, VE2AkB 5. N 300uL 0.1%TFA, 60%LIEWR, HRAKZEIS R
RERRERAT, KEIRBCUEE Tk, A8 HE EP B DRI
W OEMA A R T, LB,
2.2..5.4 JICiE R

B IR S HE N 2.0kV, Q Exative IS UINFAEANE ek 300°C, KH
s X B 2075 MS F1 MS/MS (Al R 42 . 2414 MS /] Orbitrap HE4T
— 2, FHEE m/z 350-1600, 43 HEE R E N 70,000 (m/z 200 4b). BT
R IITE] Y 50ms, H 814 75 $ #ill(Automatic gain control, AGC) ¥ & 4 5x105,
B J5 A FH = e AlE 4 iR 25 (Higher energy C-trap dissociation, HCD) X474 2]

(MS/MS) FRZAAF ISR TT 10 2 BEES TR T orbitrap BEATHIHE, 1

R 7> PR BE N 17,5000 F148 96 AR BF 2 7 5oy B B shdaslil, sl v [ [
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SEN m/z=100 4, HiEE) 2000, HET MS/MS FRHAR S 1 9mBEAE BEE 4 13,000.
MS/MS & KGIIE R 150ms, AGC #HIB0E N 2.0x105, BEE k£
T BE N 2 R, 0T 20 3. 4 B UM B 134T MS/MS K48, ZhaSHERR
W RN REE TAE 10 BB HEAT 1 Ik MSIMS, 2 JaHEER 60 F2, 27% Ml g

=

Ho
Fs ARk B 5, S8t
*2-1 RiESH

SH AR ZHH
RN IE B TR
— R 400-1600Da
7 /& S Eii PN e T — G B 7 oy L B Bk
B WL 300 JiF
IR 2000V
TR HCD

Nano LC [P 4% S bk B -
A WSy K, 0.1%FA; B WUHSY: 4, 0.1%FA. (ailiks: KA C18, Mk
250mm*75mm, fLf%2 100A, ¥if% 2um. #id: 300nl/min. Ff5h%AE T 100ul A
H, R 2uL, 384T 2 ANEHRUTCH 04T
3K 2- 2 Nano LC ;&1B# &

Time (min) B ¥ LA
0 5%
5 5%
95 30%
105 80%
105.1 5%
120 Stop

23 BRERI ILHEXTIgEERMNELER
23.1 EARAREE

TRV P SR I R A5 i B VR, i BT R AR
58 P SCH R T 8 1 57K AH AT 8 1 - A AR B, A DGR, sil-/K S iR
B (A E PR AT o Gl 2-1 P, FRMAL BT 38 I B 5 (R v kS i 1R
Ko 7 pH7.00 I, AP 218 I 1 50 (v i 1 W 2 v T LR 4L 8 1 B iR A 2 (P
<0.05), MR 4 HE A POEMR LA B2 57 78 pH12.00 441, OP2
Y ER A UKW AR S 02 e T Ay 4 4, AP AU AR s B T4 4 4.
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XL, R A RS pH11.00 @ pHS.50 UiiEs, SARAKAERN, &
T4 R R AR B, B T AR A FUAE pH 7.00 454 T WA, 32 1 4E pH12.00
SAE IR . 7E pHT7.00 B, Z0ARRERE R 10 5 R T 25 150 0T ) v it P A A IR
T AR A H . HAREZE (P>0.05); 17 pH12.00 I}, OP2 HikMRik i
1T PRI Al k2 v T L AR A R 1 PRI AR

100.00 b a b b OpH7.00

g B pHi2.00

80.00

60.00

& (%)

R
&=
& 40.00

20.00

0.00

AP OP1 OP2 RP4 RP5

& 2-1 EARBHE

i F— BRI AR ZE 7 B3 (P<0.05)
2.3.2 EHBRRE

KM Zeta-potential ZMKHr B5 K HUALASGI 58 FE I 2 1 BIRIREAR R /DN, 45
* 2-3 Pon, #HEE RS pH H#4ehE, Sapkiiti k. 78 pH7.00 B,
AP B R TR W3 N T Hofth 4 2R A M 1 Bk AR, WIS, &
T 23 F LA 0N, 1K ] RS2 W IR AN IS B 1 0TI 45 44 i AR 2038 s o pH12.00 K
T A T RAR I B2 kDN, 3X 0] BB B VLA TR BRI S T S5 A R T
SURIM. AT, AP A AN 0T Rifeh, pH FHbeum & m ok A48
Ve, I FRIBENGR, W TBERRAL AR, 8 Bo 1 IR PR IS R

R 2-3 EARKE

. pH7.00 pH12.00
SRR HAR/am PDI PR HAR/nm PDI

AP 1081.00+2.00° 0.315+0.038" 193.87+1.89¢ 0.378+0.016™

OP1 2614.33+48.69° 0.2210.068* 198.60+3.47° 0.399+0.019

0oP2 1958.00+50.12° 0.203+0.076° 199.23+3.37¢ 0.355+0.023°

RP4 2838.67+56.37° 0.243+0.062 204.67+1.48° 0.277+0.005°

RP5 2575.33+69.15 0.0187+0.016" 215.03+1.68" 0.354+0.009"

d: AN FREARFRRTE p<0.05 FEREE.



233 EBRILCHEE

2.3.3.1 EARKEXTF LRI 200

FUAGTEPEFRECR 7R IR A2 B o 1 i 1 s ™ A 1R ST TR, RIS i 2
FST ™ AL R AR OR RIS PR GO, AN R FLA RE ) B .
Kl 2-2 o, BEAARSH SR A ORI, S 53 EA Ry FHRENZ, 3
PRIEH H 1 50031 1) (R TR ER sl /S, 2 i A 43 FRAN B 1 5000 1A 0 LA R TR D
AN, HE BN FLATE TR A R W T RS (P<0.05). fEEATUKE R
15mg/mL-35mg/mL [N, HTEETREN M, &S FREERDN, 75
TR 330, B E B e 1 I LA TR AR N 2210, A4 FLAG TS
PEFRECT IR a3 AR 27

60
20
= 50
E
=R 40 -
gm
+H 30
i
3 20
=
B 10
0

0 5 10 15 20 25 30 35
AR T (mg/mL)
B 2-2 EBBKEXFEENZIE

E: A A BA R 7 RR R i (P<0.05)

FURE PR RAEILFUAC A R E PR AR, 2 FLACSE™ il it B ()
LRI 18 2-3 Fro, BEAE ST A FOR RGN, H P L AR E PR R 2 R
(P<<0.05). #EHTHL 1 O S WUE T ESAT R A AW I R F i sg B ok
RN, AR EARATEAL, WIAABE RS KL ZNS . BHEETEA
ORI, S5 E A G2, B FLARORE 8 1 R 1 )5
FEREIN, Bl TN SRR, e A A LA R e « A LA A DA
s ST SE (BN AE A 11 73 AE LA F T T RSP 7 o ) 24 i AR K
FUACHITI R E PE BB 2 185, 1X5 BIUE T ASHIFSE I T A TR BE LA U R A E
PESZ I 45 R .
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100.00
80.00 -
60.00 |-
40.00 r
20.00 r

0.00

FLACR E M

0 5 10 15 20 25 30 35
B R B (mg/mL)
2-3 EEBRKREXME I E RIS NG
W AR WA AR EREZE (P<0.05)

2.3.3.2 LA & B REL LRI R

A TS A R B R SR e T AR R S 5 LA B B R R RO
AN AR AR B 2-4 Pos, B S A ST & LB, 1
JFEE B ) LA PR i A 35 1 R B3 IX AT REE 2 5 SLAL IR AT H2 1 i 8k
EHE TN BB R S B9 B B AR AL AT B B 1 AT S8R LA TR RN S DS IV - 242
RS Ko 12 4 1, EE UL RE DA BIEK, BJE 23 FR%,
IPE G 3 2 BE RN, EARNAAR G TR, XEEREAST
KU (KR8 RO S B B9, B A 5 IR R DR, (HEAN R A T
BT AR N 28, IX AR AT 8 3 T AL AL PR B 18 A1

20 a2,

%0

— L

§15 b

; c

;%10* ‘ e f

# g

I

>

if\'v 0 | | | | | | |
1:4 3:7 2:3 1:1 3:2 7:3 4:1

ISR S PR = 1]

B 2-4 ERKES KRS HELHIXTEILIEER R
W AR WA AR EREZE (P<0.05)

K 2-5 BoR, BEE SR ARG RSt wlriE ok, JUmmtaetttB8E T
% (P<<0.05). tHAFRWWRE RGMmEHIh 14 B, FALBKRREA RS 82X
Tmg/mL, HAE 4°CHUE 4 K, FALRTIARLBIHER S Z, KHHERSSE T
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HABECR TR AL, BENS I ORI R BRI A5 LA MAR AR A FLARE - Bl
A AT LEBIAREE K, B A ORI R, AR AN A R T
P FLAC AR S, 5 B 18] 0 D RS A SR RS AN g ok, X
R AR AN 2GS, BB D EA . Nk, EAREiss
R AR L A5t 5 i LA v i 1 T 2 D 3R

a
100  — i c d
80 -

60

e
f
40 - g
-
0
3:2 73 41

1:4 3:7 2:3 1:1
SV EE PN R R A ]

FUA A E

2-5 BRBRS KRS M ELHIX FLLIRE AR

E: Al A BEA R 7 RGR R i (P<0.05)

O R A pUN TrERe i 2, SIRORCIR, A3 THEH S B s TrERe,
TR R A . K 2-6. K 2-7 WoR, pH7.00 I, AP 418 1 MAIFLAIEPE
TR BRI FL AR P38 0 2 T AR A R 5, b R A AR PR R 1 s ) FL AL TS
PEFREL, FUARR e YRR B3 m T AN AL B B 5 4 pH I 12.00 5, %
P A 1) B 1 D LA Ik i 5 3 v T A NN PR I R 0T, 387 TR 48 pH 7%
(1) AP AT (P<0.05). pH {HIM KHem T A ALk, BWEE
T pH7.00 B8R FRFLALTE T, (HU2FR AP dlEs i isl, HARdlEm Al
e VRS pH S N i 14 56

0 pH7.00
® pH12.00

16.00
14.00
12.00
10.00
8.00
6.00
4.00
2.00
0.00

FATH TSR £ (mL/g)

AP OPI  OP2  RP4  RP5
2-6 WRFEBRRILILENE

e A A BA R T RHR R B (P<0.05)
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O pH7.00
B pH12.00

..

100
80
60
40

FLp A E M

20

AP

OP1
2-7 BBRERRIAKBREN
W AR WA AR EREZE (P<0.05)

OP2 RP4 RP5

234 253N EARRIEEERBFNH

2341 EAREERIEER

HE A FUE e, RIS S R, BARFR VRN ), GhAL
Prog s, TRl 2-8 o, oA 18 AN R DT Ak s (1 1% 1]
RT: 0.00-120.01 a3 NS
51879 g’:w
69338 EPZE M
e
5131 51870 | m Eziﬁ
e 5&7:& all 49529 o 64488 hos.38 o gvaﬂ;
s1680 53077 47277 53627 s0075 O 857 e a17.48 38 ‘ IBase Peak
54545]&76 8620 =470 52479 B?gfg l“ 6838 g m‘l e
42000 39128~ f e bl o Ll Pty o My I -
51680 SBL3L 001 a7 5362‘;95 * s e | e V eggaage 817.48 " ;‘EEM
sy 67 4876 53629 44731 i I ‘ize 403 88747 ;&2”5
] S e e N S
_ ‘ Bt i [ | b
65236 bo5.85 87241 N
l; 50830 ‘I ‘ ’l 696.40 887.49;6350 m
J 52278 (al Sosiap i : Fme VS
E oo g “ i) ﬂ kel ) 64530 84542 aps0c
§ “E 50830 5&”;@ \W\ | J M \J m‘gmu iy 21,
507 | 4o
1% 4&5 41327 48219 42272'LJWJ~ "““ W M fl Vl | u ww ’HAF‘ w Wm\) Lt‘j M \\"M\"‘-Wﬁg }"U‘ MM
8 = SJTSJ 5)1_30 seoa S
Z}i 50830 w 0 emg7 73608 m41 70538
o 3) 40 50 &0 a0 €D 120
Tirre (ir)
(a) AP50 %0 AP AEHRMFRILES

FRPE TR Js 4 A (raw SCPFD, K MaxQuant (version 1.5.8.3)#F 7482,
P32 A0 H i P £ (AL MS/MS spectra)dt 623892 />, LA 5 23t I i (Matched
MS/MS spectra)Ft 171505 4>, JRBLFF2E(Peptide) ly 10535 F, B2 group &4

(Protein group) &y 1341,
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RT: 0.00-120.01
693.38 N

51879 N

49529

51980

51680

sies 49324
53617 53647\ h sk

118.76
5465

. I l

49324 53077

1004
03
o3 ‘
707 7731
EG‘; g mmn aﬁasl‘aal:ﬂ
E| W \ 57l esszs
0] [ 71491 |
;o gwﬂ MNWAmﬁw \wwmuw PN
g 48820 63338 542
0] 8%04444 87241 71401
105
% o o x w e e w e e o mo 1
Time (mir)
(b) OP1 #0 OP2 tAEH BRI RIE(ESE
RT: 0.00-12001
69338 N
51879 1068
|Base Peak
Fms M5
IRPAA

12a00 azo00 41618f |

54625

4625 11876
41327 42000 41618

Ty
e P

516.80
58629

585 mp76
39128 42000 41618
e

WL
H e

cem@mmmHﬁmswammﬁ

AL AREL AL A A L H A Rt ey RS MMM AN S
10 20 0 40

o

Tirre (min)

(c) RP4 #1 RPS tHEHRHIRIEIESE
E 2-8 EAKRELEERIEES2E

2342 EAREEER

Y A5 I JEARTE A TR B R (5 BE > 95% (protein unused > 1.3), %52 2|11
HEHRDOE —MFEIRB. 6 ARG I e LS e R 1325 M A (AR
HIFfED, Ho 3Rl e 758 Mo X 3 Fros b s e a5 RIS K. HERWA,
JEORHH- B B A oA I 210 2 1 SRR 1148 Bl B AP 41FE S M 8 Y 944
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Fgh, HARAZ TR & ARSI AR 1000 B L. SXFREILAR K54 vl

fese pH 1 e B ACH AR T 8 I 45 /T
F2-4 ERREEHEHILEE

Replication AP50 AP OP1 (0)) RP4 RP5
Repeatl 1035 847 925 945 939 950
Repeat2 1005 824 913 931 962 949
Repeat3 1008 792 926 930 945 942

Combination 1148 944 1054 1063 1072 1071

N T BRI ZE e, WA AN ES AT T EE RN, 453K 2-9 B
o BEH=ANER P AMIFESE %L AP. OP1. OP2. RP4. RP5 filJsURHAT pH5.50
FEEURIER 5 APSO 41435114 704, 794, 804. 826. 825 Fil 884 Fh. XL
x 1 raH—.

