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Ginkgo seed isolate protein-pullulan copolymer gels
with tunable textural properties

QIN Jiawei, CHENG Qiao, WANG Yaosong
( College of Light Industry and Food Engineering, Nanjing Forestry University, Nanjing 210037, Jiangsu, China )

Abstract: GSPI-PULL copolymer was prepared from copolymerization of frozen dried ginkgo seed protein
isolate (GSPI) and pullulan (PULL) mixture by dry heat method (dry heat temperature 70 °C, relative
humidity 63%). The effects of PULL mass concentration (0, 25, 50 and 100 g/L) and reaction time (0, 1, 4
and 7 d) on the heat-induced gel texture was analyzed at GSPI mass concentration of 120 g/L by
characterizing and testing the physicochemical properties of GSPI-PULL copolymers, along with the gel
rheological properties and microstructure. The results demonstrated that GSPI-PULL copolymers with
different PULL grafting degrees were formed through the copolymerization of PULL and GSPI, and the
grafting degree depended on the PULL mass concentration and reaction time. Prolongation of dry heating
time promoted the unfolding of GSPI structure and the formation of disulfide bond, which was reflected by
increase in hydrophobicity and decrease in solubility. Hydrophilic groups reduced the hydrophobicity of
GSPI-PULL and improved its solubility. The heat time and polysaccharide mass concentration could
significantly weaken the GSPI gelling properties and had a superposition effect, resulting in GSPI gels
changing from a "standing solid" to a "semisolid/sol", which made the heat-induced protein gels achieving
tunable textural properties.
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2% ZHANG FEP s R Uik I+ meAE 18 Bl
#% GSPL, BAPHN . B, BRAFF7E 40 °C
FIBEAR T 60 hy K2 . BEMIFIL 80 Hif, 155
WARMA; K5, HEEIE 1:9 (g:mL) $4R
AR AR EBIEC B 08, S, FIMAEC
BikNg, HEE 3K, MSEIMIRERA R ; FBAsE
RBHERI L 12 10 (kg = L) 20 8# L8 17K
W, FHYRIE N 1 mol/L i NaOH /K% pH=10.0,
Fh I 2 hy 5, FE 5000xg B S, 4 °CA
BT 15 min, WE LR, FHKREN 1 mol/L
FIERIR A EIE W pH=4.4, FIFFEEEO, W
UUVE. HUTTEMBAE LB K (ERELL1:1)
W, FHYRE N 1 mol/L Y NaOH /K ¥ 845 pH=7.0,
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TE-40 CR T 48 h, HEAFE G TR
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K #GEH % GSPI-PULL -84,
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KTk, BRI REERE N 240 ¢/L B GSPI 7
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g/L 1Y PULL i 5 . S8 )5 , 1% GSPI 438U 5 PULL
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B -
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R A B ) il A O Skl . B
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RESE N, Bl LN A EAT, B RIS R Ak
G A AR | SRR T 22 ) AR R SN A 0, o SR
4 PULL Fit i E 50 g/L B, S0 4 dtHEE, &
N 7 d B 294 F1 420 nm Ab ) I RN ARG A
TR, XA, KA A IR R N T RE S B
P & A 3R A, 38 ek B P o ] 1) S0 ok et /K AH B AR
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15F . L
X 1 1
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0.5
0
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Fig. 1 Absorbance at 294 nm (A) and 420 nm (B) respectively,
and grafting degree (C) of GSPI-PULL copolymers
prepared with different PULL mass concentrations
and reaction time
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AHRE Ay i 260 PULL Hl4% 9% 4% 2 GSPI 70 1
L, JBREARX r Br AR Y, H AR YT AL
ZALR N R, AR R AT (K 2B),
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45.0~66.2 kDa Y2547 T4 2% , GSPT B R 4 A Wi 3
HYARXS 707 43514 28.0 F1120.0 kDa, &#FH/NT
TEARIR 25~ GSPI B AHXT 73 0T 2 35.0 i1 49.0
kDa), FiR&EHEAFUET GSPI 5 PULL Z[a)J¥ ik
W R R, f23E T GSPI-PULL B AL

PULL &R E/(g/L) KR REl/d
0 25 50 100 X{fE O

116.0
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A—IERFEAM CRIA AME ) 5 B—iJE5&M4 (LA BME) ; XF
TECH Y GSPI
Kl 2 K[ PULL BriiRpE (BfIR] 7 d). AS[R B A fa)
(PULL it B 100 g/L ) il %% GSPI-PULL 4t
Y SDS-PAGE &l
SDS-PAGE spectra of GSPI-PULL copolymers
prepared at different PULL mass concentrations
(time 7 d) and different reaction time (PULL mass
concentration 100 g/L)

