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FEE: DIAER (WalPl) FULREREZUN (GOS) JFEE, SRH pH IEM- A A 14 T WalPI-GOS, K5
MRS, W4 T Pickering FLIK . id FTIR. KK K Zeta A . SAM-1T WAMICEETT . BEEm LR
i1, DSC % WalPI-GOS #4T T RAE, 5T m(WalPl) : m(GOS)* WalPI-GOS ikt K Pickering LI 1 i i)
R, 4RI, 24 m(WalPI) : m(GOS) =10 : 4 i}, WalPI-GOS F1 Pickering FLiREA AL :RE, WalPI-GOS
(F-35kife g 82.08 nm, Zeta LN H-52.37 mV, FLALTEME . FLALREE N 31.12 m?/g 1 4346.35 min; WalPI i
SRR AR T WalPT-GOS 43T, FEAK T R 15K M ( 840.81 au. ), #2555 TUFEIFFE = (8.78 umol/g )
FRERIIERE (93.74 °C ); WalPI 55 GOS B AP 1T WalPl By 20 M =20 454, TERLL p-3r8 A — 2 shH,
WalPl 5 GOS @i &5 . # A AR FGK A BAE T BB % 454514 ; Pickering FLIRT-HRAR N
5.24 pm, WHBISIE, TR T SR EER S A s SBTYIEER N 0.1 57 I, HAT G R WERRE (1.06 Pass ),
WalPI 55 GOS [a] /) = 5S35 T Pickering FLIRBERE P4 2544
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Preparation of walnut protein isolate-galactooligosaccharides composite
nanoparticles and properties of their Pickering emulsion
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Yunnan, China )

Abstract: Walnut protein-galactooligosaccharides (WalPI-GOS) composite nanoparticles were synthesized
from WalPI and GOS by pH cycling and ultrasound, characterized by FTIR, nanoparticle size and Zeta
potentiometer, ultraviolet-visible spectrophotometer, fluorescence spectrophotometer and DSC, and then
mixed with tea oil to obtain Pickering emulsions. The effects of m(WalPI) . m(GOS) on the properties of
WalPI-GOS and Pickering emulsion were further investigated. The result showed that the WalPI-GOS
composite nanoparticles and Pickering emulsion exhibited the best properties when m(WalPI) : m(GOS)=
10 : 4. The WalPI-GOS composite nanoparticles displayed an average particle size, Zeta potential,
emulsifying activity index and emulsion stability index of 82.08 nm, —52.37 mV, 31.12 m*/g, and 4346.35
min, respectively. The embedding of partial WalPI hydrophobic groups in WalPI-GOS molecules led to
reduction in the surface hydrophobicity of WalPI-GOS (840.81 a.u.) and increment in the free sulthydryl
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content (8.78 pmol/g) as well as melting temperature (93.74 °C). The complexation of WalPI and GOS

changed the secondary and tertiary structure of WalPI and formed a secondary structure dominated by

p-folding. WalPI and GOS formed a compact network structure by hydrogen bonding, electrostatic

interaction, and hydrophobic interaction. Pickering emulsion exhibited a particle size of only 5.24 pm,

uniform droplet distribution, and an elastic gel network structure, while displayed the highest apparent
viscosity of 1.06 Pa-s at a shear rate of 0.1 s'. The high cross-linking density between WalPI and GOS
enhanced the gel network structure of Pickering emulsion.

Key words; walnut protein isolate; galactooligosaccharides; composite nanoparticles; Pickering emulsions;

stability; food chemicals
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SPI Y FLALPE RN fif ik (%5 el BT v i PE R4 )
R, AR, MR,

IR (GOS) 1TENThREME SRS, AHiA
TR, AT (i B 25 L R R AR, HA A
TIRE A L R R AL Gy A SRS A £ U
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NaOH A H pH 2 11.5) FIREWEE 2. 4. 6. 8.
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VSR 25 1, I8 5 B J5 1Y) Pickering LI AE 500 nm
AEEIERE (A4y), BE 30 min J5FUCI G

(Aszp)o M (1) A1 (2) IEFLLTEE (BAL
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1.4.3 R @smKmn

Z M ZHANG "5k, e, H—a i
1 WalPI-GOS ki i A 24 &>~ 0.01 mol/L )
WEMREL 28 iAW (PBS, pH=7.0) "53| ffi o i 7
435124 0.005, 0.01, 0.02, 0.05, 0.1, 0.2 F1 0.5 g/L
) WalPI-GOS FEW ., HL 2.0 mL FEW&, JIA 40 pL
) ANS IF (8 mol/L) JR%), #E 15 min, FH%E
A EETTHE 390 nm UKk P AT 470 nm &
KR E B IR AP, PesE S nm. LU A TR

