®

e

[ORY
l.'%??l.

Jurnal Agrotek UMMAT

p-ISSN 2356-2234 | e-ISSN 2614-6541 | SINTA accredited

Volume 13, issue 2, 2026

Mini-review of plant-based protein gel
source material and gelation induction

| Gde Adi Suryawan Wangiyana!, | Gusti Agung Ayu Hari Triandini2*
'Department of Forestry, Universitas Pendidikan Mandalika, West Nusa Tenggara,

Indonesia

2"Faculty of Health Sciences, Universitas Bhakti Kencana, West Java, Indonesia
*corresponding author: ayu.hari@bku.ac.id

ABSTRACT

People in low- and middle-income countries view plant protein as a cost-effective
alternative dietary source. Because of their practical qualities, plant proteins are
beneficial for functional food applications. One of the functional characteristics
of plant protein that may be further enhanced is the capacity to produce plant-
based gel, which can be utilized as a meal textural modification for particular
populations like older adults, dysphagia patients, and vegetarians/vegans.
However, the features of the plant protein source, which heavily relies on gel
induction technology, provide a major obstacle to the creation of food gel from
plant-based materials. For a plant-based gel product, four plant groups: legume,
cereal, pseudocereal, and vegetable tuber are recognized as possible protein
sources. Denaturation, aggregation, and cross-linking are the three main
processes by which this protein source creates gel. Aggregation is crucial in
determining the gel's physicochemical characteristics. To guarantee the
appropriate aggregation for the creation of the desired protein gel formation,
induction technology is crucial. In order to denature plant protein for appropriate
aggregation, this technology primarily uses physical techniques that either
operate without heat (non-thermal technology) or employ heat (thermal
technology). For improved plant-based gel quality, the chemical method of pH
shiffing and ionic strength treatment can be used with the physical method to
address the problem of plant protein solubility. A high-quality plant-based gel is a
viable food texture modification product that can be produced using an
appropriate plant protein source and efficient induction technique.
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INTRODUCTION

A plant-based diet has recently become
a worldwide trend in food preference
choices (Hargreaves et al., 2023). People
choose a plant-based diet for its positive
health benefits (Szabo et al., 20271;
Triandini et al., 2022). The plant-based
diet has a beneficial effect on
combating several diseases and
metabolic disorders, including
cardiovascular disease (Salehin et al.,
2023), stroke (T. Campbell, 2017), type |I

diabetes (1. M. Campbell et al., 2023),
dyslipidemia (Lee et al., 2021),
hypertension (Alexander et al., 2017),
disabling diseases (Greger, 2015),
overweight and  obesity  (Turner-
McGrievy et al., 2017). A plant-based
diet is also considered a choice when
people are concerned about ethical
issues with animal-based food (Klapp et
al., 2022). Furthermore, plant-based
products promote sustainability and
have little  environmental impact
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(Perignon et al, 2017). Sensory
evaluation also confirms that this
product is well accepted and promising
to be further developed (Triandini et al.,
2024).

Protein is the major compound in plant-
based food that is valuable forits positive
health benefits (Ahnen et al., 2019). Plant
protein is considered a sustainable
alternative  nutrient source that s
economically  affordable  for the
populations in low and middle-income
countries (Gradl et al., 2024). The
diversity of plant sources and
characteristics makes plant protein a
valuable ingredient to develop a variety
of food products (Q. Fu et al., 2023;
Wangiyana et al., 2024). Moreover, the
functional properties of plant protein
give a positive value to provide
functional uses in food applications
through processes such as solubilization,
emulsification, foaming, and dough
formation (Tan et al., 2023).

One of the functional properties of plant
protein that has the potential to be
further developed is the gelation
capacity (Hettiarachchy et al., 2013).
Food gel based on the gelation
capacity of plant protein is a promising
food product that has various
applications (Wangiyana & Triandini,
2023; Zha et al., 2021). This product is soft
and tender, which makes it easy to chew
for the older adult population with
mastication problems (Aguilera & Park,
2016). The cohesiveness of food gel
makes it safe to be swallowed by
dysphagia patients who have difficulty
swallowing (Cichero et al., 2017). This
ingredient also has a suitable texture to
be processed into meat analogue

product for vegetarian and vegan (H.-G.
Zhu et al., 2021).

Food gel production from plant-based
materials have several challenges for
improving product quality. The
characteristic of gel depends on the
geling capacity of the plant source
material, especially its main protein
storage (Hettiarachchy et al., 2013).
Most plants contain Globulins as the
main protein storage, which need
induction to form a gel when it is
suspended in aqueous solution (Nicolai
& Chassenieux, 2019). The purpose of this
study is to elaborate on the potential
plant source material of plant-based gel
and its gelation induction technology for
product improvement.

MECHANISM OF
FORMATION

PROTEIN GEL

The gelation of a protein molecule is a
transformation of its molecule from a sol
state info a gel-like structure through
physical or chemical processes. In terms
of rheological measurement, the gel
can be defined as a viscoelastic
material for which G' (storage modulus)
is greater than G" (loss modulus) and for
which both G' and G" are almost
independent of frequency. In terms of
non-rheological measurement,  gel
properties include protein crosslinking,
denaturation, extended protfein chains,
gel networks, opacity, and thermal
reversibility (Hettiarachchy et al., 2013).

Protein gel formation generally involves 3
primary steps: denaturation,
aggregation, and cross-linking. Applying
physical or chemical treatment can
disrupt the tertiary and secondary
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structure of a protein, causing its
unfolding, which is called "denaturation”.
Unfold proteins can then interact with
each other to form aggregates. The
aggregates form a 3-dimensional cross-
linking network leading to gel formation
(Ma & Chen, 2023).

Aggregation is the essential step in
protein gel formation that determines
the physicochemical properties of the
gel (Cao & Mezzenga, 2020). There are
four major aggregation-derived factors
in protein gel, including hydrophobic
interactions, electrostatic interactions,
disulfide bond formation, and hydrogen

bond (Table 1).

Table 1.
Major aggregation factor for several plant proteins

Plant protein

Major aggregation factor for gel formation

Reference

Maize protein

Disulfide bond for gel sfiffness and hydrogen bond for gel
structure

(X. D. Sun et al,
2015)

Potato protein

Disulfide bond linkage, which forms a higher molecular weight
polymer

(Z. K. Zhao et al,,
2018)

Barley protein

Disulfide bond crosslinking and hydrophobic interaction

(J. Zhao et dal,
2011)

The disulfide bond, which is significantly higher than the
hydrophobic and hydrogen bonds

(Arogundade et
al., 2012)

Sweet potato
protein
Rice protein

Exposing the free sulfhydryl group intfo a disulfide bond,
followed by hydrophobic interaction and hydrogen bonding

(Lian et al., 2024)

Lentil protein Fibrillar aggregates with hydrophobic interaction and (Jo et al., 2020)
disulfide bond influence the strong gel formation.

Chickpea Electrostatic interaction, hydrophobic interaction, and (Lin ef al., 2024)

protein hydrogen bond are the main drivers of protein aggregation
to form a gel network.

Pea protein Electrostatic and hydrophobic interactions are involved in  (X. D. Sun &
protein aggregation and initial gel formation, while the Arnffield, 2012)
hydrogen bond is responsible for gel stiffness.

