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Abstract

The aim of this work is to research the effect of high pressure on soy protein and its main components: 7S and 11S
glycinins; changes of soy protein technological and functional features.

Results: soy protein, 7S and 118 glycins functional features processed by high pressure are analyzed, as well as their
emulsion features, ability to retain water, gel features. The impact of pressure, time and temperature of the process
on soy protein is researched. Structural changes of 7S and 118 glycinins, conformations, technological and functional
features are analyzed. Soy protein isolate processing with high pressure improves its rheological, gel features and
moisture content. Due to reasonable parameters soy protein and 7S and 11S glycinins processing with a high pressure
increased moisture content; improved gel and emulsion features; influenced on non-covalent and covalent bonds and
protein conformation; decreased soy protein's allergenicity in food products, including baby formulas. Despite great
efforts, the mechanism of soy protein and 7S and 118 glycinins processing is still insufficiently understood, which
makes it difficult to get a clear and unambiguous idea of their behavior.

Conclusions. The use of high pressure and soy protein isolate combination can improve functional and consumptional
features of soy protein and food safety.

Key words: high pressure; functional properties; soy protein; 7S glycinin; 11S glycinin; allergenicity.

BIIMB BUCOKOT'O TUCKY HA ®YHKI[IOHAJIbHI BJJACTUBOCTI COEBUX BLIKIB.
OrJIAA

Au-ninr Jli 12, Banepiit A. CykmanoB 13 % Ma XaH/pKyH?2
1 Cymcobkull HayioHaabHull azpapHull yHieepcumem, Cymu, Ykpaina
2 XeHaHbcbkull iHcmumym Hayku i mexHosoeit, CinbcsiH, KHP
3 [loanmaecwvka deprcasHa azpapHa akademis, [lonmasa, Ykpaina

AHoTarniga

MerTa. loc1iAUTH BIIMB BUCOKOTO TUCKY HAa COEBHUI Gi/IOK Ta MOr0 roJI0OBHi iHrpeAieHTH - rainuHinm 7S, 11S Ta
3MiHM TeXHOJIOTiYHUX Ta QYHKIiOHAIbHUX BJIAaCTUBOCTI COEBMX 6i/KiB. Pe3ybTaTu. [IpoananizoBaHo
¢yHKIiOHA/NIBHI BJIAaCTUBOCTI COEBOro 6i/1Ka, 7S Ta 11S rIinuHiHIB, 06p06/IeHUX BUCOKUM TUCKOM, iX eMyJIbCiliHi
BJIACTUBOCTI, 3JaTHICTh yTPUMYyBaTH BOAY, BJIaCTUBOCTI reiio. /loc/iiy)keHO BIUIMB 3Ha4YeHb IapaMeTpiB THUCKY, Yacy
Ta TeMIepaTypHy Npouecy Ha COEBMH 6isioK, 7S Ta 11S runinuHiHU 3a 3MiHAMU IX CTPYKTYypH, KOHPopManii,
TEeXHOJIOTiYHUX Ta QYHKILiOHATbHHMX BJIaCTUBOCTEN. O06p06GKa BUCOKMM THCKOM i30J1Ta COEBOro GijIKa moKpauye ix
peoJIoriyHi BJIaCTUBOCTI, BJJaCTUBOCTI re/Ii0 Ta BMICT 3B'13aHOI B0oJ1Iord. 06p0o6Ka BUCOKMM TUCKOM NIPH
OGrpyHTOBaHMX NapaMeTpax NpoLecy COEBOro 6iJika, riainuHiHiB 7S Ta 11S 36i/ib1KIa BMiCT 3B’ 13aHOI BOJIOTH,
NMOKpalliujia BJacTUBOCTI rejiio Ta eMyJibCii, BIJIMBa€ HA HEKOBa/JIeHTHi Ta KOBaJIeHTHi 3B’ I3KU Ta KOH$opMaIiiio
6i/1Ka, a TAKOK 3MEHIIYE a/IepreHHiCTh COEBUX Gi/IKIB Y Xap4OBHUX NPOAYKTaX, BKJIIOYA04YH JUTAYI cyMimi.
He3BakalouM Ha BeJIMKIi 3yCH/I/ISl, Me€XaHi3M 06p0GKU BUCOKHUM TUCKOM COEBOTO Gijika, 7S Ta 11S rainuHiHiB Bce me
HeJJ0CTaTHbO 3P0O3yMi/Iuii, 10 YCK/IaJHIOE OTPUMAHHA YiTKOro i 0JHO3HAYHOIO0 YsIBJIEHHA PO iX NOBEeAiHKY.
BucHOBKU. BUKOpHUCTaHHSA TEXHOJIOTii BUCOKOT0 THCKY IIPM 06po6Li i30/14Ty COEBOro 6ijika MoXke MOJTiMIUUTH
yHKIiOHA/IbHI Ta CNIOXKUBYi BJIACTUBOCTI COEBOro 6ijiKa Ta 6e3neKy Xap4oBHX NPOAYKTiB.

