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aracterization of chickpea protein
isolate and its application in the development of
a plant-based frozen dessert

Muhammed Arshad P.,a Neha Sharma*a and Maanas Sharma *b

The purpose of this study was to develop a plant-based frozen dessert fortifiedwith chickpea protein isolate

(CPI) and then assess its physicochemical, functional, and sensory qualities. CPI was selected for its high

protein content (84.69%) and positive functional properties, including solubility (60.2%), foaming capacity

(62.37%), and emulsion capacity (69.54%). The formulations S1, S2, and S3 represented 5%, 10%, and 15%

CPI, respectively. As the CPI concentration increased, the pH rose from 6.68 to 6.98, while the titratable

acidity decreased from 0.18% to 0.15%. The protein content ranged from 3.89% to 4.03%, and the fat

content slightly decreased from 4.07% to 3.97%. Viscosity increased from 2317 to 2709 cP, but the

overrun reduced from 31.56% to 28.78% as the CPI increased. The melting resistance improved, and the

melting time increased from 47.78 to 51.05 minutes. The enhanced melting resistance was attributed to

the emulsifying and foaming properties of CPI, which stabilized the fat globules and air cells and slowed

the ice crystal growth during melting. Sensory evaluation revealed that the formulation containing 10%

CPI (S2) was the most similar to the control in terms of overall acceptability. These findings demonstrate

the potential of CPI as a functional protein source in non-dairy frozen desserts, providing an enhanced

texture and stability while maintaining an acceptable sensory quality.
Sustainability spotlight

This study encourages sustainable food innovation via the development of a non-dairy frozen dessert with chickpea protein isolate (CPI) and oat drink, both of
which are resource-efficient, plant-based ingredients. Chickpeas are drought-tolerant and require little irrigation, and oats provide health advantages and have
a lower environmental impact than dairy. This frozen treat decreases greenhouse gas emissions by replacing animal-derived components, addresses lactose
sensitivity, and promotes vegan diets. The formulation retains favorable sensory and functional qualities, making it a viable alternative to traditional ice creams.
This study supports global sustainability goals by providing a healthy, low-impact, and inclusive product for environmentally concerned and health-sensitive
consumers.
1. Introduction

The demand for non-dairy-based beverages has increased by
61% since 2012. New diets like vegetarian and vegan have also
increased the demand for plant-based drink alternatives
(PBDAs). PBDAs are made from water extracts of plants like
legumes, nuts, and grains. They are called “drinks” or “bever-
ages” instead of “milk”.1 High levels of saturated fats and
cholesterol are present in animal-based foods that are linked to
high risk of cardiovascular diseases. However, fruit and
vegetable rich diet are linked to reduced risk of cardiovascular
diseases. The environmental impact of animal agriculture has
increased consumer interest in sustainable foods. A critical
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25, 3, 2192–2203
overview of the dairy industry is necessary because cows are
a major greenhouse gas source. Cows are bigger greenhouse gas
emitters than other livestock. Livestock production contributes
to only 18% of the total greenhouse gas emissions.2 Lactose is
a sugar in milk. 65% of the global population has a reduced
lactose digestion ability. A milk-free diet can lower the risks of
cardiovascular diseases, cancer, atherosclerosis, and diabetes.
Its downsides include lower protein content, limited mineral/
vitamin absorption, and potential oral health issues.3 Plant-
based drink alternatives are essential for the vegan food
industry. They are crucial for lactose-intolerant and cow milk-
allergic consumers. However, the protein content in plant-
based drinks is low, except for soy drinks. A nutritional
assessment of PBDAs has not been extensively explored. PBDAs
are naturally low in fat, but vegetable oils are added in them for
the creamy texture.2

Proteins are important in frozen desserts because they help
create and stabilize its structure, including the foam and lipid
© 2025 The Author(s). Published by the Royal Society of Chemistry
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emulsion. They also play a role in how fat globules come
together during freezing. Adding more protein can make
a frozen dessert healthier and change its texture. Soy and pea
proteins are popular plant-based choices because they can hold
water, form gels, absorb fat, and make emulsions. However,
they may neither have good protein quality nor will they be
easily digestible as animal-based proteins frommeat, dairy, and
eggs. Chickpea (Cicer arietinum L.) is a widely grown and
consumed legume crop globally. Chickpea is economical and
nutrient-dense with 20–22% protein. Drought resistance,
affordability, and high protein content make it promising. Its
cultivation and use can contribute to sustainable, protein-rich
food solutions.4 Chickpea has a comparable protein content
to other legumes like common beans and soybeans. Chickpea
protein has high bioavailability and digestibility (48–89.01%).
The main storage proteins are globulins (legumin and vicilin)
and albumins. Chickpea proteins have a good amino acid
balance (Glu, Asp, Arg, Leu, Phe, Lys, and Ser) and are decient
in sulfur-containing amino acids Met and Cys. Heat treatment
enhances their nutritional quality by removing anti-nutritional
factors. They are a valuable protein source for vegans, plant-
based diets, and low socioeconomic groups. Albumins (15–
25%) and globulins (60–80%, vicinin and legumin) are major
fractions. Albumins have a higher nutritive value due to lysine
and sulfur amino acids. Chickpea proteins have a high biolog-
ical value, balanced amino acids, and low anti-nutritional
factors. Their potential health benets and functional proper-
ties make pea proteins versatile.