23 HERMXT GSPI-PULL HE#ARKREEK
T4 B 2 im
Bl 3 ASIE] PULL it R J3E R s 1oz A ] ol & 119
GSPI-PULL 354y (1) 2 T i 7K 4 o

Fig. 2

oo
o

10d B3 4d
1d B= 7d

i

R HETEE*10°
© =~ N W B L oo =

0 25 50 100
PULLB B YR BE/(g/L)
3 S[A] PULL 39k B8 A0 7 i ] 1) £ ) GSPI-PULL
IR 14 3% T K M 4R 4

Fig. 3 Surface hydrophobicity index of GSPI-PULL copolymers
prepared at different PULL mass concentrations and
reaction time

MIE 3 AT LIE H, GSPI-PULL L5 Y)Y 2 i
KMEFR R % PULL o i v B B B I ReAIG . X 2
K24, PULL #&fit 7 K& M5EKIEA, [FRF, PULL
255 78 AR R R R A B K 3L A i ANS Xk
FEPA A AT KRR, SEGE AR s R R,
o, Bl BN B[R A3E N, GSPI-PULL LR 4
() % T B /K PR HE B0 . X T RER TR, KA (]
) A B AE E T B T R 1 R O g K 3 AT Y
R,

24 HEBRNIT GSPI-PULL HEB#&EHAISN0

& 4 A A PULL Bt ik (BFE] 7 d) (A)
F RS E] ( PULL T BE 100 g/L) (B) il 451
GSPI-PULL R ¥1%) FTIR $& &,

1639.64

25 g/
1638.27
3434.22 0gL
. 3309.73 , . 1639.69,
4000 3000 2000 1000 0
FE/em!
B
7d
3440.94
1654.73
W 4d
1d
3419.39
163827 0d
3410.38
1639.64
3309.73 i
. 1639.69
4000 3000 2000 1000 0
HEE/em™

Kl 4 R[] PULL Busg vk (BfE 7.d) CA) FB R [E]
( PULL Fr & iF 100 ¢/L ) ( B 4519 GSPI-PULL

LY FTIR 335 ]
Fig. 4 FTIR spectra of GSPI-PULL copolymers prepared
at different PULL mass concentrations (time 7 d)
and reaction time (PULL mass concentration 100 g/L)

FTIR 0] FIF0 8 (0 — s A b o 7 3L 3
A e UK s LN Y = Vo NE R Sl ey ARy e e
F B PR ERF I R A HF 3700~3200 cm™! (N—H.,
O—H Ml C—H HHMHi ksl ) MBI+
1700~1600 cm ™' ( C=0 #FH YR30 ). PULL A%
HEIER T 930,850 1 755 ecm ™' 4k, 43 Bt 3 a-1,6-D-
TAPAE | a7 | a-1,4-D-FIARETF A K 4
A LIFE 1, PULL AY4RE 04 S PRZE GSPI-PULL L5
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YR FTIR 3% E b A5 AF 06 /Y 58 FE i %5 PULL Jifi i
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PULL RS, Wb A 7 09 0l g om 5 1 og (&
4A ). XS R, PULL LRSI A T KRBT,
S8 O—H PP, A, 1639.69 cm ! bR F
GSPI J:R R R 5 450 &4 T A TRl BE I 20 8%
WA, RUE A7 IR OV G i kA T ARk
24 PULL JEAEHEE N 100 g/L W, Bifi 5 52 % it [a] () 48
hn, WERE A AR R R I B B (1] 4B ), X
Al BEJE R, GSPI 5 PULL ¥ )5, 4>FH N—H
M O—H FRIHA IR 3 5 8 A b BB A B B B
S0, A GSPI 5 PULL 3 B B fifi 25 2 5% s oy i
() B B4 g 3G, SRR Y rh SRR N, XS
SDS-PAGE 7345 5 ([ 2 ) —&L., 5 GSPI k£ & ( %}
W) AHE, RAE SRR N IR A U AEmERE T A5 B AH
KWy v i & A= T 284k, GSPI-PULL ¥
Pl e T 2 W MAc s 0 v 1 % R s

[’ 5 IANIE PULL Biss i BE (B[] 7 d) FIR Y
W] ( PULL BEfE i B 100 g/L ) 4 ) GSPI-PULL
RPN

PG E /au.

310 320 330 340 350 360 370 380 390 400 410
P /nm

PG /a.u.

310 320 330 340 350 360 370 380 390 400 410
P /nm

K5 Al PULL Bk B2 (B[] 7.d) (A ) HIEC R [E]
(PULL JFiH#FF 100 g/L ) ( B #4119 GSPI-PULL
IRYI DO
Fluorescence spectra of GSPI-PULL copolymers
prepared at different PULL mass concentrations
(time 7 d) (A) and reaction time (PULL mass
concentration 100 g/L) (B)

Fig. 5
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