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Supplementary table The common classification methods and characteristics of plant protein gels
% Rk . BAEH, BORBREBSHE
BB A E&EFHRAE XEER D
Basis for Typical examples, protein sources and core
Gel type Main induction condition/Mechanism Key interactions
classification characteristics
RE L. mREFZOFMENEAABREE, BFAH
) L ) . , WRTHEBRIR, R BE. RAER AR
. ) MR R QR TR, WEFRE RAAER . A%k, —mbE N
ik B . ] ) o ) Most common type. Traditional heat-set tofu made
) Heat induces protein denaturation, Hydrophobic interaction, hydrogen ) ) )
Heat-induced gel ) ] ) from soybean protein, usually thermo-irreversible gel;
unfolding and aggregation bond, disulfide bond )
texture greatly affected by temperature and protein
concentration!!)
IR E S, AL, TildBS AL EmAe
WHEIRERM, RTHmHAMA., 28, 28, §
i ke ozl
B (4= MTGase) #EAL& & i 1875 R 20 ) ) »
I - EMae (AReE) | FEEN A B High gel strength and excellent thermal stability.
5175 ~F %e A 3
7 A% . Covalent bond (isopeptide bond), Texture can be precisely controlled by combining
) Enzyme-induced gel Enzymes (e.g., MTGase) catalyze covalent ) o
Formation o ) assisted by non-covalent forces enzyme and heat treatment, applied in high-end
) cross-linking between proteins } ) )
inducement plant-based meat. Examples include isolated proteins

BT A FHERK

Ion-induced gel

B $ R
Acid-induced gel

—HmEEF (e Ca?* Mg ) HF AR
£ SA
Divalent cations (e.g., Ca?" , Mg?* ) act as

“bridges” with negatively charged groups

Bt (42 GDL) & pH M E & G ¥ ¥ &
PR
Acidification (e.g., GDL) reduces pH close

T H (CHRF) L RAKER
Tonic bond (salt bridge), hydrophobic

interaction

R (WME5) . RAKER, A4t

Reduced electrostatic interaction,

hydrophobic interaction, hydrogen bond.

from kidney bean, adzuki bean, mung bean and
soybean”

T RERGHEHR K/ GFEH. BHIKEEER,
SEMT R s, Mo i

Such as brine/gypsum tofu made from soybean
protein. Fast gelation rate, relatively coarse structure,
thermo-irreversible™™

BRANBFEESY, mREEGHEGONEEL
B AR AR

Generally soft gel texture?, e.g., silken tofu and




to the isoelectric point of proteins.

plant-based yogurt made from soybean protein

U/ EA

Translucent/Semi-transluc

FaRHOHF aBE Qe iR
#e) , M —, ALK
Protein undergoes uniform and ordered

self-assembly (e.g., formation of nanofibers),

Ask. HEMERFSTEAFER
Ordered intermolecular interactions

such as hydrogen bonds and electrostatic

MR EMTHR: ik s &aAMKpH, K5 T
BET R Aed, STEiE QR ARG L, R
YRS R S M 3 4 0 i ) AR )

Formed under specific conditions: for example, certain

kidney bean proteins can self-assemble into nanofibers

ent gel
resulting in homogeneous structure with interactions upon prolonged heating at low pH and low ionic
T3 5 I
weak light scattering strength, eventually forming transparent gels with
Texture and 2,3
uniform structure!®
Appearanee Rk LEIRA . S HAASE. BTHFRIELE
. B VIR o AN R N V5 < B AL ,
FOQRYE, RARE, BARYH—A ‘ o _ ) i o
e g EE RAMER, —RaFEFRENREE W E AWK GHMEN LR, AERBEE G
%, AL
T~ 1% PR B A ) ) ) Random aggregation driven by The most common state. Most heat-induced and
Rapid and disordered aggregation of o ) ) o ) )
Opaque gel ) ) hydrophobic interactions, disulfide ion-induced gels fall into this category, such as
proteins forms a heterogeneous network with ) )
bonds, etc conventional tofu and heat-set protein gels prepared from
strong light scattering
soybean protein
A X, BELHRTZEONHE (WX, 3
PR ¥ —RIRAA & G R B % RATHFHTAECLS AN i 39
— B OB
) ) Gel network formed by plant protein from Depends on the induction method and Basic form, whose properties are limited by the
Single protein gel ) o o )
a single source the protein itself characteristics of the protein (e.g., gels from soybean,
pea, wheat gluten)
2% b 45 M) TR EREMA: 3EREE ., BN KRB
Composition EORE S/ MRS BRIy TIEER S it CFakifit) o k&, RABEZR OS5 WG

