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WRIBIFTIS 5 AHHEH A 0 2505 8] FL A
PRAR IR . ASHITTEE R LR g (K KA Sl T2
H T B FRTAN BE W 325 5 4 Ak f1 o I 7L DR 9B A AT
FORG, BEFOM ] LB OW S5 # S 1 )
YRR, DARCHAEA AL B R RS e v, AR AT
B ERom FLARMB I 598 BE— 2B S e AR KA
TER MR UCR RS

1 ARSI

1.1 #R5iRF

e Ae A, P, T E G T 9%
ey bl JB B4 (Nile red) Fl S 6% 5 IR 9% 06 %
(fluorescein isothiocyanate) I H sigma /3] ; AJK
AR ) TOR B A ST AR AR
HAMWH GE AmflE AR AR (UK); N-&3E5
K (NEM, N-ethylmaleimide) , 8-7R[% 451
-1-/& & (anilinonaphthalene-8-sulfonate )« P4 B % -
NN-F SOW N M5 BERZ I 1 Pharmacia A w5 DY
L% (tetramethyl ethylenediamine) J#F MERCK
Al = GEHIE) ZEH LT (Tris (hydroxymethyl)
aminomethane). H&R. I LT, T HidEmiiR
1 (sodium dodecyl sulfate). 4. HEE. LEESE
AN o Hral, Wy E 25 .
1.2 NE58E

AR AL CLL 2R T N TR WAL A B A
] ) MP-501A B TEIRAG A (il — R A R
/N F]); Mini-protein tetra cell 3 B HLIK{Y (3£
Bio-Rad 2A#)); LSM710 oG I A BREE (HE[E
EE AT TS50 sk oriay (FEE IKA 2A7D; H
AEAESE (RS BB BT OGS B A WD
KDN-103F HalEZIX CEHELFRAE AR AR,
CT14D B! il B oL Rl R SR AR A #s e a5 TS
A IRATD); SIEMENS BCD-212 BIykA (p4#ES
FHHZEEBRA T D; UV-1100 43668 (LiESE i
IEUERAE AT ; FD-5 BUAHRES T (Ll
BT .
1.3 RWHZE
1.3.1  sRARBGH T2 & A B LAk 69 T %,

A A 7R EC T2 i [ LRV T R T2
R
it B A8 A — A — — IR — AR — B0

_— WS

AL T PR - FLARYE SR AT T

.

AH T AL
SR FH 2R R URE I Bz A8 A2 M 1 32~ 3 R A%
24 pm fidy, KBS pHAE 9, 60°CHEHX

30 min, —RBEEERDKE pH AEFHXIAE] 9, 60°C i
£ 4h, 3300xg 20 20 min. EEEERFLAAE: AR
HAME, pH {87, I 60°C, FHAINE 9000 Ulg
JRPIE I, BRI 4 ho

T EH R 2 LW R
S R DI RiD)
U = BT B B
1.3.2 RE&E K694

e JFORHE (AR B BB T2 0 T
[ G, BR2EARFIAR, B FURBAHRUKAE 1 H
1 mol/L ) HC1 117 pH {H % 4.50 YTHEE 15, &
O KRR R R, R TS 155
R R

FEAM AP MARIBRR: Okt A ok
WA I, PRSP (RRILE 20 D
VELTR ARG, huERR AR, R
BRI A, AT A A OB R IR

KA PR AR B IR T2 KAl T
AT 50 s R P RIAE IR, VR T4
KA R -

FUARIBAH B [ FLAR AR h 8 BB
T2 LR A Bt [ FLARBAH 73731 28 15500%g 1w
T 20 min J5 0000 3 2, BRZ LZAH, a0k
BUCREAKAM, R IR )k 22 R0 ik
R, SR FHAEA SRR RO R R AR AL BE, VA4
Tog, 43 90 43 B FLPR BRI ] LR A AR

x100% (1)