AP0 Repeatl OP1 Repeatl

APJ{}RepeaLZ AP35 Eepeat? ﬁPRﬁpcatZ AP Eepeat3 OPlRﬁp-eaLZ OP1 Repeat3
QP2 Repeatl FP4 Repeatl RP5 Repeatl

GPERﬂp-eatZ OP2 Repeat3 RP4Rep-eatZ RP4 Repeat3 RP3 Repeatz RP5 Repeat3
E2-9 RAMHE = REETRLEFINEAREENIF
2343 EREQAREKANETLEQREETES

A A0 3 B R M) R R AR IR i A A IR AR ST 8 A
B, AT PIBZAE b &8 BT B A, dEmif SR b S R s i A
Jo o T IHBREE B4 B AN RO 25 R = AR )5, AN SCSR FH T3 B () 4800 2
E*Eﬁ%(mmpﬁﬁ%ﬁ%Wé%%Eﬁ%%ﬁéiﬁGmmwmwoﬁ

S U B (1 3 A, DAUR A R B 1 I AR A A, sk B e A
SRR A A R AEAN AR R & B A K, H -4 AR B R ET
0 M EEE AN RS, 5341 AP, OP1. OP2. RP4 Fll RP5 3t 5 4]
HET 20 Fhm R AR LR R BN SS S E A, AT E A P A e, X
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e AR P B EA R TR HAT 8 ife At 4 v AR A U 3o 0 BR 2% 5
pHS.50 YLHE RS8R (A 5 APSO 41R7 20 P FRE R AR S HAFNZ R A A
FIEHT bAEE =S, HAP & AT sp|P01989 76 &2 PP R 554, X5 W]
I R IR e s A R 3Lk Re s, HAEARALEE S & A sl R
LA ER 02 B B FE FE R o 11T 20 by = 8 B 14 0 1) B AR 44 B B B 1A I AE
FAPHE P LR 2-5 P, SRAASFEBUERRE T IR 2 M E i, B
ZHAIUHE A 52 APS0 4b, 5 A FLAL 2 B BT i 20 B = B R B s (IR
Ul Z R FOL 11 R, 30T tr|AOAOKIRST3 Al tr[ROL1Y3 P F 2K 19 5t

% 2- 5 BALERIESEERSHE 20 MERRHZ

Rank AP50 AP OPI OP2 RP4 RP5
1 sp|P01989 sp|P01989 sp/P01989 sp/P01989 sp|P01989 sp/P01989
2 w[ROKA48  u[ROKA48 trROKA48 trROKA48 tw]U3J6ES trROKA48
3 tr]U3J6ES tr|U3J6ES
4 ulTIWIS trROK A48 tr]U3J6ES
5 tr/U3THGS
6 ulROM210 t[U3IIS8 r|U3J6ES tr]U3THGS tr/U3THGS
7 t[U3ITS8 tr[ROK1T6 t[U3THGS
8 tr AOAOK IR5T3 tr[U3ITS8 tr/ROL1Y3 tr[ROL1Y3
9  u]U3IHGS tr/ROL1Y3 t[U3ITS8 trROM210 tr[U3ITS8
10 «ROKIT6 t[ROL1Y3 tr[ROTKI4 trROM210 tr[ROL1Y3
1 a[U3ICA9  t]AOAOKIRST3 wR0J723 | AOAOKIRST3
12 w]U3J5F9 trROM210 tr[ROTKI4 trROM765 tr[ROJH14
13 tr[ROM765 tr[TIWITS tr/AOAOK IRST3 «[U3NS8 | wROM714
14 wTiwns [ @ROKPE7 | «ROJHI4 trAOAOKIRST3 | tJROM210
15 ulROJ723 tr[R0J723 tr]U3J5F9 t[TIWIIS tr[ROTKT4
16 wB4ZY90 tr[ROJICY9 sp[P04238 tr[ROJH14 tr[ROKO75
17 t]ROJH14 tr[ROJH14 tr/U3THBO tr/ROJESO tr[ROTKI4 tr[R0J723
18 u]U5YS24 wU3IsF9  [NEROMZI4TY  tROLF09 trAOA171R277 tr[ROJESO
19 wROL8K3 trROM210 t[U3IVLG tr[R0J723 t[U31726 trROLF09
20 u[ROM765 trROLF09 trROM765 tr|U3IVLG tr/ROJES0 tr[B4ZY90

T R AU, 6 I H BUIA BRI o

Wk 4 frox, IWEALET 20 Fhs RS A pon] A4S, /i 20 B RS A i
ES AP IH AL EAE, BIASFEME A e AP & AR HTaMEA
TR Z R IBOR, HE BN 2 Dol N RN TR . 7E% 407 20 P
EaE AT, IR N &4 BRI e A b I & i a2
AP50(trROL8K3 . tr]U5SYS24) . AP(trJROJCY9 . tr|U3ICA9). OPI1(sp/P04238 .
tr[U3THBO). RP4(trAOA171R277. tr|U31726). RP(trROK075); AXFLALALIKIHT 20
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Bl O, A BLAE AN & 41 HOR AE e AL IR AR ) 2
AP(tr|ROJCY9 . trJROKIT6 . trfUSICA9) . OPI(sp|P04238 . tr|U3IHBO) .
RP4(tr|AOA171R277. tr[U31726). RP5(tr[B4ZY90. tr[ROK075).

Z 4 JZ2AABR AN pHS.50 YTHE I ER 15T APS0 41T 20 F sy =F B 8 (A i AE
HoAbZH R # A L, HFALZE A RYL AP (FH7 20 MR A e A 4 4
FULZE A RATINHIL, #Eik, APSO AR & S s ET 20 NE AR E %
YURE S I 22 AU AR AP FE S R S iR s R T 20 AN AR IR 4
A FLAL A E 1 JBURE P R 2 e A B AR A A AT (JE] 2-10 AT 2-110) . Jd i
SIRTAR I, REB S R BT AN R AR BN A AN R FE Y B ATT 1

3.00 - —e—sp|P01989
—a— tr]ROKA48
U3JGE8
T1WIIS
ROKK 84
ROM210
U3IIS8
U3J1L1
U3IHG8
ROK1T6
ROKPC7
U3J5F9
ROM 714
ROKFP7
R0J723
B4ZY90
ROJH14
U5YS24
ROLBK3
ROM 765

250 r

200 r

1.50 r

Ratio(%)

1.00

0.50 r

0.00
AP OP1 OP2 RP4 RP5

2- 10 APSO P EERSMET 20 MEAEHEMERTHSERESH
TE: R LR, UG ELAEL, AR e AR AN & 1

300 - —e—sp[P01989
—=— tr[ROKA48

tr|lU3J6ES
200 F trTIWIIS

—%— trROKK 84
- — —e— trROM210

Loo L —+— tr|U3IIS8
. W - tr{U3J1L1
[ . \\x—_———:: trlU3THG8
0.00 : == f E&Ig%g
. "\Q\ tr
\’//" tr|U3J5F9
100 L trROM 714
. trROKFP7
R
tr]
-2.00 ——trROJH14
trlU5YS24
trROL8K3
-3.00 trROM 765

OP1 OP2 RP4 RP5

2- 11 APHRPRERSHA 20 MEREREMANEEAREATHEELENH
VE: RO RE L LR, GBI LA, AN RIS LR AR AN R i AR

In(Ratio)
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BT EARIUGEE ) Z W 2 R FE g, flhn, &IOS RE pH. BEAEAE
TR S F T R LA P LA A LA RS MR AR R s, AR
SOG4 2 S A9 B A ALRT 20 Fhos FRE 8 A DU B AR L AT, 4
Rk 5 froxo AERT 20 Mo R A BT, d 5 H s (Isoelectric point, PI)
KB AT 8.00 Al 12.00 Z 1], #4534 4.00 F1 6.00 Z 7], (AR5 H 5
(1) PI 7F 7.00 FffiT. &E AR PLIN, (i A%, WA, (W PLI, ¥
filf B os 8 K, ARTHE A RSN E A RS 5 IR, WP EE RS T
ARSI, R AR R IESE . AR 2-6 I, BREEH 5T sp|04238.
trROJH14 F1 tr[ROJKI4 4k, 2 5FALINHT 20 Fhom =35 8 U1 PTAEI &5
BB pH7.00, ARSI — e RERET R, ST RO, S
TEMAT T A S S AR ARG N, $em 7 RBa s e b E A
LA RS e

*2-6 BHELEPESEERSHA 20 MEARMELERS

Protein IDs Theoretical Pl Protein IDs Theoretical Pl
sp|P01989 8.54 trROL8K3 11.46
sp|P04238 7.06 trROLF09 9.41

tr]AOAOK1R5T3 9.73 trROM210 10.31
tr[AOA171R277 8.28 trROM714 6.42

tr|B4ZY90 4.80 tr[ROM765 9.10
tr[R0J723 4.89 tr| TIWIIS 8.52
tr[ROJCY9 8.68 tr|U31726 10.55
tr[ROJE50 6.38 tr[U3ICA9 9.18
trROJH14 6.94 tr[U3THBO 9.86
tr[ROJK14 6.83 tr[U3IHGS 8.74
tr[ROK075 8.56 tr[U3IIS8 10.69
trROK1T6 5.88 tr[U3IVL6 8.68
trROKA48 11.36 tr[U3J1L1 8.71
trROKFP7 8.87 tr[U3J5F9 5.94
trROKK 84 5.32 tr[U3J6ES 9.40
trROKPC7 7.73 tr[U5YS24 5.69
trROL1Y3 5.61

2344 HREBMEEEREREARESH

JEIRFEI o M e EDMMREAN DU B i Bl A 2R AR 21—t o A4 DA i AT
R, AMUREWS IR SR v BB, IE RN FIWTRE SR AT R TE SR &R s 3%
IR E FIEREE, MIRENS A DL LU RES SR AR 21— 1 8 1 A AL I, B0
HLE LB IR I 8, 1A DAERE 2 A5 P B HAERE il b 15 B sy, oA Al R
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i TS R RAREC) 0. AW Gevt- 7y ik i 2= Rk e e, bz
B AT IERRE N p-value < 0.01 H. fold change < 0.67 &% fold change > 1.5.

WE 2-12 fon, A&HZEREEERES TR RRRIE . RBIEHr4 R
FWIRBU R B 5T APS0 AR B it s G L S 5 AR E S A i i 2%
HH I o PR A0 2 A 1 0 B SIS U B L 5 A S T RV 1 2 e 1, 2 1 B R IR AN AR
XA A] e A 3 AN [ A PR B A LA AR AR 2 R I SR R —

—1 15

p 1

. - u— E—
SEmnh SRS EER BEBRE
& 2- 12 EREHREXE

2345 BBV EQRBRIERETE

AHH TR F T 1% ) I 25 6 00 0 7 3200 T S 19 B I 2 1 st
FT IR A A 5 SRR A (1 I 3R AIE o 136 2-7 FTos, P 11 AR (1 e APSO
M AT, fEE AP AP AT S 9 M, R 4 AL A s A AS
ZILA ) 10 Bl X 11 MR G IBEIR A sANE],  HAR SRR S HES A ],
B BAE & AN . 85 5T tr[U3IFD3 KL F) 1979 (LA 40, BAE
SHMF R RS, MHARE A BRI 1000 A tb4h, X 11 FrE
FUES SE T IATE 5 2 10 28], A& A tfROLCM7 7E pH7.00 FLALAA:
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AT A PR . A A R YR, EA a]U3IW62 /AL
AP50 F1 OP1 418 (A i R 2, 1 &% ()0 trU3IFD3 {AFE OP1 4l Rl 2], X
UL, ST trU3IFD3 7 pH 451 MU B v & Ak S5 f A A e gk 1 2 1 oA
pH7.00 &4 FhEs 2 5EARFAL. S RAMLIL, RORBRIL G, X
WS R I LR E R R X 0] AR SRR AR E R )z e,
O EE A AT BERR AL RN, B T R RIS R ) A LR R IR E . BRI
S AR IR AL RS, BT A SRR FLALRE ) b T BT T B A R B 1 i

GET
*2-7 EERMKE. BREEARBRS

Protein IDs Length Theoretical Pl Phospho (STY) site positions
tr[U3JIL1 333 8.71 174
trROKFP7 221 8.87 37
tr] ASRRQ6 415 7.62 237
trROLADI1 190 9.78 4
tr[ROJSM9 732 5.00 263
tr[U31Q39 380 9.03 20
tr] AOA068C605 295 9.39 7
trROLFA3 937 5.61 61
trROLCM?7 273 7.20 18
tr|[U3IW62 522 9.53 110
tr[U3IFD3 1979 5.44 668

IR 11 RGP SRR I PR A 2, sk, 5 AL
AF st RS I 1) %) B34 TR R 1 A B OIS S A 1 SR i ) B 2 e A RO AR A B
i (B 60 WL HrfSt, ASFEREIR R 1 BUfEAS R AR BT #8A AN [FIRE B2 1) |
WA . LARBERERIL S, A | ASRRQ6. tr[U3JIL1. tr[U3IFD3 255
AEDOT HG 0 o 33X 1 B {198 e i P A 2 10 O s (R 3G g v 7 s 1 s FL AL g
P

3.00 —e—trU3J1L1
—s— (r[ROKFP7
. tr]ASRRQ6
2.0 / trROLA D1
—%— trROJSM9
< 20 - R —e— (r]U3IQ39
< —+— tr]A0OA 068C605
£ 150 - —X trROLFA 3
& trROLCM 7
1.00 F - tr|U3IW 62
—7 trjU3IFD3
0.50 'x_——-_—><t
—e
0.00 - : : :

