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Effects of limited enzymolysis and glycosylation on emulsifying

properties of soybean protein isolates
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Abstract: Objective: This study aimed to develop novel soybean

& (soybean protein

protein isolate (SPI)-based emulsifiers. Methods: The structure
of SPI was modified by limited enzymolysis combined with
glycosylation and the effects of this synergistic modification on
the emulsification characteristics of SPI was studied. Results:
different obtained from the SPI

Among the components

hydrolysate (SPIH), the high molecular mass component (F30)
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exhibited the best emulsifying property. The emulsifying stability
of F30-dextran conjugates obtained for 4 h was the best.
Compared with SPI, SPIH and F30, the F30-dextran conjugates
stabilized emulsions showed the lowest initial average particle size
and the best storage stability. When the pH was close to the
isoelectric point of SPI or the system was at a high salt
concentration, all emulsions were unstable to cause aggregation.
Compared with SPI, both SPIH and F30 stabilized emulsions had
a higher aggregation degree. However, F30-dextran conjugates
provided additional steric hindrance and hydrophilicity due to
which exhibited a higher resistance

covalently bound dextran,

under adverse environmental conditions. Conclusion: Limited
enzymolysis combined with glycosylation is a potential and
reliable way to develop SPI-based emulsifying ingredients.

Keywords: soybean protein isolate; enzymolysis; glycosylation;

emulsifying properties; stability
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5255 R LIRS A 55 BEBE (18 mm X 40 mm) 1, 7E
4 CYRAS TP BV 24 bR L X 3L B A W BEAT A R
1.4 HiEsbE

A RSB AT 3 AT EE W, W4 R LT
YI{E & 5 v 22 2 7% R Microsoft Office Excel 2019
Xof 3 0 B AT e M . FH SPSS 25.0 B R AT 3
25007 R Origin 9.1 #E2
2 RS0
2.1 FAUERS W

m# 1 a1, 5 SPI A EL ,SPIH A9 EAT & 3, {H
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TE I — 7K T T A% R R . I B AR AR T AR R
B 43 F it A MR, (45 SPIH & J) 43 & 1 1
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SPIH # Lt F30 1) EAL 4 Jir &A%, A4 & T SPL. 1
F30-10 1 F10 A9 EAT W & 25 A%, J& 8 2 F30-10 1 F10
AR 43 Jo 5t AR AN A 7E WK TR 3% S R B
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B, H EAL A ESI 256 1 IHE T B3, 43 50 78 )1
6,12 h W35 3 & mi fl . EAL 1 ESI 42 85 i 5 3 40 B 4o
T O 52 HE KSR NI M 561N T F30 1 RKHE,
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% 1 SPI.SPIH.F30.F30-10 #1 F10 IR &R’
Table 1 The emulsifying properties of SPI, SPIH,
F30, F30-10, and F10
E i EAI/(m? + g 1) ESI/min
SP1 19.53+1.60¢ 22.14+3.52b
SPIH 27.86+1.42¢ 18.53+1.31°
F30 23.02+0.31° 16.40+0.08"
F30-10 7.79£1.074 23.48+1.14°
F10 6.35+0.159 55.22+5.81¢

T NG F R R R R 2 5 B3 (P<<0.05).,
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&2 F30.F30-10 # F10 R AR R E AT A WAL ER
Table 2 The emulsifying properties of F30, F30-10, and F10 and conjugates incubated for different time