Oats (Avena sativa L.) are rich in protein, soluble ber, and
bioactive compounds. Bioactive compounds include b-glucans,
phenolic compounds, and phytic acid. These elements are
important for nutrition and health benets.5 Their benets
include preventing type II diabetes and reducing cholesterol.
Oats have a high protein content (15–20 g/100 g) compared with
other cereal grains (7–14 g/100 g). Oat protein contains all
essential amino acids, including lysine. Peptides from hydro-
lyzed oat proteins have anti-oxidant, anti-inammatory, anti-
fatigue, and anti-hypertensive effects. Oat drinks have
emerged as prominent plant-based drinks globally. Oat drinks
have surpassed almond drinks in sales in the UK.6

Fat globules inhibit ice crystal growth and prevent coarse-
ness.7 Ingredients include sugars, lipids, stabilizers, and water.
A homogeneous blend and proper emulsication are crucial for
quality. Developing a non-dairy frozen dessert with a creamy
texture is challenging. Dairy fats play a key role in the creamy
mouthfeel. Coconut oil, used in many plant-based frozen
desserts, is high in saturated fats. Replacing saturated fats with
unsaturated fats can reduce heart disease risk by around 13%.8

The objective of this study is to extract and characterize the
protein isolate from chickpeas, assess its functional character-
istics, proximate its composition, and investigate its potential
use to develop a plant-based frozen dessert. The study speci-
cally aims to evaluate the physical, chemical, functional,
nutritional, and sensory qualities of the nal product while
utilizing the incorporation of chickpea protein isolate at
different concentrations using the oat drink as the base.
© 2025 The Author(s). Published by the Royal Society of Chemistry
2. Materials and methods
2.1. Procurement of raw materials

The raw material required to extract the protein isolate from
chickpeas (Kabuli) was collected from an agricultural store,
Lovely Professional University, Punjab, India. The collected
chickpeas were washed properly with tap water to remove dust
and other foreign particles. The washed chickpeas were kept in
a tray drier at 60 °C for 8 h to obtain the optimum moisture
content for the preparation of the chickpea powder, as pre-
sented in Fig. 1. The moisture content was studied in an oven at
105 °C till it attained a constant weight.9
2.2. Preparation of the chickpea powder

The dried chickpea grains were ground into a ne powder with
the help of a grinder. The powder was then lled into plastic
bags (Ziploc) and kept in a locker at room temperature to avoid
moisture and contamination.
2.3. Protein extraction

300 g of defatted chickpea our was dispersed in 3000 mL of
water, and the pH of the solution was adjusted to 9.0 using 1.0 N
NaOH. Then, the solution was stirred at room temperature for
1 h, with the pH checked and re-adjusted to 9.0 in a 30-min
interval, followed by centrifugation at 6000 rpm for 20 min.
Pellet A was discarded, and supernatant A was ltered through
a muslin cloth. The pH of the ltered solution was adjusted to
4.9 using 1.0 N HCl to precipitate globulin protein, followed by
centrifugation at 6000 rpm for 5 min. Then, supernatant B was
discarded, and pellet B was collected and re-dispersed in
200 mL of water by stirring for 2 h at room temperature to
ensure full dispersion. The pH of the globulin protein solution
was neutralized to 7.0 using 0.1 N NaOH, and then, the globulin
protein fraction powder was obtained by freeze-drying for
90 h.10
2.4. Proximate analysis and functional properties of
chickpea protein isolate

The moisture content of chickpea protein isolate (CPI) was
determined using a hot-air oven at 105 °C till it attained
a constant weight.9 The ash content was determined for the
charred sample. The crucible was placed in a muffle furnace at
600 °C for 2 h. Aer that, the crucible was cooled in a desiccator
and weighed.11 The protein content of CPI was determined
using the Kjeldahl method using a digestion and distillation
unit.12 The fat content of the CPI powder was determined using
the Soxhlet apparatus.9 The ber content of CPI was determined
using the gravimetric method.13 The total carbohydrate content
was calculated by difference.14 The carbohydrate percentage was
calculated using eqn (1).

Carbohydrate (%) = 100 −
(fat + moisture + ash + fiber + protein) (1)
Sustainable Food Technol., 2025, 3, 2192–2203 | 2193
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Fig. 1 Flow chart of the preparation of CPI.
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2.5. Characterization of CPI

2.5.1 Solubility. Protein solubility (%) was measured
according to the procedure reported by Stone et al. (2015).14

0.2 g of CPI was dispersed in 19 mL of a 0.1 N NaCl solution. The
pH was adjusted to 7.00 using either 0.5 N HCl or NaOH, and
the mixture was stirred at 500 rpm for 1 h at room temperature.
The total solution volume was then adjusted to 20.0 mL with
0.1 N NaCl. The mixtures were le to stand for 10 min to allow
precipitation. Subsequently, the solution was centrifuged at
4180 rpm for 10 min at room temperature. The protein content
of the supernatant was determined using a micro-Kjeldahl
digestion and distillation unit.

