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Abstract: Soybean protein isolate ( SPT) exhibits remarkable sensitivity to environmental changes,
particularly alterations in pH value during the neutralization process. Even minor fluctuations can have a
profound impact on the structure and functional properties of the protein. Revolving around the addition of
NaOH to regulate the pH value of the curd, and analysis of SPI’s structure and functional attributes was
done by using infrared and endogenous fluorescence spectra. It was revealed that SPI displayed excellent
foaming properties under neutral conditions, while its emulsification capabilities excelled under slightly
more alkaline conditions. Specifically, pH value of 7 yielded the best foaming type, while pH value of
8.5 led to superior foaming properties alongside optimal emulsification. In order to fine-tune the
neutralization of a 25 L. soybean SPI section, a pH value control system was established, and the entire
production process was simulated by using Matlab. Dynamic linear and static nonlinear fitting techniques
were employed, with a combination of fuzzy adaptive control and the Wiener model utilized to regulate the
amount of alkali added to the neutralization tank. The adjustment time of 37.4 s achieved when the pH
value in the neutralization tank was set to 7. Likewise, at pH value of 8. 5, the adjustment time remained
efficient at 33.4 s, while the SPI emulsion activity index reached 69.35 m’/g. Notably, the system
successfully avoided any overshooting of alkali during the process, ensuring precise control and stability
throughout. To summarize, the research emphasized the significance of pH value control during the
neutralization of soybean protein isolate. The findings can provide important insights into optimizing SPI's
structure and functional properties, which can have significant implications for its applications in the food
and industrial sectors.

Key words: soybean protein isolate; pH value; functional properties; fuzzy control; Wiener model
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Fig.6  Control effect of PID and fuzzy adaptive control system

1E pH {H B2 O 7 W, 5 AL PID 4% 1 5 s i 4
TN 3. 79% VIS [R] D 48. 7 s s MR F 3 RN 4 ) 5
W G B, R T ) 37,4 s, 7E pH {H B E N
8.5 I, W ML PID 4 S m B8 I 1 3. 18% , 14 35 1)
(6] Sy 38. 2 s AGMH) 1 2 N7 4% 1) S s I e ], 41
]2 33. 4 s, FRSCR 45 R R UM 1 1 N 4 i 3R
WP 2 ) A 0 56 R 8 R AR O T R PID 5 o
HM
2.4 RS R E SR RSN A R

T S B 2R 7 a8 v A 0 A o SR
K Hbs pHAE BN 7 W, £ HURE 20 3 ORI %2

pH{E} 7.00 +0.01, V{45 I [6] & 37. 13 ;% H b5
pH (% E7E 8.5 Bf, H pH {5 % 8.50 £0.01, 35
IFIE] A 35.8 s, A S RIUDT H 45 R W) & 43 0
FE XA pH (T 15 2 /Y 8 F BT Y AP BT, 25 L
£ 3 iR

x3 AT EESZEREH SPI=mINGEHIR
Tab.3 Effect of artificial control and intelligent
control on SPI product function
pH {H
7.0 8.5
70.43 £0. 88
69.35 +1.03
46.04 £0. 84

W

b4 Bl

N TR
N TR
N T ¥
FLli ke
PN E
2 BE A

Im/(mz'gil)

1,4/ min
a 45.28 £1.19

59.37 +0. 54
57.22 +1.75
45.32 £0.62

Lo/ %

Tos/%
‘ 45.01 £0.93

HI 22 3 AT R 5 ) 2R 8 B A S B AR 7 i AR
Hh i S B PRI T B pH (A A E R RO 8 7
& pHAH T BT 2B 77 iy SPT HLA RAE 1 i i, 24k
AT B pH {E N 7 i, SPT B AT (4 1 1R HE g, &
S MU pH A A S I I E AR T . 2k
AT Bt pH {E 4 8.5 i, SP1 HA H i 3L Ak ok fiE
5O h A B pH (A B 58 5 I E (22 S A
T