F30-# RIEHE A9

F30-10-%] R Wi #i & 4

F10-#i R M9 5 4

S B[] /h
EAI/(m? « g~ 1) ESI/min EAI/(m? « g~ 1) ESI/min EAI/(m? « g~ 1) ESI/min
0 18.75+0.62¢ 15.33+0.60°¢ 6.73+1.04% 26.13+3.06 3.80+0.42° 49.06+12.06
2 23.1140.29° 18.1840.17¢ 5.9940.02" 29.87+38.70 4,0140.06%" 37.58+17.18
4 23.184-0.06° 30.2641.40° 6.12+0.19° 28.62+4.71 4.9940.82* 39.96+0.52
6 24.4540.16* 30.3541.04° 7.2840.88 29.04+3.61 4.50£0.50% 54.29+18.18
12 20.6040.42¢ 47.72+4.67¢ 7.75+0.58% 30.34+4.28 5.024+0.19* 36.47+0.05
18 20.5240.19¢ 18.274+0.72¢ 8.03+0.35% 26.67+3.29 5.06+0.35% 38.11+9.18
24 22.5240.38P 18.974+0.03¢ 8.20+0.52% 33.29+4.19 4.7540.37% 45.7446.02

T NGFERRFE R 2R B (P<0.05),

Z 18~24 h I, F30-# BME4U & Y iy EST JF 4R T K, vl B
55k v SR AR R I R B A G, Ak B R AR M R B
3% F30-10 F1 F10 g9 FL4bAE /.

1 J& SPI,SPIH.F30 fil F30-%# A & W kg 3
T O 254, BT LA HH 2L T 1) YA 34 B 0 1 R
SPI.SPIH K F30 3 FiFE & ko e R LI 40 i & R/

SR O HL i SPTH &g i L0 R~ /N, 7E
F30-% B M5 & W R 8 M 2L, BB 4 h 7= P ke 3L
TRV B /N BRI A # T 1 A0, IR VR R) B
AN AREE R AR OK AR A 5 T S B0R K 4 )2 [F
bt 24 T AL AR s D B 2 N 3 WoR T F30-10
ME30-10-# B &4 . L R F10MEF10-# B A YL & W

B 1 SPI.SPIH.F30 B B 5 7 ) & 4] 69 F30-H B AESL 0444 2 3Lk 09 6 5 B B8 B

Figure 1

incubated for different time

Optical microscopic photos of emulsion stabilized by SPI, SPIH, F30 and F30-dextran conjugate

B 2 F30-10 B R AR KB & F30-10-%) BB S MBI RGO L F R MBAR

Optical microscopic photos of emulsion stabilized by F30-10 and F30-10-dextran conjugate

Figure 2

incubated for different time
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Optical microscopic photos of emulsion stabilized by F10 and F10-dextran conjugate

Figure 3

incubated for different time
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SPI.SPIH.F30 } [ Jit 4 h 1Y F30-% B W40 & W 4
FE R FLIRCE YR AR A -l AR 4 TR . AR 4 Ca) AT
H1, 5 SPIAH M, SPIH Fa i i FLVORL 4% W 2 BEAIK. X 7T
il 2 WK MR B IR T 2R 0T Y IR 2R TS M R T
{6745 P9 B B 7K S5 1 R HC A 7 3k R AR R T L AR T
FE I K LT A W B SR RN IR BT E 1], 5 SPIH M H .
F30 e i 2L ORI AR I A5 T n . X AT RE S F30 (R
Bk PEE— WA 5. A, B F30-8 BB e A W ke
SE M FLWCF BrR AR SR /N . 3XTT AR SR 28 1 R 4 F R F R
b i I R e N 2 U R R VA A
T 9 i R R A e REE A 3L Ak A D A B R L AR aE /D
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SPIH # 52 FLI M ¢-H0 (7 e S (87 FF 14 T, 33 15 fifg K fift 34
TT R A R T R R A SO A 5. 4, SPIH &
HBUE G T AS F30 243 1 32 T F 76 450t 0F — 25 1, e LA
FLVB B O A C-H A A X, SR, F30-% 3B A B
AR ERFLRA F I I F30 55 E FLIRCEAR A9 ¢ fr
Y3 . Xl RER S F30 JLA 45 A 0 R BT 35 78 F30
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o7 /0 T R R T R AR 2 T A R A R
B SRR T B0 G ) TG B A B0 Uk, A
Wk e B FLIRCR B A R A ¢l S A X
2.3 ABEIIBEMES W