Karouosi c106a: BUCOKUH TUCK; YHKIIIOHAJIbHI BJIAaCTUBOCTI; COEBUH 6i/10K; 7S rurinuuin; 11S ruinuHiH; alepreHHicTh
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BJIMAHUE BBICOKOT'O IABJIEHHA HA ®YHKI[MOHAJ/IbHBIE CBOMCTBA COEBBIX
BEJIKOB. OB30P

An-nuHr JIu 12, Banepuit A. CykmaHoB 13" Ma XaH/>KyH?

1 Cymcobkoll HAYUOHAbHbLI azpapHblli yHusepcumem, Cymol, YkpauHa
2 XeHaHbCbKULl UHCMumym Hayku u mexHosozutl, CuHbcsiH, KHP
3 [loamascvkas eocydapcmeeHHas azpapHasn akademus, [loamasa, YkpauHa

AHHoTalus

Ilens. Ucciie10BaTh BAUSTHUE BHICOKOTO JaBJIEHHS HA COEBbIi 6€JI0K U ero OCHOBHbIE€ MHIPEeJNUEeHThI - ITTUIUHUHEI 78S,
11S ¥ omMcaTh TeXHOJIOTHYeCcKHe U PYHKIIMOHAIbHbBIE CBOICTBA COEBBIX GeJIKOB. Pe3ynbTaThl. [IpoaHaiMm3aupoBaHbl
¢yHKOMOHA/IbHBIE CBOKCTBA coeBOro Geska, 7S v 11S r/IMIIMHUHOB, 06GPAaGOTAHHBIX BHICOKMM JABJIE€HUEM, MX
3MYJIbCMOHHBIE CBOWCTBA, BJIAroyAep>KUBAIIYI0 CIOCOGHOCTh, CBOMicTBa reis. HcciieJ0BaHO BIMSIHHE BeJTUYUHBI
JAaBJIEHWsl, BpeMEHN W TeMIepaTypsl Nponecca Ha COeBbId 6eJiOK, MIMOUHUHBI 7S M 11S mo HM3MEHEeHUuK HuX
CTPYKTYpBbI, KoHPopManuy, GyHKIMOHAJBHBIX U TEXHOJIOTHYECKUX CBOKMCTB. 0G6paGoTKa M30JI5ITA COEBOro GeJika
BBICOKHMM JIaBJICHUEM YJIyYlIaeT UX PeoJIOrMYecKHe CBOWCTBA, CBOMCTBA reJisi U COJepKaHHe CBA3aHHOW BJIATHU.
0O6pa6oTKa BHICOKMM JaBJIeHUEM NPHU PAlMOHAIBHBIX IapaMeTpax mpoiecca coeBoro 6esika, 7S 1 11S riimuuHUHOB
yBeJIMYMBaeT KOJIUYeCTBO CBA3AaHHOM BJIary, yJjyd4ilae CBOWCTBaA rejis M 3MyJ/IbCUM, B/IUsAeT HA HEeKOBaJIEeHTHbIE U
KOBaJIEeHTHbIe CBSI3M U KOHQoOpManuio GeJsiKa, a TaKXKe CHIKAeT a//IepreHHOCTh COeBbIX GeJIKOB B NMHUILEBbIX
NPOAYKTAaX, BKJII0YasA JeTcKoe NuTaHue. HecMoTps Ha GoJibllIMe YCUIUA, MEXaHU3M 06pPaGOTKU COEBOro 6eJka, 7S u
11S ryIMIMHIHOB 0/, BLICOKMM JaBJIeHHeM, Bce ellle HeJJOCTaTOYHO U3y4YeH, YTO 3aTPYy/JHAET NoJIy4eHUue YeTKOro u
O0JHO3HAYHOTO Npe/cTaB/ieHNs 06 UX NoBeJeHNHU. BbiBoAbL. Ucno/ib30BaHUE TEXHOJIOTHH BHICOKMM JaBJ/IeHHEM NIPU
06pa6oTKe U30J/ITa COEBOro GeJjika MOXeT YJAy4YIIUTh QPYHKIUOHAIbHbIE U NMOTPEeGUTE/IbCKUE CBOICTBA COEBOro
6es1Ka U 6€30MACHOCTh NMUIEBBIX NPOJYKTOB.

Karuesvle cs1068a: BbICOKOe AaBJieHUe; QYHKIMOHATbHbIE CBOMCTBA; COEBbIM NMpOTewH; 7S riuuuHuH; 11S rivuuHuH;

AJIJIEPreHHOCTb.

Introduction

Soy has been planted in China for more than
5000 years. Until 1930s, soy cultivation has
spread all over the world. Because of it's high
yield, high protein content, rich nutrition and good
functional characteristics, which has become an
important food resource for human beings, and is
one of the world's most important economic crops
[1; 2].