Mung bean Hydrophobic interactions and disulfide bonds are the main  (Wang et al.,

protein forces for gel formation. 2023)

PLANT MATERIAL AND THE GELATION
CAPACITY

Protein gel from plant-based material
has been recently developed and has
promising pofency as a food textural
modification product (Floret et al., 2023;
Wangiyana et al., 2025). There are
several advantages of using plant-
based materials as a source of protein
gel. Firstly, plant-based materials have
better environmental sustainability due
to a low carbon footprint and low
resource demand (Kesumajayadi et al.,

2025; Xu et al., 2021). Secondly, plant-
based materials have certain health
benefits, including low cholesterol, low
allergy risk, and high fibre content (P.
Zhang, 2023). Thirdly, plant-based
materials are considered to have an
advantage in economic value due to
low production costs (Aschemann-Witzel
et al., 2021). Lastly, plant-based materials
are considered a better choice when
people are concerned about ethical
issues with animal-based materials
(Klapp et al., 2022).
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Plant-based materials have diverse
protein sources, offering protein gel with

become the source of protein gel (Sim et
al., 2021). However, several studies used

various flavours, textures, and nutritional plant-based materials only from 4
profiles. This diversity makes protein gel groups, including legume, ceredl,
from plant-based materials versatile and pseudocereal, and vegetable tuber
promising for development. Plants with (Table 2).
high protein content can generally
Table 2.
Plant-based materials as the protein gel source
Class Plant Main storage Gelation potency Reference
protein
Legume Soybean Glycinin (118 Gelation properties can be (Zheng et al.,
(Glycine max) Globulin) improved by ultrasound, microwave,  2022)
and high-pressure.
Pea (Pisum Legumin (11S  Protein gelation can be improved by  (Tanger et
sativum) Globulin) applying ionic strength at low pH. al., 2022)
Lupin (Lupinus Conglutin (7S Gelation property can be improved (Al-Ali et al.,
sp.) Globulin) by low heat and chemical-free 2021)
novel protein modification.
Red bean Phaseolin (7S It has a suitable gelation property, (Meng & Ma,
(Phaseolus Globulin) which can be improved by heat and  2002)
angularis) salt induction.
Broad bean Vicilin (7S It has the potency to be applied in (Freitas et al.,
(Vicia faba) Globulin) acidic food, where the gel strength 2000)
can be maintained.
Chickpea Legumin (11S It has an excellent gelling property, (T. Zhang et
(Cicer Globulin) which can be improved by adjusting  al., 2007)
adiantum) pH, sodium, and calcium chloride.
Pigeon pea Legumin (11S  Have an excellent thermal gelation (Ferndndez
(Cajanus Globulin) affected by pH and ionic strength Sosa et al.,
cgjan) 2023)
Cowpea Vicilin (7S Good gelation potency, which can (Ragab et
(Vigna Globulin) be improved by pH and salt al., 2004)
unguiculata) concentration
Lentil (Lens Legumin (11S  Protein gel improvement for food (Joetal,
culinaris) Globulin) texturization by heating and 2020)
adjusting pH
Peanut Arachin (118 Good potency of protein gelation, (Basse et al.,
(Arachis Globulin) which is improved by ionic strength 2020)
hypogaeaq) and enzymatic pre-tfreatment
Black bean Phaseolin (7S  Suitable protein gelation properties (L. Lietal,
(Phaseolus Globulin) that can be improved by ultrasound  2020)
vulgaris) treatment
Mung bean Phaseolin (7S It has a suitable gelation property, ((Wang et al.,
(Vigna radiata)  Globulin) which can be improved by 2023)
ultrasound treatment.
Alfalfa Convicilin (7S  Protein gelation improves by heat (P. Lamsal et
(Medicago Globulin) treatment (60 °C - 77 °C) at pH 7 al., 2005)
sativa)
Hyacinth bean  Vicilin (7S Protein gelation improves with (Purwanti et
(Lablab Globulin) heating freatment al., 2024;
purpureus) Subagio,
2006)
Ceredal Rice (Oryza Gilutelin Gel formation in rice protein (Lian et al.,
sativa) depends on base concentration 2024)

and heating, 50 - 80
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Maize (Zea Zein Protein gelation involving molecular (X. D. Sun et
mays) forces, which were determined by al., 2015)
various reagents
Sorghum Kafirin Protein gelling capacity in Kafirin film (L. S. da Silva
(Sorghum formation using a mixture of glycerol, & Taylor,
bicolor) PEG 400, and lactic acid. 2005)
Oat (Avena Avenins Heating (90 °C), alkaline conditions (Brckner-
sativa) (pH 8), and enzymatic modification GUhmann et
induce gel formation, which al., 2021)
improves protein aggregation.
Rye (Secale Secalins Gel formation occurs in high alkaline  (Lim et al.,
cereale) conditions (pH 12) with a minimum of  2013)
34 freeze-thaw cycles.
Barley Prolamins and  Ultrasound treatment, pH shifting, (Silventoinen
(Hordeum Glutelins and deamidation can improve & Sozer,
vulgare) barley protein's colloidal stability and  2020)
aggregation.
Pseudocereal Amaranth Albumin Protein gel water holding capacity (Bejarano-
(Amaranth Sp.) increases by heating at 80-90 °C and  Lujan et al.,
decreases with acid freatment. The 2010)
ideal protein concentration is >7%,
W/V.
Quinoa Globulin Protein gelling capacity improved by  (Kaspchak et
(Chenopodium acid (pH 3.5), heating (70 - 90 °C), al., 2017)
quinoq) and addition of divalent ions
(Ca?* and Mg?)
Buckwheat Albumin and Mild protease hydrolysis and (Yu etal,
(Fagopyrum Globulin ultrafiltration induced natural 2022)
tataricum) buckwheat self-assembly peptides,
which affect the hydrogel-forming
ability
Chia seed Globulin Alkaline extraction (pH 10 -12) and (Lopez et al.,
(Salvia temperature improve protein 2018;
hispanica) aggregation ability, foam stability, Timilsena et
and water absorption capacity. al., 2016)
Vegetable Potato Patatin Protein gelling capacity improved by (Y. Fu et al.,
tuber (Solanum (glycoprotein) temperature (minimum 45-50 °C), 2020; Katzav
fuberosum) high pressure (300-500 MPa), and et al., 2020)
acidic conditions (pH 3)
Sweet potato Sporamin Protein gelling capacity improved by  (Arogundade
(lpomoea (lectin) heat (76 — 79 °C), high pressure (400 et al., 2012; Z.
batatas) MPa), and alkali conditions (pH 2.0) K. Zhao et al.,
2018)

Legumes have excellent plant protein

protein  gel

with  excellent

gelling

quality, making this group the priority
source of protein gel (Tiong et al., 2025).
Protein content in legumes varies
depending on the species but s
expected on average, with a range of
20% - 30% per 100 grams (Jha et al.,
2022). With this high protein content,
various plant species in the legume
group can be chosen as sources of

capacity (Ge et al., 2023). Legumes are
also considered a sustainable protein
source, but have become underutilized,
so the exploration of protein gel using this
material should be increased (Semba et
al., 2021). Further appropriate food
processing in legume protein sources
can potentially increase the protein
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infake and its digestibility (King et al.,
2024).

Cereals have considerably lower protein
content compared to legumes.
However, this group has higher fibre
content, which can provide digestive
benefits (Serna Saldivar & Herndndez,
2020). Allergy considerations should be
noted when using cereal as a source
material for protein gel, especially
wheat. This issue occurs because older
adults tend to have an increased risk of
gluten allergy, which can cause coeliac
disease (Bathrellou et al., 2018). The
challenge of finding a processing
method to lower the risk of gluten allergy
issues might be promising for future
research when wheat protein is used as
a protein gel source material (Dong et
al., 2021).

