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Effect of heat-treatment on molecular structure characteristics,
solubility and in vitro digestibility of full-fat soybean protein
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Abstract: [Objective) This study investigated the effect of heat-treatment on molecular structure char-
acteristics,solubility,in vitro digestibility as well as their relationships of full-fat soybean protein. [Meth-

od]) In this study,full-fat soybean was treated with moist process (autoclaved (0.1 MPa) at 120 °C for 7.5
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min) and dry process (heated at 120 ‘C for 15 min). A group of fat-full soybean was also extruded without
heat treatment. The protein molecular structures (including amide | ,amide [l ,amide | /amide [ ,and ra-
tios of a-helix and B-sheet and a-helix/B-sheet in secondary structure) were quantified using Fourier trans-
form infrared molecular spectroscopy (FTIR). The protein solubility and in vitro digestibility were ana-
lyzed by (0. 2%)KOH solution kjeldahl and pepsin-pancreatin two-step enzymatic methods, respectively.
Pearson method was used to calculate correlation coefficients. [Result) Different heat treatments had sig-
nificant effect on protein molecular structure characteristics, solubility and in vitro digestibility, with the
greatest impact on the extruded soybean. Heights and areas of amid | and amide [[ had significantly posi-
tive correlation with protein solubility and in vitro digestibility (P<C0. 05). The height ratio of amide ] to
amide ]| was significantly negatively related to solubility and in vitro digestibility (P<C0. 05) ,and the area
ratio of amide | to amide [[ was significantly negatively related to solubility and in vitro digestibility
(P<C0.05). The contents of a-helix and ratio of a-helix to B-sheet had very significantly positive correlation
with solubility and in vitro digestibility (P<C0. 001). The contents of random coil had significantly positive
correlation with solubility and in vitro digestibility (P<C0. 05). The contents of B-sheet had significantly
negative correlation with protein solubility and in vitro digestibility (P=0. 002) ,and significantly positive
correlation was found between protein solubility and in vitro digestibility (P<C0. 001). [Conclusion) Novel
molecular structural data was obtained and close correlations were found between molecular structure char-
acteristics, solubility and extracorporeal digestibility.

Key words: heat treatment; Fourier transform infrared molecular spectroscopy; molecular structure;

protein solubility; hydrolysis in vitro
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Table 1 Effect of heat-treatment on solubility of soybean protein %
S RUE P I EORAWIL
Treatment Crude protein Protein solubility
4k 4 N§ K & Extruded soybean 34.42+0.02 76.91+0.00 a
28 KGR AL FE Full-fat soybean moist process 34,3840.01 82.6540.25 b
LR KRG T AT Full-fat soybean dry process 34.4140.04 86.14+0.23 ¢

T« [ 5 BAR R b A [J 8 RR Z 57 B35 (n=3, P<<0.05) . T %[

Note:Different small letters in the same column indicate significant difference (=23, P<C0. 05). Same as below.
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Fig.1 Fourier transform infrared spectra (1 722—1 482 cm ') of full-fat
soybean samples under different heat treatments
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Table 2 Effect of heat treatment on spectral band intensities of soybean protein
4% Peak height I 177 2 Peak area
b 7 Pt e 1 35/ [
F— F— Bk e 11 7 . . e 11 e
Treatment MLtk 1 315 MU LA R otio of amide T FRRK [ MBI gt of amide T
Amide [ Amide [ . Amide [ Amide [[ .
to amide [ to amide [
height height
, P
’I%k///ﬂ:%}fluj(ﬂ 0.124+0.00 a 0.04+0.00 a 3.39+0.10 a 0.24+0.00 a 0.07+0.00 a 3.394+0.12 a
Extruded soybean
£ P NERTE. YOS
Full-fat soybean moist 0.31£0.01 b 0.1340.00 b 2.324+0.04 b 0.60+0.01 b 0.26+0.00 b 2.30£0.06 b
process
£ PN R WL
Full-fat soybean dry 0.2540.01 ¢ 0.09+0.00 ¢ 2.66=+0.06 c 0.487+0.02 ¢ 0.184+0.01 ¢ 2.66+0.06 ¢
process
2.2.2 XNBEORZBEMEZMASGHrn 3FR HEYAIKEFE SIS E i s (H S
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Fig.2 Amide T (1 700—1 600 cm ') fitting of three soybean groups under heat treatment
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Table 3 Quantitative calculation of components of secondary structure of soybean samples under heat treatment
» - Ny - \'A,: - %
i3 - B oA B LI i R BE/p iR
. . Ratio of a-helix
Treatment a-helix B-sheet f-turn Random coil
to B-sheet
A IS T 5
’]%/’ﬂﬁj:ﬂujiﬂ 11.46+0.31 a 30.9940.29 a 34.8441.11 22.714£0.72 a 36.97+1.03 a
Extruded soybean
IR e TR
f‘ﬂﬂj{ﬂﬁkﬁ@ﬁﬂi . 12.08+0.14 a 26.5840.32 b 36.3941.14 24.0940.50 ab 45.4740.83 b
Full-fat soybean moist process
o e e
ER PN 12.814+0.05 b 26.67+0.91b 35.66+1.31 24.8640.37 b 48.12+1.52 b