The rich nutrition of soy protein is mainly
reflected in three aspects: (1) The digestibility of
soy protein is comparable with that of meat, milk
and eggs. The protein digestibility of different soy
products is different. The protein digestibility of
cooked soy, for example, is only 65 %, that of tofu
protein is 93 %, and that of soy protein isolated is
93-97 %. (2) It is well known, soy protein has a
low content of sulfur-containing amino acids. The
first limiting amino acid is methionine. However,
soy protein is rich in lysine, an amino acid that
most cereal proteins lack. Soy protein is similar to
meat, fish, eggs, milk. It is a full-valent protein. (3)
Some studies have shown that the essential amino
acid content of soy protein is higher than the
recommended intake for all age groups except
infants. Soy protein has relatively low levels of
sulfur-containing amino acids compared to the
recommended intake for infants [3-8].

The physical methods of food processing that
are used in modern food technologies lead to
changes in the functional properties of products.
High pressure processing of raw materials and

food products at various stages of their production
allows you to effectively manage their functional,
technological and consumer properties [9-12].

1. Functional properties of soy protein. The
protein content of soy protein isolate is more than
90 %. It is a high-quality plant protein food raw
materials. It’s functional properties can be divided
into three categories: (1) Interface properties,
mainly including emulsification and foaming
properties. Soy protein is a kind of surfactant,
which has both hydrophilic and hydrophobic
groups. It can be adsorbed on the oil-water or air-
water interface. Once adsorbed at the interface,
the protein will form a film, which can prevent
small droplets or bubbles from accumulating and
help to stabilize the emulsion and bubbles. (2)
Hydration properties, including wettability,
dispersability, solubility, viscosity and water
retention. The hydration of the polar groups on
the skeleton of soy protein peptide chain with
water molecule is determined by the interaction
between protein and water. (3) Properties related
to protein-protein interactions, including
precipitation, aggregation, and gel properties.
Protein molecules are stretched by heat, and the
internal hydrophobic groups are exposed.
Through hydrophobic interaction, electrostatic
interaction, hydrogen bond or disulfide bonds
cross-linking, the spatial network structure is
formed [13-16]. On the basis, hundreds of
countries in the world have developed thousands
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of food products containing soy protein in recent
year. Soy protein and its modified products are
widely used in meat products, protein drinks,
dairy products, baked products and other foods
due to their prominent functional properties. They
play an important role in supplementing protein,
supplementing the nutrition of multiple types of
protein, reducing the intake of animal protein, and
giving food health care functions. Therefore, the
functional properties of proteins are very
important to food manufacturing and processing,
they directly affect the quality of products.

The physical methods of food processing that
are used in modern food technologies lead to
changes in the functional properties of products.
High pressure processing of raw materials and
food products at various stages of their production
allows you to effectively manage their functional,
technological and consumer properties [17].

2. Components of soy protein. Soy protein is
mainly composed of 3-conglycinin (7S globulin)
and globulin (11S), accounting for over 70 % of
the total protein content [18; 19]. The 7S globulin
is a trimer formed by the different combinations of
three subunits (o, a and (), which are bound by
hydrophobic and hydrogen bonds. The molecular
weights of o, a and  are 65 kDa, 62 kDa and 57
kDa, respectively. Each 7S globulin contains a
small number of disulfide bonds and is free of
sulthydryl groups [20]. The 11S consists of six
subunits. It's weight is 340-375 kDa. Each of
which consists of an acidic polypeptide chain (A)
and an alkaline polypeptide chain (B) connected
by a disulfide bond to form the AB subunit. The
11S molecule contains more disulfide bonds and
sulfhydryl groups [21;22]. The differences in
structure between 7S and 11S was affect on the
formation of gel. Some studies have reported that
11S has a better gel properties than that of 7S, but
the emulsion capacity of 11S is lower [23-25].

The function properties of soy protein were
affected by the concentration, temperature, pH,
and so on [26; 27]. Such as, soy protein isolate
concentration is one of the decisive factors in gel
formation. The formation of soy protein isolate gel
is the result of protein-protein and protein-
solvent interactions, and the balance of attractive
and repulsive forces between adjacent peptide
chains. When the soy protein isolate concentration
is low, protein-solvent interaction dominates,
making it difficult for the system to form gel [28].
Therefore, the gel strength is positively correlated
with soy protein isolate concentration. However,
when the soy protein isolate concentration is
lower than 8.0 %, the gel cannot be formed only by

heating. However, if the formation concentration
of soy protein isolate gel can be changed to a
certain extent by adjusting pH value, ion strength
or modification, etc [29; 30]. The other, pH and
salt addition changed the ionization of functional
groups of soy protein isolate and double electric
layer thickness, affected the protein-protein
interaction [31; 32]. The salt concentration and
type have different effects on the gel properties of
soy protein isolate. At low ionic strength, salt can
reduce the electrostatic repulsion between
protein molecules by shielding the charge on the
protein, and strengthen the gel strength. The
charge on the protein tends to be saturated with
the increase of ionic strength, and the properties
of water in the solvent change due to the presence
of salt, leading to the enhancement of hydrophobic
interaction, which becomes the dominant effect,
and the gel strength decreases [33-35]. In
research [36] studied the changes of gel formation
and gel properties of soy protein isolate at
different pH and ionic strength, who found that the
denaturation of soy protein isolate was occurred
under all conditions of pH and ionic strength, such
as a low stiffness gel was formed when pH > 6.0,
on the contrary, a high stiffness was formed when
pH = 5.0. Meanwhile, extensive rearrangements in
the network structure took place during
prolonged heating when pH = 7.6, whereas at pH
3.8 rearrangements did not occur.