3 &FRiE

S UE W, pH (B W A% X SPT i %5 8] 25 4 7 A= i
FH YR, D RE M AR B 2 A 3 R o 4
T BEE pH E, w] LA )™ H A [ D RE 45 1 Y SPT 7™
fio FERCR Y SPT Al B pH (845 T 25, FIH]
H T Wiener B AGREM] {15 0 #2 ) pH {5 R 58, 15
T I 37 A T SR TG R R o R T A E P pH R
Pl 7wk, 9RO ] B AR g2 PID 4 o 46 S
UL 3 s, A 7 il Oy g 72 90 PR 1) SP 25 4 v 70
e pH E4% ] D 8.5 i, I 1Y i ] B2 4% 42 PID $5 o
0K 4.8 s, A YR Dy FLALPERY SPT SEE T
T B R REAL

& % x W

[1] ZHENG L, WANG Z J, KONG Y et al. Different commercial soy protein isolates and the characteristics of Chiba tofu[ J]. Food

Hydrocolloids, 2020, 110;106115.

[2] ZHANG Y, GUO X, XIONG H, et al. Effect of modified soy protein isolate on dough rheological properties and noodle qualities
[J]. Journal of Food Processing and Preservation, 2022, 46(3) . 16371.

[3] ZHENG M, XIAO Y, YANG S, et al. Effect of adding zein, soy protein isolate and whey protein isolate on the physicochemical
and in vitro digestion of proso millet starch [ J]. International Journal of Food Science & Technology, 2020, 55(2) ;776 - 784.

[4] O’ FLYNN T D, HOGAN S A, DALY D F M, et al. Rheological and solubility properties of soy protein isolate[ J]. Molecules,



370

PSS A1 M | = O 14 2024 4

[5]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]
[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