Solubility ð%Þ ¼
�
protein content in supernatant

total protein content in sample

�
� 100 (2)
2194 | Sustainable Food Technol., 2025, 3, 2192–2203
2.5.2 Water holding capacity and oil holding capacity. The
water and oil holding capacities of the protein isolate were
assessed using the method described by Tan et al. (2014).15 0.1 g
of the sample was suspended in either 1.5 mL of water or an
equal amount of sunower oil, respectively, for 1 min in a pre-
weighed centrifuge tube and then held at room temperature for
30 min. Aer centrifugation at 5000g for 30 min, the superna-
tant was discarded, and the water and oil holding capacities
were determined by weighing.

2.5.3 Emulsifying capacity and emulsion stability. Emul-
sion capacity and stability were assessed using a method re-
ported by Shen et al. (2021).16 Chickpea protein (1.75 g) was
homogenized with 25 mL of distilled water for 30 s using
a blender. Subsequently, 25 mL of soybean oil was added to the
© 2025 The Author(s). Published by the Royal Society of Chemistry
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suspension and homogenized for another 30 s. The resulting
emulsion was then centrifuged at 1100 rpm for 5 min. Emulsion
capacity (EC) was calculated using eqn (3):

EC ð%Þ ¼
�
H1

H0

�
� 100 (3)

whereH0 is the total height of the emulsion in the tube andH1 is
the height of the emulsied layer.

For emulsion stability (ES), the emulsion was heated at 80 °C
for 30 min and then centrifuged in the same manner. The
emulsion stability was calculated similarly to EC.

2.5.4 Foaming capacity and foaming stability. Foaming
capacity and stability were measured following the method
described by Shen et al. (2021).16 0.5 g of protein was dispersed
in 50 mL of deionized water in a beaker. The suspension was
homogenized for 2 min at 20 000 rpm and then immediately
transferred to a graduated cylinder, and its volume was recor-
ded (V1). Foaming capacity (FC) was calculated using eqn (4):

FC ð%Þ ¼
�
V1 � V2

V0

�
� 100 (4)

where V0 is the initial volume of the protein suspension and V2
is the volume of the protein suspension aer homogenization at
0 min.

The total volume was recorded at 0, 15, 30, 45, 60, 75, and
90 min. Foam stability (FS) was calculated using eqn (5):

FS ð%Þ ¼
�
Vt

V0

�
� 100 (5)

where Vt is the volume of foam at a specic time aer
homogenization.

2.5.5 Bulk density and tapped density. To determine the
bulk density of the protein powder, 2 g of the sample was added
to a 10-mL graduated cylinder, and its volume was recorded.
The bulk density was calculated by dividing the mass by the
volume (kg m−3). Then, using a glass rod, 150 taps were per-
formed at a constant speed on the powder sample in the grad-
uated cylinder. The tapped density was calculated by dividing
the mass by the volume of the sample aer tapping.17
2.6. Preparation of the optimal plant-based frozen dessert
based on the oat drink and incorporating chickpea protein
isolate

2.6.1 Procurement of raw materials. The raw material
(oats) required to prepare the oat drink was collected from the
agricultural store, Lovely Professional University, Punjab, India.

2.6.2 Preparation of the oat drink. The preparation of the
oat drink was performed according to the method by Deswal
et al. (2014) with minor changes.18 300 g of organic rolled oats
was weighed and mixed with 900 mL of distilled water in a bowl
while maintaining a 1 : 3 ratio of oats to water. The oats were
allowed to soak for 8 h at room temperature to soen and
hydrate the grains. Aer soaking, the oats were drained and
transferred to a blender. Fresh distilled water was added to the
blender, maintaining the same 1 : 3 ratio (900 mL of water for
300 g of oats). The mixture was blended at a high speed for 2–
© 2025 The Author(s). Published by the Royal Society of Chemistry
3 min until a smooth, homogenous slurry was obtained. Aer
blending, the oat mixture was ltered using a muslin cloth. The
oat drink was pasteurized by heating it at 85 °C for 15 s to
ensure microbial safety and extend the shelf life. The oat drink
was rapidly cooled and stored in an airtight container at 4 °C in
a refrigerator until further use in frozen dessert production.

