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5 BR2 F] ;Starter2100 pH 1, BZEHTLERA PR A
Al DJ-1 RIJR@E I IFER, 5 N S AL 1
A PR E ;BL-500 K7, g F B
HIRAT ;AUY120 J1 02— F RV, HA B
23 F;CR2IN = R R 0 AL, H AR Hitachi 24 F
LG-0.2 FL25 % VR T 1ML, Tk B ALK 3 BH 380 15 7%
il 3 A B A 7] s DK=S26 /K ik, RS 22 g ik
25 A BRI VCXT50 RS I 40 M e e A, 95
Sonics 2 H) ;Zetasizer Nano ZS 20K 7 B o1 v X,
Ly IR AN A A BR 2N F] 5 Cary50 4540 0] LG43 6k
i1, 22 [ Varian 23 7 ; F-4600 226615, B A
Hitachi 23w ; SIM=F140adl i vKAL , #4 F 6 %5 720l
24t TSE SERIES 7 U IR VKA, & H 3
RO R B A W HH SR R R, & isTh
IE AL AT FRA ]

1.3 Hik

1.3.1 SG HEHL  SG WIS % Takao S5V
JrIEIERI N s, WiRR SR 25 B KB R Rk
bR 1:15(g/mL) ¥ pH {E I 2 7.5 J5 5050 fic i 2
h(25 °C), T 9 000xg &> 20 min, B L35 WA
LT AR A 1.04 ¢/L 9 NaHSO;, 18 % pH =
6.4, 7E4°CKMER, B H, T 8000xg &> 20
min (4 °C), YU % B F KW B, 4 pH 7.5
BT 48 h(4 °C) % T 5 BI45 SG, 42 i% SG
A S BN 96.72% (GB/T 5009.5-2016, Hl K
FEAE) B & &R 0.28% (GB/T 5009.6-2016,
FICHHETE) . K& Eh 3.3% (GB/T 5009.3—
2016, EHETHRIE), BIKS5H 3.1%(GB/T 5009.
4-2016).

1.3.2  BEA Bk SG 40K kL il i &

1321 BRHERLE  BGE &R T SG B oK% i
T2 TR, FEPHFE2h(25°C), F 4 Ckik 18
h, 8 pH { £ 7.0, 1E 8 000xg £5.0> 20 min (4 °C),
B WOR B R 2 mg/mL, >R Bradford 7250 5 &
FHR R K SG % A1 # Ak B (Heating , H)
75 4 B (Ultrasound , U) Fl pH ki #% &b B (pH, P) i
TTHRG B R U 2 d5e A B0 I (HUP HPU
UHP UPH \PHU ,PUH) il FAs [H] B8 75 4% i e
PRI, MRS FE 95 CKIE I SG % ik
5,10,15,20,30 min; M &M EHETIE 750
W, i 452 20 kHz 2514 & LA 30% ,40% ,50% ,

60% ,70% % i@ kb # 1,3,6,9,12 min;pH fii £ 5
F o SG W pH H1H = 12.0, T 25 CLE 12 5t #
1hJg % pH EHZE 7.0, 485 1 h,

1.3.2.2 W By 1A ) e I BTk a2
AL B S5 1, LA T B K 1 Sk i o7 AL, W) 7 1T 152
TR ROk sk 1 FoR

F1 MEEREETERZERKE

Table 1 Design factors and levels

of the response surface experiment
A&

K e kR IR/ A B IRNE) AR A/
min % min

1 15 30
2 20 40
3 30 50

1.3.3  HKiARM Zeta—HL( N2 25 B F KRR BE SG
PR IR 2 1.0 mg/mL, R H 5 /R X Zetasizer
Nano ZS 44KKL B s AL A0 % . SHCE . HE A
h 173, K 2T C R E1.33, & 25 °C, B
e 3 WA,

1.3.4  REEKENE R ANSZOGIREE
W 7E SG KR 2 B K R, B SG 40K kL
VS R AE B R R 22 ol (pH 7.0) HE AT — 58 BB JE (O
B (0.04~0.2 mg/mL) ,4 mL F£ 4 5 20 wl. 8 mmol/L
ANS~(pH 7.0) #4018 &, G I 2 min J5 T F-
4600 ZEEIEALI & . SHCE . UL K 390
nm, &G 470 nm, He4E % 5 nm, UL SG W E K
B AR AR, S0 B Ry P A AR 22 1R, B it 2 T B K
G R RN

