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Abstract; The emulsifying properties of pea proteins and the
molecular mechanism that affected the emulsifying properties were
investigated in this study. The pea protein powder was used to
prepare emulsions using soy bean oil by homogenizing technique. The
parameters of the emulsions were studied including the emulsifying
property, stability, interfacial adsorption property and the
competitive adsorption of components of pea proteins. The results indi-
cated that when the protein concentration was within 1 to 30 mg/mlL,
with the increasing of concentration, the particle size of emulsions
was decreasing, the emulsifying property and stability improved, and
protein aggregates were losing the superiority in competitive adsorp-
tion, while the proportion of vicilin and legumin increased. When the
protein concentration was higher than 20 mg/mL, the average diam-
eter of oil droplets was lower than 1.06 um, the interfacial adsorption
of pea proteins would reach the saturation state. While there were
more vicilin than legumin in surface proteins, whenthe proportion of

aggregates was very low, which was less than the initial pea protein
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composition.
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S AT LA %6 BE 3. TU-1810 B, b 5 3% Hr 3 X 25
A RRIALA A 5
VR = 4 B MOEE . VHX-1000C B, 5 BB G B A R
NG
T A UK A : Mini-PROTEIN Tetra %, 2% E{f1 (R 2\ A 5
k2% & O BE IR A2 A : ChemiDoc XRS+ %, 25 [ 1f &
TR R A HOPL . T25 1, FlE TKA A
& 3 il : Panda PLUS 2000 %, & & #] GEA Niro
Soavi A F) .
1.2 Ak
1.2.1 B8 A Bk
AT BT BRI
(1) ZKAMME 4% GB 5009.3— 2016 # MU T HRIEAT
(2) BEAEME 4% GB 5009.5—2010 FLIKE B IEHAT .
(3) JRAPMSE 45 GB 5009.4—2010 =R K ek 047 .
(4 BRAKAL G W AE  He GB/T 156722009 % B i B2
HEPAT .
122 BEEARMWEMEE W 1L6gEAM. WA
20 mL 10 mmol/L pH 7.0 B2 L s W, T 30~90 C kK
W BEFE 1 h,3 000 r/min B0 15 min, Bl K E 2L E -
THINE A
1.2.3 BIEEA-KEMABMH & KWHEEASPBORS
KM EBL 9 @ 1IRG, & # 37 Y HL7E 10 000 r/min
SPHL 2 min, I RALLE 45 MPa F#J5 2 % A & J AL
(R 0.02 /100 mL) 3 HI AR E K.
L2.4 FLWCR AWM E  LhEE T KM 1Y% SDS N 4
BT o BT R 6 K 3 3 AT A S 3L 1 KL AR 4 A R SF- 34k
1o KEAAAK AT I 253502 1.472 F1 1,330, 2 EEIRE
fea (DHES .
Fr = dox

d 43SDS

Zl

Zl

»

VLo 556 0B o JEORE X AR A

—1, (@Y

A
FI— B EG
d g —FLIRCAE 43 100 SRy AR I A 0 R BT 2 ok

%, pm;
dusnsi?L(&#%m%lljﬂ 1% SDS {ﬁ?ﬁﬂﬂliﬂﬂ ’f%‘ E(Jﬁgﬂl
FHRLAE L pm,

12,5 FLIMBORES TS pL FLE. 2 B T KGR R
FOR BT AR L 36 BT 35 05 R TR VR 2 B
WL A7 K 20 pm,

12,6 FLIEOMBAETE  H G P BO B FLIRCT 90 C K
Y 30 min, ¥ HE I 5 TLVRORE 7, 0 RS i < IO o L
T RE SR P A 25 C TP 7 05 L AR 5 5 T
LT B SO 25 °C T MR I U 30 d LY
S FFLW A 2 T 1 T R B R R () 3 S AL
50,

H,
CI = H; X 100% (2)