2.6.3 Preparation of the frozen dessert incorporating
chickpea protein isolate. The formulation methods for the oat
drink-based frozen dessert containing CPI were inspired by
Atallah (2017)19 and Vogelsang-O'Dwy (2021).20 The samples
were prepared using different concentrations of the oat drink
combined with varying amounts of CPI (5, 10, or 15%). It was
noted during trials that >15% CPI destabilized the protein in
the O/W emulsion.21 A control dessert was also made by
following the same steps without adding CPI. For each frozen
dessert batch (100 g), the oat drink was mixed with 12% sugar,
5% coconut oil, 0.12% guar gum, 0.2% xanthan gum, 0.3%
lecithin, 0.1% salt, and 0.5% vanilla essence. The mixtures were
pasteurized at 85 °C for 1 min and then homogenized using an
electric mixer to evenly distribute the ingredients. The homog-
enized frozen dessert bases were rapidly cooled to 4 °C and aged
for 12 h in a refrigerator to improve texture and stability. Aer
aging, each base was churned using an electric mixer until
reaching the desired consistency. The churned frozen desserts
were packed into airtight containers and hardened at−22 °C for
24 h before serving. This standardized method ensured
consistency across the different oat drink-based frozen dessert
formulations with varying chickpea protein levels as well as the
control, allowing for comparative analysis of their properties, as
given in Fig. 2 and Table 1.
2.7. Physiochemical properties of the developed frozen
dessert

2.7.1 pH. The pH values were measured according to the
AOAC 14.022 method. Approximately 10 g of the samples was
combined with 100 mL of deionized water and agitated for
5 min. The pH of the resulting ltrate was subsequently
measured using a Mettler-Toledo Delta 320 pH meter. Prior to
the measurement, the pH meter underwent calibration using
buffer solutions with pH values of 4.0 and 10.0.

2.7.2 Titratable acidity. Titratable acidity was expressed as
the percent acid present and determined by titration against
0.1 N phenolphthalein as an endpoint indicator. The pH value
was obtained using a digital pH meter (Mettler-Toledo Delta
320) aer standardizing with buffers.22

2.7.3 Protein. The protein estimation of the prepared plant-
based frozen desserts was carried out using the Kjeldahl
method (AOAC 2005). From the nitrogen content of the
samples, the protein content of different samples was calcu-
lated by multiplying by a factor of 6.25.23

2.7.4 Fat. The fat contents of the developed plant-based
frozen desserts were determined using the Soxhlet method.24

The calculation was performed using a specic formula out-
lined in ref. 23.

2.7.5 Melting time. To determine the melting time, a metal
ring shaped like a cone (stored at−30 °C for 24 h, with a 35-mm
Sustainable Food Technol., 2025, 3, 2192–2203 | 2195
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Fig. 2 Flow chart of the preparation of the optimal plant-based frozen dessert based on the oat drink by incorporating CPI.
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height, a 35-mm upper diameter, a 25-mm lower diameter, and
a volume of 30 mL) was inserted into the sample. Subsequently,
the frozen dessert samples were removed from the ring, placed
2196 | Sustainable Food Technol., 2025, 3, 2192–2203
on a funnel with a mesh, and then transferred to a temperature-
controlled chamber set at 25 °C. The time taken for the rst
drop of the melted frozen dessert to drip was then recorded.25
© 2025 The Author(s). Published by the Royal Society of Chemistry
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Table 1 Formulations of the oat drink-based frozen dessert incor-
porated with chickpea protein isolate

Formulation Control (%) S1 (%) S2 (%) S3 (%)

Oat drink 81.78 76.78 71.78 66.78
CPI 0 5 10 15
Coconut oil 5 5 5 5
Sugar 12 12 12 12
Guar gum 0.12 0.12 0.12 0.12
Xanthan gum 0.2 0.2 0.2 0.2
Lecithin 0.3 0.3 0.3 0.3
Salt 0.1 0.1 0.1 0.1
Vanilla essence 0.5 0.5 0.5 0.5
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2.7.6 Viscosity. The viscosity of the prepared oat drink-
based frozen dessert incorporated with CPI was measured
using a rotatory viscometer at an rpm of 50. The spindle used in
the viscometer is L0, and the viscosity is reported as cP. The
frozen dessert was melted at 4 °C for 24 h before viscosity
measurements. The readings were noted and later analyzed.

2.7.7 Overrun. The overrun was calculated using the
difference in the weights of a xed volume of the frozen dessert
mixture and the frozen dessert aer churning. A gravitational
cup was lled with the frozen dessert mixture aer aging and
weighed; then, the cup was lled with the frozen dessert aer
creaming. The formula is as follows, and the results were
expressed as %.26

Overrun ¼ ðM � IÞ
I

� 100 (6)

where M is the weight of the developed frozen dessert aer
aging and I is the weight of the frozen dessert.

2.7.8 Total solids (TS). The total solid content of the frozen
dessert was determined according to the AOAC 2005 stan-
dards.27 The total solids of the samples were determined by
drying the samples at 105 °C overnight to a constant weight
using an air oven.

2.7.9 Sensory evaluation. The sensory evaluation of the
samples of the oat drink-based frozen dessert incorporated with
CPI was carried out by a panel of 30 semi-trained participants.28

The panelists were given samples and asked to evaluate the
samples for their color, avor, texture and overall acceptability
using a 9-point hedonic scale. Sensory evaluation was per-
formed aer obtaining informed consent from all participants
before participation. The study was reviewed and approved by
the Research Committee of the School of Agriculture, Lovely
Professional University (LPU/36124). Participants were fully
Table 2 Proximate analysis of CPI

Protein (%) Fat (%) Fiber

Obtained results 84.69 � 1.53 2.31 � 0.50 0.38 �
Results reported in literature 78.00 � 2.1 3.5 � 0.40 3.8 �

84.00 � 0.38 2.47 � 0.01 0.44 �
86.37 � 0.47 2.25 � 0.04 0.14 �

© 2025 The Author(s). Published by the Royal Society of Chemistry
informed about the study's nature and goals and were free to
discontinue participation at any moment. Their information
was anonymized and used only for the study.