AP OP1 OP2 RP4 RPS

2- 13 HAMBEERPHR-EARERBAEAERTHIEEN®
VE: BERNRE R ELEDR, BN LEAE, AR L SR AN A
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3 ETHFIS FEBIIEAT & B AR R T R

3.1 ARFAE
3.1.1 fHEMR

FE I B 5 VRAF BIRE i 0-4°CRERVR, RIS JK=1:6 (w/w) [WLLEIAIH,
RIGHZ AL E, KruEi pH WS 5.5 J5, 10000xg, 4°C, B> 10min, H
DUVEZ . WE R, pH. NaCl. IN#GELEIX 4 AN EHEAT I AS X T
G HAWE (mg/g) 5 pH fEH MK S E N :  20C~80°C e Tt
(1°C/min), ik 80°C 5 Rk 20min, & HKSE 130~170 mg/mL, pH2.0~7.0.
HHWKE (mg/g) 5 NaCl (mM/L) WRFEAEI S EE N 20°C~80CLPETHi
(1C/min ), & 80°C j5 f& # 20min, 4 1K & 130~170 mg/mL ,
NaCl0o~600mM/L. WA (mg/mL) S5 (°C) MHESLER R EN: 20C~XTC
L PEFHR (1°C/min), ik X°C J5 £ 20min. pH [ % £ 7.0, NaCl ¥ & (mM/L)
5 pH AHE S B N R AIRE R ETE 150mg/g, [ ETE 20°C~80°C Ltk
THE (1°C/min), i 80°C Ji 53 20min. 2 BRI AR FE F e B () J bR vEE g «
R INPERS 450, ATRBATE GRS, L RoR; 2IRBPIRSHRETE BB LL o
TR

3.1.2 HiEFR

PN IR E IR (8 Z R (tryptophan , Trp)+ %% [ (tyrosine , Tyr)
FHZS TN 2 B8 (phenylalanine ,Phe))yRJE 1 8 [ AE 280nm B 295nm 130K K
R PHETOG, ZR O WIETERIGCRR D). Trp. Tyr M Phe tH1-3
A A E 5L P IR AN [T A AN [ 28 06l o Horb Trp 28 GoREE &K, 10 Phe [1)
IR MARAS, PRI B B R 9% T 2252 B Trp A1 Tyr BRIETE R o [RJIS
TEEA Trp M Tyr IR E B, BT A4 T M Tyr BREES] Trp HREEM RERE
HeHe, MIMFEL Tyr FRIEII G K Trp FRIERIZICHE N, P Trp 57 4 H
YEWNEERERIE TR B TR S50 AW, Sl 5 s e, RSN
10mg/mL, 2K =4, 435% pH K 3. 5. 7. &HsEEE, e N2 T
50, 55. 60. 65. 70°C/K¥HH /KA N 20min. INHGT 5 RESL, AH 20 H IR
G, FIFAHE pH H &AM A KB R7K AR 2] 0.5mg/mL, A5 miN B HEPR
AR, FERURB 295nm, R IK 320~42nm0 (R HEAT
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A — k. Ry 11, BT E B 5] 50 BITE % o-B8 e . B-
Prde. B-FE A SR ML AREE M o X LEST ARG M AR AKX FRIN . 8 (ST A
RN 185~240nm LA I, PRI EFEIX — P KE BN A R . JURAN ]
1) 58 1 BT AR S5 1) P IR PG [ (P B I AR Ak i e — T — il e AN F ). — /%
(1), a-BEBHEM 3 W AE I (IEA7 190nm 4L 1EIE, 208nm AT 222nm Ab4i4),
B-T B e GG (195nm 7 1EWE, ZIR NPT, WA TAT B-HiE, 1
215~217nm &F WD, JoRIA 7R ARG i Hh U7 H 50 (200nm &b 60,
7 218nm AL 591E ), B-#6 1 g AE 180~90 flig, 200~205 IEUE 225nm
Kb TE U o i BT B B AT T A R AR S R 2 4 1 1R s AR AN
£ o DRI FH 38— B L ) T — 8 B T 9 B T R S PO IR G R I S i AR
A FTRIRE il A RT3 4542 - S0 5 RS AR B0 10mg/mL, 43
=, R pH R 3. 5. 7. AFESEEES, FIFHAHIE pH HLA AT A H ik
FERIKFRREE] 0.5 mg/mle L& pH 4541 15 100mM ERR7KEAE A 27 E 73 70l 3K
FFIAIN IR i ARG R RS B RS, friEis ] 50, 55, 60,
65, 70°CJm, FRAFIAHMIP B — ik 4 R .

3.1.3 EHRBREHAR
RO AR (IR EUCT R 2.2 T APSO 4H, SR As il 7k E 2.2.5.
3.1.3 9FEA R

KA #: Jore PDB Hdls 1 N AEGR E11K pdb XA, ARSI PDB2PQR
AR 8 PDB A FAL N PQR A&, JF0ml W pH b 3. 5. 7, &4
HEME 3 A PQR . 7E5 T EIEH AT Pymol (version 1.5.0.3) H4HHEH
pdb X, ARG AE IS H A % $E Plugin->APBS Tools2, 7E Program Locations H []
APBS binary location "' l1#% apbs.exe X/ , ¢ Configuration "'[¥] Choose
Externally Generated PQR 73 5l I# AN [H] pH 1] pqr SCHF , Hiids Set grid SKiFEAT
AR R BCE, Hili Run APBS 1241775 APBS THEL. AR THEHLE S,
VT RE T B LBt a], 145K J5 Run APBS %44 kMk, HZH4E Pymol
T2l wos . APBS IS RABL TR AAEAR pH MR EF AR, A
Wy T8 o A B AN R pH B B E PE 53R, LR & DX S8 i A A i o

BiK X3 S/t PDB £ E F8UR A1 pdb SXfF, SRJSLE Pymol (version
1.5.0.3) AT 8 E pdb 30, HEE SR AR IIE, 7Rt
IR e B rh ik £ S->organic->sticks, A T 58 W Hi/K X4, A DL L &S,
EARCR TSN W)
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TR {E PDB £ EE T 3D View Hl ik 7E Display Options 3¢ 5L H 15 B
N BoR R AR B R A

3.2 B ERSRREEMRER

180 4
170 4 (o] (0] * * * *
3 1604 o o B * x *
£
—
[
E 150+ o 0 * * * *
i
& 1404 o o o * % *
{0
R
130 4 (0] (0] 0 * * *
120 1 L) 1 L) L) L) L}
2.0 3.0 4.0 5.0 6.0 7.0
pH
B 3-1 E8AKE (mg/g) 5pHHEE
180 +
1704 *x * * « x
% 160 * * * * * *
£
— 1504 * * * * * *
5
140 < * * * * * *
HE
{0
s 1304 * * * * * *
120 T

0 50 100 200 400 600
NaCl ¥ (mmol/L)

B 3-2 EBAE (mg/g) 5 NaCl (mM) REMHEE
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180

170 ~ 0 * * * *
% 160 - 0 * * * *
2
~ 150 0 * . * *
5
- * * *
B 140 0 .
R
R 130 o) * * * *
120 T I I Ll T 1
50 60 70 80 90
|E (CO

& 3-3 EAKRE (mgmL) 58EF (C) #HE

6001 o) o * * * *
400 0 0 * * * *
:‘]200" (o] 0 * * * *
©
£
E 1001 o o * " *
g
% 504 o o * * B *
(6]
©
< 0 (o] o * * * “
1 ] 1 ] ] I 1

20 3.0 4.0 50 6.0 7.0
pH

& 3-4 NaCl ;kE (mM) 5 pH #HE

SR AL, IR IS IR, — R s EE, Rk
AR, —FZ BRI RS . ZRE R 3-1 FIE 3-2, 4 pH T 4.0 HER K
FEE T 140 mg/mL I, T A 7E 20°C~80°C & THE (1°C/min), Fik 80°C
JE kiR 20min, FEIXFERISAAE TS, ATE AR E MR E &K WA pH FRHKE]
3.0, W AW EEANETFS) 150 mg/mL M LA b, A BEAEAH R s AE B
JREIRE o H AR IR BE AT NaCl X A~ R 22 20 R AR P ] AL, 76 2R R P 130 mg/mL
K UL EI4AE R, 76 0-600 mM 4544~ 20°C~80°C £k T (1°C/min), Fik 80°C
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A AR 20min, YAEE R AIRERE, DR AT DAHERT NaCl 6B 15 75 5% i
BN B 3-3 v W, dRELE 60°C M UL bR ) st v 4 Tl 3-4 1)
W, 765 NaCl AZ ., pH LE 3.0 LA SR I 1) 2 the 4

3.3 BIFERRIEFHRER

800

——pH3450°C
700 ——pH5450°C
——pH7+50°C

600

500

400 4

Fluorescence Intensity (a.u.)

300+

200

T T T T T T
320 340 360 380 400 420
Wavelength (nm)

3- 5 pH X 50°C An#A& B B9 MR S IR U4 IR B 22 0

LA 50°C T % pH AP RS- A5, I 3-5 ] WL, AHEL pH 7 Ab3 44T
TSRS, pH 3 F1 pH 5 FRECKZOGIREENT NG dmax 7351 4
354,352, 1fi pH 7 4 349nm,iX $i 9 Amax K E T 408, XU EAA WIEDOEHIE
AR ITAE A ARAG FOA M T o FERARIER BT, ml P AR50 05 7 i Ak
Moy T2 R T HE AN, 2 PhaEN e 2 SERR IR AL 00 B, DRI FE T AR 11 = 8
ANERSE IR AR 99 T E 1 500 1AM A B IR A o T DA I A el 100 €6 2 TR 1 0
HE 2 2 75 T /KD, SEPT AL AR PR B N, DAL R B T e B U
(1) amax A o H K. FEIXEL, I8 A R 1k Ak B ASE AR JH 2 1 1) = RS R R AR T AR
1, AR IR SEAE NI 2 AR AR 85 ok, pH 4 3 IR . MR B R
(1% pH AbHE R IE 2 AR

M 3-1 AT LA, AL pH, #&% (50~70 °C) X TR AT 8 1 i = 2 45 K 11

SN o
% 3- 1 AELREF pH X EERT & B 5 SNSRI R 20

WE (°C) 50 55 60 65 70

pH 3 5 7 3 5 7 3 5 7 3 5 7 3 5 7

AW 354 352 349 354 355 349 355 355 349 353 355 350 353 355 346

TR 530 687 716 510 674 682 518 615 702 542 633 649 534 642 658

e BAIRE N 0.5mg/ml KA 295nm T Kk
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1 [l o-helix [l B-sheet [0 B-turn [l Random coil

104 abe abc abec abc abc

80

60 4

40 4

Secondary structure (%)

20

50 55 60 65 70
Temperature (°C)

3-6 JREF pH M ER RSN S 2RI

T ab,e 2K pH 3, pH 5, FIpH 7, S 0.5mg/ml,  200-260nm P& R .

I 3-6 BoriiRHE CD S RAEF ARSI dr 5 — A Lus) vl LA A R
t, WX R A AT RS AR, T A M S E AR AR . 1
pH WS RG22 1 a5/ A AE— € 580, ARSI pH 7 254 NI E,
MRVESAE T (pH 3+ SIS A o MRS S A DTGB 1. p A o
G ER . (HpH 3 A pH 5 & RIS EE, M a2 NEEA
AAZ, XU pH=5 I, RIAERE— 2D BN i R 1 T2 1 A i Y
SEMIAR N

3.4 BRFEBRS FREBILER
341 FREATELRISHFEBRIEEELSR

28 ORI 5 S LU A AS e, RORMS L n S 1341 iR e . b fE 5
588 JIE 5 i (R RIF20 N 8 1 LK 3-2. 12074 £ 1 1K 43 1 & 41 10000~400005 il Y, H:
HIEK P 7 1-0E A2 TR & K, 450.15kDa. 204N 85 20 1 B A AR s 1k
e, MR ML s WA D Re R A s, MR RG4S GEA
Jr ARG TE L S G IRAHIRETE . 4G s a4 G R
AL TR R 25 G MEH IR R . 456 W I I TR I R 5 DR o e 24 T
IEH R T IX LD REVE R L AN, SRR T ENICH KRR G, 15 RR T
R SR A o T FE110.55% B I mg/g 2H UG . HE T ASHIEFE I T I 28 9 1)
PV e Ik T S AT SR DU, BT DU AR A TE AW B
[T e 2 P
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% 3-2 HBRFEB R

T HTLERAT 20 FEH

Coverage iBAQ *F BRI
uniprot (4} % ID 4 ik VAR iy Zanm 011
(%) (& (%)
PO1989|HBA_ANSAN ML T3 0-A OS = Jff GN = HBAA 30.3 15436  SiaEEEERATEN 4.39E+09 6.76
ROKA48ROKA48 ANAPL HHEEH H4 FBD OS =g ii4Ek 1 GN = HIST1H4G 53.4 11367  SHEmAFRR ZRMAEE  1.07E+10 18.79
U3J6E8|U3J6ES_ANAPL KREEME AT OS = Bl ghfrse kg 59.8 9492 G5 WA A 4.09E+09 45.84
TIWIIS|TIWII5 9AVES FFREBRE R IR R 45 4 82 11 OS = JfEJ& GN= fabp10 78.6 14105  SAFIsEONEE 1.54E+09 5.71
ATP A EBEEIE B, Zebifhk (B OS =fighiirag ki GN =
ROKKS84/[ROKK84 ANAPL 85.2 13795  4if ATP 1.34E+09 8.02
Anapl 17327
ROM210 |ROM210_ANAPL A A H2B (B OS=Flgh 4k GN = Anapl_01019 20.6 13964  SiEHmEFRETRAEMN LIIE+09 6.00
U3IISS | U3IIS§_ANAPL KRYEMBEATT OS = Plghlrsng 25.8 13392 vtz CBEREEEEYE  7.73E+08 5.31
U3JIL1 | U3JIL1_ANAPL o -3- R i A OS =K 44 2% L H% GN = GAPDH 66.4 35840  fEALIETE 7.16E+08 10.49
U3ITHGS | U3IHG8 ANAPL W - CERREESNNE OS = [T4ii4E kS GN = ALDOB 46.2 39379 fEALTEY 6.54E+08 11.34
KESUFEREED (B OS =g itk GN =
ROKIT6 | ROKIT6_ANAPL 18.7 17158 6.38E+08 3.86
Anapl 10413
ROKPC7 |[ROKPC7 ANAPL  L-AMMAREE (rBD OS = BIgiilisk=k1 GN = Anapl_07274 63.1 36755  L-FLERM MG E 1% 5.69E+08 5.56
U3J5F9 | U3J5F9_ANAPL REETEMHE AT OS =fT g 4¢3k GN = COX5A 52.7 16695  #fLER ¢ SEALBEETE 5.63E+08 10.76
FHSRO - ml e S- AR I | (JvB) OS = Fighfist ]
ROM714| ROM714_ANAPL 47.9 44063  diBE&RET 5.46E+08 15.75
LM GN = Anapl_06456
ROKFP7| ROKFP7_ANAPL BPEH B S-#EE (F B 0S = Brghlirstskiy GN = 54.3 25336 AiEBMHIEBEENE  5.22E+08 451
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R0J723|R0J723_ANAPL