Pseudocereals are plant-based
materials that resemble grains (like
cereal) but are classified differently
based on taxonomy studies. Several
plants in this group have high protein
content, making them excellent protein
gel sources, including amaranth, quinoa,
buckwheat, and chia seeds (Henrion et
al., 2020). However, some studies explore
the mucilage potency of pseudocereals
more than their potency as a gel protein
source (Ribes et al., 2022; Solanki et al.,
2024).

Potato and sweet potato are the two
plants in the tuber group that have been
widely used as protein gel source
material (Arogundade et al., 2012; Y. Fu
et al., 2020). Potato tuber contains higher
crude protein than sweet potato, which
shows a higher potency as a protein gel
source (Senanayake et al., 2013;

Wichrowska & Szczepanek, 2020). High-
pressure treatment can improve potato
and sweet potato protein  gelling
capacity (Katzav et al., 2020).

PROTEIN GELATION INDUCTION

The most common physical method for
protein gelation is thermal technology
(Figure 1). The basic principle of this
technology is transferring heat from the
instrument to the food sample, which
affects its protein molecular structure
(Singh et al, 2017). Applying a
temperature range mostly from 70 °C to
90 °C can disrupt the tertiary and
secondary structure of the protein,
causing its unfolding, which is called
"denaturation." Unfold proteins can then
inferact to form aggregates (Ma &
Chen, 2023). The aggregates form a 3-
dimensional network leading to gel
formation (Hettiarachchy et al., 2013).

Heat treatment is commonly used to
induce plant globulin gelation, the
primary storage protein in legumes
(Amagliani & Schmitt, 2017). The
temperature level in the gelation
process affects the protein aggregation
and stabilisation, which becomes the
main parameter of gel strength (Nicolai
& Chassenieux, 2019). Several legume
species can be classified into high,
medium, and low gel strength based on
the gelation ability under heat treatment
(Ge et al., 2023). Mixing different species
of legumes under heat treatment can
also be a good option for adjusting the
techno-functional properties and
nutritional characteristics of protein gel
(Guidi et al., 2022).
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Figure 1. The summary of fechnology to enhance the gelation of plant-based material

Advanced heating has been
developed tfo increase the efficiency
of heating treatment. One of the
advanced heating technologies that
combines heating and an electric field
used for plant-based protein
modification is ohmic heating (dos
Santos et al., 2024). This processing
method has improved  certain
parameters compared to conventional
heating methods, including shorter

heating  duration, avoiding hot
surfaces, reducing temperature
gradients, and achieving uniform
heating (Jaeger et al., 2016). The

efficiency of ohmic heating on food
textural modification depends on
optimizing pre-heating temperature,
processing ftime, and electric field
application (Gavahian et al., 2019).

Food processing technology that does
not use direct heating to the sample is

later called "non-thermal” technology
(Chacha et al., 2021). This technology
has emerged recently as an alternative
method for food processing and
preservation (F. V. M. Silva & Oey, 2023).
In non-thermal technology, food is
processed near room temperature,
which can decrease the damage risk
of heat-sensitive nutrients in  food
material (Jadhav et al., 2021). Food
processing using non-thermal
technology requires a short treatment
duration, keeping it fresh and less
change compared with fraditional
heating treatment, which requires a
longer treatment duration (Z. H. Zhang
et al., 2019). Non-thermal technology in
food processing is also considered
environmentally friendly in terms of
energy efficiency, water savings, and
low emissions (Pereira & Vicente, 2010).
These advantages show the promise of
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non-thermal technology applicationsin
food processing (Safwa et al., 2023).

Non-thermal technologies can modify
the structure and functionality of
proteins, including gelation (Barbhuiya
et al., 2021). Non-thermal technology
has various protein gelation
mechanisms compared to thermal
technology, which does not involve
high temperature as the main driver for
denaturing the native form of protein
(Venkateswara Rao et al., 2023).
Different non-thermal technologies
have different denaturation
mechanisms responsible for unique
plant-based protein gel structure and
functionality (Dash et al., 2024).

Physical treatment (thermal and non-
thermal) can be combined with
chemical treatment for plant-based
protein gelation (Ma & Chen, 2023).
Chemical freatment can improve
protein gelation when using plant-
based materials, especially because
plant protein isolate commonly has
insoluble particles that affect gel
quality (Janssen et al., 2024). Two
chemical freatments commonly
conducted in plant-based protein
gelation are pH siffing and ionic
strength (Tanger et al., 2022).

The main principle of the pH shifting
process is to treat protein isolate under
extremely alkaline or acidic conditions,
followed by adjusting pH tfo an
isoelectric point or to neutral pH (Z.-X.
Tang et al., 2021). Exposing protein to
extreme pH conditions far below or
above the isoelectric point (pi) can
promote charge repulsions.
Neutralisation  after extreme pH

tfreatment can produce aggregates
with excellent emulsifying and foaming
properties, which is considered a good
gel quality (J. Jiang et al., 2018).

Plant-based proteins commonly have a
particular pH value for pH-shifting
treatment. Several plant proteins from
the legume group can improve their
gel property quality by alkaline pH
shifting freatment at pH 12, including
mung bean protein (Jeong & Cho,
2024), soy protein (P. Sun et al., 2023),
and pea protein (P. Zhu et al., 2021).
Other legumes can be treated with
alkaline pH shifting at different effective
pH levels, including peanut protein at
pH 10 (J. Li et al., 2020) and chickpea
protein at pH 9 (Q. Tang et al., 2024).
Acid pH shifting treatment can also be
conducted in several plant-based
protein gelations, including quinoa
protein at pH 3.5 (Kaspchak et al., 2017)
and potato protein at pH 3 (Katzav et
al., 2020).

The main principle of ionic strength
treatment for protein gelation s
adjusting the concentration of ions
(salt) in protein solution, which affects
the electrostatic interaction between
protein molecules (L. Jiang et al., 2015).
Calcium is an ion that has been widely
used to improve protein gelation from
plant-based materials, including
cowpea protein (Peyrano et al., 2022),
potato protein (Wannasin et al., 2024),
soy protein (Peng et al., 2022), pea
protein (Ren et al., 2024), amaranth
protein (Marinacci et al., 2024), and
mung bean protein (Israkarn et al.,
2022). Other ions commonly used to
improve plant-based protein gelation
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are sodium (Chen et al.,, 2018) and
magnesium (Q. Zhu et al., 2017).

CONCLUSION

Through the four main stages of the gel
formation mechanism (denaturation,
aggregation, and cross-linking),
legumes, cereals, pseudocereals, and
vegetable tubers can be utilized as a
protein source for plant-based gel due
to their exceptional gelation ability.
Plant proteins are often denatured for
appropriate aggregation using
physical techniques that either employ
heat (thermal technology) or do not
(non-thermal technology). To improve
the quality of plant-based gel, the
physical method can be combined
with the chemical method through pH
shifting and ionic strength treatment.

ACKNOWLEDGEMENT

Special thanks to Prof. Indrawati Oey
and Dr. Jessie King from the Food
Science University of Otago, New
Zealand, for the guidance, supervision,
and kind help during the data
compilation for this study.

REFERENCES

Aguilera, J. M., & Park, D. J. (2016). Texture-
modified foods for the elderly: Status,
technology and opportunities. In
Trends in Food Science and
Technology (Vol. 57, pp. 156-164).