2.7.10 Statistical analysis. All the statistical analyses were
performed using Minitab 20 Statistical soware.29 The statis-
tical analysis of the results was performed by calculating the
mean ± standard error from three independent measurements.
To evaluate the datasets, a one-way analysis of variance (ANOVA)
was conducted for multiple comparisons between the samples.
This analysis was carried out at a 95% condence level.
Subsequently, the mean signicant difference was determined
using Fisher's method at a signicance level of p < 0.05.
3. Results and discussion
3.1. Proximate analysis of CPI

Proximate analysis was conducted to determine the composi-
tion of CPI, including protein, fat, carbohydrate, ber, ash and
moisture. The results obtained for the proximate analysis of the
CPI are presented in Table 2. The protein content in CPI was
observed to be 84.69%. This was in alignment with the results
obtained in another study,30 which reported a high protein
content (83.5%) in CPI. The study showed that the protein
content in the two varieties of CPI (84% and 80.57%) is similar
to the results obtained.31 Another study also reported a high
protein content (93.96%) in chickpea seed protein isolate,
which aligns with the ndings of the study conducted by
Ramani (2021).32 The fat content in the CPI was measured to be
2.31%, which agrees with the ndings in ref. 31, in which the fat
content of two varieties of CPI was found to be 2.47% and
2.25%. In the study of Guler-Akin et al. (2021),33 the fat content
was found to range from 4.13% to 4.18%. The fat content in CPI
is low because its production involves the extraction and
isolation of protein from chickpeas. These processes lead to the
reduction of non-protein components like fats, carbohydrates
and bers. The carbohydrate content present in the CPI was
4.99%. The result reported showed that the CPI contained
4.84% carbohydrates.31 It was also reported that the carbohy-
drate content was found to be slightly lower, i.e., 2.96%.32 Like
the fat content, the carbohydrate percentage present in CPI was
also less because of the reduction of non-protein components
during the isolation of CPI.31 The ber content was only 0.38%
of the composition of the CPI. This is because the isolation of
protein in the CPI makes it a highly concentrated source of
protein with minimal non-protein components. The observa-
tion agrees with the literature.31 The CPI was found to have only
a 3.34% moisture content. Another study had very similar
values of moisture contents, i.e., 3.67% in one and 3.34% in
(%) Moisture (%) Ash (%) Carbohydrate (%) Ref.

0.02 3.34 � 0.23 4.27 � 0.27 4.99 � 2.09
0.30 3.30 � 0.20 2.9 � 0.30 11.8 � 1.5 48
02 3.67 � 0.10 4.58 � 0.00 4.84 � 0.31 49
0.02 3.34 � 0.06 4.76 � 0.11 8.95 � 0.35 50
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another variety of CPI.31 The low range of the moisture content
in CPI is likely due to the drying process it underwent during
production. This is important for maintaining the stability,
quality and shelf life of the CPI. The ash content in CPI typically
ranged from 2–5%. In the study, it was found to be 4.27%. This
agrees with the ndings of Mesn et al. (2021).49 The low range
of the ash content is necessary to maintain the functional
properties of the CPI.
3.2. Functional properties of CPI

The functional properties of the CPI were tested, and the results
are presented in Table 3. The solubility of the CPI was found to
be 60.2%. This aligns with the solubility of the two varieties of
CPI (61.08% and 59.34%) in another study.31 The foaming
capacity and foaming stability of the isolate were 62.37% and
81.92%, respectively. It was reported in another study that the
foaming capacity was found to be 50% and the foaming stability
was 76%.31 Protein is the major component inuencing the
foaming capacity. The high protein content in the isolate
enhances its foaming capacity and foam stability.34 More
proteins and low-molecular-weight surfactants are examples of
surface-active molecules that quickly diffuse to the air/serum
interface and stabilize the air cell. To further stabilize the
foam, exible molecules may also change their molecular
conformation by diffusing or denaturing within the freshly
created interfacial layer.35

The emulsion capacity and emulsion stability of the CPI were
observed to be 69.54% and 15.10%, respectively. It was found
that the emulsion capacity and emulsion stability were 81.92%
and 69.54%, respectively.31 The emulsion stability was also
improved by the addition of lecithin (0.3%). The development of
protein interfacial layers, which aid in the stabilization of oil
droplets, is responsible for the increased emulsion capacity.
Similarly, the emulsifying stability index exhibited the same
trend as the emulsifying activity.36