B4ZY90 | B4ZY90_ ANSCY

ROJH14 | ROJH14 ANAPL

U5YS24 | USYS24_9AVES

ROL8K3 | ROL8K3_ ANAPL

ROM765 | ROM765 ANAPL

LOC101797566

TOAE TR s T AT T PR R W [ GTP, ZRiAA OS =Bl gl i 4 K GN =
Anapl_18885

NN Gl (B OS =i

BRMBAM 1, LRk (B OS =gy frax sk
GN=Anapl_04306

BIEH I A-1 OS =/l GN = APOAL

60S Iz A 1 L35 (v B OS =Blgh ik kiy GN =
Anapl_08024

FEARPR T 1-a (Y B OS =fi g4 L= EEF1A1

28.7

44.9

59.3

62.1

26.3

61.3

10193

17462

45024

30639

9395

50157

25 R R0 T A A P

i

=

g ARMEAN (NAD
+) WP

SR i

SRS N T

5.07E+08

4.75E+08

4.47E+08

4.35E+08

4.29E+08

4.16E+08

23.27

39.28

5.40

9.88

18.24

18.93
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3.4.2 AR TUE B HE AT B B Bk AT 35 BE AN 7K X BRI L R

HEAFGE - RERN R THEY), HE RIS e T Ihaert.
H A S A A5 R AR LU N LA SR IR i il it . = aiH
AL E ) o e 0 AR 2 18 22 B B T U — 407 T/ R 8 R AT R I 1
Mgttt %, RZIEERIN AR E W5, T8l o, p-Ird. B4
A ILMIE S, NS B RS R AT SR S5 SR B A RO E A B 4
PREATEAIR AR A AR AL, T B REMI AR o ASTRGEL DL A B 1 Hhle B
LREAFHILERE 1 7 MO, SEIUSURHIRS T R 1 5 45 5 5 58 o e [ i
20 /N A H AT AR AN A B 1 H3.2, BB E AT = (R A AR T A R
DAL /K X e, 3R i A 1 o

3-7Myosin-7 (ALEKER 7) WREEGAEEINER
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3- 9 Histone H3.2 ((AZ&EH H3.2) HIRME BRI RERIK XIERIER

100%

# e0%
a son
=N

= 20%

o, 230%
= 20%
10%

e LU ARRHIK X 5

. .‘1_ I e
W
B
mE L
Myosin-7 Hemoglobin subunit alpha- Histone H3.2
A

EEME

3-10 ZMERR _REWILHIBIEHESER



Myosin-7

Hemoglobin subunit alpha-A

Histone H3.2

ML RRIUEE R

L]

—%

=MEBR

& 3-11
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Y H3.2 A%/ IMEZ OB« /MK DNA AL ZE 5 F il s %,
Pl T DNA T2 DNA {E A BRI 40 ALHI v vk, BRtk, 208 E e sk i
%7 DNA 2% . DNA Sl aaie s ol BddaEn (il
PR S RS FIAZ/AMA T I I S 2% R BE JE A2 1ok 15 DNA nf Jetk. 412
H H3.2 2t 354 10 AM8E, BAITH 6 NeaiME—sefakox. Hrh B #4lHH He4
A 102 5REE, QST 49%a-120E, 6%B-1TS; C B4l H2A.1 1 128
BRIL, ST 49%a-1R0E, 5%B-1TE;D B4R H H2B.2 4 125 BkAE, —
RAEMTA 55%0-12T1E, 3%B-FTE. 418 H3.2 i 136 NMRERLAL N, IR
BN 2 G LR 43 ol A2 TR 2 PR R 2 R

IL2T 38 W FE 85 Je 2 3R 8 Bl ZHER S 0s i, 0 o 15436, 404k
FOVEES A 4 ANMEE, ENTH 2 DNpaimE— e ios. B A #Em s aa
141 583E, RSP 75% o-08E; D BEMZLE AT 146 5L, —gigityhfy
T8%0-MRiE . MLZLAR NV IE T 142 DR N, ARG 2 SRR N 2 S IR 70 i) &
NG TR AN 2R »

TEHEE Ao 5o, AR IE i Aar A0 97 i er OB T, A B B 25 R) 45 S
INEEHRIGE B G DL, 1RSSR B L5 | ) T B — iy 85 B IR A 275, T
i v BRI pH B S W] LAIA S B B B P s B . B pH {H BB 2 R IR
OB LT 23, T A ER D I ey Bl S T I 22, T F A RD SR 2 ) R R A
Sy E E TS MR, DA A S A, B DAAS[E] ) pH 23 5200
HE RN R, [R5 i A R AR R o FAEALLA] 3-7. 3-8 1 3-9
AL, SRR A TR A T E S, X1 pH ARG ER SIS [RI R B AR Y
DAL, ASBIFSE RS I RO pH R sg e, ] RS BUER [ TR W fur 4 R 3 (1) &5
.

TEZAFANE pH AE W, HAE A RS KA — W, i a5
SRR EAEAR, T H AT BB AN [ I IR EE 4T o5 52 IRAS 1] FR 8 e
Pho fRgtod R, AL B, SEAREE, o-MRTERW T S R, B
T UK YEZIERR, 1R T B BAE R A4 . gl I 1 1] 5% 5% 1) i /K B ik
FHEAE R AT BT T 7 8 5 R R LA 1R e AR A G R A h 4549 « = AN I =
PRI 3-10 A1 3-11 AT UL, I 2085 110 g5 f b a- BB E LB (E 75%, 41
B AN a-B20E L BI7E 49%, X HE FUUEREE 110 o-B2 g EL B4 50% 4040 AR
P Ol S g5 2, 38R E S br o-IR e LN AE 10%~20%. HIUEAT I,
FVERE AAALG, FEF & A AR Z= e ERe, T REE R R A 1Y) pH. R 481k
HEAT 55 H s T A5 8 1 IR R R 2 BUREIR, BRI 323 58 U AR S (1) o- R T 128
WETE, TR R A MG EAE . KL, Wl RAIE S AR, R
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R BT B AR AT ORY S AT AN R R 1 B JE S R, e SR A
WO
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4 BERFRE AR ITH =M F 4
4.1 FRBIERTFE I &
411 TERE

| mE

LE

B 4- 1 EREHAENE T 2RE

412 BEES

JEORHIG W RERIG IR BB EAT B0, IR TAEAS S0 A% KR B RS S o S35
Bith . SIRAIER, A2RTIMEMIENT.

JEORHIE R JERTF AR BK TR oe, Wi, BIkRE k. WA g 2.

ROTBEBI %5 PR R Rk 8 min, F4HIIT BEWREAE 4~7 °C.

Bk BIE S E. S1E MRB . FORTER BT, 5RO BE
— K HTRE 10 min, SRJEIE Y ELI VKoK, Tk 2 T R JEORHER ol 3414
[RTRAAR -

WELEAE . BE 200 g ROJHBE /3L 2 PergiifEdr, 75 C/Kif 1.5 h, H AR
ik 70 'C, AHIE 4 CRIERNATRIIRS % .

4.1.3 LI§gIt
4.1.3.1 E KT XTHERTEHI 20
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&N L T2 W 4.1.1 Fios. MR 10%, KHE 70%, e HAb
T4, DLEKIER s CERIER BT b7 Eu o RS0 MRl /K dE 2 il
LB A&, WEHN 0. 2% 4% 6%+ 8%,

4.1.3.2 HHEMXTISAT ERY 200

IR INT 411 A%, KHE 70%, EXIERBINE 6%, [HeHAhT
SHL UM oS N AR 8, WA 0. 10%. 20%. 30%.

4.1.3.3 KK X HERT & RO 200

BN L LE 41,1 A%, MW HE 10%, EXKiEmHE 6%, [HiE
HAh TZESE, DIUKOKIERINE A8 &, WE M 0. 70%. 90%. 110%. 130%.

4.1.4 #NFE

4141 BBEEYIRT S

IR PR DR R e TR AN R LT RS R, OEEE TmA b, Wk 2R

RIRE o AR DCPREA SR 40 mm, [HBRE 1 mm, WEMKRE 25°C , NAER

0.5% (FELEPERESAX ) BT YIER M 0.1 EFHEI10° s, kil fE, #9
JHEFE LB UIN g o KRG RE R AR A Do

4142 BEFABRTEIW

PR PR F ARG T E R B R 2 S A W] AR I, BOE R TR
A, AR 2 AR, TR R ARG I A i LA e B
HHIK O3 28 R i s 25 5L . AR SO E AR 40 mm, A 1 mm, NARA 0.5%
(FEZE PRI D, B 0.1 Hzo WEFHRART, M 20 CHIRE] 90 C,
FHRH A 1 °C/min.

4.1.43 &R

F TA—XT2i B4 A A e &1 5 (3G 6 o SERe /e 4 C R R 24 h
i, WO (AT 6em. 55 10ems 200g) £EH Ve o REANBHEY 5 6. ] TPA
B e EIERE: PSO Bk MAAHTEEAE: 2.0 mm/s; WA : 5.0 mm/s,
WEHE: 5.0 mm/s; FRIFEE . 20mm; #fl/: 5g; ida3# % 200 PPS.
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4144 BETE
Fz4-1 BIEFERBITER

frbs R S8 UP 1145y
G, Wik 7-10
[ERES TGRS, (O PRRLR 5-7
T, BRI 1-4
A RYRATI R, TEIRE 7-10
JR FEIFRAT AR AN, A 5-7
TCROIFARFAT AR, R R 1-4
RIS, oK, IRERTELE 7-10
A Ve RMOHRLRE, R AT, IRERTER 2 5-7
Ve ARLRE, AKIAT O, IR 1-4
FURAR, ok 7-10
[ FURRHLRE, A7 UL 5-7
FUBARR R, R S o 1-4
ISRUNR SIS 7-10
PN UNTIE 5% GO EE N 3 i 4 5-7
e IR A 1-4

Z i Abu-Salem 45 (2010) W77k, AN, BEETFE XM 10 24, 10
AR N LT, AR R A, 1 ANEREAR, AR R . TR
B P BT . 15 AEVEE RAEATVEE BT T FEA LR85 AN R AR
PPE—IK, HIRKET, SR AN NI E 1 520 .

4.1.5 FHREPFELWER D

4.1.5.1 EXRTEMRMEXTIEAFFARAT MR, FigFn

['IJI
—H
[}
I
=T

&
=}
=1y

41.5.1.1 KT MHR
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Viscosity [Pa' s]

=

1

‘-‘-‘-iiwu-—u

L]

|

e n

|
- L No
w00
SRR
S

oy
(]
-

o« «*
.
°
°
] ']
[ ]
[}
|
|
|
[}
|
|
|
|
|
|
|
"

0.1+ " "
b @A L]
VA i ™
v—_4A A
— v A
-v— ~ A
v —v
0.01 4
T T ¥ T ¥ T Y T X T
0 200 400 600 800 1000
Shear Rate [1/s]
-
®
’E "
"~
& "
104 "
&71 3 a0
2 M o 2%
8 . 4%
2 4 —*— 6%
S % 8%
¥
-
-
%
.,
4 -=
0.1 4 TR
Sf—
N —
—————1#
0.01 . . . . . . T . p ' T
0 200 400 600 800 1000

Shear Rate [1/s]

B 4-2 FRIEMRIMET, BYNRERITEI)N A F0HE RS20

S B AR 45 B Kl 4-2 nr%n, 5000 0% 2% 4% 6%
8%IM T KVENT, 1B YIHCR-BI I N SR WE 1a Fron. AT KIERR
I (R - B O AR BT PI N ) AR PEC R o A B UG I, R
e R RURE RS TRV BEIR DS, AR IR, T R BRI X 4% 25 A BE IS8 %, AN D)
BEAIR, By LABEAE BY U AR 0, B D) N It 28 8 0 o e R — By DR R
B AT FORTE RS DN (300, BT DTN )bt 390, 33X 2 i T ORI R I TS
EARRPIEIN T o FRIMAER D), TR R B INASE « I 4% 6% 8%IH)
TKGER N BTN ) AT

T T RURY 2 B A BY D) 2 i B 0 v an 1] 4-2 B, I BB P A
PR, H P ) H SR T ARG B B A R oK SE A B3 o 34 0, X nT g e TR
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W TP BIE R I AAE A AR SR SIS E o T/ iy B BT D) 46 A RGO 1m) T — B,
ROEUNAE R R DI E L R, S ARBI DA K, 27 I AR 0 esan, 22003
POIRZS, BB HEAAALS o IR 4% 6%F1 8% T oK VE M I Rl th e I A T4,
X YY) - B D) I R 45 R 3

5000

[Pa]

4000
3000
2000

1000

Temperature['C ]

4-3 RELIEMHRMET, MPREINRERESHFN

FERE T 3 IR 0% 2% 4% 6% 8% T K Ik J X HLBE A TR 5 41
i, AR DA A GRIBERIE G EDR VPN S AR IR SRR R . Hh K]
4-3 W[, INRHILERY BERO I % GMERT GMEFEAANA, it B [k Rk 21—
CHE IR, BFEARRT G GME R E T A, 18R R th T T .