Elsevier Ltd.
https://doi.org/10.1016/].tifs.2016.10.0
01

Ahnen, R. T., Jonnalagadda, S. S., & Slavin,
J. L. (2019). Role of plant protein in
nutrition, wellness, and  health.
Nutrition Reviews, 77(11), 735-747.
https://doi.org/10.1093/nutrit/nuz028

Al-Ali, H. A., Shah, U., Hackett, M. J., Gulzar,
M., Karakyriakos, E., & Johnson, S. K.

(2021). Technological strategies fo
improve gelation properties of legume
proteins with the focus on lupin.
Innovative Food Science & Emerging
Technologies, 68, 102634.
https://doi.org/https://doi.org/10.1016
/j.ifset.2021.102634

Alexander, S., Ostfeld, R. J., Allen, K., &
Williams, K. A. (2017). A plant-based
diet and hypertension. Journal of
Geriatric Cardiology, 14(5), 327-330.
https://doi.org/10.11909/j.issn.1671-
5411.2017.05.014

Amagliani, L., & Schmitt, C. (2017). Globular
plant  protein  aggregates  for
stabilization of food foams and
emulsions. Trends in Food Science &
Technology, 67, 248-259.
https://doi.org/https://doi.org/10.1016
/j.1ifs.2017.07.013

Arogundade, L. A., Mu, T.-H., & Andn, M. C.
(2012). Heat-induced gelation
properties of isoelectric and
ultrafiltered sweet potato protein
isolate and their gel microstructure.
Food Research International, 49(1),
216-225.
https://doi.org/https://doi.org/10.1016
/j.foodres.2012.07.061

Aschemann-Witzel, J., Gantriis, R. F., Fraga,
P., & Perez-Cueto, F. J. A. (2021). Plant-
based food and protein trend from a
business perspective: markets,
consumers, and the challenges and
opportunities in the future. Critical
Reviews in Food Science and Nutrition,

61(18), 3119-3128.
https://doi.org/10.1080/10408398.2020
1793730

Barbhuiya, R. I., Singha, P., & Singh, S. K.
(2021). A comprehensive review on
impact of non-thermal processing on
the structural changes of food
components. In  Food Research
International (Vol. 149). Elsevier Ltd.
https://doi.org/10.1016/j.foodres.2021.
110647

Basse, B., Bosc, V., Saiter, J.-M., Chan-Huof,
M., Dupas, J.-P., Maillard, M.-N., &
Menut, P. (2020). Combined effects of
ionic strength and enzymatic pre-

100



Copyright © Wangiyana & Triandini (2026)

©N0le)

treatment in thermal gelation of
peanut proteins extracts. Food
Research International, 137, 109362.
https://doi.org/https://doi.org/10.1016
/j.foodres.2020.109362

Bathrellou, E., Kontogianni, M. D. &
Panagiotakos, D. B. (2018). Celiac
disease and non-celiac gluten or
wheat sensitivity and health in later
life: A review. Maturitas, 112, 29-33.
https://doi.org/https://doi.org/10.1016
/j.maturitas.2018.03.014

Bejarano-Lujdn, D. L., Lopes da Cunha, R.,
& Netto, F. M. (2010). Structural and
rheological properties of amaranth
protein concentrate gels obtained by
different processes. Food
Hydrocolloids,  24(6-7), 602-610.
https://doi.org/10.1016/j.foodhyd.201
0.02.007

Briockner-GUhmann, M., Kratzsch, A., Sozer,
N., & Drusch, S. (2021). Oat protein as
plant-derived gelling agent: Properties
and potential of modification. Future

Foods, 4.
https://doi.org/10.1016/j.fufo.2021.100
053

Campbell, T. (2017). A plant-based diet
and stroke. Journal of Geriatric
Cardiology, 14(5), 321-326.
https://doi.org/10.11909/j.issn.1671-
5411.2017.05.010

Campbell, T. M., Campbell, E. K., Attia, J.,
Ventura, K., Mathews, T., Chhabra, K.
H., Blanchard, L. M., Wixom, N,
Faniyan, T. S., Peterson, D. R,
Harrington, D. K., & Wittlin, S. D. (2023).
The acute effects of a DASH diet and
whole food, plant-based diet on
insulin  requirements and related
cardiometabolic markers in individuals
with insulin-treated type 2 diabetes.
Diabetes Research and Clinical

Practice, 202(May), 1-8.
https://doi.org/10.1016/j.diabres.2023.
110814

Coo, Y., & Mezzenga, R. (2020). Design
principles of food gels. In Natfure Food
(Vol. 1, Issue 2, pp. 106-118). Springer
Nature.
https://doi.org/10.1038/543016-019-

0009-x

Chacha, J. S., Zhang, L., Ofoedu, C. E,
Suleiman, R. A., Dotto, J. M., Roobab,
U., Agunbiade, A. O., Duguma, H. T.,
Mkojera, B. T., Hossaini, S. M., Rasag, W.
A., Shorstkii, I, Okpala, C. O. R,
Korzeniowska, M., & Guiné, R. P. F.
(2021). Revisiting Non-Thermal Food
Processing and Preservation
Methods—Action Mechanisms, Pros
and Cons: A Technological Update
(2016-2021). Foods, 10(6).
https://doi.org/10.3390/foods1006143
0

Chen, N., Chassenieux, C., & Nicolai, T.
(2018). Kinetics of NaCl induced
gelation of soy protein aggregates:
Effects of temperature, aggregate
size, and protein concentration. Food
Hydrocolloids, 77, 66-74.
https://doi.org/https://doi.org/10.1016
/j.foodhyd.2017.09.021

Cichero, J. A. Y., Lam, P., Steele, C. M,,
Hanson, B., Chen, J., Dantas, R. O.,
Duivestein, J., Kayashita, J., Lecko, C.,
Murray, J., Pillay, M., Riguelme, L., &
Stanschus, S. (2017). Development of
International Terminology and
Definitions for Texture-Modified Foods
and Thickened Fluids Used in
Dysphagia Management: The IDDSI
Framework. Dysphagia, 32(2), 293-
314. https://doi.org/10.1007/s00455-
016-9758-y

da Silva, L. S., & Taylor, J. R. N. (2005).
Physical, Mechanical, and Barrier
Properties of Kafirin Films from Red and
White Sorghum Miling Fractions.
Cereal Chemistry, 82(1), 9-14.
https://doi.org/https://doi.org/10.1094
/CC-82-0009

Dash, D. R., Singh, S. K., & Singha, P. (2024).
Recent advances on the impact of
novel non-thermal technologies on
stfructure and functionality of plant
proteins: A comprehensive review. In
Critical Reviews in Food Science and
Nutrition (Vol. 64, Issue 10, pp. 3151-
3166). Taylor and Francis Lid.
https://doi.org/10.1080/10408398.2022
2130161

101



Copyright © Wangiyana & Triandini (2026)

©Nolel

Dong, X., Wang, J., & Raghavan, V. (2021).

Critical reviews and recent advances
of novel non-thermal processing
technigues on the modification of
food allergens. Critical Reviews in
Food Science and Nutrition, 61(2),
196-210.

https://doi.org/10.1080/10408398.2020
1722942

dos Santos, I. F., Pimentel, T. C., da Cruz, A.