Considering the widespread introduction of
high-pressure technology in food production of
soybeans and soy-containing products, it is of
undoubted interest to analyze the dependence of
some technological and consumer properties on
the parameters of the process of their processing
by high pressure.

3. The principle of high pressure processing
and high pressure process equipment. High
pressure processing (HPP) can be referred to as
ultra high pressure technology or hydrostatic
technology. The water or other incompressible
fluid mediums often act as mediators of pressure.
During the high pressure processing, the pressure
levels generally not less than 100 MPa, the
commonly used range is 100-1000 MPa and can
work in the temperature range of -20 °C to 90 °C.
After the food is sealed in an elastic container or
placed in a pressure system, the non-covalent
bonds (hydrogen bonds, ionic bonds and
hydrophobic bonds, etc.) are been destroyed or
formed at a certain temperature for the
appropriate processing time and pressure level,
which cited the enzyme in food, protein, starch
and other biological high molecular substances
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are deactivated, denatured and gelatinized
respectively, and kill the microorganism in food
biological, so as to achieve the purpose of food
sterilization, preservation and processing [37].
Basic Governing Principles. As with heat,
pressure is a basic thermodynamic variable.
Strictly speaking, during HPP the effects of
temperature cannot be separated from the effects
of pressure. This is because for every temperature
there is a corresponding pressure. Thermal effects
during pressure treatment can cause volume and
energy changes. However, pressure primarily
affects the volume of the product being processed.
The combined net effect during HPP may be
synergistic, antagonistic, or additive [38].
Mathematically, the impact of pressure (p) and
temperature (T) can be quantitatively related
using Gibbs’s definition of free energy G [39]:

G=H-TS (1)

where H and S are the enthalpy and entropy,
respectively. Further,

H=U+pV, (2)

where U = internal energy and V = volume.
[t can be deduced from Equations 1 and 2 that

d (AG) = AVdp - ASdT . (3)

Therefore, reactions such as phase transitions
or molecular reorientation depend on both
temperature and pressure and cannot be treated
separately. The following are some basic
governing principles behind HPP.

The fundamental principles of hyperbaric
technique are pascaline law and Le Chatelier
principle. Pascaline law takes advantage of the
compression effect of high pressure on liquids,
which means that the pressure applied to the
liquid can be transmitted to all parts of the system
instantaneously at the same size. Therefore, dry
food, powdery food or granular food should not be
used high pressure treatment. According to
Pascaline law, the effect of high pressure
processing is independent of the size, shape and
volume of the food. In the process of high pressure
processing, the whole food will be treated
uniformly, the pressure transfer speed is fast,
there is no pressure gradient.Therefore, the high
pressure processing of food is simpler, and the
energy consumption is also significantly reduced.
According to Le Chatelier principle, the external
pressure reduces the volume of the pressurized
system and vice versa. Therefore, the physical and
chemical reactions in food ingredients will be
carried out in the direction of the maximum

compression state under the pressure treatment
of food. The increase or decrease of the reaction
rate constant k depends on whether the “active
volume” of the reaction is positive or negative.
This means that high pressure processed food will
force the reaction system to reduce the volume,
affecting not only the reaction balance in the food,
but also the reaction rate, including chemical
reactions and possible changes in molecular
conformation. It is well known that the
mechanism of meat proteins unfolded,
denaturation and formed gel caused by heat and
high pressure is difference. High pressure
processing induced meat gels are based on the
protein volume decline, while the thermal meat
gels is caused by the violent movement of
molecules and destruction of non-covalent bonds.

Principle of microscopic ordering. At constant
temperature, an increase in pressure increases the
degree of ordering of molecules of a given
substance. Therefore, pressure and temperature
exert antagonistic forces on molecular structure
and chemical reactions.

Arrhenius relationship. As with thermal
processing, various reaction rates during HPP are
also influenced by thermal effects during pressure
treatment. The net pressure-thermal effects can
be synergistic, additive, or antagonistic.

High-pressure processing of muscle based
products is paying more and more attention in the
meat industry, which could prolong the shelflife of
meat products, inactivate vegetative micro-
organisms and enzymes near room temperature,
because of the processing allows the
decontamination of muscle based products with
minimal impact on their nutritional and sensory
features. Therefore, The application of high
pressure offers some interesting opportunities in
the processing of muscle-based food products,
such as, the high pressure can affect the texture
and gel-forming properties of meat batter and
myofibrillar proteins, the tenderize, color and
other properties of muscle. The processing effects
on muscle based products are highly dependent
on the primary effects of pressure, time and
temperature on the relevant thermodynamic and
transport properties of meat systems. However,
the pressure-labile nature of some meat protein
systems, such as myosin or myoglobin often limits
the range of attractive commercial applications to
prefermented and cooked meat products.