VRO CR B  PVARARER, A abR
R s KYE (Hy )
144 H#BHALSZTNZE

Z I8 ZHANG 053k, mgfEBk, K—a s
T 19 WalPI-GOS k7 fil A 20 mL ¥ & 2 0.1 mol/L
) PBS (pH & 8.0, % 1.0 mmol/L EDTA-2Na Fl i
ML 1.0%00) SDS ) FRECRLER F ik B 3.75 /L
) WalPI-GOS ¥, T 4000 r/min &5.[> 15 min, B
1.5mL FiEW, WA 1.5mL # PBS (0.1 mol/L, pH
4 8.0) F1 0.05 mL DNTB % [ 396 mg DTNB A T
0.1 mol/L PBS (pH 4 8.0) 5E%4 % 100 mL ) JR%A],
WHE 1 hJ5, 4000 r/min .0 15 min, B E3HRT
412 nm b E HR R , LIZEIR KA DNTB A28
H o #0320 (3) THARE i e 25 4 J
App xD “
eXpxL
Ah. p MEABEIRE, g/L; ¢ X Ellman AYTHG
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THH g0t IR IR TELRE 30~180 °C, THRHE 10 °C/min,
RN 20 mL/min,
1.4.6  WR 3R KERZ

Z 8 ZHANG U5 gt R IE o, BURE AL iR
W PR AT 96 A5, WalPI-GOS  Ji ¥ B
0.02 g/L ({#F 0.01 mol/L PBS, pH N 7.0 ). %4
£ 300~500 nm, &P 285 nm,
1.4.7 FTIR M &
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4000~400 cm ™', 32 K, FHEEN 4em',
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1.5.1 3Lz
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KA sy A, MR RE 25 °C,
1.52 BHMaEMH
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1000 1% T WL TF 1 AR AE S
1.53 AT4HH
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TR 0.01~100 Hz, id % FLIRAAERER &= (G')
PFERLE (G” ),
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WERESE= 10° (3)
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2.1 WalPI-GOS Fifi 4% 1%
2.1.1 A2 Ae Zeta B A%

1 m(WalPI) : m(GOS)* WalPI-GOS -1
$i4%2 . PDI #1 Zeta HLALAYFE M

— 0.42
150z DR AT
140 —-=PDI

H 0.40

H0.38

H0.36 E
H 0.34

H0.32

11030

EHARF/NG FHRAEREREE (P<0.05), FF
# 1 WalPI fil GOS Jfi & [t X%} WalPI-GOS #4742 . PDI
(A) Fl Zeta WA (B) AR

Fig. 1 Effects of mass ratio of WalPI to GOS on average
particle size and PDI (A), as well as Zeta potential
(B) of WalPI-GOS

M 1A ATLUE i, BEE m(WalPI) @ m(GOS)M
10 : 0 284K % 10 : 5, WalPI-GOS “F- ki3 56/ G
HIK, PDI AR B3/ 24 m(WalPT) : m(GOS)=10 :
4 1F,  WalPI-GOS ¥ #4454 82.08 nm ( P<0.05 ),
PDI # 0.34, W WalPI-GOS kif2 /1R Ju % ,
Rt/ BT GOS 5 WalPI 38 1t &5 Flig K A B
YEF'E %454, WalPI-GOS SF-YJki 125 24l WalPI
( m(WalPI) : m(GOS)=10 : 0 ) 3/N"*14 ) [E 8} GOS
WIS, WalPI-GOS 4 F [l f s i35k, H
RAETLEER, F£Ih PDI WK, HEEE GOS
IS 4k 238 i [ m(WalPl) @ m(GOS)=10 : 5 ],
WalPI-GOS V- fi 42 i 3 % 145.03 nm( P<0.05 ),
JE B SRy KA 118 233 TR 407 BHL 1 7 22 W 5 8 A s &G A1
g Z4 GOS W E WalPl £, S
WalPI-GOS S5 RN L, TUkLa] &A= k3%, BRI,