*51\[17]0
1.3.3 &M ERSH
EJEAHYK: HHE Laemmli! SR 5%k 4s

JREFI 12% 160 3 28 o AN [) A 28 1 B A7 v 9k 20
Hro B 5 mg/mL EEAWWSHEMSEMEIZ 11
WA, WK 3 min, 10000xg .0 10 min, HY
10 uL B S CEAT UK 20T o LUK 45 H 80 V HL I,
SEREMIEANS B RS E 120 V HLE . HLMKSEEE S
F 2% I e i R-250 E47 e a2,

IR SR K IR R A KA B (N T
IEA—8, HFEMZEMR P AR CRE, 54
H T B ARSI B R I R, R RRSE
MY AN 1 mmol/L 1) N- £ 3% ISk 7. NEMEPY,
1.3.4 BARAGHKE. FUH R B IIET
M E

S F PR 700 8 K PER: SR 5e
BRIMNF) 8-FR e 25 hih- 1-BR £h ANS v, K588 FUTFE S
BT pHAH 8,0.01 mol/L MR £k 25 iy ic il ik &
JEHEILE 0.15~0.75 mg/mL [ R AFE S LEBOR IR K
9390 nm, KFHEK A 470 nm SR, BURTE
WEERIAE 2 mL, W R GHRSE Flos ZEFE S0
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A 10 uL 8 mmol/L ] ANS %, I HUeie i
[¥ FI'. FlyY5 FI'YZE{EC K FI, LR A BUKE N
MEARKR, FIOPARRRALIE, 8 alaa i B Rkl
R TS IR I K PEFREL So-

2:7% Pearce %5 [0 /7 7500 52 &Pl AUR M FLAGYE
FFLAR AR E PP 258 /KO 70 mL R
402 g/100 mL £ U, IMAAEA M 10 mL,
IR 2 A 13 500 r/min FLAL 23 1 min,
43 IAE 0 min A1 10 min BUFE, H 0.1% 1 ke
T2 SDS Mkt 50 £%, HUMREf5 BIAE Wl E 500 nm
MW 4, Lwh gl ok T, FLALGETESR bR
(emulsifying activity index, EAD) & MUl

T=2303x504/L
EAI=2T/(1-®)C
X @ HARAER L, %: C N RALAARUKAH
RO E, g L AEEKRE, cm. LR
5EPE (emulsion stability index, ESID A 10 min K
e Fph B Ty (AR R RO
ESI=T\/T (3
1.3.5 XRE MBS

SE 1T mL FLREE 2 mL B, A
10 uL Je B L0 H BRI 10 wL SRR Yt 2 FITC 4t
Bl mdEY S min, 0P FLARIE 9 IEFH 8 0
AT R, B g G LR s i b
i B S 20 REBONAER S SR AR A T
%[24]o
1.3.6
i

1R 7 A3 4 — o 1 (1 ] LR EAE 100 kW
T R 20 min, 3300xg E5.L» 20 min.

2) JRAVEAC BRI SR o 1R BT T 4y
b, SRIG NN TR A 2R, A LR i 1)
ALY BOE ) 85% LA b, Bl SR i o B A A
21 000 r/min F Xt HBY 1) 5 min, 3300xg 250> 20 min.

3) Wi pH (AR EE: H— 5 = [ FLR R %
1:1 LR KRB I F 2 mol/L 1) HC1 ¥4 4A & pH
HIR % 1.5, 2.5, 3.5, F 2 mol/L (1) NaOH 5
pH {H 10, 11. 12, 3300xg &.L» 20 min, &% F,
=B N PN (A

4) FAKEI: Hg— f p  FLARIAE 95°C K
Wi 20 min, 3300xg 540> 20 min.

5) VRURMARACTE . K Emi [ SR BB
=20°C VKA R4 24 h, 7 40°C#EY% 30 min,
3300xg #.L» 20 min.