1.3.5 AP MLEE AT SG 98 K MURL i i 5]
A 10 mlL 3% B B8 R 4 CIETE, I 40 B0
5%

ZIN o

1.3.6 ®MEENRE 2% Samoto S5 Jr 2l
SG IR IE KGR LA B SG IR TR B 2 M W %,
I 4 MG ZOR JEAT A B, T 12 000xg &5 40r 20
min, & H Bradford S0 € FiSWh&E A &, U
B0 JE T W T B T SR T A R
I HEFRR SCG B, THEARXWT .

s i (o) — 1A T AR B
IR (%) = e my <100 (D
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137 RoEMENE  DIRiE Zeta—WI7 R, 2.1 BUMEIREE Xt SG 442K B B % M
FLI AN A VES b BR A B FORE (NaCl X4k 2.1.1  KiAR I Zeta—HL A7 IR B 75 A1 pH (5%

J# 0,0.1,0.2,0.3,0.4,0.5,0.6 mol/L, 5Z ¥ 2 h)  #i
AbFE(100,110,120,130,140,150 °C, JZ [ 20
min) .pH A (2,4,6,8,10, W 1 h) 7 @l 75 3
(=20 °C/-80 C& R 24 h, E I E 4 h ik, HE
5 W)Xk ME SG e e TERY R

1.3.8 Sttt AlBmTAL R NI RER
RIS I(E, i SPSS 2017 #4775 2% il W % 1k
3 M1 (LSD 32 ) 5 i ] Origin 2018 22 [/ | bric 71
PLIK 3 550 (] 1) & 25 P 5 {8 F Design—Expert 8.0.
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2.1.2 RMEHKME  FE K MERE R LR A B K
FEVH R TEALE P AR B R sk M A
FUAL R A& 2 B R, BE G HUP () 26
B K P e o 2 648.13, 1 FE & HPU fit UHP %
T B 7K M B AR

2.1.3 AMURARAE BB E T 4 CCULEEKE
P 1] A2 Ak UKL 1 B M, & BILAE i HPU Al UHP
TESS 8 REF &S84 )2, & UPH A1 PHU 7E55 9
KAy )2 FE 5L PUH 7655 10 K4y 2, i B i HUP
FESS 11 KA AR5 2R P b, 3k 55 2 10T B K
I 28— 20, 25 1, ke HUP Ry Se {0 e vk it e

BN 3T SG 40 K B AL AL 12 F1 Zeta—FE (i B9 5 M

Effect of modification order on the particle size and Zeta—potential of SG nanoparticles
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Fig.2 Effect of modification order on the surface
hydrophobicity of SG nanoparticles
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Fig.3 Effect of modification order on the appearance changes of SG nanoparticles
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221 RiARH Zeta—ti 7 FHIE 4 WA, Bl A
I IA) A SE R, B A e SG g K Uk 1) e A 5 O
BRI, I 5~10 min B ,SG Kif2
M 130.31 nm 2 Z A1 % 161.60 nm  (P<0.05) , #4
SRR HE SG ORI A . SN 10~20 min B, SG
K47 35 PR AR (P<0.05) , 3 AT Al J2: 8 7 A B0 25
F1 43 F 1R R LASK A BAE T 9 =5, PR
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Fig.4 Effect of heating time on the particle size and Zeta—potential of SG nanoparticles

222 FHEEiAKE WE S Fis, E 0~20 min K
B o AR ] 9 4 BB 0P SG 9 K AU 3% 1T B
K% W 5 (P<0.05) , JF7F 20 min 35 2 8 KM,
— 7 NS SG 43 TS i A0 A ER R
F1 PN B B 7K s 1A 5 i ok, DT 3 i ANS 5%

PREF 0 45 G A s P01 8 B it 3R T K Pk 5 ) —
J7 T, i ARAR B I 3 R IR Y 2R [ R
FIFHaaE SC LM B KME ., ML K Z 30 min
i, SG 2T i K M 2 3 FE AR (P<0.05) , iX J2& i T
A B R B — e KO, B 2R S R A
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Fig.5 Effect of heating time on the surface
hydrophobicity of SG nanoparticles
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223 AMUAEfE WNE 6 TR, 5 6 KT 5
min A1 10 min AL 5 FSET0UE, 55 9 KA A
15 min BIFE SR TTVE ;45 11 REHNH 30 min HIFE
FULTE 5 I 20 min B9 RE S Fa 5 B ] AT 3k 12
d 274 2.2.2 TIEE R AT, 95 CHN# 20 min Ky
WAL

Sk 18] Heating time /min

(e)11d
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Fig.6 Effect of heating time on the appearance changes of SG nanoparticles