G., Stringheta, P. C., Martins, E., &
Campelo, P. H. (2024). Ohmic Heating
in Food Processing: An Overview of
Plant-Based Protein  Modification.
Processes, 12(9).
https://doi.org/10.3390/pr12091800

Ferndndez Sosa, E. I, Chaves, M. G.,

Peyrano, F., Quiroga, A. V., & Avanza,
M. V. (2023). Thermal Gelation of
Proteins  from Cajanus  cajan
Influenced by pH and lonic Strength.
Plant Foods for Human Nutrition, 78(3),
574-583.
https://doi.org/10.1007/s11130-023-
01086-2

Floret, C., Monnet, A.-F., Micard, V.,

Walrand, S., & Michon, C. (2023).
Replacement of animal proteins in
food: How to take advantage of
nutritional and gelling properties of
alternative protein sources. Critical
Reviews in Food Science and Nutrition,
63(7). 920-946.
https://doi.org/10.1080/10408398.2021
1956426

Freitas, R. L., Ferreira, R. B., & Teixeira, A. R.

(2000). Use of a single method in the
extraction of the seed storage
globulins from several legume species.
Application to analyse structural
comparisons within the major classes
of globulins. International Journal of
Food Sciences and Nutrition, 51(5),
341-352.
https://doi.org/10.1080/096374800426
939

Fu., Q., Zhao, J.,Rong. S., Han, Y., Liu, F., Chu,

Q.. Wang, S., & Chen, S. (2023).
Research Advances in Plant Protein-
Based Products: Protein Sources,
Processing Technology, and Food

Applications. Journal of Agricultural
and Food Chemistry, 71(42), 15429-
15444,
https://doi.org/10.1021/acs.jafc.3c02
224

Fu, Y., Liu, W.-N., & Soladoye, O. P. (2020).

Towards potato protein utilisation:
insights intfo separation, functionality
and bioactivity of patatin.
International Journal of Food Science
& Technology, 55(6), 2314-2322.
https://doi.org/https://doi.org/10.1111
/ijfs.14343

Gavahian, M., Tiwari, B. K., Chu, Y.-H., Ting,

Y., & Farahnaky, A. (2019). Food
texture as affected by ohmic heating:
Mechanisms involved, recent findings,
benefits, and limitations. Trends in
Food Science & Technology, 86, 328-
339.
https://doi.org/https://doi.org/10.1016
/j.1ifs.2019.02.022

Ge, J.,Sun, C,, Chang, Y., Li, S., Zhang, Y., &

Fang, Y. (2023). Understanding the
differences in heat-induced gel
properties of twelve legume proteins:
A comparative study. Food Research
International, 163, 112134.
https://doi.org/https://doi.org/10.1016
/j.foodres.2022.112134

Gradl, K., Sdnchez Herndndez, A. S.,

Grayson, W. L., Finnigan, T. J. A,
Theobald, H. E., Kashi, B., & Somoza, V.
(2024). What Technological and
Economic Elements Must be
Addressed to Support the
Affordability, Accessibility, and
Desirability of Alternative Proteins in
Low- and Middle-Income Countries?
Current Developments in Nutrition, 8,
102027.
https://doi.org/https://doi.org/10.1016
/j.cdnut.2023.102027

Greger, M. (2015). Plant-based diets for the

prevention and freatment of disabling
diseases. American Journal of Lifestyle
Medicine, 9(5), 336-342.

Guidi, S., Formica, F. A., & Denkel, C. (2022).

Mixing plant-based proteins: Gel
properties of hemp, pea, lentil proteins
and their binary mixtures. Food

102



Copyright © Wangiyana & Triandini (2026)

©Nolel

Research International, 161, 111752.
https://doi.org/https://doi.org/10.1016
/j.foodres.2022.111752

Hargreaves, S. M., Rosenfeld, D. L., Moreira,
A. V. B., & Zandonadi, R. P. (2023).
Plant-based and vegetarian diets: An
overview and definition of these
dietary patterns. European Journal of
Nutrition, 62(3), 1109-1121.

Henrion, M., Labat, E., & Lamothe, L. (2020).
Pseudocereals as Healthy Grains. In
Innovative Processing Technologies
for Healthy Grains (pp. 37-59).
https://doi.org/https://doi.org/10.1002
/9781119470182.ch3

Hettiarachchy, N., Kannan, A., Schafer, C.,
& Wagner, G. (2013). Gelling of Plant
Based Proteins. In Product Design and
Engineering: Formulation of Gels and
Pastes (pp. 221-245). wiley.
https://doi.org/10.1002/9783527 65474
1.ch8

Israkarn, K., Buathongjan, C., Gamonpilas,
C., Methacanon, P., &
Wisetsuwannaphum, S. (2022). Effects
of gellan gum and calcium
fortification on the rheological
properties of mung bean protein and
gellan gum mixtures. Journal of Food
Science, 87(11), 5001-5016.
https://doi.org/https://doi.org/10.1111
/1750-3841.16337

Jadhav, H. B., Annapure, U. S., & Deshmukh,
R. R. (2021). Non-thermal Technologies
for Food Processing. Fronfiers in

Nutrition, 8.
https://doi.org/10.3389/fnut.2021.6570
90

Jaeger, H., Roth, A., Toepfl, S., Holzhauser,
T., Engel, K.-H., Knorr, D., Vogel, R. F,,
Bandick, N., Kulling, S., Heinz, V., &
Steinberg, P. (2016). Opinion on the
use of ohmic heating for the treatment
of foods. Trends in Food Science &
Technology, 55, 84-97.
https://doi.org/https://doi.org/10.1016
/j.tifs.2016.07.007

Janssen, S. W. P. M., Pouvreau, L., & de
Vries, R. J. (2024). Commercial plant
protein isolates: The effect of insoluble

particles on gelation properties. Food
Hydrocolloids, 154, 110049.
https://doi.org/https://doi.org/10.1016
/j.foodhyd.2024.110049

Jeong, M.-S., & Cho, S.-J. (2024). Effect of
pH-shifting on the water holding
capacity and gelation properties of
mung bean protein isolate. Food
Research International, 177, 113912.
https://doi.org/https://doi.org/10.1016
/j.foodres.2023.113912

Jha, U. C., Nayyar, H., Parida, S. K,
Deshmukh, R., von Wettberg, E. J. B., &
Siddique, K. H. M. (2022). Ensuring
Global Food Security by Improving
Protein Content in Major Grain
Legumes Using Breeding and ‘Omics’
Tools.  International  Journal  of
Molecular Sciences, 23(14).
https://doi.org/10.3390/ijms23147710

Jiang, J., Wang, Q., & Xiong, Y. L. (2018). A
pH shift approach to the improvement
of interfacial properties of plant seed
proteins. Current Opinion in Food
Science, 19, 50-56.
https://doi.org/https://doi.org/10.1016
/j.cofs.2018.01.002

Jiang, L., Wang, Z., Li, Y., Meng, X., Sui, X.,
Qi, B., & Zhou, L. (2015). Relationship
Between Surface Hydrophobicity and
Structure of Soy Protein Isolate
Subjected to Different lonic Strength.
International  Journal  of  Food

Properties, 18(5). 1059-1074.
https://doi.org/10.1080/10942912.2013
865057

Jo, Y. J., Huang, W., & Chen, L. (2020).
Fabrication and characterization of
lenfil  protein gels from fibrillar
aggregates and the gelling
mechanism study. Food and Function,
11(11), 10114-10125.
https://doi.org/10.1039/d0fo02089¢c

Kaspchak, E., Oliveira, M. A. S. de, Simas, F.
F., Franco, C. R. C., Silveira, J. L. M.,
Mafra, M. R., & Igarashi-Mafra, L.
(2017). Determination of heat-set
gelation capacity of a quinoa protein
isolate (Chenopodium quinoa) by
dynamic oscillatory rheological
analysis. Food Chemistry, 232, 263-271.