6) LEEHHBIALTE: JH 50%01) £ 0% 5 [ FLR
WHARRIL 101 M HEIR A 5 2618 58 3h Ph ik

(2

B FLAK R A TR W FEAL AL BT e AS

20 min, 3300xg £ 20 min.
g 0 B R FL UM 1 R, % PR AR R
(Rose-Gottlieb) Il 5E FUR W s, 145

WAL
S L ) i
A = AR T
1.3.7 &R®@%&&GIRETFF kA= Stocks 2~ X,
i Agboola 2B 738, FLARIE R & R 1
(D P E AR
My xD;, X py
6
X rORIRFURER IR RS, mg/m®s M 2
R RAM IR R L, P RS E SR &
RS E, g5 O 2fRFUIRBP MRS =, g
S A e v ILE A3 GB/T 5009.5-2003 .
WG BRI 7 IR By PO vk . Dss
IR R RS, nm, FEOGGEUN RS
IINTACNE , pon FEAE BTN, glem’.
Stocks Az (6)

2
%:/Mw—AWR 6
3pg

Kb w, AR ST TR, m/s; d 2
TR RAR, ms p, po & ws R DHINIESEA
BB (kg/m®) o PEHRPH ) 280, B0
W (r/s) AEE 12 (m) o
1.3.8 HIEAE
FEAmEUKME AR RS e . TR
TR B S B 3 o 3 IR ST (WAME, R ZE T LA
Y7 23R, B TJT 225y KA Sigmaplot 11.0 4K
fRER, 3572 R /KT p<0.05.

2 HREDMH

2.1 TERARE P E AR EBKIER

B 1 BoR T KAHEGH T 2 BT A3 FLIR R A
A7 FLARIB S I 2R A RS 3R 2 s v . FEAE R IR
FEE AR ERRE O e ERRE TR
7E 2S H . Yamada SIS Bk AR (1 00 241
8 UFSEARAEERER (T 3 AN KRR K
SR ERPETE L (41, 38.5. 37.5kDa) 1 3 M1k
FEUNMOBKIEF (18 kDa) RIBRIE Y FEZ %, fF
TEEEREE 1 60 kDa W IEZ] . K 1a 45 SAIESE
THERRAJRRL S F A AU T 2 T3 /K AH LA A L
AR, WA A RAR I, 2R, K
FHEGH T2, FURES s R E A 5K
IR AL, AR A ERE (5 9 2R RINIRTE
WIELLBI N o AT RESE FH I 45 1F IR pH

x100% (4)

= (5)
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{ELFR P R A A 4535 i K B BB 2 i A s E
Bk M3 ph o HPRAS ST TR, P EUOR AR
THT PR AL 7K e (A1 2 ke, 2 1 45 40 A1 988 1K) 256 7K 3 141 3k
/b, RIS TN R KR, E A
BFLPRB I o HE A, ] LR
I FARDL TSR 225, LRI K PEAE AR R
R R TS 3 A (ORI FS 20l P . FE A K
PRBCE SRAE S I o ARG SRR (B 1b) Bondest
JsURE Ae AR KA T Z P A K AH LA SR A 1
AR A R Al oA, AR FLARBS i LR
PERRER A AR BRER B M A0 A W d
(A o ot ] LR IB I L 1 AR S s
AL IR IR AS N gL ZE T+ B2, ol
A R FLARIB 8 AR R 1 3 it ol /I
Oy TS, XNy R R A
A2, TER T 43 R HIFE 10~50 kDa IR IKBUR 42
RS I B K ST, A 3 J T B o P )
i, BELAS I (R 2R A i B 6 7t ] LRV o

LV N | N | | WA W N WR N
2 B
97.2kDa - 97.‘2‘11§Da —
664 kDa ? —— 4612:3 kgg - "'
443kDa - b et '
2"’:‘ 29.0kDa ==
— = ’e
29.0kDa ' &» - e - =

