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Effect of Low Pressure Homogenization on Solubility and
Structure of Soybean Protein Isolate

LI Yang LI Mingda ZHANG Yifang JIANG Lianzhou WANG Zhongjiang TENG Fei
(College of Food Science, Northeast Agricultural University, Harbin 150030, China)

Abstract; High pressure homogenization is one of the most common physical modification methods in
protein processing. However, the pressure of homogenization generally does not exceed 40 MPa in actual
production due to the limitation of equipment. Therefore, it is of great importance to study the effect of
low pressure homogenization (0 ~40 MPa) on the solubility and structure of soybean protein isolate. The
effects of low-pressure homogenization (0 ~40 MPa) on the solubility and structure of soybean protein
isolate ( SPI) were studied by measuring particle size distribution, solubility, emulsification, tertiary
structure and thermal stability. The results showed that low-pressure homogenization treatment could
reduce the particle size of SPI, significantly improve the solubility, and the solubility was positively
correlated with emulsifying ability and emulsifying stability. The linear fitting model functions were
obtained, and the correlation coefficients were 0. 956 8 and 0. 962 5, respectively. Fluorescence spectrum
analysis showed that the structure of SPI was expanded with the increase of homogeneous pressure, the
maximum absorption wavelength was red-shifted, the internal tryptophan group was exposed, and the
fluorescence intensity was increased with the increase of homogeneous pressure. At 30 MPa, the
fluorescence intensity was the highest. When homogeneous pressure was further increased, the protein
molecules were aggregated, and the former exposed active groups were hided in the inside of SPI with a
slight decrease in fluorescence intensity due to inward crimping of active groups. The above results were
verified by the analysis results of thermal stability.
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Fig. 1  Effect of low pressure homogenization on

particle size distribution of SPI
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Fig.3 Effects of low pressure homogenization

on emulsifying of SPI
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Fig.4 Relationship between solubility and

emulsification of SPI
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Fig.7 Three-dimensional fluorescence spectrum analysis diagrams of SPI treated by low pressure homogenization
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Tab.1 DSC analysis of SPI after low pressure homogeneous treatment

bl wiNd 78 118
MPa T,/C AH/(J-g™") T,/C AH/(J-g™")
0 (76.87 +0.15)° (1.296 £0.01)* 96. 18" (8.441 £0.01)°
10 (74.29 +0.05)° (0.833 £0.01)¢ 95.22° (8.073 +0.01)"
20 (74.17 £0.11)¢ (0.669 £0.06)" (94.52 £0.01)¢ (7.82+0.01)°¢
30 (73.23 20.15)° (0.420 £0.02)° (94.24 +0.05)° (6.23 £0.02) "
40 (76.21 +0.13)" (0.621 +0.10)° (96.32 +0.22)° 6.98°

TE 2 [ — 5 v A [ 7 B 2 7m W 35 P 22 5 (P < 0..05) o



350 & ML M ¥ R

2019 4

96. 18°C . 55X BEKE S AH L , 28 10 ~ 30 MPa ¥ 5 4t
BT SPI A8 1 15 BE 75 51 — 5 T2 1 A%, X & W
PR AR T SPL Y 2 )4 52, {H XY 1 i R g 4k
£ 115 2540 MPa I, 7S I 11S (1078 1 3L 38 34 2 8L oty
b Jh#a %, FLOURY 2% (g i 55 6 W, 5 I 24 )5 o]
i K 5 AR IR TR R T R4 AR
FasE P SCHR[27 — 28 ]33 W 15 1 249 % AT il K 4%
B P TR O 7 AR I N T A R LA B AR
PEo BIRSSIRUEW] 4 TR J) 40 MPa T, % 43 fif 25 1Y
7S 11S 453 TH 245 4 T O Fa e BRIk

KA T LAV SE B 1 S PR 0 A5 /N
SR H AR VB, AR T, A A, 2 B A B
ZHOU %" B¢ s BRI A8 1) W AIG 32 W 26 13 o vh A
JF 45 H U, CHEN 450 S0 g 185 i 149 I % 2 19 74
FB AN 3 [R1 K A IR AE T, R 58 T oy 3k
AT, DS A P2 R v o 4 PR 3T B T 7 1 RE B
M K6 A8 B AR | B R S5 98 AT AR, IR 1 R
30 MPa I, 45 78 5/, R SPT B0 A8 PR B A K, 321
TN ERAE KL, T O T e A FL AR . X 5 2T