The CPI had a WHC of 1.79 mL g−1, whereas the OHC was
1.87 mL g−1. A similar range of values for WHC (1.93 mg mL−1)
and OHC (2.03 mgmL−1) was recorded by Mesn et al.31 in their
investigation. A protein's WHC is its capacity to hold onto water
against gravity through physicochemical interactions, mainly
through hydrogen bonding with hydrophilic side-chain groups
like carboxyl, carbonyl, amino, and hydroxyl groups.36 OHC is
caused by the expansion of intermolecular gaps created during
succinylation, which improves the physical interaction between
succinylated proteins and oil. Stronger protein–oil binding is
made possible by the additional spaces the added succinyl
groups create within the protein structure.36 Higher porosities
and surface areas generally lead to higher oil absorption
capacities.37 The bulk density was recorded to be 0.68 g cm−3,
Table 3 Functional properties of CPI

Solubility
(%)

Foaming
capacity (%)

Foaming
stability (%)

Emulsion
capacity (%)

Emulsion
stability (%)

60.2 � 1.52 62.37 � 1.5 81.92 � 0.45 69.54 � 0.45 15.10 � 0.48

2198 | Sustainable Food Technol., 2025, 3, 2192–2203
while the tap density was 0.77 g cm−3.31 In his ndings, it was
stated that the bulk densities were 0.70 g cm−3 and 0.65 g cm−3

for the two varieties of CPI, whereas the tapped densities were
0.77 g cm−3 and 0.75 g cm−3 for the two varieties, respectively.
Bulk density and tapped density are crucial parameters for
understanding and predicting the behavior of powders. Bulk
density, in particular, plays a vital role in characterizing powder
ow properties. Density is a critical variable that guides the
design of processes involving the volumetric or gravimetric
handling of materials, such as those where a specic mass of
a powder needs to be compacted into a nal product form.
Examples of such processes include the manufacturing of
pharmaceutical tablets, ceramic supports, batteries, cosmetic
compacts, and others. The accurate determination of density is
essential for optimizing these processes and ensuring a consis-
tent product quality.38
3.3. Effect of the addition of CPI on the gross composition of
the developed frozen desserts

The gross compositions of the developed frozen desserts
formulated from the oat drink by incorporating CPI at three
concentrations, i.e., 5%, 10% and 15%, are shown in Table 4.
The pH, titratable acidity and protein content were notably
affected by the percentage of CPI added. The pH is a crucial
factor affecting the texture, stability and overall quality of the
frozen dessert, and it was found to be signicantly (p < 0.5)
affected by the addition of CPI. The pH level of the control was
6.53. The pH values at CPI levels of 5%, 10% and 15% were
recorded to be 6.68, 6.79 and 6.98, respectively, while the
control displayed a pH value of 6.53. The values obtained
showed that as the proportion of the CPI increased, the value of
pH also increased and was also higher than the pH of the
control itself. According to Sivasankari et al. (2019),39 the pH
values of frozen desserts increased as the percentages of pea
and chickpea protein increased. Similarly, these values are in
alignment with the ndings of another study.33 Because of the
natural qualities of the chickpea proteins, their ability to act as
a buffer, and their interactions with other components in the
frozen dessert mixture, adding CPI to this mixture raised its pH.
Elevating the pH of a frozen dessert oen results in better
emulsication, increased stabilizer functionality, optimal ice
crystal formation, and improved protein solubility and stability.
A smoother, creamier texture and possibly a more appealing
avor prole may be the outcome of these modications.
Proteins' and buffer components' crystallization behaviors
during freezing can be affected by elevated pH. The size and
shape of ice crystals can be impacted by pH shis in the freeze
concentrate caused by the pH-dependent sequence and extent
of buffer salt crystallization.40
Water holding
capacity (mL g−1)

Oil holding
capacity (mL g−1)

Bulk density
(g cm−3)

Tapped density
(g cm−3)

1.79 � 0.1 1.87 � 0.07 0.68 � 0.02 0.77 � 0.01

© 2025 The Author(s). Published by the Royal Society of Chemistry
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Table 4 Effect of the addition of CPI on the gross composition of the developed frozen desserts

Samples pH Titratable acidity (%) Protein (%) Fat (%)

Control 6.53 � 0.03d 0.19 � 0.02a 4.13 � 0.02a 4.11 � 0.03a

S1 6.68 � 0.03c 0.18 � 0.01ab 3.89 � 0.05c 4.07 � 0.02ab

S2 6.79 � 0.03b 0.16 � 0.01bc 3.93 � 0.04c 4.02 � 0.04bc

S3 6.98 � 0.04a 0.15 � 0.01c 4.03 � 0.05b 3.97 � 0.02c
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At higher protein contents in the frozen dessert, the protein
solubility is extremely sensitive to pH variations. A higher pH
can help in maintaining the stability and solubility of proteins,
though the precise effects vary depending on the protein and
buffer system.41