2021, 26(10) : 3015.
LI'Y, KANG Z, SUKMANOV V, et al. Effects of soy protein isolate on gel properties and water holding capacity of low-salt
pork myofibrillar protein under high pressure processing[ J]. Meat Science, 2021, 176 108471.
PENG Y, KERSTEN N, KYRIAKOPOULOU K,et al. Functional properties of mildly fractionated soy protein as influenced by
the processing pH[ J]. Journal of Food Engineering, 2019, 275.109875.
LAURA A, YOLANDA C, LILIANA A, et al. Effect of a cryogenic treatment in the microstructure, functional and flow
properties of soy protein isolate [ J]. Food Hydrocolloids, 2021,119: 106871.
LI C, DOU Z, MA P, et al. Effect of homogenization at a lower pressure on structural and functional properties of soy protein
isolate[ J]. Journal of Oleo Science, 2020, 69(11) :1417 — 1426.
LIU C, WANG X, MA H, et al. Functional properties of protein isolates from soybeans stored under various conditions[J].
Food Chemistry, 2008, 111(1) . 29 -37.
SRAE. KRS EAT M LBIER RS [ D], 3F g LA K%, 2018.
ZHANG Hongmin. Neutralization reaction section control system for soybean protein isolate[ D]. Ji’nan: Shandong University
2018. (in Chinese)
MONTEIRO S R, LOPES-DA-SILVA J A. Critical evaluation of the functionality of soy protein isolates obtained from different
raw materials[ J]. European Food Research and Technology, 2018, 245.199 - 212.
L’HOCINE L, BOYE J I, ARCAND Y. Composition and functional properties of soy protein isolates prepared using alternative
defatting and extraction procedures[ J]. Journal of Food Science, 2010, 71(3) :C137 - C145.
ML SET A ML pH (R R W (D] KH RO FOAR G K4, 2019,
HUANG Yungi. Study on pH control system of algal liquid based on neural network [ D]. Tianjin; Tianjin University of
Technology and Education, 2019. (in Chinese)
SRR . e T 2 4% A TR AR S A pH R 5 TS D ] R AR R R R 2016,
GUO Yutong. Research on pH control in biogas anaerobic fermentation based on neural network [ D]. Wuhan: Huazhong
University of Science and Technology, 2016. (in Chinese)
FEENM. EAKA S R pH EEEHIRMEHFSE D ] Kt Kt Tolk K% ,2019.
BB B, B, AF. pH (B AL BN SR 0y B B V5 R R R LA RE IS R [T ] £ R ,2020,41(22) <15 - 21.
ZENG Qi, HU Miao, WANG Huan, et al. Effect of pH treatment on structure, rheological properties and emulsifying
properties of black bean protein isolate[ J]. Food Science, 2020,41(22) :15 =21. (in Chinese)
WANG W, LUO S, WANG X, et al. Structure and emulsifying properties of rice bran protein alkylated using an
electrochemical reactor[ J]. Food Research International, 2023, 170. 112561.
DAI S, LIAN Z, QI W, et al. Non-covalent interaction of soy protein isolate and catechin: mechanism and effects on protein
conformation[ J]. Food Chemistry, 2022, 384, 132507.
Pl AR, RIE S OEAE SRR EE NS EGCC Z 5 W I REREDT S [T ]. R AL A= 4 ,2021,52(2) -
364 -370.
LI Yang, YAN Shizhang, XU Jingwen, et al. Effects of complexation with EGCG on structural and functional properties of
soybean protein treated by ultrasound-assisted alkali[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2021,
52(2) :364 —370. (in Chinese)
2 H R B, S R IR 7 2 1 BT R4 K SRR RIS (0] o ARG A% 4 ,2015,30(9) :49 - 54.
DENG Zhichuan, ZHANG Hui, ZHANG Chao, et al. Study on water and fat absorption of seed-watermelon’s seeds protein
[J]. Journal of the Chinese Cereals and Oils Association, 2015,30(9) :49 —54. (in Chinese)
YANG F, LIU X, HUANG Y ,et al. Swirling cavitation improves the emulsifying properties of commercial soy protein isolate
[J]. Ultrasonics Sonochemistry, 2018 ,42:471 —481.
Fuk, R E T, TR, . pH H A B A BEX I 95 8 g5 ML E BT sE e [T ] B W A2 ,2020 ,41(22) 234 - 41.
WANG Lin, ZHOU Guowei, YU Zhichao, et al. Effect of pH-shifting treatment on the structure and emulsifying properties of
Cyperus esculentus L. protein [ J]. Food Science, 2020,41(22) :34 —41. (in Chinese)
LI J, YANG X, SWALLAH M S, et al. Soy protein isolate; an overview on foaming properties and air-liquid interface[ J].
International Journal of Food Science & Technology, 2022, 57(1): 188 —200.
RWGEIH , W, TKRAE Y, 5. pH H G VL B 45 & S BEX R BEE L a5 M T Re B 2 [T ] & R 4, 2021,
42(4):23 -30.
WU Xiaojuan, WANG Xiaochan, ZHANG Jiani, et al. Effect of alkaline pH-shifting combined with heat treatment on the
structural and functional properties of rice bran protein[ J]. Food Science, 2021,42(4) :23 —30. (in Chinese)
. R M L MoK Bl 4 KRG - a i orse [ D], Jo8) - 1w K% ,2022.
YUAN Shuai. Soybean hydraulic cold pressing processand the aqueous extraction soybean proteinisolate[ D]. Wuxi: Jiangnan
University, 2022. (in Chinese)
JIA L, XIONG Q, LI F. Correlation analysis method based SISO neuro-fuzzy Wiener model[ J]. Journal of Process Control,
2017, 58.73 - 89.



%2 1)

FABT S pH {EN 20 8 3R 1 T RE A B 04 52 i B RS R 5 F 9 371

[27]

[28]

[29]

[30]

[31]

[32]

DEVNANI B, ONG L, KENTISH S, et al. Structure and functionality of almond proteins as a function of pH[ J]. Food
Structure ,2021, 30 100229.

JIANG Z, GAO Y, LI J, et al. Consecutive pH-shift and ultrasound treatment modify the physicochemical properties of whey
protein isolate[ J]. International Dairy Journal,2022, 127 105211.

DAI H, ZHAN F, CHEN Y, et al. Improvement of the solubility and emulsification of rice protein isolate by the pH shift
treatment[ J]. International Journal of Food Science & Technology,2023, 58(1): 355 - 366.