S

CI— LHFIR B %

H,—— LM 8 5 <om

H,—— FLM 2R 0 F W2 1 e
127 RTEEARMREWE S Liang 510 )7 ¢
4 U BEFLICE 15 000 v/ min B0 30 min J5 - i34
BRI V2 0,22 pom B Sk 2 B8 DL/ LY 1 3K 11
PR T Lowry 3517 B T WG 0085 IV . K2
T A 0 SRS L 9
iR AR 1R RS ) 75

C, —C,
C,

AP = X 100% , (3)

K

AP J1f Wi B R R R 00

Co— T W & LW /9 0wl ny & Ak,
mg/mL;

C,— AWH LI REHIZCFIERE U2 h i E
H¥ B, mg/mL,
1.2.8  HEEABTATIK SR8 A UKk A b B AR A
Z: H8 Peng 55 1 7 1k B 1R B3l % LIRS O )5 15 B R
W B 2 58 4 W O P 8 o YRR R 43 IO B2 L R R AR
FL VKT 43 AT B B AR R R B R i A . H UK AR A
12.5 %05 B HE 4.0 oWk A I » B RE L. 7.5 pL, BEMS R G
Image Lab #4453 B H 28 7 404 4.
1.2.9 ot 5 EdE A Origin 9.0 # 4l & . H SPSS
19.0 B4 Duncan K 56 35 #8417 25 5 3% 140 Hr (P<<0.05)
2 HiR50Mr
2.1 BMEEAWMHNERRBRE
2.1.1 BEEAMMAN  BEE AT R RE N
Bl AL AR T

HEFE BZRERL-EB S
ComIESREFTR-BEROH

H AT Dol b A4 - 4 B p s bl b R B B s R A R A

k|

0]

)

R L



E3MEFELH

A A S B S SR R A 2 T AL

PRSI EIE R KBS E AR B AR N, 2P A

SSSF?&%QEE#M’E%JE? FLAL 5 P Y SRRk H AR R 2y
WL, hiFk 1A LA S B E ARG RAE 800l B H

TR 53 R K A5 90 B 5 B T RE 2 i 2R 1 AR IO R BB
58 A B 245 BE Y LA SR R UL AN 5 1A £ 7 i R

x1 BEEABNERARS (TE)
The composition of pea protein powder(dry basis)
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Table 1
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Effects of heat temperature on nitrogen solubility
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index(NSDof pea protein
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Figure 2 Effects of protein concentration on the diameter
distribution of pea protein-soybean oil emulsions

when the dispersant is water or 1% SDS
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Table 2 Effects of protein concentration on the average di-
ameter and flocculation index of pea protein-soy-

bean oil emulsions

E=073 9 FLIR 7 BRi A2 / pm .
(mg+*mL™1) d sk d 13508
1.0 31.22+4.924 8.81+2.99¢ 2.54+0.47"
2.5 15.58+£3.03¢ 4.41+2.66 2.53+0.89"
5.0 8.6741.80" 2.63+0.18 2.30+0.34"
10.0 5.5040.25" 1.4740.47% 2.74+0.77"
20.0 1.06+0.122 0.46+0.02¢ 1.30£0.16%
30.0 0.8440.08* 0.444-0.01* 0.914-0.13¢

T RSN R 7 R oR 22 5 i 3% (P<<0.05),

LR 0 V- 24 0L A% 1 2R B 6 5, 7T AR e L+ i i 1) 2
BORA. BER 2 ATH, HEAWKEMN 1.0 mg/mL #
30.0 mg/mL, FLi A F- R4 N 31.22 pm &R 0.84 pm, &
BEFEHON 2.54 W28 0.91, L B 2L rh i i 26 T8 R TE I 55
B A5 R A O] T R ) BB AR A . ARR I 2 A
F2.EHEWHEEM 20.0 mg/mL J}ZE 30.0 mg/mL. FLI K4
A2 53 A R BPRLAR 119 22 5 AR /N o B G i o o 2 P i 8, TE vk
5 il )R A AR
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Table 3
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Effects of heat treatment or storage on the average diameter of pea protein-soybean oil emulsions