The titratable value was observed to decrease from the
control to the formulated frozen desserts, while the pH
increased. The control showed a 0.19% titratable acidity, while
the samples with the CPI addition rates of 5%, 10% and 15%
showed titratable acidities of 0.18%, 0.16% and 0.15%,
respectively. The reduction in the titratable acidity is due to the
high pH value of isolate.33 The shi in the pH caused by the
addition of CPI, the proteins' tendency to move towards their
isoelectric point and their inherent buffering capacity collec-
tively lead to a decrease in the titratable acidity as the pH of the
oat drink-based frozen dessert mixture increases. The protein
content of the three formulations showed a gradual increase:
3.89% with 5% addition of CPI, 3.93% with 10% addition of
CPI, and 4.03% with 15% addition of CPI, whereas the control
exhibited a higher protein content of 4.13%. This is because the
produced control has a greater concentration of complete
proteins from the oat drink compared with the samples con-
taining the oat drink and CPI, both of which are plant-based.
The control group's higher protein content could be a sign of
improved stability and emulsication, which would result in
a better texture and creaminess. These results were compared
with the ndings of Guler-Akin et al. (2021),33 in which the
protein content ranged from 3.99% to 9.53%, and the increase
was associated with the incorporation of a higher quantity of
protein isolate. The fat content was the highest in the sample
formulated by the addition of 5% CPI. It was found to be 4.07%.
There was a gradual decrease in the fat contents of the samples
containing 10% and 15% CPI, and the fat content was recorded
to be 4.02% and 3.97%, respectively.

The control had a fat content of 4.11%. A decrease in the fat
content was observed with an increase in the concentration of
CPI. A similar range of the fat content, 4.13% to 4.18%, was
observed in the study by Guler-Akin et al. (2021).33 The fat
content in the formulated frozen desserts was observed to
Table 5 Effect of the addition of CPI on the physical properties of the d

Samples Total solids (%) Viscosity (cP

Control 50.01 � 1.23a 2989 � 1a

S1 48.56 � 1.41a 2317 � 2d

S2 48.89 � 2.00a 2545 � 11c

S3 49.05 � 1.40a 2709 � 3b

© 2025 The Author(s). Published by the Royal Society of Chemistry
decrease compared to the control. This is because the oat drink
used in the formulation is plant-based and thus has less fat
than the control.

3.4. Effect of the addition of CPI on the physical properties
of the developed frozen desserts

The effect of the addition of CPI on the physical properties of the
developed frozen desserts is shown in Table 5. The viscosity of
the formulation in which 5% CPI was added to the oat drink was
2317 cP. The formulations with 10% and 15% CPI incorporated
into the oat drink showed viscosities of 2545 cP and 2709 cP,
respectively. The control prepared using the oat drink instead of
the oat drink and CPI displayed a viscosity of 2989 cP. The
viscosity was observed to increase signicantly (p < 0.5), and the
highest value was observed for the control. Hence, a positive
correlation was seen between the proportion of the CPI used and
viscosity. This could have a stabilizing effect on air bubbles in the
frozen dessert matrix.42 The viscosity and overow of the frozen
dessert were found to be signicantly affected by the inclusion of
CPI rather than the milk powder in the study by Guler-Akin et al.
(2021).33 It was found that the viscosity of the mixes rose in
proportion with the rate at which CPI was added.33 The addition
of CPI could thicken a mixture by forming a network and by
binding water. It was also noted that the addition of a minimum
amount of xanthan (0.2%) and guar gum (0.12%) improved the
viscosity. This is especially helpful for non-dairy recipes, like the
oat drink frozen dessert. An increased viscosity can help the
frozen dessert mix stay more stable by preventing ingredient
separation during freezing and storage.

Overrun describes the percentage of the initial volume of air
that is churned into the frozen dessert. CPI can enhance themix's
foaming and emulsication qualities, facilitating better air
incorporation. The overrun obtained for the formulation in which
5% CPI was added to the oat drink was 31.56%. There was
a subsequent decrease in the other two formulations in which
10% and 15% CPI were added. The overrun was measured to be
29.79% and 28.78% in the 10% CPI formulation and 15% CPI
formulation, respectively. On the contrary, the overrun in the
control was 32.92%. As the concentration of CPI increased, the
eveloped frozen desserts

) Overrun (%) Melting time (min)

32.92 � 0.03a 45.03 � 0.05d

31.56 � 0.25b 47.78 � 0.02c

29.79 � 0.08c 49.56 � 0.02b

28.78 � 0.03d 51.05 � 0.03a
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Fig. 3 Sensory evaluation of the control and developed plant-based
frozen desserts.
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overrun decreased. This aligns with the ndings of Mesn et al.
(2021),31 in which a negative correlation was found between the
concentration of CPI used and the overrun of the developed
frozen desserts. The reduced overrun represented a destabilizing
effect on the air bubble structure. This showed that an increase in
heat transmission could lead to a faster melting rate of the frozen
dessert.43 It was found that as the amounts of soy protein extract
and chickpea our increased, the viscosity also increased, leading
to a decrease in the overrun values of the frozen desserts.44