Pressure Generation Means. Unlike straight
processes such as thermal processing, the high-
pressure process is independent of the equipment
and processed food size and shape. The reason is
that the pressure transmission is not mass/time
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dependent. Hence, reducing the processing time
and scaling up the equipment from the laboratory
to commercial size will not touch the efficiency of
HPP. In contrast, it helps the HPP applications to

develop faster. Two types of the compression
processes, direct (piston) or indirect (pump)
compression can achieve generation of high
pressures in the pressure vessels (Fig. 1).

®
)
VK G) u VK
€),
O B
ApKR AR
— <
L
®
®

Fig. 1. Schematics of high-pressure food processing techniques direct (left) and indirect (right) compression
1 - top closure; 2 - pressure medium; 3 - pressure vessel; 4 - product; 5 - piston; 6 - low-pressure pump; 7 -
tank; 8 - intensifier pump

1) Direct compression This technique uses the
vessel ends closure/s to act as a piston to
build/release the pressure. This happens by
reducing the specific volume inside the vessel
until the desired pressure is reached. Although the
direct system can achieve a rapid compression,
the restrictions of the dynamic seal between the
piston and the vessel obstruct the applications of
this technique for a small-scale laboratory.

2) Indirect compression. Indirect compression
is the method used in the application of much high
pressure processing equipment in the food
industry. It employs a high-pressure intensifier
pump to compress a pressure fluid from its
reservoir tank into a pressure vessel, transmitted
through high-pressure tubes. This technique is
more appropriate for solids and high viscous
liquid food.

This method also allows pressure to be
released or kept constant at the required level
during the treatment time for several minutes.

4. The affects of soy protein by high
pressure. The globulin of soy protein has a closely
globular structure, molecular weight is small, and
active group packages within the molecule, and
some methods of modification is difficult to
effectively change its structure, improve its
functional characteristics. Thus, the function of

11S globulin is worse than the 7S globulin (-
conglycinin), it is a key factor that restrict the
application of soy protein isolate and
modification. How to effectively improve the
structure of soy protein isolate becomes the
primary factor of soy protein modification
[16; 40; 41].

High pressure processing, can be referred to as
ultra high pressure technology or high hydrostatic
technology, the water or other incompressible
fluid mediums often act as mediators of pressure.
Which has the advantages of pressure uniform
transmission, instantaneous, efficient, low energy
consumption, pollution little dyeing, and no
obvious effects of low molecular compounds, such
as Vitamins, pigments and flavor substances, etc.
During the high pressure processing, the pressure
levels generally not less than 100 MPa, the
commonly used range is 100-1000 MPa [42; 43].
The ability of high pressure to denature proteins
has been known for over one hundred years. In
this processing, the non-covalent bonds (ionic
bonds, hydrogen bonds, and hydrophobic bonds,
etc.) of proteins are been destroyed or formed at a
certain temperature for the appropriate
processing time and pressure level [44;45].
Therefore, The high pressure technology can
develop the appearance and new types of soy
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protein  with  different techno-functional
properties will be available in soy protein
processing.

The changes of protein spatial structure caused
by high pressure processing are the focus of
current research. In general, high pressure has not
effect on the primary structure of proteins, has
some effect on the secondary structure, and has
great effect on the tertiary and quaternary
structures. The effect of high pressure on protein
can be reversible or irreversible. Generally,
protein changes are reversible under 100-200
MPa. When the pressure exceeds 300 MPa, protein
changes tend to be irreversible, that is, protein
permanent denaturation [46-49]. In food
applications, the various functional properties of
soy protein are mainly realized by the physical and
chemical properties of storage proteins, namely,
7S and 11S globulin, which are ultimately
determined by the intrinsic physical and chemical
properties of proteins based on their molecular
structure. In research [50] studied the changes of
solubility and rheological properties of soy
protein isolate after high pressure treatment (400
MPa, 15min), during the process. The power law
modulus was used to measure the apparent
viscosity, and the Young's modulus was used to
measure the G' and G", who found that the change
of molecular structure of soy protein isolate after
high pressure treatment was caused the change of
its related physical and chemical properties. The
solubility of protein in low concentration (4.0 % -
4.5%) soy protein isolate solution was
significantly improved after high pressure
treatment, leading to the apparent viscosity were
increased with the increase of pressures. The
values of G' and G" were proportional to the
apparent viscosity. In a constant pressure force
(400 MPa) or less under the action of high
pressure, 11S globular depolymerization of soy
protein, protein molecules depolymerized to
smaller particles on the unit, and the base unit of a
certain degree of stretch further, makes the
globular protein within the exposed polar groups
and hydrophobic groups, and makes the protein
molecules (particles) to strengthen the surface
charge of distribution. Then the combined water
around the newly exposed polar groups were
increased. In research [51] found that high
pressure (200-600 MPa) could change the large
particles to the smaller. The volume fraction of soy
protein isolate occupies in the solution was
significantly increased, made the dispersibility of
soy protein isolate obviously improved.
Meanwhile, the free sulfhydryl content and
surface hydrophobicity (H,) of soy protein isolate

was significantly increased at pressure treatment
of 400-600 MPa for 20 min. The results of SDS-
PAGE indicated that the subunits composition of
soy protein isolate was greatly changed, which
caused the content of 7S and 11S protein was
obviously increased.