103



Copyright © Wangiyana & Triandini (2026)

©Nolel

https://doi.org/10.1016/j.foodchem.2
017.04.014

Katzav, H., Chirug, L., Okun, Z., Davidovich-
Pinhas, M., & Shpigelman, A. (2020).
Comparison of Thermal and High-
Pressure Gelation of Potato Protein
Isolates. Foods, 9(8).
https://doi.org/10.3390/foods?081041

Kesumajayadi, L., Al-Farisi, S., Sumarlin, M.,
& Wangiyana, I. G. A. S. (2025). An
Analytical Study of Science Students’
Attitudes Toward Environmental
Conservation Issues and Actions.
International Journal of Ethnoscience
and Technology in Education, 2(2),
207-222.

King. J., Leong, S. Y., Alpos, M., Johnson, C.,
MclLeod, S., Peng, M., Sutton, K., &
Oey, . (2024). Role of food processing
and incorporatfing legumes in food
products to increase protein intake
and enhance satiety. Trends in Food
Science & Technology, 147, 104466.
https://doi.org/https://doi.org/10.1016
/].1ifs.2024.104466

Klapp, A. L., Feil, N., & Risius, A. (2022). A
Global Analysis of National Dietary
Guidelines on Plant-Based Diets and
Substitutions for Animal-Based Foods.
Current Developments in Nuftrition,
6(11), 1-19.
https://doi.org/10.1093/cdn/nzac144

Lee, K., Kim, H., Rebholz, C. M., & Kim, J.
(2021). Association between different
types of plant-based diets and risk of
dyslipidemia: A prospective cohort
study. Nutrients, 13(1), 1-13.
https://doi.org/10.3390/nu13010220

Li, J., Wu, M., Wang, Y., Li, K., Du, J., & Bai, Y.
(2020). Effect of pH-shifting tfreatment
on structural and heat induced gel
properties of peanut protein isolate.
Food  Chemistry, 325, 126921.
https://doi.org/https://doi.org/10.1016
/j.foodchem.2020.126921

Li, L., Zhou, Y., Teng, F., Zhang, S., Qi, B., Wu,
C., Tian, T., Wang, Z., & Li, Y. (2020).
Application of ultrasound treatment
for modulating the  structuradl,
functional and rheological properties

of black bean protein isolates.
International Journal of Food Science
& Technology, 55(4), 1637-1647.
https://doi.org/https://doi.org/10.1111
/ijfs.14428

Lian, Y., Li, Y., Lv, R., Wang, L., & Xiong, W.
(2024). The mechanism of alkali-
induced rice protein gel formation:
Effect of alkali concentration and
temperature. Food Hydrocolloids, 147,
109335.
https://doi.org/https://doi.org/10.1016
/j.foodhyd.2023.109335

Lim, Z. L., Low, N. H., Moffatt, B. A., & Gray,
G. R. (2013). Gelation in protein
extracts from cold acclimated and
non-acclimated winter rye (Secale
cereale L. cv Musketeer). Cryobiology,

66(2), 156-166.
https://doi.org/10.1016/j.cryobiol.2013
.01.001

Lin, J., Yang, J., Qi, X., Shen, M., & Xie, J.
(2024). Effect of cellulose nanofibrils on
formation, interactions and gelation
properties of chickpea protein isolate
emulsion gels. Food Hydrocolloids,
156.
https://doi.org/10.1016/j.foodhyd.202
4.110252

Lépez, D. N., Ingrassia, R., Busti, P., Bonino,
J.. Delgado, J. F., Wagner, J., Boeris, V.,
& Spelzini, D. (2018). *"Structural
characterization of protein isolates
obtained from chia (Salvia hispanica
L) seeds.” LWT, 90, 396-402.
https://doi.org/https://doi.org/10.1016
/j.wt.2017.12.060

Ma, Y., & Chen, F. (2023). Plant Protein
Heat-Induced Gels: Formation
Mechanisms and Regulatory
Strategies. Coatings, 13(11).
https://doi.org/10.3390/coatings1311
1899

Marinacci, A., Piermaria, J., & Speroni, F.
(2024). Cold-Set Gelation of Soybean
and Amaranth Proteins by Hydration
of Freeze-Dried Protein Previously
Denatured in the Presence of
Calcium. Food Biophysics, 19(2), 284—
297.  https://doi.org/10.1007/s11483-
023-09822-6

104



Copyright © Wangiyana & Triandini (2026)

©Nolel

Meng, G.-T., & Ma, C.-Y. (2002). Thermal
gelation of globulin from Phaseolus
angularis (red bean). Food Research
International, 35(4), 377-385.
https://doi.org/https://doi.org/10.1016
/S0963-9969(01)00132-6

Nicolai, T., & Chassenieux, C. (2019). Heat-
induced gelation of plant globulins. In
Current Opinion in Food Science (Vol.
27,  pp. 18-22).  Elsevier  Ltd.
https://doi.org/10.1016/j.cofs.2019.04.
005

P.Lamsal, B., G. Koegel, R., & Gunasekaran,
S. (2005). Gelation of dalfalfa soluble
leaf proteins. Transactions of the ASAE,
48(6). 2229-2235.
https://doi.org/https://doi.org/10.1303
1/2013.20070

Peng, Y., Kyriakopoulou, K., Keppler, J. K.,
Venema, P., & van der Goot, A. J.
(2022). Effect of calcium enrichment
on the composition, conformation,
and functional properties of soy
protein. Food Hydrocolloids, 123,
107191.
https://doi.org/https://doi.org/10.1016
/j.foodhyd.2021.107191

Pereira, R. N., & Vicente, A. A. (2010).
Environmental impact of novel
thermall and non-thermal
technologies in food processing. Food
Research International, 43(7), 1936-
1943.
https://doi.org/https://doi.org/10.1016
/j.foodres.2009.09.013

Perignon, M., Vieux, F., Soler, L. G., Masset,
G., & Darmon, N. (2017). Improving
diet sustainability through evolution of
food choices: review of
epidemiological studies on the
environmental impact of diefts.
Nuftrition Reviews, 75(1), 2-17.

Peyrano, F., de Lamballerie, M., Avanza, M.
V., & Speroni, F. (2022). High
hydrostatic pressure- or heat-induced
gelation of cowpea proteins at low
protein content: Effect of calcium
concentration. Food Hydrocolloids,
124, 107220.
https://doi.org/https://doi.org/10.1016
/j.foodhyd.2021.107220

Purwanti, E., Wangiyana, I. G. A. S,
Prinanta, W., & Sukr, A. (2024).
Numeric-Phenetic Study of Lablab
purpureus from East Java Based on
Morphology Character and DNA
Fingerprinting. Biosaintifika: Journal of
Biology & Biology Education, 17(1), 9-
18.