(a) 1.0 mg/mL (b) 2.5 mg/mL

(¢) 5.0 mg/mL (d) 10.0 mg/mL
FRREHFEZEGHHALROBTRIMRAE

The micrographs of emulsions with different pea

A 3
Figure 3

protein concentration

of-A LN

EEWSE/ Ak S FLWE - B AR / pm I 5805 7LV S £ R AR / pm
(mg + mL~") d 3k d 13508 d i35k d izsps
1.0 32.4840.75¢ 8.54+0.10¢ 30.1843.594 13.5140.27¢
2.5 23.3940.184 3.88+0.03¢ 17.76 £2.32¢ 3.96+0.02¢
5.0 8.51+0.46°¢ 2.86+0.01¢ 8.71+0.76" 2.824+0.01¢
10.0 7.4940.15" 1.66+0.02" 6.8340.60" 1.9940.02"
20.0 1.084-0.122 0.46+£0.022 1.27£0.132 0.48+0.01%
30.0 0.84+0.10% 0.44+0.01% 1.0540.02* 0.44-+0.01%

T TS A ) B 3R R 2 5 i 3 (P<<0.05)

EETRAR disx G R <2 pm . KWABICE AL BEA R
B 1 AR P RO SRR

R T k252 B TR LR Y AR E M X FLRAE
25 IV 30 d YR 43 2 15 DLk AT 40 B 45 SR IR 4,

R 5 28 o B T I FLWRCZE 25 CCIETAE 30 d i LR
SYZTEOL TR LR LT R B S R LR 5. | A 5 AT L)
FH,1.0,2.5 mg/mL B H A # LB AE 7 d NRI R A E B
2 ANTHRBGE 600, UL BT VR B R R R 2 DA 3 T AT W
THUR S T E S P R AR AT 1R s B Rl 5.0 mg/mL

(a) 0d (b) 7d

(c) 14d
B4 RRARENRELEOMPILRGEITEIRE
Figure 4

(d) 30d

The micrographs of emulsions with different

pea protein concentration
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Figure 5 Creaming index of emulsions with different protein

concentrations during storage
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i35 4 FTA B A H AR B R 3 AT R A A
B %2 AP N 95.00 0K & 44.87% . 1 Al B DR
FIBTE 30 CIN I E0R BB 3690 /N TR 4 iy AP .
RWES R AEEAR S 5RH S, HE kR
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WA 0 AR A, 92 T b s 5 T VR B 2 1B T RDIR AS , B AR
H TR %
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Table 4  Proportion of interface adsorption of protein in e-

mulsions with different pea protein concentration

FEHEWRE/(mge mL ) Co—C,/(mg+mL D) AP/ %
1.0 0.95+0.01% 95.00+0.97f
2.5 2.26+0.01° 90.40+0.36¢
5.0 4.18£0.02¢ 83.60+0.404
10.0 8.12+0.034 81.2040.32¢
20.0 12.0440.38¢ 60.20+1.90"
30.0 13.4640.18f 44.87+0.61%

T FFAS [ B R oR 22 5 B3 (P<<0.05) .

2.4.2 FHEEEARLTES WM B2 E A TR R TR rR

FNERE A, BRE A0 40 N legumin (11S) F vicilin (7S),
11S BRI H R 7S R (320~380 kDa) , 1 6 % 4k 3k 4 3 HE 41
s BT A 1 AR 3k (leg AL 38~40 kDa) il 1 4~
P03 (leg B, 19~ 22 kDa) il i — i 88 3% #2 1 B 7S BRIEE
H & =8k (150 ~ 180 kDa) . i1 4 X 70 7 R & 4 47 ~ 50,
30~34,<C19 kDa Y K44 s, HLBEZ 2 B A BR . ik I
. AN BIEEA PR — KB SRR E convi-
cilin™®) , AR 4> F N 71~75 kDa, th 47 SCERE HF N vi-
cilin fy 1 4~ 37,