and structure

R 3

Composite gel

2 R Mk,
Co-constructed by proteins and
polysaccharides/lipids via intermolecular

forces

MM EER, A, BRF
Electrostatic interactions, hydrogen

bonds, chain entanglement, efc

4 00 9L B

It can significantly improve functional properties, such
as enhancing gel strength and water-holding capacity, or
providing environmental responsiveness (intelligent
delivery). Such as emulsion gels prepared from soybean

protein, zein with lipids™*!



VAK N B ARG B AR P 4, KAR R
R %

Gel network with water as the continuous
phase, in which water is immobilized within

the network

VAR A i Ay e g An, &R AR R =
% 1 284 i 2E A AL

A three-dimensional network formed by
proteins with liquid oil as the continuous

phase, which structures the oil

BTk TR QeARlE TR KRk
BT 8RR, REE SR BLEMEE
A

Solid material obtained by removing liquid
from hydrogels via special drying methods
(e.g., supercritical drying) while retaining the

porous network structure

A4, HEMER, ATRE, T 24
KAa & 4k R

Hydrogen bonds, electrostatic
interactions, ionic bonds, efc., mainly

acting in the aqueous phase

FaRemMAT e A EE, RAKME
ER, RE G R 5 BB HE

Self-assembly and hydrophobic
interactions of proteins in the oil phase,
or synergy between proteins and gelling

agents

B TR AT B % 09 HUARAR B e R B
AL T M

The mechanical strength of the
network before gel drying determines the

final structural integrity

REBHEL, LPHAELEGERR (mka&k
AFEG S IT) ARE T RERR, HMAL S AR M %
LRSS 1]

The most common type. Almost all traditional protein
gels (e.g., tofu made from soybean protein) are
hydrogels, whose properties highly depend on the
water-holding capacity of the network

AT M AR Ao R 5 69 B SRR R D, e 2 S
BEERERE . RRERIFG O Bt A, D
. k2. HiFka¥

Used to construct solid lipids with low saturated fat
content™, such as plant-based butter and low-fat spreads.
It provides good mouthfeel and thermal stability.
Examples include potato, soybean and pea proteins

A R 09 LI & ARG 5 Al a9t R AR,
EERTAERRMBR, dBMH . REMHIAEN L
HEEH RS GEBIK, kB, DR BRI
HEEEDT

Characterized by extremely high porosity, ultra-low
density and excellent specific surface area. Mainly
applied in non-food fields, such as adsorbents, thermal
insulation materials, or ultra-high loading carriers for
bioactive substances. Examples include soybean, wheat,

pea and sugar beet proteins®”

KB RE
Hydrogel
i AR
Oleogel
DA
Dispersion
medium
LHIR
Aerogel
iniaLE ¥ .
Fr @ B AL
Interfacial
) Interfacial gel
properties

& AR R-RK R A KT Em A IR
AR A S TSR 2
Stable films or networks formed by protein

adsorption and cross-linking at oil-water or

S IRH ) ARAKANEAR R
Fd sk, A4 B TRFELRAT .
SRR @ R AE M AR B Al P # M 2ER
%

LB A, AR B K. AT AMILR. F4E
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FHEFAE, L& TR R AT R RGN,
B ERY (o p-AF P E) kR EAREY



air-water interfaces

The core driving forces are
synergistically regulated by hydrophobic
interactions, electrostatic interactions,
interfacial disulfide bonds, hydrogen
bonds and ionic bonds, which strengthen
the interfacial membrane structure and
network cross-linking in the continuous

phase

Including emulsion gels and foam gels. Used for
stabilizing high internal phase emulsions, preparing
lightweight porous foods and structured fat substitutes.
Examples include soybean, wheat and pea proteins, with
tunable texture and lubricity. It is an excellent carrier for
lipophilic and hydrophobic bioactive compounds (e.g.,

B-carotene)t> !