HPRF LI FRI , 5. KELEE -2 WA W A5 A0 5 MR S H AR S HEFFE [T ). RO HURRF 41, 2022,53(6) ; 406 —415.
ZHENG Huanyu, KONG Yang, ZHENG Li, et al. Effect of soybean protein — polysaccharides complexes on structure,
properties and stability[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2022,53(6) : 406 — 415. (in
Chinese)

FRK. BFE RIS E SRR G IAERBIR D], /R E  RKILRL R ,2019.

WANG Xin. Study on the emulsifying properties of nuclei induced fibril polymer of whey protein concentrate[ D]. Harbin:
Northeast Agricultural University, 2019. (in Chinese)

TRELAe SRt T, 45 CaCl, fEJT R OB ST R FLIE H LT e RS WA ERT ST [ 1] Al LB I, 2021,52(9) -
361 - 368.

XU Honghua, GUO Ruichi, XIE Mingming, et al. Properties of CaCl, on nucleation-induced whey protein fiber polymer[ J].
Transactions of the Chinese Society for Agricultural Machinery, 2021,52(9) . 361 —368. (in Chinese)

(b3 352 In)

[25]

[26]

[27]

(28]

[29]

[32]

[33]

[34]

[35]

[36]

[37]

SUN X F, SUN R C, SU Y Q, et al. Comparative study of crude and purified cellulose from wheat straw[ J]. Journal of
Agricultural and Food Chemistry, 2004, 52(4) :839 - 847.

YANG Y, JI G, XIAO W, et al. Changes to the physicochemical characteristics of wheat straw by mechanical ultrafine
grinding[ J]. Cellulose, 2014, 21(5) ;3257 —3268.

GAO C, XIAO W, JI G, et al. Regularity and mechanism of wheat straw properties change in ball milling process at cellular
scale[ J]. Bioresource Technology, 2017, 241.:214 -219.

JI G, GAO C, XIAO W, et al. Mechanical fragmentation of corncob at different plant scales: impact and mechanism on
microstructure features and enzymatic hydrolysis[ J]. Bioresource Technology, 2016, 205159 - 165.

JI G, HAN L, GAO C, et al. Quantitative approaches for illustrating correlations among the mechanical fragmentation scales,
crystallinity and enzymatic hydrolysis glucose yield of rice straw[ J]. Bioresource Technology, 2017, 241,262 - 268.

ZHANG H, FAN Z, L1 J, et al. A comparative study on enzyme adsorption and hydrolytic performance for different scale of
corn stover in the course of two-step kinetics[ J]. Bioresource Technology, 2019, 282:384 —389.

ZHANG H, LI J, HUANG G, et al. Understanding the synergistic effect and the main factors influencing the enzymatic
hydrolyzability of corn stover at low enzyme loading by hydrothermal and/or ultrafine grinding pretreatment[ J|. Bioresource
Technology, 2018, 264:327 —334.

GAO C, YANG J, ZHANG H, et al. Quantitative and qualitative characterization of dual scale mechanical enhancement on
cellulosic and crystalline-structural variation of NaOH treated wheat straw[ J]. Bioresource Technology, 2020, 312.123535.
GAO C, YANG J, HAN L. Systematic comparison for effects of different scale mechanical-NaOH coupling treatments on
lignocellulosic components, micromorphology and cellulose crystal structure of wheat straw[ J ]. Bioresource Technology, 2021 ,
326:124786.

YANG J, GAO C, YANG X, et al. Effect of combined wet alkaline mechanical pretreatment on enzymatic hydrolysis of corn
stover and its mechanism|[ J]. Biotechnology for Biofuels and Bioproducts, 2022, 15(1) :31.

SLUITER A, HANMES B, RUIZ R, et al. Determination of structural carbohydrates and lignin in biomass[ R]. Colorado;
National Renewable Energy Laboratory, 2008.

PENG Y, GARDNER D, HAN Y. Drying cellulose nanofibrils; in search of a suitable method[ J]. Cellulose, 2011, 19(1) .
91 -102.

KHAN A S, MAN Z, BUSTAM M A, et al. Impact of ball-milling pretreatment on pyrolysis behavior and kinetics of crystalline
cellulose[ J]. Waste and Biomass Valorization, 2015, 7(3) :571 —581.