AR 7 J5 B Yk S T i 0 R 1 P AL TR JE R K T R
W 25 2 1 0 3 A F J G L - ZE R SR AR R R o R R R
BOIISERE AW 6Lt & 977, 42 B leg A Ml leg B 2 4
gz;tg[lll

T W5 AR i BN LV R B R AL R L k
JEBE AT T A AR AR R S E Gk 4 BT I 2R A R B2 Sk
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UK I 270 AT 04T o R 1 A A B 2R 5 FLIRCTE R TR i
L A S A

HHE 6 e 5 AL FER IR Ik I T R S R A
P S B TS BREE > 11S BR# 1 > convicilin> R 4
TR TE R R 5% 1F T 3R 4R AT AR A7 HE (43 9 I TOU i A% o 9 2%
M. B SDS -5 3 £ BEASRE 3 T A 1 ARG R . 1
JER T Uk Y SRR L BRAE R Lk 20,1804, 1M 7S BREE
1 A7 L AR AR BN UL BT R AR R T g 7S BREE O E AR

By & 6 R 6 W] A1, B R AR (4 F = =250 kDa) 7
LAk B AT 0% B A S K R . R O <C5.0 mg/mL B, R
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(a) HUEH L UK E
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(b)) B H AR 5 L Ik A
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() Wz 3 1 i i v ik P
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Figure 6 Reducing and non-reducing electrophoretogram of
original pea proteins and adsorbed proteins in e-

mulsions with different pea protein concentration

x5 RBEEATHEREAR

Table 5 Composition of proteins in the original pea

proteins %
Ik A1 REMK Convicilin 7S 118
A 5 K 3.07 17.49 44.47 34.98
AR A i 3k 20.18 8.39 45,13 25.49

R6 BEER AREHIABRERARREZEATH

Wb = T B AR

Table 6 Composition of proteins in adsorbed proteins in e-
mulsions with different pea protein concentration
EHWEEE/ B4E1k/  Convicilin/ 78/ 118/

(mg * mL™1) % % % %

1.0 36.80 12.77 24.80 25.63
2.5 46.03 9.89 24.90 19.18
5.0 35.30 9.00 26.07 29.63
10.0 29.07 11.70 34.25 24.98
20.0 17.47 13.84 39.05 29.63
30.0 16.31 8.02 45.30 30.38
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TET I VR 0 SR B A 7 LI v 5 B R VR I R R R AR AR Y
7 BT AR 7S 11S BRAE (10 4 EL AR TS . B 7S A9 IR B o5
AR TE R T ARG 15 R (20.0,30.0 mg/mL) , B
FEHE R TSERE A >11S BRE A > R & k> convicilin, H
RS AT IR (4L, 11S BREE (A A9 & BEAH BT R
HOH A B ERE

R AR LA b AR AT A - 2 AN R LA A R
NG 0 s = P I T O S SR NN o - = 00 )
Ly RS BB, BLAS 7S 11S BRI ML, MEE & &
TR AE B RNy T 7S BR A T A W IR R
IR, 11S BR AR 11 UK 22, 6 /N Y B nT R A 2
2 0 R 43 T B TSR AT B T 20 o W B gk A P Ak T g
MR AR TR AR A B 7S 11S BRAR 1 4 3 S v % K
PR3 BAEIR 5 H it — 2B B A B B WK T R 4L aL . 1B
AR S S BN B TRE .
3 gk

TE 7K AL T R R VAR v, B R P T N U R
FL 4] 5 4k 6l 2 5 B 204k, B 24 2 1 e 35 20.0 mg/mL
i 3K S el R T R R RS . B R R MR
ST 2R ) 0 G T O T ARRN TN A5 2R A 40 o i K
BT 1 35 4 W B s R 43 B 4R R 35 T 3t O R B AR L 7S RN
11S BREE (176 5 167 W% B v BRI 248 7 00 4+ HLAE 9% 38 47 b 4
SRR T B A RN AR B RE S AR e
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