2.3 BEIREXEBES B SG 40K B 89
2.3.1 KifE M Zeta—H A, K FH3E [ Sonics 2\ A
(1) VCX750 %Y 5 75 I8 4 A file 05 A X SG 247 R
AR PR, AN ) P R IR S P T R AR —
IEAHSCE . QB 7 s Bl R 7R IR i 6 B Bk
G SG 98 K URL (4 R A% St 5 9 /N B 1S K
B AR MR (1) 4 75 AR B (0%~40% ) [ SG 4 K 5
KE R AR B 2 AR (P<0.05) , X 1] BE & T M
23 AR AR T 88 (15 4 (el AN VR
i 25 I BRAR S i e SR AR Rl hy B AR W
1) 53 A B0 359 57 B4 SR T R 7 R I 3 5 (40% ~
70% )SG Ktk X4 A8 K (P<0.05) , 5 U 3R (1) #8
WFRFECT — RPN AN, FESUE R T )

(d)12d

SRR 1R[] B o S L N 1 1 38 Bl R R4
fifi SG FUIE B T RIR A A, K 7 fis,SG
1) Zeta—H A7 26 XA 52 56 39 K5 W0/ (8 3 78
A0%FI% W I FL A Y 246 0B e K 20.93 mV 3% S
HY TR A5 SG PR 9 7 F R AT 2 68 1ok 38 K AR
F 01 3R T L e ) o 4B P IR R g — 20 1S R
(=40%) , 8 153 R 3 3 AR M R A i r ik A 1
FT 53 F B, Zeta—H A7 2 Bt PR 6 a0

232 FRMGIKME  FEH KM T EA =R
F AR E , IR BE X 2 1 D Re v A % S W,
K8 BT A Btk SG 40 K kL 2 167 5 7K 1 Fifi 8
R R ) 3 R S R R U B (P<0.05)
X5 Zeta—FL {0 £ o B0 AR A2 A0 0 52 405 SR AH — 3K
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Fig.7 Effect of ultrasonic amplitude on the particle size and Zeta—potential of SG nanoparticles
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Fig.8 Effect of ultrasonic amplitude on the surface

hydrophobicity of SG nanoparticles
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40908 75 FI g ALk 35 Ay F5 P 1) P R

0% 30% 40% 50% 60% 70%

0% 30% 40% S0%| 60% 70%

(d)12d

B9 BAEIRIEX SG 445K Bkl sh W H % e

Fig.9 Effect of ultrasonic amplitude on the appearance changes of SG nanoparticles
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Fig.10  Effect of ultrasonic time on the particle size and Zeta—potential of SG nanoparticles

242 FmeikrE  HE 11 PR ,0~12 min (14
AL PR X SG 2% 1 b /K P 3 AR 25 5 ) A g
RIS AR PR 6 min B SG g8 K R
[0 S S SN
243 AMWAEfE DAL 12 AT, R 2 R A R
s R 7 AR B9 min A A E ISR 8 K B AR ST
VE AL PR 12 min FEMEE O RULTE ;A AL B 1
min FE AL 10 RULTE ; M 75 AP 3 min FE 5SS 12
KULTE ; T AR 7 AL B 6 min ££ 8 2R 12 KSR &
WY, A 24 ISR AT, RS 6
min A 5 P ) 7 B[]
25 ORZEZER S
2.5.1  WaRAR T ARER FERAR SO (HUP)
& g e T, PRI AR R] (A ) | R R
(B), 5 B[R] (C) % 2 1 i 7K M i 52 Pt Ak SG
YR ARITORL IR G BOPE B A5 e g T PR R B K F DL
21, e o7 T A6 1 T A e B LR 2

YR 45 R AT Z e A PS5 3] BE g
.Y =3458.95 -168.614 +143.37B -108.12C -
14.064 B-65.12A C+75.77BC-269.3642-230.90B*-
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Fig.11 Effect of ultrasonic time on the surface

hydrophobicity of SG nanoparticles

143.58C2, & T B 7K P [0] U A5 750y 2 A 235 SR DL
%3,

H 2% 3 AL AR R Ry 3 (P<0.01) , 24U
A 25 (P>0.05) o BRI 48 S5 R EL(C.V.%) H
0.91% (/NF 10%) ; i W Lt 36.073 (K F 4);R?
7 0.9952,Adj-R> & 0.989 (¥ KT 0.8 HiziL T
1) 25 1 RS it M A s AL 19 L3R 4T
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AT 7K B S PR AR A1 0 BLSE AT & — YR I 44
B (B] (A ) 68 75 4R W (B) HE 75 B (8] (C) Fil — IR I
A% B> .C* M ¥ (P<0.01) , &2 BT AC 1 BC