Full-fat soybean dry process

80 r
—o— 2 JE K E @M AL Full-fat soybean moist process;
F —M— 2R KE T# A Full-fat soybean dry process;
60 —A— #4142 lE K & Extruded soybean
>
=
2
= 40}
=2t
20+
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Fig. 3 Effect of heat treatment on in vitro digestibility of soybean protein

2.4 EBEARSFHEMBESEBRBEMEINEK
RPXFR

2.4.1 BAREFIREFIES LA AR H
Feg X A R4 L E AR A B
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P e 11 ol 06 8 L 155 JF 0 e B RORL 2 1 B b R 2
IR G R (P<C0. 05) , 8 [ e e 1 41 5/t
Jiie 11 s e T R L (5 I ik B RDRL B 1 O A R 4l
500 AR COC R (P<C0. 05)
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KFRP=0.001);3-47 & & it 5 85 15T ik
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i B 5 O R R A IR R I
KK F(P<0.05) ; o R E/B-H7 B 5 5 1 B0 i 2
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Table 4 Correlation between spectral band intensity characteristics and solubility and in vitro digestibility
45 Peak height I 7 Peak area
Btz 1 i/ B |t/
AR 14 mony o MR AR 1 4 AR 1 PRI
; A atio of amide [ . . Ratio of amide [
i H Amide | Amide || to amide [| Amide | Amide [ to amide [I
[tem height height
MXXHZr P MXXFRr P MXXHRr PH MXXHRr PMH MXXRr PH  MXXZr PH
Correlation P Correlation P Correlation P Correlation P Correlation P Correlation P

coefficient »  value  coefficient »  value  coefficient »  value  coefficient » value  coefficient » value  coefficient »  value

EEE‘%%F{‘ 0,746 0.021 0.689 * 0. 040 —0.750" 0.020 0.745* 0.021 0.683" 0.042 —0.737" 0.024
Protein solubility
AR 0,772 0.015 0.715* 0.031 —0.767" 0.016 0.771* 0.015 0.708* 0.033 —0.753" 0.019

Protein digestibility
Hex. BRMAEP=0.05 KFELERBE, x x. FRMEP=0.01 KFLERDE, RH Pearson FiEKEMHEZEK., TER.

Note: * . shows significant difference at the level of P=0. 05, * % . shows the significant difference at the level of P=0. 01. Correlation co-

efficients were obtained using the Pearson method. The same below.

x5 BEARZHREMEESSERBEMEIMNELRNBEXSN

Table 5 Correlation between secondary structure components and solubility and in vitro digestibility

o B iE B4 T KL it o B/ BT &
WA a-helix B-sheet Random coil Ratio of a-helix to B-sheet
ltem HARE - pgy HXLR - pgy HXLE - p gy MR - P
Correlation Correlation Correlation Correlation
. P value . P value . P value . P value
coefficient r coefficient r coefficient » coefficient »
ﬁHﬁﬁ{f’ﬁ'ﬁ@}E 0.887** 0. 001 —0.877** 0.002 0.781* 0.013 0.931*~ <20. 001
Protein solubility
ﬁ‘:‘ﬁﬁ‘éﬂ:$ . 0.886 " * 0.001 —0.880*" " 0.002 0.777* 0.014 0.929* <C0.001
Protein digestibility
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