BT A Kb 34T 1Y) GMELRT GMEAE 55 CHEE3 I BT %, X2 nT e & i TFf
U B P T e 6 JHE 3 BRI M R K B, >4 4% R BRI A I 5 I, Ok R K
SEAERM, GUEA GMEIA B 5 iy, 3 5 ROk e 5 % A S AR TE R T I
(R BE I I 268 A R v, DKL b 8 A PR S P ORGP AN T3 O o i BE AR Sl Ty, JUkE [] (1)
TUEHE IR, A A B I 190 28 5 R PR 2 S BT AT, AN GMEFN GMEAZ /N

B FOKTE R IRV N GMEAN GMEASAER R, i Ik 2 8%, W s T
XA . GMIEAE 55°CZfa Wl T G, X ud B A4k sk o A0 3 R st ¢
Fo, T EOKTERD (AN N AR A TG JH 8 BRI A ot RO 0 484 il I, I
P B ZR S5 M (R AR RE AE — s R EE b S ey it R A P 5 [ I A O 308 JH 3 e A
12 T R rhORHI BE TR 52 g ) S it — L S AN E .
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4.1.5.1.2 [RYMZER S
% 4— 2 ;Flﬁliﬁkﬁ#ﬁm“ﬂﬂi—rﬂ*%m J\1:,] D”JlE

Ab3H WRE(N) # P (mm) MR BN THIEE (3/1000)
0% 0.891+0.852° 0.697+0.024° 0.5080.053° 0.192+0.891° 0.099+0.113°
2% 8.489+1.487° 0.693+0.008" 0.525+0.032° 11.186+0.530% 10.869+0.305%
4% 9.772+0.82° 0.689+0.007° 0.501+0.014° 8.997+0.577° 8.541+0.436"
6% 20.210£0.956° 0.688+0.010° 0.539+0.031° 18.703+0.577° 18.102+0.106
8% 21.809+0.670° 0.691+0.006 0.502+0.029 16.305+0.853% 15.927+0.688%

E: FHEZEERFEBAERRTEREZE (P<0.05 .

RO FE 2R, Yo IR TE I E B TR R bR oA i BEFN R PE,
F A2 ATH, ARSI K GE A () TR T e A S UKL Pk 45 B0 K A AR A, AR
IR SR S i s TR FOKTER AN, PIE e AR S ETHES . STk
VERD RIS IS T b A4S S I e S, 3 T URERIN PR By, (R It A - (1
PN SR T v B RS L P, AR TR R R R O o B EORTER S IR 3K
ANTRI AR ERZH (i, P SRR S o0t R T Y 35 2 e, Tl B G S R v o 8 2 g
BR, Hrh 6% 8% MR INEZ AL E 2, 4%5 2%, 6% (A6 3 72 5+
FPESUHEE 6% M Ab M4l ok, HE LA ERA i 2= . R, FOKGE
IR 10 % I, SSATAFREFEROR, Prfsim sk IO, IR PR £ 4 (i 55
K bR PR A 2 2 A R IR B Tk T b, i HARR S 78 1 23 s
WELIERIA I, AR 2240 ) L B IRE sk AR, R FEAEE, MH ARG 82 3 1R ™ i SR M
HULEE AT Y, SRR 6% KUE Bas Nt e o A 18

415.13 BREITELER T
% 4-3 xlﬂi*iﬁ*ﬁuj“ﬂui—rm:%ﬂqm B T:FIE?:%

Ab B % JA i 1 BART 2 E
0% 7.71£0.265° 8.367+0.208° 7.00+£0.265° 7.00+0.361° 6.47+0.306°
2% 8.83+0.152° 8.53+0.351% 8.80+0.361° 9.03+0.208" 8.93+0.321°
4% 8.86+0.361° 8.77+0.153% 8.67+0.551° 8.80+0.361° 8.83+0.503°
6% 8.80+0.265° 8.97+0.115° 8.63+0.351° 8.73+0.503" 8.80+0.400°
8% 8.7+0.416" 9.00+0.265" 8.87+0.208" 8.77+0.3321° 8.77+0.611°

i RYHEZE LRFEFERRTEREE (P<0.05) .
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O 5 b B2 R FR AL 2 TR AR S TEAS S LB nT B2 52 1 2 (A7 AE 12
TS, WIEE 43 PR AT KIS AU I T KGR 7= AT G, o e ek
M, I AR 2 i m (P < 0.05) o DAL, ToKiSk REis#E o kY
JHF PRI A B s VR R R T TR R VT o BRI, B T KR 2 4h, BT LA U
PR WEZES (P>0.05) .

4.1.5.2 EHCHMISIFERE . FAFIRE RN

41.52.1 SRR

=
- 40 -0 P =
K e 10% "
= ] A 20% e »
] —v— 309 T
p 0% P o .
a -
7 i il
v 204 /._f’,,v‘ .
x ¥ e
u
av * z .
L]
104 () i A
A
A e
0
T ¥ T * T ¥ T ¥ T * T
0 200 400 600 800 1000
Shear Rate [1/s]
=
£
& 104 N
%‘ o 10%
é A 20%
= —v— 30%
14
0.1+ S e
] ) ’ !‘_ft:::'{__:__ :'7:7:7‘7 -
- A & — '_ e —
A A "
0.01 T T T T T T T T T T T
0 200 400 600 800 1000

Shear Rate [1/s]

B 4-4 FRMAERIMET, BYIRERITEI] A F0HEE Y200
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AN [l S O ) 965 JE B D)3 4 5 B D) W ) ARG BE O SR W P 4-4 Foms,
BE YUK IR, BIVIN T ABE R, o R BIDIEOR N, B IR
(K ETFBIVIN ) R, R BID)AR R o X R] B N A 52 B D) TR ALK 50,
7N/ MR VA S U 0 e L1 M (A E P 2 NP ez B P -3 2 (A
20% T BT DI -5 AR AT LE B/, IXRT RESE D 20% (1l g vAs in & 46 45 7L AL
WG 2 1) IR SR AR B 22, BNt A N 22 30%, R DAl DAy det1 i -2 i) FR) AT 5 s
PE AT B DI I E 5Tt

BN S RPN S AR AR ESC R o B B DR (IR, M EE 2
MRS FEF BTV R, B AR S R B TR B, RBU BT DI
X5 B YR - BT YN T A5 H 45 R 2

6000
- -
a Storage Modulus - .
5000 4 —a—0 [ )
e 10% .
A 20%
4000 - *— 30% !
Lcsi Modulus a o..::ﬂw,'
3000 - = 1 I
10% B A
20% g
2000 - *— 30% - o
o *
o ii
. .
1000 - ) " L.
/ \ n S .,urJDh:'r!uD:E
. E_*JD s
od  mms
T T T T =

d v d T T g T v T ¥
20 30 40 50 60 70 80 90 100
Temperature[C ]

4-5 REGHERMET, MPRENRERESHFN

PEREIFEE 43 AN I 0% 10% 20%- 30% TIAURE woet LR TH P F14 . |
&l 4-5 WA, SACEA GEM GMER /N T A, A AEOE s on = kg 3
& BB H RS, 2 GYER GMELERN . XA GEE#E K T8,
U B AL BEA R /N T 0 B, X 0] B2 DA RO R N, A4 28 v (R A 90 F
R, RIS RAF SR . AR DA B rh, = i i GMEER KT GM'E,
G'F GMEKRAA X i, RIH 5B R o

AR R AT 5, A AR B R tHELAE /N, x IZHAE 45°C I i B
T AN, XA RE A RO AR B RO A AR I, JEEUE AR E R R, IR
PFARAN SRR FE 5
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41522 RERSR

% 4- 4 FEHHRAINE TSRS

Ak fHAEN) ¥ PE (mm) PRTEC) HPEOD HIEE (3/1000)
0% 30.690+0.395° 0.663+0.019* 0.639+0.011° 0.413+0.033" 20.166+0.628"
10% 22.763+0.405" 0.689+0.006° 0.623+0.061° 0.466+0.024" 18.131+0.381°
20% 11.445+0.726° 0.683+0.009° 0.603+0.019" 0.526+0.042° 11.7200.456°
30% 0.258+0.814° 0.393+0.017° 0.585+0.023" 0.2840.342° 0.088+0.693°

E: FYHEZEERFEBAERRTEREZE (P<0.05 .

1 E 4-4 25 BT, B HOHE R Ik, S IR b B 3 . B
LR, T A (W 2 T R A R, Yo
L PR MR T B T b AR RO . BV, RT3 R RS 5
MO LRI, o RS RSB 5. RV Il 2000, ¥ PRED A
g, ARSI

41523 BREIEELE RO
F4-5 FEMEHANMEFENBETEER

['DI

Ab “OF A & K AT
0% 6.71£0.198° 7.907+0.207° 6.04+0.374° 7.00+£0.378° 6.05+0.316"
10% 8.7240.389° 8.43+0.281% 8.69+0.678° 8.83+0.352° 8.83+0.431°
20% 8.75+0.342° 8.67+0.493%° 8.65+0.591° 9.08+0.826" 8.93+0.672°
30% 8.70+0.663" 8.87+0.289° 5.12+0.528° 8.76+0.368" 8.78+0.620°

i FYHEZEERFEBAERRRTEREZE (P<0.05) .

AR R PP IO R TN, 3R 6 IR AL 1) 245 TR B (T AL R AL, AN
REORE I PR 38 R RS 22, W AT PR, A T 2 I AR F XU th AN sy, SR TR
I 22 IR IR, BRI AR R XURAC AT, B8 AT A il bt S AR (1

NN

HI3 4-5 PPE 45 RAT Y, KEHE 20% ORI A n & AN DA B 1 B Y
2R, i BT e R B o

4.1.5.3 DKIKIIEFFERE . FAAFIRE 4 RAYSZ D

41.53.1 TR
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B 4- 6 RRIKKRIMET, BIYIRERITEI)R 5 F0HEE RS20

ARV BRI B D)4 55 B D) S AR OC R A 4-6 Flros, #EAH
RIS DIEEAR T, BRI IR0, BIUIR AW, R R R I H R B
FaF o IR BEE A A VKK B IIANAL AR 38 2 1) 7314 F D0 AR SR AR0E I 1 B
Bt B DI (KB DI N RS B T ARE , rTRErR T il s, 2 7l fE
DRI, AR AARZS, BIVIN S ARG (A T 3E (. 90%A1 110%0K
I I I ZRFEAR T A, BEIHER I 90% 1 110%0K 7K 6] 72 il IR 5 M FE A — 3L,
A 2 (A H 2 R 2
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. 20000+
© [ 1]
a, Storage Modulus -- "
—u— 0 l’ ‘
o 70% .
15000 - 90% J
—x— 110% /
130% -
Loss Modulus -’f
10000 o0 n
70% .
90% Fa
w— 110% ~m
5000 | 130% -
04
T T T T T T ! !

100

Temperature[TC ]

4-7 REKKFMET, MPREINREHESHFN

TERS I3 h 2 IR I 0% 70% 90%. 110%- 130% KUK 7K 0t FE AT LS
4, RS B G R R GRIRFEE R G R PR S AR I SR M. i
B 4-7 w5, INRHILERY BERE T GMEA GMEFEARANAS, Ind—BL 8] 4k R 7E
55°CHT, L GEM GUERZE &, IABE GG &I IE . B K
TR, RR P CRZ AT DA AN T AL 7T UGB, =
1 GMELAZ KT G, G'F GMEE AR X s, KI5 EEIL RFAE

RO 70 LA il LN, L P AR 2R S5 M IR AR A R AE — s R B b SO ™ i (1)
R Pk, (RIS AR o A A =32 ol R P oRH R S TR T 52 g $ it — L8 25 0 .

41532 GRS
% 4- 6 REIKKHFIMBH RO

JasLil i JE(N) #f Pk (mm) 2EZEE) RO HHIEPE (J/1000)
0% 64.524+0.652° 0.6940.007 0.617+0.304 32.336+0.304° 0.645+0.013®
70% 40.210+0.925° 0.688+0.009% 0.539+0.031° 18.703+0.269° 0.615+0.060°
90% 15.669+0.037°  0.681£0.014% 0.480+0.011° 7.540+0.179° 0.662+0.019°
110% 7.33420.777° 0.674+0.010% 0.478+0.029° 2.655+0.246° 0.576£0.020°
130% 0.965+0.283¢ 0.660+0.013¢ 0.348+0.013¢ 0.042+0.480% 0.491+0.032¢

E: FYHEZE ERFEAERRTEREE

(P<0.05 .
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A 4-6 85 R v, BEAG UK/KAS DB I 3G n ™ i IO 82 Bk SRR &b
DSQNERT R i a3l R N S i NS (R [ L s e 1 S8 by NP 4 N o (Nl 21
W51 3, A1 bR/ o For 90% A1 110%As I (IR . YR, &b
PE PR TE W 2 e, X HRARTE A R 3, S5 A ARV TR bR LU
VKK B FEAN I

41533 BEIFEERT

*4-7 REKKRIMENBEITESER

Jigii 0% AR IS % RN
0% 7.71£0.521° 8.367+0.862° 7.00+0.790° 7.00+0.621° 6.47+0.357°
70% 8.83+0.232% 8.53+0.751% 8.80+0.425% 8.83+0.288" 8.69+0.658"
90% 8.86+0.741% 8.77+0.167% 8.83+0.561% 8.80+0.241° 8.72+0.433
110% 8.90+0.316" 8.97+0.325% 8.89+0.189% 9.13+0.319* 9.03+0.442°
130% 8.7+0.416" 8.90+0.395% 8.77+0.953% 8.77+0.451° 8.77+0.241°

i FYBEZEERFEBAERRRTEREZE (P<0.05) .