FEHERERL A 1K 58 = RS AR LA A
3 &XRiE

BRI ¥ B4k X SPT [k A o A 5 i 1 (LA
Wk FLIRETE = A B E R = A T
F I JUHIRAE 30 MPa I, %5 % 1R A0 FL AL P 2
WA KA . 9230 & B - SPT Y ¥ M 1 5 3L AL 35 1
TR0 FUACRE S PR A8 BO AT IE A S, AR MR A 4L
T PR R y =0. 788 8x +4. 8636 .y =0. 561 4x —
13.373 , #1052 2504 5 4 0. 956 8 .0. 962 5, LA, &
F =450 T, MR B e K. DTk &5
R, Bl A B BUE ) H9HEOR, SPT 4548 ' T, {0 %
i i [T 3% ke , OGO, 40 MPa I, 8 70 7
AE A A I SR A | i K ik P A A AT 1 5 5 ik 88
fik. DSC RZE AR, B 15 I I B35 K, A2 PR iR
JEE FIRG AZ WA, SPT Hh (4 A5 245 Ay il 2, 6 W2 1 o
LA A s 25 3 BT T 3K E) 40 MPa i i TIE A
BERENR S T o0 FE W RE M, 585 Bk T
FOLIGIE UG W R\ =R 21,

& £ x Wt

(1] VTEdl. B ME A B THORBORT]. & 524 ,2015,15(8) .1 -9.

JIANG Lianzhou. An introduction of the flexible processing technology of edible protein[ J]. Journal of Chinese Institute of Food

Science and Technology,2015,15(8) :1 —=9. (in Chinese)

(2] BEAE, BN BEBEXKGES 7S M 1S A ThREvE B m )], &8 RHE,2015(6) :208 -211.
ZHAT Aihua, YANG Shengnan. The influence of high pressure homogenization on the functional properties of 7S and 11S[J].
Food Science and Technology,2015(6) ;208 —211. (in Chinese)

(3] tRts, BEE. SIRKYEX KRGS EAREMERMEW[T]. hEES, 2014, 33(12) :89 -93.

YANG Shengnan, ZHAI Aihua. Effect of high pressure homogenization on functional properties of soy protein isolate [ J].

Chinese Brewing, 2014, 33(12):89 -93. (in Chinese)

[4] YANG ]J, LIU G, ZENG H, et al. Effects of high pressure homogenization on faba bean protein aggregation in relation to
solubility and interfacial properties[ J]. Food Hydrocolloids, 2018, 83(1) :275 —284.
[5] YUC, WUF, YUE C, et al. Effects of high-pressure homogenization on functional properties and structure of mussel ( Mytilus

edulis) myofibrillar proteins[ J]. International Journal of Biological Macromolecules, 2018, 118 ,Part A; 741 - 746 .
(6] skuE, 200, X175, 5. 8w RN K E50 8 & AR sZm )], g 59 &, 2017, 38(1):1 -5.
ZHANG Yuan, JIANG Fan, LIU Qian,et al. The changes of emulsify properties of soybean protein isolate induced by ultra high

pressure homogenization[ J]. Food Research and Development, 2017, 38(1):1 -=5. (in Chinese)

(7] FR, LEN, B0, %. ARG REHEEASHSREOGEKENCRIT]. BRFE, 2012, 33(9) :54 -57.
WANG Chen, JIANG Lianzhou, WEI Dongxu, et al. Relationship between structure and surface hydrophobicity of soybean
protein isolates from different varieties[ J]. Food Science, 2012, 33(9) .54 —57. (in Chinese)

[8] TANG S, HETTIARACHCHY N S, HORAX R, et al.

Physicochemical properties and functionality of rice bran protein

hydrolyzate prepared from heat-stabilized defatted rice bran with the aid of enzymes[J]. Journal of Food Science, 2003,

68(1):152 - 157.

(91 JHEfEH, BIRE, B, %. MTGase B4 KEHE N R UL (1) MTGase BB RZEANILT]. o EKH%

2, 2004, 19(3) .42 - 46.

TANG Chuanhe, YANG Xiaoquan, CHEN Zhong, et al.

MTGase polymerization of soybean protein and its modification

mechanism ( [l ) mtgase polymerization modified soy protein mechanism [ J]. Chinese Journal of Grain and Oil, 2004,19(3) .

42 - 46. (in Chinese)

[10] ZHANG H M, WANG Y Q, JIANG M L. A fluorimetric study of the interaction of C. I. Solvent Red 24 with haemoglobin[ J].

Dyes & Pigments, 2009, 82(2) 156 — 163.

[11]  EvhyL, sREEo0, FELEM, 5. b BOR G8 ARSI AL - M S R AL 0 #r (] (=l Bha, 2017, 38(1) :20 - 26.



%3

A S AR S b B R T3 B A A5 A ) 351

[12]

[17]

[18]

[29]

[30]

WANG Zhongjiang, ZHANG Xiaoyuan, SUI Xiaonan, et al. Structural characteristics of in vitro digestion products of heat-
treated soybean protein[ J]. Food Science, 2017, 38(1):20 —26. (in Chinese)

A, A, BB, S SEXRN REEO-BIEE SR RSN AR/ RN EmII]. &y, 2017,
38(5) :148 —153.