Ragab, D. M., Babiker, E. E., & Elfinay, A. H.
(2004). Fractionation, solubility and
functional properties of cowpea
(Vigna unguiculata) proteins  as
aoffected by pH and/or salt
concentration. Food Chemistry, 84(2),
207-212.
https://doi.org/https://doi.org/10.1016
/S0308-8146(03)00203-6

Ren, S., Zhang, G., Wang, Z., Sun, F., Cheng,
T.. Wang, D., Yang, H., Wang, Z., &
Guo, Z. (2024). Potentially texture-
modified food for dysphagia: Gelling,
rheological, and water fixation
properties of rice starch-soybean
protein composite gels in various
rafios. Food  Hydrocolloids, 153,
110025.
https://doi.org/https://doi.org/10.1016
/j.foodhyd.2024.110025

Ribes, S., Grau, R., & Talens, P. (2022). Use of
chia seed mucilage as a texturing
agent: Effect on instrumental and
sensory properties of texture-modified
soups. Food Hydrocolloids, 123,
107171.
https://doi.org/https://doi.org/10.1016
/j.foodhyd.2021.107171

Safwa, S. M., Ahmed, T., Talukder, S., Sarker,
A., & Rana, M. R. (2023). Applications
of non-thermal technologies in food
processing Industries-A review. Journal
of Agriculture and Food Research,
100917.
https://doi.org/https://doi.org/10.1016
/j.jafr.2023.100917

Salehin, S., Rasmussen, P., Mai, S., Mushtaq,
M., Agarwal, M., Hasan, S. M., Salehin,
S., Raja, M., Gilani, S., & Khalife, W. 1.
(2023). Plant Based Diet and lIts Effect
on Cardiovascular Disease.
International Journal of Environmental
Research and Public Health, 20(4), 1-

105



Copyright © Wangiyana & Triandini (2026)

©N0le)

13.
https://doi.org/10.3390/ijerph2004333
7

Semba, R. D., Ramsing, R., Rahman, N.,
Kraemer, K., & Bloem, M. W. (2021).
Legumes as a sustainable source of
protein in human diets. Global Food
Security, 28, 100520.

Senanayake, S. A., Ranaweera, K. K. D. S.,
Gunaratne, A., & Bamunuarachchi, A.
(2013). Comparative analysis  of
nutritional quality of five different
cultivars of sweet potatoes (pomea
batatas (L) Lam) in Sri Lanka. Food
Science & Nutrition, 1(4), 284-291.
https://doi.org/https://doi.org/10.1002
/fsn3.38

Serna Saldivar, S. O., & Herndndez, D. S.
(2020). Dietary Fiber in Cereals,
Legumes, Pseudocereals and Other
Seeds. In J. Welti-Chanes, S. O. Serna-
Saldivar, O. Campanella, & V. Tejada-
Ortigoza  (Eds.),  Science  and
Technology of Fibers in Food Systems
(pp. 87-122). Springer International
Publishing.
https://doi.org/10.1007/978-3-030-
38654-2_5

Silva, F. V. M., & Oey, I. (2023). Non-Thermal
Technologies for Food Processing. In
Applied Sciences (Switzerland) (Vol.
13, Issue 13). Multidisciplinary Digital
Publishing Institute (MDPI).
https://doi.org/10.3390/app 13137734

Silventoinen, P., & Sozer, N. (2020). Impact
of Ultrasound Treatment and pH-
Shifting on Physicochemical Properties
of Protein-Enriched Barley Fraction
and Barley Protein Isolate. Foods, 9(8).
https://doi.org/10.3390/foods?081055

Sim, S. Y. J., SRV, A., Chiang, J. H., & Henry,
C. J. (2021). Plant Proteins for Future
Foods: A Roadmap. Foods, 10(8).
https://doi.org/10.3390/foods1008196
7

Singh, A. P., Singh, A., & Ramaswamy, H. S.
(2017). Heat fransfer phenomena
during thermal processing of liquid
particulate mixfures—A review.
Critical Reviews in Food Science and

Nutrition, 57(7), 1350-1364.
https://doi.org/10.1080/10408398.2014
.989425

Solanki, D., Oey, I., Prakash, S., Bhandari, B.,

& Sahu, J. K. (2024). Prospects of using
non-thermal technologies for chia
seed mucilage extraction. Sustainable
Food Technology, 2(4), 993-1010.
https://doi.org/10.1039/D4FB0O007 4A

Subagio, A. (2006). Characterization of

Sun,

Sun,

Sun,

hyacinth bean (Lablab purpureus (L.)
sweet) seeds from Indonesia and their
protein isolate. Food Chemistry, 95(1),
65-70.
https://doi.org/https://doi.org/10.1016
/j.foodchem.2004.12.042

P.. Zhang, Q., Zhoo, Y., Zhao, D., Zhao,
X., Jiang, L., Zhang, Y., Wu, F., & Sui, X.
(2023). Improving gel properties of soy
protein isolate through alkaline pH-
shiffing, mild heat treatment, and
TGase cross-linking. Food
Hydrocolloids, 144, 108924.
https://doi.org/https://doi.org/10.1016
/j.foodhyd.2023.108924

X. D., & Amfifield, S. D. (2012).
Molecular forces involved in heat-
induced pea protein gelation: Effects
of various reagents on the rheological
properties of salt-extracted pea
protein gels. Food Hydrocolloids, 28(2),
325-332.

https://doi.org/10.1016/j.foodhyd.201
1.12.014

X.D., Lan, Y., Shi, D., Lu, S. W., Liao, H.,
Zhang, R. Y., Yao, X. M., Zhang, Y. L.,
Su, P., & Shan, H. (2015). Determination
of molecular driving forces involved in
heat-induced corn germ proteins
gelation. Journal of Cereal Science,
66, 24-30.
https://doi.org/10.1016/].jcs.2015.09.0
07

Szabo, Z.,Koczka, V., Marosvolgyi, T., Szabo,

E., Frank, E., Polyak, E., Fekete, K,
Erdelyi, A., Verzar, Z., & Figler, M.
(2021). Possible biochemical
processes underlying the positive
health effects of plant-based diets—a
narrative review. Nutrients, 13(8), 1-23.
https://doi.org/10.3390/nu13082593

106



Copyright © Wangiyana & Triandini (2026)

©Nolel

Tan, M., Nawaz, M. A., & Buckow, R. (2023).
Functional and food application of

plant profeins — a review. Food
Reviews International, 39(5), 2428-
2456.
https://doi.org/10.1080/87559129.2021
1955918

Tang, Q., Roos, Y. H., Vahedikia, N., & Miao,
S.  (2024). Evaluation on pH-
dependent thermall gelation
performance of chickpea, pea
protein, and casein micelles. Food
Hydrocolloids, 149, 109618.
https://doi.org/https://doi.org/10.1016
/j.foodhyd.2023.109618

Tang, Z.-X., Ying, R.-F., & Shi, L.-E. (2021).
Physicochemical and  functional
characteristics of proteins treated by
a  pH-shift  process: a  review.
International Journal of Food Science
& Technology, 56(2), 515-529.
https://doi.org/https://doi.org/10.1111
/ijfs.14758

Tanger, C., MdUller, M., Andlinger, D., &
Kulozik, U. (2022). Influence of pH and
ionic strength on the thermal gelation
behaviour of pea protein. Food
Hydrocolloids, 123, 106903.
https://doi.org/https://doi.org/10.1016
/j.foodhyd.2021.106903

Timilsena, Y. P., Adhikari, R., Barrow, C. J., &
Adhikari, B. (2016). Physicochemical
and functional properties of protein
isolate produced from Australian chia
seeds. Food Chemistry, 212, 648-656.
https://doi.org/https://doi.org/10.1016
/j.foodchem.2016.06.017

Tiong, A. Y. J., Crawford, S., de Campo, L.,
Ryukhtin, V., Garvey, C. J., Batchelor,
W., & van 't Hag, L. (2025). Legume
protein gelation: The mechanism

behind the formation of
homogeneous and fractal gels. Food
Hydrocolloids, 159, 110639.

https://doi.org/https://doi.org/10.1016
/j.foodhyd.2024.110639

Triandini, I. G. A. A. H., Wangiyana, I. G. A.
S., Ratnaningsih, Y., & Rita, R. R. N. D.
(2022). Pelatihan pembuatan teh
herbal penunjang primary health care
selama masa pandemi Covid-19 bagi

ibu PKK Tanjung Karang Kota
Mataram. SELAPARANG Jurnal
Pengabdian Masyarakat
Berkemajuan, 6(2), 630-636.