HHIECE VP 45 3K 4-7 T, ANIINVKKES, SR ERE. Kk, E&. O
REEVE AR, B ACHBA%, Xl B A INUKOK I, s R 23S,
Areish, HOPERZE, BRI BB VORESIE RGN, & 0HEn
AP, XrRE i KNGS R B s, iRkt prd s, 24
INEIEE] 110%N S IEARBE B e, EZ M E TR, B3] 130%I01, A
R, ABEBERIR. BT LUK TR IR AE 110% I BETS 21 S5 (177 i o

(g2

4.1.5.4 FIRBIFEFIE TS0

F4-8 P RBEFRIERTHE

IKF- (A) MM (%) (B) EAKuEH (%) (C) WK (%)
1 15 6 90
2 20 8 110
3 25 10 130
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x4-9 MRAFERBREIFEERILER

ESES
R JREVPE SR
A B C

1 1 1 1 8.8
2 1 2 2 8.5
3 1 3 3 6.5
4 2 1 2 8.3
5 2 2 3 9.5
6 2 3 1 7.8
7 3 1 3 7.5
8 3 2 1 7.1
9 3 3 2 7.7
k1 7.933 8.200 7.900
k2 8.533 8.367 8.167
k3 7.433 7.333 7.833

R 1.100 1.034 0.334

ML 4-8 #GIHE /= X B I EACIRE 45 RS R G2 ALB.Cs,
BRI I 20% FOKVERTSINE 8% VKKESINE 130% N B F Ve 45
RAF o B o

R B D] 3% S I AR 22 45 A W A R R AL & ALBLCo, RGN s
I 20%. EKRGERISINE 8% REFFAINE 110% 8 F VP 52 45 RA3 50 55 o
AR B 22 T A HE R 368 JH 8 6 VP 140 3 53 i R 352 P A9 RO el > ROK B A >
VKK

4.1.5.4 FHREFRIIER T
ARAE X G b A T B VP8 IEAC SR AT ISR L AL
faor s . UBATO A S AT I RS 321 R Rl

& 4-10 YRR FRRRERXEE

s BV prs
ABCs  FERTIIST, CUBMIR, ARITRA MR, kbR 9.85
ABAC,  HIRIHYS, CUBMUR, A RAFE IO, ki 9.50
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R 4-11 vE N, CURGHE T AT N 20% FOKTER SN
& 8% VKK 110%IN F AR T s), HURANR, AR RARRR, ¥R
PRGSO VP 45 R By o PRICTRAT DR E L 21 A Wi 1R 4652 A AT DR TR
TSI, p skt on AR A A= = s B KRS I )=, B INSRE ) IO, SEIAL

)aﬁ}"l,o

4.1.55 HBHREFEREFHRSHNE

41551 MERHZ*

(7] JURHES BT B 5578 77 b B R0 7 i 1)

41552 MELZER

80 -

704

201

104

15.17

II =
i

75.41

113

£8R it

4-8 R EFREEETM

i ¥

T

67\

FH e 25 L] 4-8 40, 100g MRS & 15.17g IR A, 5.81g AR
Wi, 75.40g (7K. R bk, wlRAE Sk 78 42 B G £ 8 11 5 LA M R 5 4 78 SR U5

4.2 Y1 R 2IRERT = S Y A &

421 TEZRE
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Iﬁﬁ'
W fnin wE
Bt mgﬁﬁ #$ Smin

Trih
|
mErg | (BEE | L | |BAR
EksH [ |aCE®
= [ A5 nin |

AWRE

14 2R =

B 4-9 ¥ H BRI S e
422 BIEES

JEORHIG W R I JSORF AT S0 L, R LAER UG G I T SRS I, S B
Bith . SIRAIER, A2TIMEMIENT.

JURHIE R FEHT S BE WA AR s ok, 2 mes . IBRE Sk A Re AN &f 4
HR,

TENTBEBI A6 PR e e 5 min, FEHIITBERIEAE 4-7 °C, AW b
¥y, FOKER IR 4°C et 4.

BreE: B R AL BRI RO RS PRI ATRE Smin, TR R0A AR TN BT EERL
—ARHTHE 2min, A UKAFIRIAH RN TR P GE DT 3min.

WEST: FYBRMGAAE Tom L —AN45, &1 150g.

HHIRE: ZEM 80°CH 20min, £ =EHJGIE 4 CTAK.

423 LIt

42.3.1 ERFEMMY R BRI

KOO Y= i BN 2 B o LA 20% I, 40% i3SI T2
SR, BUEHAL TESH, HAOKTER A 01 4%, 6%, 8% 10%[WEsIE (X
KIEk Br s LU RERT . RGP Rl KB ARG ELD X St 2B AT 70 o
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4.2.3.2 EHSH] A B S E 220G

FEFY T = R T T EAAE . L 40% MR8, 6% B KiEm A T &%
¥, WA T ES5, M A 0. 10% 15% 20%- 25% s I 7 i
AT T
42.3.3 REBRFRMEX A B = REY S 0h

2 AL T 2280, #HIERINE R 0. 20%. 25%. 40%-. 50%-+ 60%-. 75%-
100%X5 7= S 3EAT 20 BT o
4.2.4 ¥ E
4241 RTZFEHHT

[R) BT IR AR 24 7 M 7 1
4242 FRYMNE

B LR By 4°CsCE 240, XU JI V) 10 mm & 9 R AR AT TR 0 52
F TA—XT2i BRMIBGAE 20°C 544 T 052 210 77 17 & R (7 ke e o o 326
TPA #iX; S HBERE: PSO ¥k MPKRpriEE: 2.0 mm/s; WHERESE: 5.0 mm/s,

MR HE: 5.0 mm/s; JEARR: 25%; K J): Sg; AMFEMER 5 K. e
CERVRRUAERE . g PELRERME 3 MR RR.
4243 {RKE (WHC) ME

Z: I Perezmateos 1) J7VEFE sl . XU TR & HUF 4 CHUCE 24 h K&
VIR 1 em MIEJ54E, BREBUTCEACH m1 CRRfE] 0.001g), HUE T 208 20°C.
3000g #/0 15mine HUH B0 5 17 I HROK AR R 1K W+, FROPREUER &
W m2. BEANEFEEE 5 R RKEEREE AN

WHC (%) = (1-ml-m2/ml) x100
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4244 BEITE

F4-11 B RE~EREE TN R
by KE VY S 143
BPEYS), ANRA L 7-10
JEpES PRSI, ANRREA DGR 5-7
AR, ANRTOOGRE 1-4
Jd kA, JoHF IRk 7-10
Gt WA R 22, AT TR R 5-7
Wk 2, JH IR ™ 1-4
DG, D) TE ] R 7-10
TEAS DT e, DTS A< 5-7
DA G, YA o) = 1-4
LA I, L IR o I SR Je 7-10
g FURCRIRL R, A ROk 5-7
FURBARARS, ORI 1-4

425 YIRBIFELWER ST

4251 EREMMFE RS RS

42511 MEMR

HH S B DI AR 45 B K 4-10 w0, RSB 23080 0% 4% 6% 8%-
10%[0 T KVERY, 19 H BT DI - BT DI i ih 4, AN R T K GE R i 1 w5 1
T B U AR R B YN ) RARZ MR . BEAE BY w@zmwm G JH-3 v 1 RORE K
SITAIERYRN, MEF IR, TE BRI BRI I 4% 2 AL S IR %, IR B IR, B
u%%@wﬁ%%ﬁm,@wmﬁmﬁﬁﬁmoﬁﬁﬁ~%wﬁ$T,%%E#
TER IS IS, BYYIN B BEZ S0, XL BT R OKTE R IS I A AR
Bn 7 A E R D1, DTS A4 R B AR E

T (FoRY 2 B A BT DDEOR R I gs a1 4-10 s, SIS R
PRVE, Fh P ] G H IR T35 FRhS P2 B A R K K R 388 T ma 388, 8 i B 1) 4%
PR R RS ) T8 H, KRR UM ER T, BB DIRR, 71
1R IR, 2 mARE, R EEAANAE,
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ZEPA R BRI 0% 4% 6% 8% 10% ) Kk 6t Hok A Tl s 44
i, ARG B DA AR G RIBUER & G ECR VPN ¥ AR IR SRR R . h K]
4-11 AT 40, INFAKIEARY BRI GMEA G FEAARAS, i — B )4k 5k 3|
—EEE, BEHERRN GEM GERE TR, AR KIEE G MZ I T

B

200
%
A
_* ]
. 150 o e — &
© K e
& e .
« P o
§ A 8
& 1 r AT F
£ P ¢ i
2 100 an 0 e =
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1 A 6%
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10000

Storage Modulus L L]

= 8000 | =0 ! .
oJ :
o, . 4% ]
i 6% =
*—8% {
6000 - 10% .

4000

2000

Temperature[C ]

B 4-11 FEIEMRMET, MMRETRTESRIFM

PTAT AL BRZH 1K) GMELAN GMEAE 55 CRTL 2B ETHES, X whe2 Tk
it L IR T e 7 it P ROREZ TR IR, 24 1A 308 2R AU B N, SORE R K,
SERRIZI, G GMEIE 5 eIy, 58 AT UL 5 5 A AR D T Ik
(IR P 2 R 28 v, DAL AR R SR PR RORG M AN T I K R EE R EET vy, UL ] Y
FEARE R, A AR X 2% R 1) 7 73 S BE IR 24T, AT A GMELAT GMELAZ /o

42.5.12 RMHR
xR 4-12 EREMARMERME DT

fb BHRE(N) # Pk (mm) THIEPE (3/1000)
0% 117.893+0.512° 0.258+0.022° 24.307+0.362°
4% 304.184+0.651¢ 0.378+0.020° 75.098+0.607°
6% 477.260%0.698° 0.335+0.029° 128.805:0.871°
8% 1150.050£0.159° 0.403+0.016° 373.070+0.923¢
10% 1349.252+0.416° 0.402:0.010° 477.912+0.299°

i FYHEZEERFEBAERRRTEREZE (P<0.05) .

M3 4-13 WA, BEAE TORVERI I 00 A S (e ML e 1g oK, 3X02

SR R Bmke U AR A, A R i B B, Al BN sk, ANIfAT
R IR R o SR T INNE 22 1K) TR BER 2 AR S L LRGN, RSk L
BLVRIAE, DI FRATTIEHE 6% K T KRR I o

42513 BREEELER
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F4-13 EXRKEMRMEBORETESINE

L3E RAEES AR TR
0% WEAT IR, AR TEEE, SRR BT AN B 7.47+0.306"
4% WA STHIERR, AN oG, SEARHAARL, DImif < 8.93+0.321°
6% PR A, P AAeRe, G, DI 9.03+0.503*
8% WA RS, A DOEPE, ARORIE, I Je e 8.80+0.400°
10% BRI, WRTOEEE, ATRURLE, Vi i 8.770.611°

i FYHEZEERFEBAERRTEREZE (P<0.05) .

1B PP E 45 R 3R 4-14 A5, 6% 1) FKTER A I Bk T e M fe . &
KIEAERT o 78 I HFR AR, A D, AR E MR I A SRR
I 2, SRR, PO, RO, AT AN, AT
F 6% M TR IR, X5 a2
4.2.5.3 HEENY R mB R SRS

42531 RTHRK

300 ‘
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E 4- 12 FEHEARMET, BYNREX BN HFsE 8200

N[5l S O (R 9 JE 4 B D R 5 B DI N T RGO R e 4-12 B
BIYIHCAR RPN ) RARRAMEIC R . BEAE BT DIHCR G K,  BYUIN T ARG K,
TMROVURG L 52N Bl BEAE MM O35 00, BTDIN D ANWTs&n, IX AT REm AL
AR (7R I AR R ARG SIS, (Rl BIDIER MBI DIN A2 K. 10%A1
15% (13 VAN 0 2 B DI A< -3 U . g i 2R FEAHL 15, 25% (AR nh s n 2 B D
PALIERTE N o N (LRSS

BUY)HCR ARG R AR R R . AR BIYIHCR T, B e S RN BT
REPEAE T B, RBLG BID) AR M o 1K n] REAE N D 32 BY DR ALK 520, /K70 A
TRURL > B, A4S0 7 1a) A EAE ] Jam s, sl B 0dss o 45 A BEZH FRIRG B 1)
U IRALR, IX 5 By DI R - YY) g ih 23 I 5 R 2
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1 Loss Modulus | o JAhha, b
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Temperature[TC ]

B 4- 13 AEGHBERMET, MHAREINRTEE RIS

TERSIEH h 2 IR N 0% 10%- 15%. 20%- 25% FOREOHE it ot HEHEA T3
f. K 4-13 T4, BACFRALN GYE A GMYE /N TR IR, BEAE RO s n i
(P36 I il 2k () s A AR 00, {H GMELRT GMETESk/N . IX AT RE & RN b B4 A
PRI, TE R AE AR R, R BRI BE I . NI aa B
B GEA GMEFEAANAS, In#—Bealfk & 76 60 CHir, I GYHA Gl
WET R, IRBEOREAE S TR T . P e A GER GME ) W E 1K
BRI CEA

42532 [RIERHT
% 4- 14 FEIHHRME 8RO ER

b WEWN) #H £ (mm) NEIEE (3/1000)
0% 1115.534+0.029° 0.827+0.053° 568.393+0.159°
10% 252.610+0.473° 0.638+0.023° 85.260+0.074°
15% 199.682+0.897° 0.626+0.044° 67.096+0.876¢
20% 165.695+0.491¢ 0.600+0.049° 45.503+0.054¢
25% 102.554:0.690° 0.640+0.041° 35.502:0.075°

i FYHEZEERFEBAERRRTEREZE (P<0.05) .

M1 4-15 w3, BEAE BN A0 & (0 18 I Al S AR RTEL g B B, IX T2 A
DRI BUFLACAE RS, Al i SNSRI, RIS 01 TRV PR B O, AN A 52
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ELAMRELIEPE 1 o TN RAE 20%I0F, 77l ) A RO BEAE A S R AN 2 e, B
Sy VISR AR b (PR SR B AT O R s I8 21 20% N etk

42533 BREITELERT

& 4-15 FRIEHEGRAMEBMREITEER

Ab e AT
0% WA IR, ARRTCOGEE, AR AAAE 7.00£0.361°
10% WS AT RTIEE, A7 UKL AT 75 7.104£0.298"
15% W R 22, ARRAHAT 6P A i 8.80+0.361%
20% JARIAR, ANRA DGR, FUEENRL, VI G 9.53+0.208"
25% AR AR IR IE A o, AT, DI e e 8.77+0.3321%

i RYBEZEERFEBAERRRTEREZ (P<0.05) .

HBE VPR 45 R K 4-16 1IN, 20% PRI v hn e AR n] 2 M e o A
Mo vhas n g /i, B H A A R, A I & IR 31 20% 0 B 58 HOKR IR AR IR
ek, NREANFE ANARE T AR IS TR . 31X 55 W45 b 1 45 T AH [

4254 BRFRMEX Y R E =R WAERS

42541 RTMHR
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4- 14 REIEFFAET, BYLIREFENSYIN HF0HE I

AN RIS P o £ (07 it BY D% 5 B Y)Y FRE BESC R WA 4-14 s, BY
DI MBI YN ) R ARG MG R o A B DA I 3E K, BYYIN ) ANKrg oK, T
K T Feadhe ER—B PR T, A28 R0 BT DIV ok, B
JF ELAB (0384 0, BY DTN ) AN Iy, 3 AT fi A DR A 68 FFF 10 U X 4 45 ) LU 8 A 1)
) 2 S5 KRS FA HUIT FEUR o 75%F10 100% 11 58 -5 I 52 BY D138 %6 B85 D) 13 g fh 28 3
AEE.