= 20.1kDa
. a
20.1kDa e 88
p e g
143kDa & . 143 kDa 28 “‘
M 1 2 3 4

M 1 2 3 4

a. BRI b. ARk S K
a. SDS-PAGE b. Non-reducing-PAGE

E: M. ArdEER A, LR ER, 2kMPEA, 35K E
F, o4 i AR A E A

Note: M Marker, 1. Peanut protein, 2. Protein in the aqueous phase,
3. Protein in the emulsion phase, 4. Protein in the stubborn emulsion

B 1 B SRR &G 69 TR R M B A IR Rk
Fig.1 Polyacrylamide gel electrophoresis of protein from
different treatments

2.2 WEFURERTMERDRMERKSERMZ L
%R

7o ] PR VL PR A P 5 I B 1 1 D R
WY — L8008 A R K PR s, 5
17 A TR B ook, S sk I A, #LaR
oA Ah e IR MUK G RO AT T A, kg
FErf, LN pH R B )R AR A5 i K B 1414
2 A AR 5 T OB NP6 2 RAS ST TR, =
HUGUOR B ZEAE LI AR KR 2 i, BETAE ALK
VRO E 1 AR i K P B S s T KA TR 1 B
AKPE CE2) o i LRI R 8 T sk v iy

{5 FURBAN R A R PE SO A7 AR 22 57, X
x TR R A R R AR B R, SR
TS IR, IRBCK W R BRAR, BiK
PEAR B AR, A A i PR S LR
AFBIRE PR &l 3 2 T [ LRI FLAL TR
ANFLACRRE PRI AR SLP0B i 1 i (& 3D,
ST P Ry R R T T = = RV S 4 N i Rl 1 G P
oy TR H A, LI TR HER, Bt T
= D = C S G s - DD R 7 T
(OIS SE A7 )02, T B B S AT R
(Kol Ry PE AU AR BE ), FLIBARRE PR . (2
KA ERL eI, H TR K PR T IR
ARE P 7 IO AR SR M, AT AR AR S8 8
TR T AR P 21T, sl F 1 5K g g

BEAG, FLALBE B2 BEAR, X FLBARE tE B+
AR,

300 a
25 ¢
»
=
sE 20}
BE 15t
=
iy
22 10}
>
=
5F
0

N[F % AR Different protein

Ee Lo AREERERA, 20 KMhEA, 30 FURBATE A, 4. wE SR
WAHER 5 R FE 2k EARTE 72 BEAN R R IR A E 75 5 B3 (p<<0.05),
T,

Note: 1. Peanut protein, 2. Protein in the aqueous phase, 3. Protein in
the emulsion phase, 4. Protein in the stubborn emulsion. Different
letters indicate significant differences (p<0.05); The same as below.

B2 AF&a R RERAKER
Fig.2 Hydrophobicity of different proteins

357 c | ERIATTERIN
Emulsifying activity

FUALFasE 1L BSI

Emulsion stability
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(=}
T

(3

[5e]
W

FATE A AR E
Emulsifying activity (EAI) and
emulsion stability indices (ESI)

353
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AN[Fff18; A )i Different protein

B3 REEARGIAE A A
Fig.3 Emulsifying activity and emulsion stability indices of
different proteins
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2.3 MEFRRAHRLE

RIME PR (5 SRR LRI E P
I AMRbR. R E AR, R IR AR,
FLARIBOBAS P o SR [ O A5 A 2R £ 03
B LRI LRI R EG R HEA T, i
IR E L 4D, SFARBAREL, i 5L
PRI R R BCR AR AR (D) KN FEAR,
ELUE I SPLAR VB0 7 7L DR 0 PP I 25 0 i 25 2 20
R IR AR AR R R T R, 8 BRI AR
ELf (M) R, PSR IR (1) WEAEK,
FUIRVE A E o H Stocks 23 3 AT &R FL A 5 v i
SR 5 W R RLAR 1R~ 5 AR BRAE B, R A
A, RSN, FLRBMEE . MR )a,
[ LRI (it REAR AR A, R R K,
TR SR AT R AR, ] LB A E . RIS
TR ] LR B I THD A R K P SR LA PR T
ANPEFUIRB ST A = o0 T i FLARBOE
JSCE R IR Bl T 2 DR R Rk 3 B R AR BRGE PRI
ER,

b. T FLAR

b. Stubborn emulsion

a. LR

a. Emulsion

e RS, SR A

Note: Red stands for oil, green stands for protein.