Triandini, 1. G. A. A. H., Wiranto, &
Wangiyana, I. G. A. S. (2024). Sensory
evaluation of cookies formulated with
rhizopora propagules flour using 9-
point hedonic scale. Journal of
Agritechnology and Food Processing,
4(2), 60-74.

Turner-McGrievy, G., Mandes, T., &
Crimarco, A. (2017). A plant-based
diet for overweight and obesity
prevention and freatment. Journal of
Geriatric Cardiology, 14(5), 369-374.
https://doi.org/10.11909/j.issn.1671-
5411.2017.05.002

Venkateswara Rao, M., Sunil, C. K., Rawson,
A. Chidanand, D. V, &
Venkatachlapathy, N. (2023).
Modifying the plant proteins techno-
functionalities by novel physical
processing fechnologies: a review.
Critical Reviews in Food Science and
Nutrition, 63(19), 4070-4091.

Wang, R.-X., Li, Y.-Q., Sun, G.-J., Wang, C.-
Y., Liang, Y., Huag, D.-L., Chen, L., & Mo,
H.-Z. (2023). The improvement and
mechanism of gelation properties of
mung bean protein treated by

ulfrasound.  LWT, 182, 114811.
https://doi.org/https://doi.org/10.1016
/jwt.2023.114811

Wangiyana, I. G. A. S., Drudi, F., King, J.,
Leong, S. Y., Kim, E. H.-J., Sutfton, K., &
Oey, | (2025). Rheological and
Textural Properties of Plant-Based Gel
Derived From Pulsed Electric Field-
Treated Oat Flour and Pea Protein.
Sustainable  Food Proteins, 3(4),
e70043.
https://doi.org/https://doi.org/10.1002
/sfp2.70043

Wangiyana, I. G. A. S., Kurnia, N., Triandini,
l. G. A. A. H., & Fatihatum, F. (2024).
Sensory evaluation of palm sugar
candy from Arenga sap water and
agarwood leaves infusion using a 9-
point hedonic scale. Jurnal Agrotek
Ummat, 11(2), 142-155.

107



Copyright © Wangiyana & Triandini (2026)

©N0le)

https://doi.org/10.31764/jau.v11i2.227
56

Wangiyana, I. G. A.S., & Triandini, I. G. A. A.

H. (2023). Forest herbal tea should be
promoted in Indonesia. Jurnal Silva
Samalas, 6(2), 8-14.

Wannasin, D., Ryu, J., & McClements, D. J.

(2024).  Innovative  method  for
producing plant-based meat
analogs: Acid/calcium-induced
internal gelation of potato
protein/alginate composites.
International Journal of Biological
Macromolecules, 270, 132069.

https://doi.org/https://doi.org/10.1016
/j.ijbiomac.2024.132069

Wichrowska, D., & Szczepanek, M. (2020).

Possibility of Limiting Mineral
Fertilization in Potato Cultivation by
Using Bio-fertilizer and Its Influence on
Protein Content in Potato Tubers.
Agriculture, 10(10).
https://doi.org/10.3390/agriculture 101
00442

Xu, X., Sharma, P., Shu, S., Lin, T.-S., Ciais, P.,

Tubiello, F. N., Smith, P., Campbell, N.,
& Jain, A. K. (2021). GClobal
greenhouse gas emissions from
animal-based foods are twice those of
plant-based foods. Nature Food, 2(9),
724-732.
https://doi.org/10.1038/543016-021-
00358-x

Yu, M., Lin, S., Ge, R., Xiong, C., Xu, L., Zhao,

Zha,

M., & Fan, J. (2022). Buckwheat self-
assembling peptide-based hydrogel:

Preparatfion,  characteristics  and
forming mechanism. Food
Hydrocolloids, 125.

https://doi.org/10.1016/j.foodhyd.202
1.107378

F.. Rao, J., & Chen, B. (2021). Plant-
based food hydrogels: Constitutive
characteristics, formation, and
modulation. Current Opinion in Colloid
& Interface Science, 56, 101505.
https://doi.org/https://doi.org/10.1016
/j.cocis.2021.101505

Zhang, P. (2023). The Role of Diet and

Nutrition in Allergic Diseases. Nutrients,

15(17).
https://doi.org/10.3390/nu15173683

Zhang, T., lJiang, B., & Wang, Z. (2007).

Gelation properties of chickpea
protein isolates. Food Hydrocolloids,
21(2), 280-286.
https://doi.org/https://doi.org/10.1016
/j.foodhyd.2006.04.005

Zhang, Z. H., Wang, L. H., Zeng, X. A., Han,

Z., & Brennan, C. S. (2019). Non-
thermal technologies and its current
and future application in the food
industry. International Journal of Food
Science & Technology, 54(1), 1-13.

Zhao, J., Tian, Z., & Chen, L. (2011). Effects

of deamidation on aggregation and
emulsifying properties of barley
glutelin. Food Chemistry, 128(4), 1029-
1036.
https://doi.org/10.1016/j.foodchem.2
011.04.009

Zhao, Z. K., Mu, T. H., Zhang, M., & Richel, A.

(2018). Chemical Forces, Structure,
and Gelation Properties of Sweet
Potato Protein as Affected by pH and
High Hydrostatic Pressure. Food and
Bioprocess Technology, 11(9), 1719-
1732. https://doi.org/10.1007/s11947-
018-2137-y

Zheng, L., Regenstein, J. M., Zhou, L., &

Zhu,

Zhu,

Wang, Z. (2022). Soy protein isolates: A
review of their composition,
aggregation, and gelation.
Comprehensive Reviews in Food
Science and Food Safety, 21(2), 1940-
1957.
https://doi.org/https://doi.org/10.1111
/1541-4337.12925

H.-G., Tang, H.-Q., Cheng, Y.-Q., Li, Z.-
G., & Tong, L.-T. (2021). Potential of
preparing meat analogue by
functional dry and wet pea (Pisum
safivum) protein isolate. LWT, 148,
111702.
https://doi.org/10.1016/j.Iwt.2021.1117
02

P.. Huang, W., Guo, X., & Chen, L.
(2021). Strong and elastic pea protein
hydrogels formed through pH-shifting
method. Food Hydrocolloids, 117,

108



Copyright © Wangiyana & Triandini (2026)

[©Nolel

106705.

https://doi.org/https://doi.org/10.1016

/j.foodhyd.2021.106705

Zhu, Q., Zhao, L., Zhang, H., Saito, M., & Yin,
L. (2017). Impact of the release rate of
magnesium ions in multiple emulsions
(water-in-oil-in-water) containing BSA
on the resulting physical properties

and microstructure of soy protein gel.
Food Chemistry, 220, 452-459.
https://doi.org/https://doi.org/10.1016
/j.foodchem.2016.10.016

109