BY PR Bt 2 A G R o AR B UIER T, B RS LL i BTt
KR T B, RINBIY)AH . X AT g A 52 BT D) A48 KR 52, 431 (R AH
HAEF 30N, B T19R59 « - AbBRZL RGP A3 LU B2, X S B PR
-BYYIR ) M Zefd i g5 R 30
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1600 - Loss Modulus -~
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o, 14004 e 25% | e
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| =l 5026 4 f.******* |
1000 < 60% | .f Yeu, ir|
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800 - 100% - 9 %
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600 o #f‘;‘a adpyl *I
] anm=" ] :
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o
ZDUi -:nnnnuaunndli%i‘f‘i',ggz::::ﬁ lgxﬁﬁ
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Temperature[C ]

4-15 TEHEFHHAET, MREEXRERENFIT

FEV) R B B o IR I 0% 25%- 40%-. 50%-. 60%- 75%- 100%115KE AT
CHT o5 7 40 U A RS RNRE R Bt 2 FHD JEnr AT i BE A4, AR 1 H 1R i
RERL I GRS G RV B R I SR E .t 4-15 T 50, Indhalaa b
Boih GEM GMESEAAZR, In#—B A R R g EE, BRE G
{EA GMEL T, kB KA fE th & TT 4R T 1%

PR G GMIEAE 55 CH 2L &S, GER G A
IR iR INY 7 ol RURE e % 0, Z AR AR 1 SO IR I P 2 A 2y, DAL G P RS
PEANWTIE K o W REAREE T, UKL (R RIEFRE TR, A7 IR 8% &5 A 1) 50 2 A
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WAL, AT GUELR GMEZE . GHEAE 55°C 2R WA 6 T G, Bl d
A SRS IR PE R, TRV IIE A O B 3R

42542 RMERDH
% 4- 16 AEHRSATARINE R R 53 45 5R
ge TN % (mm) NEIEE (J/1000)
0% 551.770+2.745¢ 0.860:0.030 332.609+0.944¢
25% 519.956+1.891° 0.8640.025% 298.499+2.069"
40% 422.124+1.398" 0.842+0.006° 243.476+0.339¢
50% 545.306+1.637 0.848+0.018° 311.609+0.315°
60% 642.876+0.164° 0.871:£0.024% 381.071+1.755°
75% 695.637+2.783° 0.8890.019° 421.076+1.393b
100% 786.368+0.955° 0.885+0.012° 496.7510.290°

i RYBEZEERFEBAERRRTEREZ (P<0.05) .

I 4-17 W JARE TS e ) 18 T il 58 A AN NEL MY oG /N Je B o, 5¥PE{E S
WS Xn R TR LIRS RO AR, T SR AL & A AT,
M AL REAELANRE ML T B o 4 RGBTV BT 21 50%I0, PR JsURH ) 8 F o
BANT 77 1R1BRT, Al 7 M [ 4l A SE TN 8, AT A 58 FEL AT ME M 1 K 4 RS T
RS I IE 21— LLlIn, RSP RGER F5 2 AR .

FEFFZR I EAE 40% I A S AU AT H P E A fe ), 35 22407 ) LIKIEL IR 25K

42543 BREITEELEROT
%‘%4- 17 Z:IEJE—I%H:FI/J\\}JDEE’]J—‘ZEI:F %

Ab T CREES AT
0% Wk ze, AMRIOGEE, HEHRE, Yl <ie 6.58+0.19¢
25% AU ZE, AMRTCGEE, FURMHRS, DA <E 7.2£0.16°
40%  ERIRAS, SMRRTAGEE, A 9.060.40°
50%  JCHPEERR, ANRATGPE, ATRURLEAETE, DTS AT 7.640.24°
60%  WEATHFIERR, g AT 7.38+0.29™
75% JIFIRRACE, ARRTOOGEE, A BURLEAAAE, DG 6.18+0.19°
100%  JBERRTE, AMETOGE, AMRLEAAE, DI L 5.62+0.36'

E: FYHEZEERFEBFAERRTEREZE (P<0.05 .
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HCE PP 45 3R 4-18 ml A, IR, i 2 s VR e 45 R IA
U o Wit D= SRR 2, TR RO RS R AL RGO, HEI I LA™
A, SR AN TR 2 P A ST ATk, IRk T e 5
RERE, AR MINRICEE, VRN 2 BOR K. T SR i is 2 40%
I, A EWHAL, SMRAERE, UNith, sevlE AR, BRI,
HEEm TIHAMAAIA . ZZEWmA, J, e Mg LT, SR
AL B 40% I BE AL AT A ) T

4255 EXEKE

F4-18 PYIRBIFERIERLE R

K (A) i (%) (B) FKiEH (%) (O #fHE (%)
1 15 4 25
2 20 6 40
3 25 8 50

F4-19 P RBEEHREIEEIERRER

SER
K5 T PP £ R
A B C

1 1 1 1 5
2 1 2 2 6
3 1 3 3 8.5
4 2 1 2 9
5 2 2 3 9.5
6 2 3 1 6
7 3 1 3 8.5
8 3 2 1 8
9 3 3 2 8
k1 6.500 7.500 7.500
k2 8.167 7.667 6.833
k3 8.167 8.833 8.500

R 1.667 2.500 1.667

PR 4-19 FIZE 4-20 MU A B0 TR VP 52 1IEAC IR B 45 SR A5 H i el &
& AsBoCs, RIMHERE A I 20% . FoRIEMAS IR 6% REATVS TN 50% K &
B R B .
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FR g AL DR) 25 S0 FIRR 225 45 LT 15 H B B A AL & 02 AgBsCs, BN REO vz
& 20%. FKIERA I 8% KEFTUSINiE 50%I B E V1€ 45 159/ B i MR
PE M 2= m] 15 HOGHRE D) R 280 = R T 5 1) 5 B IR 26 O K GE R
4.2.5.6 YiEiRIG

PRV F B P AT I B VP IEAS S T A B I S BB, A S
P88 o IR I B AT TRHX AN S A TR IS 1 — DA R e e 7, W& 4-21,

*4-20 VIR EHSRTE MR AL A

JH IRV A%
A,B,C; AR, AR IEEE, DI A 9.85
AyB;Cs T B RIRAR, SRR, DI, ESHE 9.50

FIREERA 421 wE W, ARV R ARSI 20%. BRI
AN 6% RIS IR S0% DY HDEH JoGE, E Ve RS . Rk
AT TR A A AR Hh 26 52 NATTF R B R JE 20 F il ko by skt AR Y 2
EOR MRS TP & b BN BN, S0 i o

42.5.6 FEFREIFRSBINE
42561 MEFE
Ii] SRS B 5578 25 o I P 0 s VAR T

42562 MELER

s0-
5o
w0
20
20+
10+
) S
0 : : — .
EOR o At w53

4-16 YRR EEREEEFAS
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& 4-21 VIR ERSRTE - M & RARK ISR

JiH 7 ih
L* 54.06+1.00
a* 13.370.49
b* 15.73+0.47
KM (%) 97.92+0.73

U E &5 K] 4-16 A 4-22 mI 50, UL A2 ah DA RS A RN, s E
TEEIL 55.48g/100g, BEIRMENMAPTRME G, WA E S FE KA
P ) REONE ot e e A N AR BT 75 R L 2R DT IR, 7 b B PROK PRI, ROK 6 ik
97.92%, RIS BTN b B REFIRDGEE, SeEfEh 54.06, ZLRE{ER 13.37,
TR 15,73, SRBEEE, Refg s NIk,
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S

1. #H P E A RS EIAR] 21.17%, AR A E s kYR . #9H8 E 5
(M2 R L R, B vl B DAL A RS v B B /K e A R A 2R, L e J0 2 L R
TR,

2. PR JFORHG I B S IR AT PR ISR B ik, L4 fE v pH
(12.00 FRMTEM, E5HSS5.5 FTEHATH vk B E KRR

3. AW, MY RS BT A IR, & pH W, SF
HL R BT PR 7 v 2 5 S 1 O A 152 L S LA R e T B, L T LI i el R A4 A B
PETH R 1 AR R S LA

4, PRSI R AT TR I E ANy TR, A T R AR EIREST R W pH AN
AR PS5 T 5 JI AP T R) 5 W) KT - i B M i R B2 o B U RS T 1 B 5
5 B O HT 20 ANER A TP I AL AR A R R A R () H3.2 HE T TR, ORI
pH X H ) R A AL DA R S T HL Ay FL AT Y2 25 52

5. VRIS IS M R AR T A DIEHA 100% 0, SRS nE 20%. oK
FERNR IR 8% VKZKUR N 110%. Y) BURE -5 I ARl 7 0y O vehids o
H20% EOKTERBINE 6% ISR INE 50%, VKK INE 110%.
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Comparison on the physico-chemical and nutritional
qualities of normal and abnormal colored fresh
chicken liver
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ABSTRACT

This study evaluated the differences of physico-chemical and nutritional qualities between abnormal colored chicken livers
(ANCCLs) and normal colored chicken livers (NCCLs) and the safety of the both livers. Compared with NCCLs, ANCCLs were
lower in protein, water contents (P < 0.01), pH and pigment contents (P < 0.05). NCCLs contained higher polyunsaturated fatty
acid (PUFA) and saturated fatty acids (SFA) (P < 0.05). The PUFA/SFA ratio of NCCLs was 0.453, higher (P < 0.05) than that of
ANCCLs. The contents of alanine, valine, tyrosine, lysine and histidine in NCCLs were higher (P < 0.05) than in ANCCLs. The
contents of K, Na, P, Cu, Fe and Se of NCCLs were higher (P < 0.05), but the Ca content was lower (P < 0.05). The content
of the heavy metals (As, Hg, Pb and Cd) of the two types of livers complied with food safety requirements. Although NCCLs

had higher nutritional value than ANCCLs, both livers were acceptable for human consumption.

Key words: amino acids, discoloration liver, fatty acids, physico-chemical characteristics, trace elements.

INTRODUCTION

The world production of chicken meat in 2014 reached
about 93 million Mt, of which China accounted for 14
million Mt (FAO 2014). Chicken liver, an edible meat
by-product, constitutes about 2-2.5% of their live
weight (Chen 2006) and assuming a dressing percentage
of 65%, it can be calculated that about 3.0 million Mt
(or 0.5 million Mt for China) of chicken liver is produced
annually. Therefore, there would be a large economic
benefit if chicken liver could be fully utilized. Normal
colored chicken livers (NCCLs) are rich in minerals,
amino acids, proteins and vitamins (Abu-Salem & Abou
Arab 2010) and can provide a rich and economical
source of many essential nutrients for humans. How-
ever, a large number of abnormal colored chicken livers
(ANCCLs) are produced in large-scale broiler breeding
and slaughtering plants, possibly resulting from feeding
regimens and stressful conditions. The proportion of
ANCCLs can be estimated to be about 20% in China.
This liver discoloration in chickens has also been re-
ported in the USA (King & Chen 1998). In China,
ANCCLs are usually considered unsafe, with no nutri-
tion and no value and are discarded due to their
unpleasant abnormal color. However, in Europe there
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are great amounts of foie-gras made of fatty liver usually
exhibiting abnormal color (light yellow color).

NCCLs (Fig. 1A) appear reddish or reddish-brown in
color which is the familiar color expected by consumers.
However, ANCCLs (Fig. 1B) are light reddish in color,
appearing mainly as light yellow, yellow-brown or loess
color. Clark and Das (1974) reported that stress had an
effect on the liver, causing it to become fatty, pale and
yellowish color. McCormick (1990) observed fatty liver
syndrome in chickens having abnormal accumulations
of lipids which led to the formation of ANCCLs. Li et al.
(2006) and Yan and Gao (2013) indicated that ANCCLs
resulted from chicken liver denaturation and proposed
a mechanism for its formation which is related to
individual chicken metabolism. However, the physico-
chemical and nutritional quality of ANCCLs and the
differences compared with NCCLs are not fully investi-
gated. Also the safety of ANCCLs has not been evaluated
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This study focused on the extraction efficiency and composition of proteins recovered from chicken
liver after extraction by acid/alkaline solubilization (pH 2.0, 2.5, 3.0 and 3.5) and (pH 10.5, 11.0, 11.5
and 12.0) and precipitation in pH 5.5. The highest extracted protein yield was obtained at pH values
of 2.0, 11.5 and 12.0 (77.9%, 78.4% and 79.3% respectively), and the lowest yield (58.5%) was obtained
at pH 3.5. Extraction of salt-soluble proteins was attributed to pH 3.0 and 3.5, whereas pH 10.5, 11.0
and 11.5 extracted more water-soluble proteins. Both acidic and alkaline solubilization extracted lots
of insoluble proteins. The total pigment contents achieved by acid treatment were significantly higher
(P<0.05) than those by alkaline treatment. The highest total pigment content was observed at pH 2.5.
Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) profiles indicated higher con-
centrations of myosin heavy chains (MHCs) and actin by alkaline extraction than acid treatment. In
one word, this method of recovering valuable protein components by acid-alkaline treatment helps to

Keywords:

Acid and alkaline extractions
Chicken liver

Recovered protein

produce innovative products and leads to an increased consumption of chicken liver by humans.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

The interest in the use of meat by-products as food source
and food ingredient has been increasing in recent years, because
of their many functional and nutritional properties. The world-
wide production of chicken meat in 2014 was about 93 million
MT [1]. Chicken liver, an important edible meat by-product, con-
stitutes approximately 2-2.5% of the live weight of chicken [2],
and assuming a dressing percentage of 65, it can be calculated that
approximately 1.4 million MT of chicken liver is obtained annually
worldwide and is readily available for utilization. Raw chicken liver
can provide a rich and economical source of many essential nutri-
ents for humans, including proteins, fat, minerals, and vitamins,
among which protein constitutes the highest proportion (24.6%)
[3]. However, in developing countries, chicken liver has low com-
mercial value and is less processed and underutilized compared
with the liver of other animals. For example, in China, a certain
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1 Gao Xueqin contributed equally to this work and should be considered co-first
author.

http://dx.doi.org/10.1016/j.procbio.2016.07.007
1359-5113/© 2016 Elsevier Ltd. All rights reserved.