FARE I /BRI EARE G R L AR
B, Wi es iR R, R RERA
RETBEFRAKRS, EQRER, X
A AR FHRE

Caused by drastic/instant changes in

BT, RARMEER (EEHER

FEAT I AP BBk S ok, MEEZEMTRAI S, o
RAKEER (Ke&dg) , EAThEReANE T

-

[&)

ek FEAR conditions or rapid response of proteins to ®EF) ] o ) )
) ) ) . ) o ) Gel forms rapidly within seconds to minutes, with a
Rapid gelation environmental alterations. Strong Ionic bonds, hydrophobic interactions )
] o ] ] ) potentially heterogeneous network structure. e.g.,
disturbances such as addition of (rapidly dominant after denaturation) o ) )
] ) ) brine-induced tofu (soybean protein), suitable for
high-concentration salts, strong acids, or ) o ) )
W) F A ) ) production processes requiring rapid setting
abrupt temperature changes induce rapid and
Kinetic . . .
non-specific aggregation of proteins on a
properties
large scale
Mg/ Tt e, BI%IERIL, B BRCRBANG, M —H P, B F TR
fE R BRA AL, & G RA L0 H s A4, HRMER., RARMEIER (B F (GepH FTRRE) , THAERERLRRKY RN
T AT, THAAARE, BARZA  KERRATAHFET) 5ol 4o GDL ABR 2B (K2&a) . X REN
4 2B % o
w64 254 Hydrogen bonds, electrostatic MAGFRER Gk, EREBERE)
Slow/Self-assembled ) ) ) ) ) ] )
ati Caused by slow/controllable changes in interactions, and hydrophobic Slow gelation rate, with uniform and ordered
gelation

conditions. Mild acidification, enzymatic
hydrolysis, or gentle heat treatment allows

sufficient time for partial protein unfolding,

interactions (occurring in an ordered

manner over a long timescale)

structure. The texture and functionality of the final gel
can be precisely regulated by controlling the rate of

condition changes (e.g., pH reduction rate)®®!. Such as,



rearrangement, and ordered aggregation,

leading to finer structures

GDL-induced silken tofu (soybean protein), certain

transparent nanofiber gels (e.g., wheat protein, zein)

9 254 1 77 A
(X 5 IR AR
)
Nature of
network
interactions
(Corresponding
to
environmental

stability)

o 3 SR B R OT 1 HR IR
Physically cross-linked
gel/Reversible gel

L5 SR B AL/ T 42
jiid
Chemically cross-linked

gel/Irreversible gel

WiRE. pH. B TRESFWEF S04
T F

Induced by changes in physicochemical
conditions such as temperature, pH, and ionic

strength

RN T 0 NS R
Involves the formation of irreversible

covalent bonds

M e, BK, A, Lk
&£

Non-covalent interactions:
electrostatic, hydrophobic, hydrogen

bonds, van der Waals forces

H 04t A, BBRAKRE, £8
BRI S.

Covalent bonds: disulfide bonds,
enzyme-catalyzed isopeptide bonds,

advanced Maillard cross-linking, efc

VR A &E), T, BIRWRHTHEELH R,
SR, REFERRSLEERN, W XKELHFG.
e, H8, AMGESF

Weak and reversible interactions. Gel properties are
susceptible to environmental changes. Most acid-induced
and heat-induced gels involve such interactions.
Examples include soybean protein isolate, pea, mung
bean, rice bran protein, etc

MAEE, RE &, WBEiE AR, @A ¥R
R, W kBHEa. KESHEOF

Stable network with high strength. Examples include
enzyme-induced gels and disulfide networks in dough.
Representative proteins: wheat gluten, soybean protein

isolate, etc
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