The pressure level and other factors (time,
temperature) were influenced of the properties of
soy protein. In research [52] studied the
modifications of soy protein in soy milk treated by
high pressure. They found that the soy proteins
were dissociated into subunits by high pressure.
Some of which associated to aggregate and
became insoluble. The denaturation of 7S and 11S
were occurred at 300 MPa and 400 MPa,
respectively, and induced tofu gels was formed
with gel strength and a cross-linked network
microstructure. In research [53] studied the effect
of high pressure processing on textural properties
and water holding capacity of 20 % protein
concentration gels (soy protein isolate, 7S and 11S
glycinin). They found that the high pressure
induced gels were formed at the range from 300
MPa to 700 MPa; compared to the thermal gels.
The adhesiveness and hardness of high pressure
induced gels were significant lower. The water
holding capacity was improved by high pressure
in the gels of 7S glycinin. In research [54;55]
shown that the insoluble aggregate of soy protein
isolate was formed at lower pressure level

(200 MPa). The insoluble aggregate was
transformed into soluble aggregate at higher
pressure level (600 MPa), much more

homogenous soluble aggregate was generated at
400 MPa or 600 MPa had much less mean
molecular weight than that at 200 MPa, and the
changes of secondary and tertiary structures were
induced by high pressure processing, that is the
direct evidence or explanation for high pressure
induced modification of soy protein isolate.
According to the previous studies, 1000 mL
water has an adiabatic heating of 19.2 k] under
400 Mpa. It is the same as the energy of 1000 mL
water rises from 20 °C to 25 °C. However, in this
study, the denaturation temperature of soy
glycine 7S and 11S were about 68 °C and 96 °C,
respective. Thus, the changes of soy glycine 7S and
11S were caused by the energy during high
pressure processing near 30 °C is titchy compared
with that of caused by pressures. In research [56]
investigated the effects of heat (20-90 °C) and
pressures (0.1-600 MPa) combined on protein
denaturation in soy flour mixed with various types
of type of aqueous plasticizer (NaCl, sucrose,
betaine, and lactobionic acid) using the
differential scanning calorimetry, who found that
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only a small effect on denaturation of the 7S soy
globulin in 50 % (w/w) soy flour-water paste was
observed at 200 MPa (20 min, 25 °C). A significant
effect on denaturation of both the 7S and 11S soy
globulins was showed at 600 MPa. The other, a
less-pronounced effect on denaturation of the 11S
globulin was observed at 60 °C treated by different
pressures, but a similar extent of denaturation of
the 11S treated by 600 MPa at 25 °C and 90 °C was
observed. The result showed that 7S is sensitive to
heat and pressures combined, because it has low
denaturation temperature (68 °C); 11S is not
sensitive to thermal, and sensitive to pressures,
due to it has high denaturation temperature
(96 °C). Thus, the application of thermal plus high
pressure processing could be used to produce
enhanced food quality. In addition, the NaC],
sucrose, betaine, and lactobionic acid had a
protective effects on protein denaturation during
the high pressure processing treatment at 25 °C.
High pressure and other materials combination
was also effected the processing properties of soy
protein. In research [57] investigated the effect of
high pressure processing (0.1-300 MPa) on soy
protein isolate incubated with flaxseed gum at 60
°C for 3 d. The results shown that the solubility of
soy protein isolate upon glycation with flaxseed
gum was improved. The maximum value reached
86.84 % when treated at pH 8.0 and 200 MPa,
accompanied by producing the differences
between the secondary structure of the glycated
proteins and that of at 200 MPa, such as the a-
helix, random coil contents and vibrations of the
amide II band. At 100 Mpa the Maillard reactions
were significantly promoted, to the contrary, the
reactions were significantly suppressed at 200
MPa and over. Overall, proper pressure level can
improve the processing properties of soy protein.
In research [58] studied the interaction between
soybean protein and tea polyphenols under high
pressure using circular dichroism, fluorescence
spectroscopy and molecular modeling, who found
that high pressure processing is a useful tool for
improvement the function of tea polyphenols and
soybean proteins. The secondary structure of soy
proteins was significantly modified at 400 MPa,
such as increased the [-sheet content and
decreased the a-helix content, but the a-helix
structure was protected when the 0.1 % (w/v) tea
ployphenol was added. The other, the high
pressure and tea polyphenols combined could
increase the solubility, emulsifying activity and
micro-texture, the reason is that the Pi-Pi
interaction was formed in the binding of phenolic
compounds to 7S or 11S globular protein. In
research [59] found that the solubility of ethanol

(EtOH)-denatured soy proteins at neutral and
alkaline pH as well as low ionic strength was
significantly improved treated above 200 MPa.
The enthalpy value was increased and the ordered
supramolecular  structure  with  stronger
intramolecular hydrogen bond was formed.