BI Shuang, LI Yang, SUI Xiaonan, et al. Effect of high pressure homogenization on structural, physicochemical and functional
properties of soybean protein-lecithin composite system [ J]. Food Science, 2017, 38(5) :148 — 153. (in Chinese)
SHILOASGREE B G, ARORA S, CHAWLA P, et al. Succinylation of sodium caseinate and its effect on physicochemical and
functional properties of protein[ J]. LWT—Food Science and Technology, 2015, 64(2) :1270 - 1277.

CHEN C, CHI'Y J. Comparisons on the functional properties and antioxidant activity of spray-dried and freeze-dried egg white
protein hydrolysate[ J]. Food & Bioprocess Technology, 2012, 5(6) :2342 —2352.

SIDDIQUE M, MARESCA P, PATARO G, et al. Effect of pulsed light treatment on structural and functional properties of
whey protein isolate[ J]. Food Research International, 2016, 87:189 - 196.

Mg, EULE, WUT . SRR RPN SELE B BOE R R [T]. &Rk, 2013, 34(21) 1125 - 130.
JIANG Mei, DONG Mingsheng, RUI Xin, et al. Effect of high pressure homogenization and heat treatment on protein solubility
in soymilk [ J]. Food Science, 2013, 34(21) :125 —130. (in Chinese)

Phaetss, BEW, HHE, % BALHX RE 0w HAE AR R [T]. b ERG AR, 2011, 26(7) -
22 -26.

SUN Yanting, HUANG Guoqing, XIAO Junxia, et al. Effects of ultrasonic treatment on solubility and emulsifying activity of
soybean protein isolate [ J]. Chinese Journal of Grain and Oil, 2011,26 (7): 22 —=26. (in Chinese)

SR, EMS, AL, %, mEYENKE B-HERE O KRR e R [T]. Rk, 2011, 32(19) :83 - 87.
GUO Li, WANG Peng, ZHAO Dongjiang, et al. Effect of high-pressure homogenization on structure and functional properties
of soybean B-conglycinin[ J]. Food Science,2011, 32(19) .83 —87. (in Chinese)

BAIER D, SCHMITT C, KNORR D. Changes in functionality of whey protein and micellar casein after high pressure-low
temperature treatments[ J]. Food Hydrocolloids, 2015, 44 .:416 —423.

DISSANAYAKE M, VASILJEVIC T. Functional properties of whey proteins affected by heat treatment and hydrodynamic high-
pressure shearing[ J]. Journal of Dairy Science, 2009, 92(4) :1387 - 1397.

LIU C M, ZHONG J Z, LIU W, et al. Relationship between functional properties and aggregation changes of whey protein
induced by high pressure microfluidization[ J]. Journal of Food Science, 2011, 76(4) :E341 - E347.

EE P, TRMERE, T, 5w A B R S M A LA S B R SR A M [J/OL ] Al HLA A4, 2018,
49(6) :362 - 367.

WANG Xibo, XU Yeye, YU Jie, et al. Effect of high pressure homogenization on flexibility and emulsifying properties of soy
protein isolate and correlation analysis [ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2018 ,49(6) .
362 -367. http: // www. j-csam. org/jcsam/ch/reader/ view_abstract. aspx? flag = 1&file_no = 20180643 &journal_id = jesam.
DOI:10.6041/j. issn. 1000-1298.2018. 06. 043. (in Chinese)

FRIEDMAN M, BRANDON D L. Nutritional and health benefits of soy proteins [ J]. Journal of Agricultural & Food
Chemistry, 2001, 49(3) :1069 - 1086.

DING F, LIU W, LI N, et al. Complex of nicosulfuron with human serum albumin: a biophysical study[J]. Journal of
Molecular Structure, 2010, 975(1) ;256 —264.

MORAS B, REY S, VILAREM G, et al. Pressurized water extraction of isoflavones by experimental design from soybean flour
and soybean protein isolate[ J]. Food Chemistry, 2017, 214.9 - 15.

FLOURY J, DESRUMAUX A, LARDIERES J. Effect of high-pressure homogenization on droplet size distributions and
rheological properties of model oil-in-water emulsions[ J]. Innovative Food Science & Emerging Technologies, 2000, 1(2):
127 - 134.

CHEN X, ZHOU R, XU X, et al. Structural modification by high-pressure homogenization for improved functional properties of
freeze-dried myofibrillar proteins powder[ J]. Food Research International, 2017, 100,Part 1:193 -200.

SUN C, DAI L, LIU F, et al. Simultaneous treatment of heat and high pressure homogenization of zein in ethanol-water
solution; physical, structural, thermal and morphological characteristics [ J ]. Innovative Food Science & Emerging
Technologies, 2016, 34:161 - 170.

ZHOU D, PAN Y, YE J, et al. Preparation of walnut oil microcapsules employing soybean protein isolate and maltodextrin
with enhanced oxidation stability of walnut oil[ J]. LWT—Food Science and Technology, 2017, 83:292 -297.

CHEN X, XU X, HAN M, et al. Conformational changes induced by high-pressure homogenization inhibit myosin filament

formation in low ionic strength solutions[ J]. Food Research International, 2016, 85:1 - 9.