iR AU O e IR A

ME 1B i LA W, Bk GOS (-5.96 mV) 4h,
FIT AR i Zeta BRALZEXTEII KT 30 mv, HA RLF
HFaENE ., BEZE m(WalPT) : m(GOS)M 10 : 0 25k &=
10 : 5, WalPI-GOS MY Zeta HL{V 2 % 554 K5 U
/N, 24 m(WalPI) : m(GOS)=10 : 4 i}, Zeta HL{Vi ly
—52.37 mV, Zeta v ] s B0k )RR 2 1, HA4E %
(LB R AU AR P B v, (] BT sz IR SOR, TR ] 4 A B A
AU FREERFZI, GOS AN iy s s T
WalPI-GOS [a] (i #iHL R SRR REE e, SRt
We—5, XU VIR, A T i A
FA YAl o e BRI B g A e A W e A A
. BFLL, 7 WalPl 5 GOS & &b, W&
A A E AR, i WalPI-GOS 1) Zeta B {3 48 % {8
WK AN, FERRPERUE S A4, WalPl 5 GOS
BE, AT WalPl (%, SR A2 8%,
HETIN T A P SR AT R o A - 3 TR B R A S
FL AR AR
2.1.2 EAI 5 ESI 5 #7

& 2 A7 m(WalPI) : m(GOS)*+ WalPI-GOS K EAI
1 EST Y520 .

32 5 4500
EZAEAL a/h
31—=—ESI v {4000
b

30¢ . be 13500
o~ | b
%D 29 / %/ c} 130005
&8t £
= / H2500 8
S5 27t

sl 1 H 2000

25 % H 1500

24 1000

10:0 10:1 10:2 10:3 10:4 10:5
m(WalPI) : m(GOS)

K2 WalPl fil GOS Jiiht Hoxt WalPI-GOS f4 EAI Fl ESI
OEAl
Fig. 2 Effects of mass ratio of WalPI to GOS on EAI and
ESI of WalPI-GOS

EAR-ZHE AR T 5SHE &SRE
A, FPRIRE AT S A A R AL RE T, IR
A T R A, B L R O, TR 2
A LI, B m(WalPl) : m(GOS)M 10 : 0 284k &
10 : 5, WalPI-GOS ) EAI Al ESI #4534 K5 k)N,
{24 m(WalPI) : m(GOS)=10 : 5 B}, WalPI-GOS HJ
EAI Fl ESLiA &3 1 275 T 10 = 0 B9 {E( P<0.05 ).
OEH, SEKPERIER G AME T WalPl #2E7K
SEMMPEAET . 24 m(WalPI) © m(GOS)=10 : 4 i}, WalPI-
GOS 1) EAL F1 ESI 435124 31.12 m*/g F1 4346.35 min
(P<0.05). T GOS 3£ K AN T WalPI 73
FW, ZFESHEKMEERS A, WalPl KX
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AN, 24 m(WalPT) : m(GOS)=10 : 4 i}, LK GOS
WERLE KL 2= WalPI 1, WalPI-GOS % ki, Al
S R T IhK B S 1 m(WalPI) : m(GOS)=10 : 5
i WalPI-GOS (1) EAI 1 ESI A%, i Tad 4 20
FLIR AR R FEVERE N, R P B AR
2.1.3 R @BRARMESH
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FETH B KM R 5
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(=]
T
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A A A 7,
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m(WalPI) : m(GOS)

K3 WalPI fil GOS [ift Hoxt WalPI-GOS 3 i i 7K P4 )
A
Fig. 3 Effects of mass ratio of WalPI to GOS on surface
hydrophobicity of WalPI-GOS

M 3 ATLIAEW, HE m(WalPl) @ m(GOS)M
10 : 0 78462 10 : 5, WalPI-GOS 11422 Ifi i 7K 14 26 )i
NG, 24 m(WalPI) : m(GOS)=10 : 4 I}, FTH
Bk MR/, UK 840.81 au., XS N, —J i,
GOS 5 WalPI # H.AEH T3 WalPI-GOS %54 5 45,
B ik He A T WalPI-GOS WN#F, pH i 11.5 %
% 7.0 i, WalP1 5 GOS H:[EIHTE, K& muika
LRI T2 AR AT, WalPl 5 GOS 4TI & 4
B KM EAE RS 55—, 22 Wl 368 R R
FTH A2 AL RH, B B 23R G K B A T 1
B, BEARRIEH K ERY . AIREAESEPTL B, 5
e B R A I, BENLZT 4 35 (3% s K P
%, SRR —5.
214 HBHRALSZTHN

4 2 m(WalPI) : m(GOS)XI WalPI-GOS i
BEHEL I

M 4 AT LIE H, 24 m(WalPI) : m(GOS)=10 : 0
Bf, WalPI-GOS V& #isE & A 1.83 umol/g; 4
m(WalPI) : m(GOS)HN 10 : 4 i}, HFEsHEE 2L
FW AR 8.78 pmol/g ( P<0.05); 124 m(WalPI) :
m(GOS)A 10 = 5 W, HJiE B ik & w3 inAs i =%
(P>0.05 ), X/ZH Ny, —J7 1, Bt RGERS & T,