(D124
B 12 BEREX SG 4K Bk s W2 L i #1m

Fig.12  Effect of ultrasonic time on the appearance changes of SG nanoparticles

S FAE B AU G RERY  FTIIEC 5 it SG 4K Bk %

R FE (P<0.01) . 1 F{E AR, 25 PR30 I 4 ek
E APNANS PRI 215

SG 4 K JURE 2 THT B /K P B
[i4] > 6 P JI > 7 B (]

F 2 IRz TR TR R E B K M A R (E
Table 2 Design of response surface experiments and response values of surface hydrophobicity
KB A(m#AE BREKR CHEEN YR@HEK | KB A(w#s BREFKR CHEREFN Y(REHAK
%5 8] /min ) & /% ) 18] /min ) PRy AR %5 8] /min ) & /%) 8 /min) M@ FAE)
1 30 50 6 2 904.867 10 22.5 50 9 3211.667
2 22.5 40 6 3442.067 11 22.5 40 6 3 458.967
3 15 40 9 3137.233 12 22.5 50 3 3240.333
4 22.5 30 9 2777.067 13 15 30 6 2984.4
5 15 50 6 3302.933 14 30 40 9 2702.5
6 15 40 3 3259.267 15 22.5 40 6 3480.5
7 22.5 40 6 3468.8 16 22.5 30 3 3108.8
8 30 40 3 3085.033 17 30 30 6 2 642.567
9 22.5 40 6 3444.4
®3 REGAKEDPERBFTESHER
Table 3 Analysis of variance results of surface hydrophobicity regression model
£ RR F T Aa B Wi EoFa F1a P1a 2%
BEA 1.21x10° 9 1.34x10° 161.48 < 0.0001 o
A (Fa # 8 18] /min) 2.27x10° 1 2.27x10° 273.25 < 0.0001 ok
B(A2 5 ¥ 1&/%) 1.64x10° 1 1.64x10° 197.57 < 0.0001 ok
C (A 7 B} 8]/ min) 93 520.92 1 93 520.92 112.36 < 0.0001 ok
AB 790.55 1 790.55 0.95 0.3622
AC 16 965.06 1 16 965.06 20.38 0.0027 ok
BC 2.30x10* 1 2.30x10* 27.59 0.0012 ok
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Studies on Preparation and Stability of SG Nanoparticles Modified
by Heating—Ultrasound—-pH Shifting

Li Chungiang, Liu Jun, Zhao Hongfei, Xie Wenru, Shao Junhua®, Zhang Mingyun
(College of Food Science, Shenyang Agriculiural University, Shenyang 110866 )

Abstract Nanoparticles with good stability and suitable as Pickering emulsion emulsifier were prepared by the modifica-
tion of soybean glycinin (SG) with the combined treatment of heating, ultrasonic and pH shifting. The optimal modifica-
tion order, heating time (5-30 min), ultrasonic amplitude (0-70%) and ultrasonic time (0-12 min) were determined by
single factor and response surface methodology. The results showed that the optimal conditions for modification were heat-
ing at 95 °C for 20 min 19 s, ultrasonic at 43% amplitude for Smin 17s (750 W, 20 kHz) and pH treatment at 12 for
1 h with the best modified order of heating—ultrasonic—pH shifting. Under the optimal conditions of modification, the par-
ticle size and Zeta—potential of SG nanoparticles were the smallest and the storage stability (4 °C) was the best. Mean-
while, the surface hydrophobicity was the highest, up to 3 516.16. As the ionic strength increased from 0 mol/L to 0.6
mol/L., the particle size increased significantly (P<0.05), while the absolute value of Zeta—potential and solubility de-
creased significantly (P<0.05). The samples at 0 mol/L and 0.6 mol/L. were stable at 4 °C for 12 d. With the heating tem-
perature increased from 100 C to 150 °C, the particle size increased significantly (P<0.05) while the absolute value of
Zeta—potential and solubility showed a trend of increasing first and then decreasing. The samples heated at 130-150 °C
were stable at 4 °C for 5d. The pH (2-10) had a complex effect on the particle stability. Although the particle size of
the sample at pH 10 was the smallest and the potential and solubility were the highest, the storage time (4 °C) of the
sample at pH 2 was the longest, up to 20 d. The SG nanoparticles can withstand one freeze—thaw cycle at —80 “C. This
study provides a theoretical basis for the development of emulsifiers for Pickering emulsion and its application in food.
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