B 4 FLKARBM B FUR R 0 #Ob 3 R B R S sE A
Fig.4 Emulsion and stubborn emulsion observation with
confocal laser scanning microscopy
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SV L SR VA B AL B R 2B AR
SE, CAEHALYIEL .. AR R AT REE AR R L.
rH LS R, R P AL B R A e S L) 2 T
FTHG Rl aear kit — DR tb . EFE ARV AL BE
ZAEN T E FLR T AR FER A RS e, 7ER
Uity pH AEAFAAEEE 5, o i FLPR I B 23 At
WEFLEII K 65.88%F1 56.77%. A URIFEA LT
AL B S, oiE FLRBORAR A B . Her A A
URAAET, i FLRE I LR v 81.5%, 1L
i & T /KA PR LA, v T s Tl i o 1
BRI S, oSO SR T, SEILFLAR I A B
Bl P T St 2 A B LR A e R P

AR SRR FL . W R, £ 50% LA
Je ] LR RS M S R R, BEFLR AT EE 90%
JeA, ARSI R 1) 88% e i 2] 93% /4
A1, BT LARISCRIA, & BRAR A FL 7 o

100
90
80
70
60
50
40 |
30

i F#% Demulsification rate/%

20

EH O OHAE RUR QR pHIE AAEEEL FRITE
AN FL AL 2 Different treatments
B S5 FRRAESG X T E LKA EILFE
Fig.5 Demulsification rate of stubborn emulsion with
different treatment

Xt 2 P LR A B 1 T AR P S )
FUIRBHEAT IR AR5, B v U A R J LR VL)
JHR FET K R 2 TR 28 2R Pl e DA 5 £ R
(I 6b) , EATA 8 A/ JE ISR AR . A
G [ LA BN AL BTN, LR SR K PEATE

a Jb BLRT 8 FLR

a. Before treatments

b A VR AR Ak FE S
b. After freezing-thaw

100 «m

—

c. LHEH W Ak BT )5
c. After ethanol-assistant treatment
B6 #ILEAEME KRG HALREBR
Fig.6 Changes of emulsion microstructure after freezing-thaw
and ethanol addition treatment
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SRANIZRAME R, B3 T /AR SR BT RUR B 5 OR 1) &5
ALY, T P50 S48 53 R A U3 2 THT 9 2 4
TSR K A R AR o 3K A8 i T A
RS PE, AR T IAR /N SR A SO I 1B W7
B LRI BMAR, 3 SO FLRBUERES, IS T8
LR, T 2R FLS K E S (60> BT
N, MR CRROR L0 AR Rl 46D
SR RN Clnigt) , W &EARRE,
TR SR LR AE AR TR, B L AR BRI AT [
LI o T LA I Al B Ak B A A 2R KA e i A
HH AN BE AR I R PR ot [ LR VU R AR R BRAR T,
S EG IR B T2, ot LR L ) A
2 TR I 2 bR R R IN 88% 4 i 21
93% /it .