Meanwhile, the Tyr and Phe residues were
exposed, which caused an increase in surface
hydrophobicity of 7S glycinin treated by high
pressure processing (200-400 MPa), but the
surface hydrophobicity was decreased at
500 MPa. In contrast, the progressive unfolding of
denatured glycinin was induced with increasing
pressure, due to the Tyr and Phe residues were
moved to the molecular surface of protein. In
research [54] reported that the secondary
structure of native soy protein isolate is estimated
to be composed of 15 % -16 % alpha-helix, 39 % -
44 % extended strands, 17.5% random coils, and
21 % - 27 % turns. At 200-400 MPa, the intensity
and a «red-shift» of these bands were increased. At
600 MPa the band intensity of the amide I' region
was further increased, so that, the intensity and
absolute area of amide II bands were gradual
increases treated by high pressure processing.
Meanwhile, the gradual unfolding of secondary
and tertiary structure was produced, and the
structure of denatured proteins underwent a
«rebuilding» process after the release of high
pressure.

5. The affects of soy 7S and 11S by high
pressure. 7S and 11S are determined the
emulsion capacity, foaming capacity, gel
properties of soy protein. Some authors have
reported that the changes of soy 7S and 11S were
induced by the high pressure processing [60-63].
In research [60] investigated the effect of high
pressure processing (200 MPa - 600 MPa) on the
emulsion properties on the soy 7S and 11S and soy
protein isolate (0.25-0.75 %) at different pHs (7.5
and 6.5). The results showed that the highest
emulsifying activity index and surface
hydrophobicity of 7S globulin were treated at 400
MPa. The highest emulsifying activity index and
surface hydrophobicity of 11S globulin were
treated at 200 MPa, implying that the 7S globulin
was dissociated into partially or totally denatured
monomers at 400 MPa, which enhanced the
surface activity; meanwhile, the pressure at 400
MPa induced the unfolding of the polypeptides of
the 11S within the hexamer led to aggregation,
which lowered the surface hydrophobicity. The
glycinin of soy was dissociated into subunits and
the conformation of these subunits had been
changed after high pressure processing. At 300
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MPa and over, the ultraviolet absorbance of
hydrophobic regions, sulphydryl groups, and
amino acid residues were changed significantly; at
400 MPa for 10 min, the denatured completely of
glycinin was observed by DSC analysis; at 500 MPa
for 10 min, the a-helix and 3-sheet structures were
destroyed and converted to random coil, thus, the
pressure level was influence of the conformational
of soy glycinin [61]. In research [62] reported that
high pressure processing (200, 400 and 600 MPa
for 10 min at 10 °C) induced more ability to
proteins, and particularly B-7S and A-11S
polypeptides, to be adsorbed at the oil-water
interface. In research [63] investigated the effect
of high pressure treatment (0-600 MPa) on the
heat-induced gelation of mixture of actomyosin
and soy 11S globulin, found that the firmer
mixture gel was formed after high pressure
processing, the gel strength and work done values
were increased with the increase of pressure
levels from 100 MPa to 400 MPa; over 400 MPa,
the gel formation dropped dramatically; those
indicated that the SH groups play a key factor in
the gel of actomyosin and soy 11S under high
pressure. 7S and 11S globulin have different
emulsion properties treated by high pressure.

In research [56] investigated the effects of heat
(20-90 °C) and pressures (0.1-600 MPa)
combined on protein denaturation in soy flour
mixed with various types of type of aqueous
plasticizer (NaCl, sucrose, betaine, and lactobionic
acid) using the differential scanning calorimetry,
who found that only a small effect on denaturation
of the 7S soy globulin in 50 % (w/w) soy flour-
water paste was observed at 200 MPa (20 min,
25 °C). A significant effect on denaturation of both
the 7S and 11S soy globulins was showed at 600
MPa. The other, a less-pronounced effect on
denaturation of the 11S globulin was observed at
60 °C treated by different pressures, but a similar
extent of denaturation of the 11S treated by 600
MPa at 25 °C and 90 °C was observed. The result
showed that 7S is sensitive to heat and pressures
combined, because
temperature (68 °C); 11S is not sensitive to
thermal, and sensitive to pressures, due to it has

it has low denaturation

high denaturation temperature (96 °C). Thus, the
application of thermal plus high pressure
processing could be used to produce enhanced
food quality.

In research [64] found that 7S and 11S globulin
emulsions (7 %, w/v) behaved differently under

the temperature (20-60°C) and high pressure
(0.1-600 MPa) combined treatments, 7S globulin
was responsible for the global properties of soy
emulsions, whereas 11S globulin exerted a
negligible effect; the 7S emulsions was increased
the flocculation and gelation, which caused by
aggregation between adsorbed and aqueous 7S
proteins. The calcium and high pressure treatment
combined was effected the the thermal properties
of soy protein isolate, a -conglycinin-enriched
fraction, a glycinin-enriched fraction, and whey
protein concentrate. The Td of glycinin was
increased for every assayed calcium
concentration, high pressure treatment promoted
denaturation of B-conglycinin and glycinin, and
calcium protected both proteins in $-conglycinin-
enriched fraction and glycinin-enriched fraction at
200 MPa, protected glycinin in soy protein isolate
and B-conglycinin-enriched fraction at 400 and
600 MPa [65]. In research [66] reported that the
hydrolytic efficiency of Corolase PP was increased
and the surface hydrophobicity of the
hydrolysates were decreased treated by high
pressure processing (80-300 MPa). The higher
bioactivities of hydrolysates was observed under
200 MPa for 4 h. The small peptides (< 3 kDa) and
the amino acid sequences of these peptides with
different inhibitory abilities were increased. Thus,
high pressure and Corolase PP combined could be
used as a potential technology to produce
bioactive peptides from soy protein isolate.