Total solids present in the products formulated were
observed to be 48.56%, 48.89% and 49.05% in the formulations
developed by incorporating 5%, 10% and 15% CPI, respectively.
The control showed a slightly higher presence of total solids,
i.e., 50.01%. The total solids were seen to increase in proportion
with increasing concentration of CPI added. A similar value was
obtained, in which the total solids present were 46.4%.45 The
total solids increased with the concentration of CPI added
because CPI contributed additional solid content to the
formulations. As the concentration of CPI increased, more solid
components (such as proteins, bres, and other constituents)
were added to the mixture, thus increasing the total solids
proportionally. Additionally, the control using the oat drink had
a higher total solids content (50.01%) because oats typically
contain a higher concentration of solids, such as proteins, fats,
and carbohydrates, compared to the oat drink and CPI. It was
noted that the total solids had a greater impact on the capacity
of air incorporation into frozen dessert and ice cream.43

The melting time of the formulated frozen desserts
increased in proportion with the concentration of the CPI
added. The rst formulation with 5% CPI addition had
a melting time of 47.78 min. The second formulation with 10%
CPI addition recorded a melting time of 49.56 min. The third
formulation with 15% CPI addition had a melting time of
51.05 min. This contrasted with the control, which exhibited
a signicantly (p > 0.5) lower melting time of 45.03 min. This
indicates that the incorporation of CPI in the formulations
enhances the structural integrity and stability of the frozen
desserts and increases the melting time. According to the
ndings of Guler-Akin et al. (2021),33 the addition of pea protein
isolates signicantly inuenced the melting behaviour of frozen
desserts. The frozen desserts having high consistency coeffi-
cients melted more slowly due to their higher to ow.46 The
frozen dessert's capacity to maintain its structure in ambient
settings is enhanced by the addition of CPI, as evidenced by the
longer melting time. The addition of stabilizers (guar gum,
xanthan gum, and lecithin) in the formulation of the frozen
dessert had contributed to the enhanced texture, stability, and
melting resistance.43 This is probably because the plant-based
proteins with stabilizers have superior water binding and
emulsication qualities. This improved resistance to melting
helps preserve the texture and quality of the frozen dessert for
a longer duration, especially in higher temperatures.
3.5. Sensory evaluation

Sensory evaluation plays a crucial role in assessing the quality,
acceptability, and overall sensory quality of foods and
2200 | Sustainable Food Technol., 2025, 3, 2192–2203
beverages. The sensory evaluation encompassed various aspects
including the appearance, aroma, taste, texture, and overall
acceptability, as shown in Fig. 3. Preferences for these sensory
characteristics can vary among consumers. The sensory evalu-
ation results included the appearance, color, odor, avor,
texture, and overall acceptability. The sensory analysis showed
that the frozen dessert made by incorporating 10% CPI into the
oat drink was found to be the most acceptable dessert in
comparison with the control sample. The frozen dessert sup-
plemented with protein isolate had lower appearance scores
than the control sample, supporting previous ndings.33 Color,
a crucial quality attribute, signicantly affects consumer pref-
erences and acceptance of food products.47 Increasing the
proportion of protein isolate reduced color scores, likely due to
the panelists' familiarity with conventional frozen dessert
colors. Similar results were found for the frozen dessert color in
another study.33 The control and S2 showed better taste scores,
while the control had the best texture compared to all the other
samples. The aroma was inuenced by the addition of protein
isolate, with the control receiving the highest scores. The
control also had superior aer-feeling scores. These ndings
suggest that ingredient proportions affect sensory attributes
such as the color, appearance, taste, texture, aroma, aer-
feeling, and overall acceptability of the frozen dessert. This
result is somewhat in agreement with that obtained
previously.33
4. Conclusion

This research demonstrated the viability of using CPI and oat
drink to create a plant-based frozen dessert with acceptable
nutritional, physical, and sensory properties. The ndings
contribute to the growing body of knowledge on plant-based
alternatives in the frozen dessert industry and offer potential
solutions for consumers seeking dairy-free options. The
© 2025 The Author(s). Published by the Royal Society of Chemistry

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d5fb00294j


Paper Sustainable Food Technology

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

5 
Se

pt
em

be
r 

20
25

. D
ow

nl
oa

de
d 

on
 3

/2
2/

20
26

 1
:1

9:
46

 A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
functional qualities of frozen desserts made with oats were
enhanced by the addition of chickpea protein isolate (CPI).
Titratable acidity decreased from 0.19% to 0.15%, and the pH
rose from 6.53 in the control to 6.98 at 15% CPI. The melting
time increased from 45.03 min in the control to 51.05 min, and
the viscosity increased from 2317 cP at 5% CPI to 2709 cP at
15%. While the fat content decreased slightly (4.07–3.97%), the
protein content increased slightly (3.89–4.03%) but remained
below the control (4.13%). Compared to the control, sensory
evaluation revealed that the 10% CPI formulation had the
highest overall acceptability. According to these ndings, the
ideal formulation for plant-based frozen desserts that balances
nutrition, usability, and consumer acceptance was 10% CPI.
Future research should focus on further optimizing the
formulation, exploring additional avor variations, and con-
ducting long-term stability studies to enhance the commercial
potential of this plant-based frozen dessert.
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25 M. Góral, K. Kozłowicz, U. Pankiewicz, D. Góral, F. Kluza and
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