3 4 it

1) e AR 7K FHE g ik 2 v el Tl oo R v i
A pH HM P RIER, A4S Bk B I 4R 2 1)
RO RN, FiKIEFRE, Rk §E
JI3nm, M SE 5 5 i e AR, e FLR R
EMEE . SMRIERG, BRI BRI N1
SV IEAHS B B (A TR IR B R4, R BB P A
T AT, TR Pk (P BE, A5l [ LR YA

2) 3R SR A A X L BR YRR i ] LR
TRAOM 5 R MR 52 A 35 o ] LR 48 ¥ i 450 OB A7
P A (e e I R RN SR = b d
s R SRR TN, ARE MR A . A FLAR
S T 1 LA AN v LR AT B
PO, s FLARIBTE 80 ) 2% R 2 o 80U
RARFGE R

3) LBERE—FRERAR R LA, [ LR W AE
50%[ CEE B AL B, Fooe MW PR, LR
A IE 90% 25 A7 o T L 21 o) ot ] SFLAR I (KR L
A T AR IR A P BOCR A R R 88% 42
8 93%.
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Destabilization of stubborn emulsion formed during aqueous
extraction improving extraction rate of total free oil from peanut

Chi Yanna', Zhang Wenbin*?, Yang Ruijin®**, Hua Xiao'?, Zhao Wei'*
(1. State Key Laboratory of Food Science & Technology, Jiangnan University, Wuxi 214122, China;
2. Food Science and Technology School of Jiangnan University, Wuxi 214122, China)

Abstract: During aqueous processing of peanuts for simultaneous oil extraction and protein recovery, large
amounts of emulsion could be formed and after enzymatic demulsification, substantial amounts of oil would be
recovered while stubborn emulsions still remain. The destabilization of the stubborn emulsion is the key to
improve the total free oil yield. Before its utilization and further destabilization, studying the characterization of
the stubborn emulsion, especially its surface protein, which may play an essential role in emulsion stabilization,
was necessary. The surface protein was extracted and its electrophoresis property, hydrophobicity, emulsifying
activity, as well as emulsifying stability were studied. Confocal laser scanning microscopy (CLSM) was used to
investigate its microstructure. It was found that, though the protein from the emulsion surface had similar subunits
(60, 41, 38.5, 37.5, and 18 kDa) with that from aqueous phase, its hydrophobicity and emulsion activity was
significantly higher. This could be attributed to the synergistic effect of temperature and pH during the alkaline
extraction, which led to the unfolding of some large peanut protein molecules containing hydrophobic basic
arachins. This, consequently, caused the exposure of more hydrophobic groups and enhanced the hydrophobic and
emulsifying properties of the protein. Thus emulsion formation was promoted. After enzymatic treatment, the
protein in the emulsion was hydrolyzed into short peptides and no subunits with molecular weight higher than
20 kDa had been detected in Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE). However,
in non-reducing PAGE, except for the conarachin band of 60 kDa, protein from the stubborn emulsion surface
showed similar bands with that from the emulsion surface and aqueous phase. This indicated that the hydrolyzed
protein could still gather on the stubborn emulsion surface and contributed to its stability. Due to the hydrolysis of
protein molecules, the hydrophobic property and emulsifying activity of protein from stubborn emulsion was
lower than that from an untreated emulsion surface. CLSM observation showed that stubborn emulsion had less
oil droplets and that their size was lower, while the surface protein concentration (/") was higher, as compared with
untreated emulsion. This explained the high stability of stubborn emulsion, though its surface protein has lower
surface activity. To demulsify the stubborn emulsion, various treatments, including ultrasound, freeze—thaw,
heating, extreme pH value, phase inversion, or ethanol addition were attempted. Free oil was obtained after
centrifugation and total free oil yield was calculated thereafter. The microstructure of the stubborn emulsion after
different treatments was also observed with CLSM. Results show that freeze-thaw and ethanol addition could
remarkably aggregate the oil droplets in stubborn emulsion, especially after 50% ethanol addition, most oil
droplets were combined and 90% of the oil in stubborn emulsion could be recovered. Under this condition, the
total free oil yield could be increased to 93% from 88% in the overall process.

Key words: stability; proteins; emulsions; peanut; aqueous processing
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