6. The affects of soy protein in meat
products by high pressure. Soy protein isolate,
as a replacer of lean meat, is a commonly useful in
the meat industry. It has a good water holding
capacity, structuring behaviour and excellent
gelling. The effect of soy protein isolate on the
water holding capacity, techno-functional
properties and protein conformation of low-
sodium (1 % salt) pork meat batters treated by
high pressure was studied. The pork meat batters
with 0%, 2%, 4% soy protein isolate were
prepared under 200 MPa for 10 min. The result
showed that the cooking yield was significantly
increased when added the soy protein isolate, but
they were not significantly differences when
added 2 % and 4 %. Meanwhile, the cooked pork
batters with soy protein isolate could reduce the
water mobility, and increase the water holding
capacity and bounded water content. These
indicated that added 2 % soy protein isolate and
high pressure combinations enabled to improve
the water holding capacity [67]. Soy protein
isolate and high pressure combinations also
affected the color, rheological property and
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protein secondary structure of pork meat batters.
The pH, emulsion stability, L* and b* values of pork
meat batters were significantly improved when
added soy protein isolate under 200 MPa for 10
min. Added soy protein isolate and high pressure
processing combined could delay the thermal
denaturation of meat protein and declined the
pre-gel effects generated, as well as induced the a-
helix structure changed into -sheet, 3-turn and
random coil structures [68]. Hence, soy protein
isolate and high pressure processing combined
can improve the techno-functional and texture
properties of low-salt meat batters.

7. The affects of allergenicity from soy
protein by high pressure. High pressure
treatment could reduce allergenicity of soy
protein isolate for infant formula. Recently, soy-
based infant formula, as a replace of milk for the
lactose intolerant and cows’ milk allergic infants,
is being consumed more commonly, accounting
for increased uptake all over the world [69-71].
However, soy protein isolate contents some
antigenic component, such as glycinin, «-
conglycinin, [-conglycinin and y-conglycinin.
Some studies have reported the use of high
pressure processing to reduce allergenicity of soy
seeds, whey protein, condensed soy glycinin and
soy protein isolate [72-76]. The soy whey protein,
as a by-product from the manufacture of tofu, has
the antibodies against Gly m 1, which is an
important allergen of soybean that causes allergy
by inhalation. The immunoreactivity was
decreased under 100-300 MPa for 15 min [72].
The article [74] showed that the soy glycinin with
twelve disulphide linkages displays extensive
unfolding at low to intermediate solid levels (30-
60 %, w/w), but it largely maintains native
conformation at 70 % and 80 % (w/w) solids
showing about 20% denaturation under 600 MPa
for 15 min at ambient temperature, as compared
to the thermal transition of native counterparts.
The article [77] studied the effects of high
pressure processing treatment (200-700 MPa) on
antinutritional factors phytate and trypsin
inhibitor content in 5 % soy protein isolate (SPI)
solution, who found that the phytate was efficient
to eliminate treated by high pressure processing,
but the trypsin inhibitor content was not changed.
In research [75] found that the processing
pressure and duration time could significantly
influence the allergenicity reducing efficiency.
Such as, the allergenicity of soy protein isolate
decreased 48.6 % compared to the native under
300 MPa and 15 min. The reason is that the free SH
content and hydrophobicity of soy protein isolate

were significantly increased under 200-300 MPa
for 5-15 min. The two interactions were
progressively decreased treat by the levels above
300 MPa for 15 min. The secondary structure of
soy allergens were interfered and the allergenicity
by modifying conformation of allergenic epitopes
were decreased after high pressure treatment. In
research [76;77] utilized the method of
proteomics to confirm allergen subunit
differences of soy protein isolate between control
and high pressure, found that the allergenicity was
decreased by 45.5 % at 300 MPa for 15 min, and
altered the allergenicity of a and o' subunits of 7S
globulin and A1 and Ala subunits of 11S globulin,
so that, the use of high pressure processing could
improve the safe of soy protein in infant formula.

Conclusion

It is well established that high pressure
processing was improved the properties of soy
protein, 7S and 11S glycinins. The proper pressure
treatment of soy protein, 7S and 118 glycinins was
increased the water holding capacity, gel and
emulsion properties through affected the non-
covalent bond, covalent bond and protein
conformation, and also reduced the allergenicity
of soy proteins in infant formula. In spite of great
efforts, the mechanism of high pressure
processing on soy protein, 7S and 11S glycinins
has not yet been obtained, which leads to get a
clear understanding of their behaviour is difficult.
Even so, the use of high pressure processing and
soy protein isolate combined could improve the
soy protein techno-functional properties and
security in foods.
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