HT A 55 K 22 B AR A AR, Sl g 2B
UUVE VR4 Ostwald 2k AT J7AH 5 3 S5 45 Fh ML, 5 3L
LV TR T AR E M R T B S BT R L BT A EL

—50r I 3 ¢/100 mL
12 ¢/100 mL
1 ¢/100 mL ad
—40F b2 b
>E o e b~ Z b .
&= 30 d 7
=
[
R 220
>
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0 w 2
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FE S
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Figure 4

The mean particle size and {-potential of emulsion stabilized by SPI, SPIH, F30 and F30-dextran conjugate
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Figure 5

ez 5%, B 1) 2 R B R 69 SP1LSPIH \F30 & F30-#H RSB Z L RG FHEEF -0 58w

Influence of storage time on the mean particle size and {-potential of SPI, SPIH. F30 and

F30-dextran conjugate stabilized emulsions

TR IR 114 P 249 R AR A 59 B I [ A2 T 3 9
Ko Horh F30 B i R 2 LR B0 R AR 3 O B e P, T
F30-#] M HE 5 ) B 5 L0 B0 0 A2 8 O 3 32 0 A X %
P, R W T F30-9 ROPEYE-A W0 bR BE % 52 4 FL I
VI BB A A 3 (8] 57 BHL R RE A I BT 9 % YRR 2 ) Y
B MO TR R B P FLIY C-rR L 2 B0 1k A
A L 5 R R B L S ) X 2L YA T e A E
AERBIN X 26 45 5 3R W], e ik R — 20 0 B 2 4k
B ISE AT LA 00 LU R N RO R P AR E . R
SRFLWR BORLARAT T 38, {HJ2 BT A R i B4 1 WA 3
B 2 PR35 A0 . R B B R A 2 BT B A
2.4 3k pH BEMH

Hi P 6 T BEE pH 3§ im, BT A 3R Bk AR 2
BB ALY F A pH ) 3~5 WL LR R AR E
W R R A SF R AR 1 000 nm. AL Z R L TE
pH B 7~9 B, FLWOAH X B € WO 40 A 2 50 . L oh
Fr A FLWR C-r o 4 X E I BEE pH A 38 DR T 2 i 3

. TR Y 32 K 4 A SP ak H K A 4, i DL L
WAAZR X pH H B O, 2 pH [ #23E SPT 551 &
(pH 4.5) B, ZLIR B Z 18] 1) & R 0 AN 8 58, T8 vk HIR AL
BiAK P MR 5], LA RE T R T Rk,
AR BB TT DL 3 F30 (9 LA BE 1, 0 3 4 B0 4k 2 1
FBATh SR 2 B FLR AR & pH B,

B/ 3 T N Y = 7 S N U 2 B RO R O O 1
3 g/100 mL SPI %/ MFL WK TE pH & I, B ML T 2 BE 1A,
ML T B R AE S BB 0L, Ak, 1 g/100 mL SPI K E
HFLIAE pH 5 B B T R0 43 2. i Xt T SPIH il
F30 e MFLWE . 76 pH {H28 3 F0 5 b s S8 4 2 3
%, FERACIANE, TR AN EWIERE. A ME R
BE B RAR /3 2 B T B . (A AR T R R F30-7
W05 0 T D 8 1 2L TR ol T O TR 3R TR v R OK A R R R
BEAR R ) T 48 & W 2 A TR W 2 D) B AR AR
TIFEAR T 75 pH AN 3 71 5 BFE943 2T 4, Al UL, 1
147 8] ) 0 B K 1 R 3 v 20RO R A 1 a0 B A%
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. M7 pHIE N 7T~9 B T A AL AT fa e . A
B EIM G X 5k AR 1Y 245 0 — 3L,
25 ABBFERERTEMH
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F30-dextran conjugate stabilized emulsions
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