EA BTN B EEWTR, IREEMRE, > T N
HBRER; i, G e dt A R R
o, REHZHE, MdERMZHE, TSREER
RS EZ LIV Ra i = I il S Ve e TR ER
B RAE, ERArSUAEBLLE TN, L,
HEa B AR E (P>0.05), tRKESPHRITREE
-4 SROBE N T X JULER B 19 S0 5 2 4 52 o A B
FUEE R

10

WEE B AL & &/ (umol/g)
A o o

[ ]
T

(=]

A A
10:4 10:5
S)

A A
10:2 10:3
m(WalPl) : m(GO

<l 4  WalPI I GOS Jiit b X WalPI-GOS #iff 24 % 4t 7 it
Y5
Fig. 4 Effects of mass ratio of WalPI to GOS on content of
free sulthydryl group in WalPI-GOS

2.1.5 RAER ST

DSC Mh&en] Je Wedi H - o . S -2 0
] @A EAE R, |5 RS m(WalPl) @ m(GOS)
A WalPI-GOS #YJ DSC ik,

0.8
T 0.6 ;
@0.4— E / B
3 | i —10:0
§ 02 2\ —10:1
\ ' —10:2
ot = ——10:3
. ——10: 4
! ——10:5
_02 1 1 1 1
30 60 90 120 150 180

WREE/C

5] v H A5 340 K m(WalPT) © m(GOS), T [
%5  WalPI-GOS 1Y DSC i1k
Fig. 5 DSC curves of WalPI-GOS

MWE 5 WA, 2 m(WalPl) : m(GOS)fE
10 : 0~10 : 5 284k, WalPI-GOS )4 il i B 43 1)
9 76.65. 91.70, 90.70., 92.76. 93.74 1 89.72 °C,
R WalPl 5 GOS M EAERIE AL T e BN 2% 45
¥, 325 T WalPI-GOS Iy #4 e M JR I 7E T, WalPl
5 GOS Z5A 7 A iy A a7 BH R 1 T 4 1% 32 5h P,
KRR S o 5 IkAh, WalPT 5 GOS [a] [ &
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A AR BRI T8 SR R T BT R R, i —4
W9 T WalPI-GOS WA E M. 5 m(WalPI) :
m(GOS)=10 : 0 AL, >4 m(WalPI) : m(GOS)=10 : 4
i, WalPI-GOS J#& fll i & H1 76.65 °CH % 93.74 °C,
P& T 17.09 °Co JEHATET, GOS 5 WalPlL it =
S E R B R K A B R BURS A 1 I 2%
45Ky, GOS R4 N2 S BN W 48 45 K4 51 fin B %
PEIMTHE5E WalPI-GOS A E . DAT ZEPTL L, b
WhAR . RS 8 RN 22 B 2 (B) 19 i 7K R F A
YR HIAT 2 5 B2 A TR A B2 M . 1Y m(WalPI) -
m(GOS)=10 : 5 I}, WalPI-GOS i AL, Ji
HTET, GOS Wit £ kKAERE, HiLEk2
AR TR AR E, WS T WalPI-GOS fyZhty, it
T AR AP A R FE o
2.1.6 WIRFLRAESHT

PR i 1T i R B, 1 I A Tk Sk R o S
ORI AR AL, SRV B 0 = RS M AR
Tk K 6 2R m(WalPl) : m(GOS)HY WalPI-
GOS WIEHEIEIEE

500

w B
[=3 [=3
S (=
T T

FOLIREE/au.
[
8

%00 350 400 450 500
K /mm
Kl 6 WalPI-GOS 1N IR % it %
Fig. 6 Endogenous fluorescence spectra of WalPI-GOS

M 6 T & Bi# m(WalPI) : m(GOS)M 10 :
0 5L % 10 : 5, WalPI-GOS 7 ik i e N )5 1
Th, e KK EH KA 364 nm ), B GOS 5 WalPI
AR G, W AR KA EER, %
T EE R =ML, WalPl &8 R ER, B
BT WIESS ), S EIOEEK, X5 2.1.4 45 R —
. 24 m(WalPI) : m(GOS)=10 : 4 I} 530 B A%,
XAEFE A, WalPl 5 GOS & A0 6 4 iR ik 3 12
HETHKIRERY, E 4T N IO S 2 b
YRR, DCompERRARD 52, al, MRt ¢
et A Bl A AR
2.1.7 FTIR o #F
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B FTIR 3% &R — 24544
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Fig. 7 Effects of mass ratio of WalPI to GOS on FTIR

spectra (A) and secondary structure (B) of WalPI-
GOS
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