131

quantity of chicken liver is used for human consumption in fresh
form, and the remaining is used as animal feed. Only a minor quan-
tity of chicken liver is used for further processing. On the contrary,
the increasing consumption of chicken meat will generate higher
amounts of valuable chicken liver in the future. The use of chicken
liver to produce high-quality proteins would not only be beneficial
for the industry, but also provide protein products with high nutri-
tive value. Therefore, the key problem is to find economic ways to
transform these underutilized protein resources into human foods,
to meet the practical production demand.

Liver represents an important source of protein with func-
tional characteristics associated with different protein fractions
and physicochemical conditions such as pH, ionic strength, and
specific processing cases. Several studies have been conducted
on the utilization of recovered fish proteins [4,5], chicken dark
meat proteins [6,7], mechanically separated turkey meat proteins,
and chicken meat [8] by acid-alkaline treatment. These studies
showed that the recovered proteins exhibited higher recovery
yields and improved functionalities than the conventional proteins
(e.g., water extract). However, to the best of the authors’ knowl-
edge, there have been no published studies on the acid-alkaline
processing of chicken liver till date.
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Fig. 5. SDS-PAGE profiles of protein recovered from chicken livers using different extraction pHs. Lane 1: standard marker; lane 2-9: recovered chicken liver proteins after
extracting at pH 2.0, 2.5, 3.0, 3.5, 10.5, 11.0, 11.5, and 12.0, respectively. MHC-myosin heavy chains. MLC-myosin light chains.

protein yields at these pH values. The highest total protein recovery
yield was achieved at pH 12.0. Different pH values have different
effects on recovered protein categories. The pH 3.0 and 3.5 con-
tributed to the extraction of salt-soluble protein, whereas pH 10.5,
11.0 and 11.5 probably extracted more water-soluble protein. The
SDS-PAGE profiles at pH 12.0 were associated with higher concen-
tration of MHCs and actin by alkaline extraction than acid treatment
in chicken liver. In conclusion, both acid and alkaline extractions
have specific advantages. Hence, this method of recovery of valu-
able protein components from underutilized chicken liver helps to
produce innovative new products and leads to an increased con-
sumption of animal liver by humans.
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Protein structural changes and water mobility properties in chicken liver paste batters prepared with
plant oil (sunflower and canola oil combinations) substituting 0-40% pork back-fat combined with
pre-emulsification were studied by Raman spectroscopy and low-field nuclear magnetic resonance
(NMR). Results showed that pre-emulsifying back-fat and plant oil, including substituting higher than
20% back-fat with plant oil increased the water- and fat-binding (p < 0.05) properties, formed more even
and fine microstructures, and gradually decreased the NMR relaxation times (T21a, T21p and Ts,), which
was related to the lower fluid losses in chicken liver paste batters. Raman spectroscopy revealed that
compared with a control, there was a decrease (p < 0.05) in a-helix content accompanied by an increase
(p <0.05) in B-sheet structure when substituting 20-40% back-fat with plant oil combined with pre-
emulsification. Pre-emulsification and plant oil substitution changed tryptophan and tyrosine doublet
hydrophobic residues in chicken liver paste batters.
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1. Introduction

Liver paté products are popular meat products consumed
throughout the world and are renowned for their sensory proper-
ties, being highly flavoursome with a soft and spreadable texture.
Traditionally, liver paté is produced from pork liver and pork fat.
In some regions in France, “paté” is prepared with goose liver
(called “paté de foie gras”, literal: “fat/gras liver/foie”, or simply
“foie gras”). For cost reasons, chicken livers are also used to produce
liver paté products. Generally, liver paté products are classified
according to processed raw (e.g., liver sausage) or precooked pork
back-fat (e.g., spreadable liver paté) (Allais, 2010). Both products
are essentially emulsified meat products consisting of a weak gel
(Morales-Irigoyen, Severiano-Perez, Rodriguez-Huezo, & Totosaus,
2012; Steen et al., 2014).

Spreadable chicken liver pastes are manufactured with chicken
liver, precooked pork back-fat, water, sodium caseinate and small
amounts of other additives, and are regarded as high in animal
fat content (35-50%). Plant oils, which are regarded as healthy
options because of their high polyunsaturated fatty acid (PUFA)

* Corresponding author.
E-mail address: xIxus@njau.edu.cn (X. Xu).

http://dx.doi.org/10.1016/j.foodchem.2015.09.068
0308-8146/© 2015 Elsevier Ltd. All rights reserved.

contents have been used to partially substitute animal fats in refor-
mulated meat products. However, there are a limited number pub-
lications dealing with the effect of substitution of animal fats with
plant oils on liver paté (Hong, Lee, & Min, 2004; Martin, Ruiz,
Kivikari, & Puolanne, 2008; Morales-Irigoyen et al., 2012). These
researchers investigated the effects of substitution of pork
back-fat with plant oils (canola oil or soybean oil or olive oil,
respectively) on the fatty acid profiles, cooking loss, rheological
characteristics and texture of liver paste. However, the effects of
structural changes in protein and water distribution characteristics
of chicken liver paste batters were not investigated in these stud-
ies. In addition, the effects of sunflower and canola oil combina-
tions substituting pork back-fat and of pre-emulsification of pork
back-fat on the properties of chicken liver paste batters have not
yet been investigated. When partially substituting pork back-fat
with plant oil, it is common to simply pre-emulsify the plant oil
with non-meat proteins at first, and then add pork back-fat to pro-
cessed meat products. Generally, it has not been investigated if
pre-emulsification of pork back-fat and different levels of plant
oil together affects the protein structure and water mobility char-
acteristics of meat products. Sunflower and canola oil have 88% and
92% PUFA per 100 g respectively (Shanghai Jiage Food Company,
China). Emulsified pork back-fat and different proportions of
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chopping caused the tyrosine residues to be exposed where raw
meat batters were produced with different lipids. Compared to C,
the ratio values of those treatments where pork back-fat was
replaced in the pre-emulsification step were significantly
(p < 0.05) decreased. Among the PO-P30 treatments (where fat sub-
stitution was less than 40% plant oil), there was no significant differ-
ence (p > 0.05). However, substitution with 40% (P40) significantly
(p <0.05) decreased the ratios of 1850/I830 compared to PO and
P10, indicating that substitution of 40% pork back-fat with plant oils
enabled the tyrosine residues to become more buried in the
environment.

Proteins are composed of hydrophilic and hydrophobic
polypeptide side-chains (Das & Kinsella, 1990). The hydrophilic
side-chains tend to be located towards, and interfaced with the
aqueous phase, whereas the hydrophobic side chains are selec-
tively located, at least partly, within the oil phase. This involves
interactions between structurally dissimilar acyl and protein
chains, and can cause disordering of the lipid chains, resulting in
strong fat-binding capacities (Shao et al, 2011). Pre-
emulsification with an optimal proportion of plant oils can induce
the exposure of the hydrophobic groups of tryptophan residues
and bury hydrophobic groups of tyrosine residues. This may
explain the changes in WFB and the microstructure of chicken liver
paste batters as influenced by pre-emulsification and substitution
of pork back-fat with plant oils.

4. Conclusions

In conclusion, substituting appropriate proportions (higher than
20%) of pork back-fat with plant oil combined with a pre-
emulsification step affected protein structure changes and water
distribution in chicken liver paste batters. Pre-emulsifying the pork
back-fat led to formation of fine microstructure, a decrease in water
mobility, and an exposure of hydrophilic groups of proteins, result-
ing in improved WFB properties of chicken liver paste batters. Fur-
thermore, substituting more than 20% pork back-fat with plant oil
combined with pre-emulsification induced changes such as a reduc-
tion of a-helical structure and a concomitant increase of p-sheets,
increased burial of hydrophobic groups of protein, and trapped more
immobilised or free water. These changes may provide an explana-
tion for improving the WFB properties of the chicken liver paste bat-
ters. In addition, Raman spectroscopy analysis and low-field NMR
were also proved to be useful tools for the study of specific structural
components of proteins and water distribution in chicken liver paste
batters prepared with plant oils substituting pork back-fat com-
bined with a pre-emulsification step.
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saturated fatty acid content significantly decreased (P < 0.05), while
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polyunsaturated and monounsaturated fatty acid significantly increased (P<0.05),
and had even and fine microstructures, less cooking loss, spreadable texture and
favored sensory evaluation. Therefore, a healthier spreadable chicken liver paté can
be formulated with plant oil combinations substituting 30-40% pork back-fat
combined with pre-emulsification without adversely affecting eating quality.

PRACTICAL APPLICATIONS

Liver paté products are traditional and popular meat products manufactured and
consumed throughout the world. However, most liver paté products show some
negative health perception due to their high animal fat contents (about 35-50%)
and high amounts of saturated fatty acids. How to substitute animal fat without
sacrificing product quality is still a challenge for liver paté. Furthermore, chicken
liver patés are not widely manufactured and studied well. The aim of this study
was to determine suitable proportions of substitution back-fat with plant oils
(sunflower and canola oil combinations) which contain high amounts of
polyunsaturated fatty acids (PUFAs) and proper pre-emulsification the back-fat
and plant oils method, and then fully utilize chicken liver to produce more healthy
spreadable chicken liver paté to meet consumer’s needs.

INTRODUCTION ) ) ) . o
popular in China. Liver paté products are made primarily

Liver paté products are traditional meat products manufac-  vith liver, lard (or back-fat), meat and spices, and are essen-

tured and consumed throughout the world, especially in  tially emulsified meat products (Morales-Irigoyen et al.

Europe (Steen et al. 2014) and recently, it has become  2012) and are very favored. Unfortunately, liver paté
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TABLE 6. COMPARISONS OF SENSORY QUALITY INDICES OF VARIOUS SPREADABLE CHICKEN LIVER PATES

Treatments Taste Odor Appearance Texture Overall acceptability
C 7.70 + 0.265° 8.367 +0.208° 7.00 + 0.265° 7.00 +0.361° 7.47 +0.306°
TO 8.63 +0.152° 8.53 +0.351°¢ 8.80+0.361° 9.03 +0.208° 8.93+0.321°
T 8.60+0.361° 8.77 +0.153%¢ 8.67 =0 .551° 8.80+0.361° 8.83 +0.503°
T2 8.60 = 0.265° 8.97 +0.115° 8.63+0.351° 8.73 +0.503° 8.80 + 0.400°
T3 8.67 =0.416° 9.00 + 0.265° 8.87 +0.208° 8.77 +0.3321° 8.77+0.611°
T4 8.47 = 0.306° 8.90 +0.100%° 8.57 +0.351° 8.70 = 0.500° 8.73£0.451°

For description of treatments see Table 1. Different letters in the same column indicate significant differences (P < 0.05).

pre-emulsified. Hong ef al. (2004a) mentioned that plant
oils showed a better distribution than did animal fats in the
emulsion mixture, as a consequence of the improved associ-
ation with proteins. Cheong and Fischer (1993) concluded
that the most effective emulsifier (monoglyceride of stearic
acid) resulted in a high stability product with an even and
fine distribution of fat particles which were completely cov-
ered with proteins when they used SEM to study the effect
of emulsifiers in spreadable liver sausage. The dense, homo-
geneous and interactive protein matrix network was corre-
sponded to the greater water- and fat-binding (WFB) (Sun
et al. 2011) and to the favorite texture (Alvarez et al. 2012).
As described in Figure 2 and Table 5, the cooking loss
decreased (Fig. 2) and the soft and spreadable texture
formed (Table 5) for chicken liver paté when increased sub-
stitution proportion of back-fat with a plant oil combina-
tions in the pre-emulsification step. It seems that pre-
emulsification technique by addition of plant oil can induce
the back-fat to be finer fat globules. When protein unfolded,
aggregated and formed fine gel network upon cooking, the
more obtained fine fat globules was well covered by proteins
and favored a stable protein matrix, thereby changing their
textural and cooking loss.

Sensory Evaluation

Significant differences were detected by the trained panel for
liver paté samples between the pre-emulsification treatments
(TO, T1, T2, T3 and T4) and treatment (C) (no pre-emulsifi-
cation) in taste, odor, appearance, texture and overall
acceptability (Table 6). The liver paté prepared with the pre-
emulsification step had higher sensory values and was more
acceptable than that prepared without the pre-emulsification
step (P<0.05). Thus, pre-emulsification of back-fat and
plant oil can improve the sensory quality of spreadable
chicken liver paté. However, there were no significant differ-
ences found among the treatments where back-fat was sub-
stituted with various levels plant oil in the pre-emulsification
step (P> 0.05) for sensory characteristics except for odor.
Morales-Irigoyen et al. (2012) reported that pork liver paté,
irrespective of fat type used, had sensory characteristics that
were described as having a creamy texture, a salty flavor and
a liver odor. In our work, the odor was not only affected by

Journal of Food Quality 39 (2016) 331-341 © 2016 Wiley Periodicals, Inc.

chicken liver odor, but was also affected by fat type, espe-
cially the sweet aroma of plant oil. Thus, This work showed
that a healthier spreadable chicken liver paté can be formu-
lated with plant oil (sunflower and canola oil combinations)
substituting 10-40% pork back-fat combined with pre-
emulsification step without adversely affecting eating quality,
compared with spreadable chicken liver paté made using a
no pre-emulsified back-fat.

CONCLUSIONS

The results obtained in this work clearly indicate that pre-
emulsified back-fat and plant oils, compared with the non
pre-emulsified back-fat treatment, had important effects on
the quality and microstructure characteristic, and the plant oil
combinations substituting 10-40% pork back-fat improved
the fatty acids profiles of spreadable chicken liver paté. Espe-
cially, substituting 30 and 40% pork back-fat with plant oil
combinations and inclusion of a pre-emulsification step was
optimal for good texture, cooking loos and nutrition, and
also improved gel matrix structure of chicken liver paté. In
conclusion, a healthier spreadable chicken liver paté can be
formulated with sunflower and canola oil combinations
substituting 30-40% pork back-fat combined with pre-
emulsification. In this study, the experiments showed also that
pre-emulsifying back-fat and plant oil is necessary in order to
obtain desired quality of spreadable chicken liver paté when
adding pork back-fat or when substituting pork back-fat with
plant oil to produce spreadable chicken liver paté.
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