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Introduction. The aim of the work was to study the effect of
pregelatinized corn starch on the technological and quality
properties of pea dough and snacks.

Materials and methods. Pea flour was used as the main raw
material, and corn starch was used as the structure-forming
agent. Structural and mechanical properties of the dough and
snacks were determined by the elasticity, adhesion strength,
dough viscosity, and snack strength. Sensory quality indicators
were determined with the involvement of tasters using a 5-point
scale, taking into account the importance of each indicator.

Results and discussion. It was shown that the addition of up
to 20% pregelatinized corn starch to the formulation of pea-based
snacks positively influenced dough structure formation.
Specifically, elasticity increased to 37 g, which was by 25.6%
higher compared to the control sample containing 5% native corn
starch, while viscosity increased to 171 cP.

A further increase in the dosage of pregelatinized corn starch,
however, resulted in a decline in these quality indicators. A
similar trend was observed in the final product: as the starch
dosage increased, snack firmness decreased, making them easier
to chew. However, when the starch content exceeded 15%, the
finished product became excessively thin, negatively affecting
its structural integrity. This will negatively affect the quality of
the snacks during transportation due to the possibility of a large
number of scraps.

The analysis of the effect of pregelatinized corn starch dosage
on sensory characteristics showed a positive impact on product
appearance, as it contributed to the formation of thinner snacks.
No noticeable changes in taste were observed. Nutritional value
calculations indicated a slight decrease: with a 15% starch
addition, protein content was reduced by 5.2%, and fat content
by 5.3%, compared to the control sample containing 5% native
corn starch. Meanwhile, the carbohydrate content increased by
only 10.9%.

Conclusion. The use of pregelatinized corn starch allowed to
ensure high structural and mechanical properties of both dough
and snacks based on pea flour. It is recommended to incorporate
pregelatinized corn starch into the formulation of pea snacks at a
level not exceeding 15%.
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Introduction

Snack products are one of the most popular in the global market (Chehtman, 2022).
Since such products are thermally processed, which facilitates digestion by the human body,
dehydrated, therefore they have a low mass, ready for consumption, which is important in
the conditions of urbanization of life (Rubanka et al., 2022). However, most of these products
are made on the basis of cereals (wheat, rice, barley) a lot of sugar is added as a structure-
forming agent, or deep-frying is used during thermal processing, which are undesirable in the
case of a healthy diet. Pea flour is naturally gluten-free and considered safe for individuals
with celiac disease or other gluten-related disorders.

To combine the demand for ready-to-eat products with the need to consume highly
nutritious products, it is necessary to use ingredients with high biological value for their
production (Ivanov et al., 2021; Tsykhanovska et al., 2023). Legumes are sources of proteins
and essential amino acids. The total essential amino acid content of legume proteins is 38—
45 g/100 g (Shevkani, 2023). Peas are a low-cost source of protein and energy that combines
technological functionality and nutritional value (Farshi et al., 2024).

It was proven that with an increase in the extrusion temperature of 135°C, the swelling
coefficient of the extruded snacks in which corn or rice flour was partially or completely
replaced increased to 40% (Maskus et al., 2015). It was also proven that the presence of peas
in the snack composition at an extrusion temperature (159-164°C) and a screw rotation speed
(165-214 rpm) made it possible to produce high-quality snacks (Félix-Medina et al., 2020).

The use of pea and oat flours and pea isolate in cracker technology allowed the
development of snacks with a high protein content (24.66 g/100 g) and a low lipid content
(9.07 g/100 g). In terms of its structural properties, the snack had lower hardness (19.04 N)
and stickiness (4.07 N), but higher cohesion (0.35), elasticity (0.45 mm) and chewiness (0.35)
compared to commercial crackers (Morales-Polanco et al., 2017), which also confirms the
feasibility of using pea flour in snack production. The snacks exhibited a higher polyphenolic
content—ranging from 0.33 to 0.62 mg gallic acid equivalents (GAE) per gram of sample—
along with increased antioxidant activity (up to 8.7%) and a softer texture (Wani et al., 2018).

However, the production of snacks, based on peas can be complicated. Pea proteins
are characterized by high water and fat binding capacity, which led to the formation of a gel,
and subsequently a hard texture of products after their thermal treatment. This property has
positive potential in the case of the production of meat substitutes (Serdaroglu et al., 2005),
but is undesirable in the production of snacks from pea flour, as it will give a dense structure
to the finished product (Venkatachalam et al., 2025).

Therefore, to adjust the structural and mechanical properties of snacks and their sensory
indicators, it is necessary to use ingredients that will provide the structure of the dough and
the finished product. One of such ingredients is starch. It has a high water-binding capacity,
and the nature of starch, which is determined by the structure of starch grains, affects the
characteristics of the dough and the finished product (Yifei et al., 2020).

Starch is widely utilized in the food industry for a variety of purposes, including the
production of bakery products (Fonseca et al., 2021), stabilization of emulsions in soft drinks
(Lyu et al., 2024), encapsulation of flavorings, formulation of dairy products (Naseer et al.,
2021), preparation of fruit semi-finished products (Agudelo et al., 2023), as well as in instant
soups and sauces (Fonseca et al., 2021), and in the mayonnaises and salad dressings (Block
et al., 2023). It is also used in meat products (Marynin et al., 2023), including the use of
electrochemically activated water for the preparation of starch suspensions (Marynin et al.,
2022), giving them the desired physicochemical, functional, and digestible characteristics
(Agama-Acevedo et al., 2019; Magallanes-Cruz et al., 2017).

The aim of the present work was to investigate the effect of pregelatinized corn starch
on the technological and quality properties of dough and snacks made from pea flour.
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Materials and methods

Materials and dough preparation

Pea flour (LLC "Prodenergo" Ukraine), native corn starch (PJSC "Dniprovsky Starch
Molasses Combine", Ukraine), salt, (LLC "Foreign trade resource" Ukraine), mixture of
spices (ground black pepper, dried granulated garlic, ground coriander) (PJSC
"Ukroptbakaliya" Ukraine), pregelatinized corn starch Interstarch CWS30.50 (PJSC
"Dniprovsky Starch Molasses Combine", Ukraine) were used for snack preparation.

The recipe of the control dough sample included pea flour in the amount of 92.5%,
native corn starch, 5%, salt, 2%, mixture of spices, 0.5%, and water. The dough was prepared
by kneading with a moisture content of 48.0%. Dough samples under study were prepared,
replacing native corn starch and the corresponding part of the flour with pregelatinized corn
starch in the amount of 5, 10, 15, 20 and 25%. The finished dough was deposited in an amount
of 25 g and baked using a MAGIO MG-397 waffle iron (China) at a temperature of 160 ° C
for 2.5 min.

Determination of structural and mechanical properties of dough and snacks

To analyze the structural and mechanical properties of the dough and finished products,
a Brookfield CT3 texture analyzer was used. The elasticity of the dough and its adhesion
strength were determined using a TA4/1000 nozzle (38.1 mm Diameter cylinder probe) Clear
Acrylic 26 g, 20 mm Long Rad 35-43 mm. The study was carried out with the following
parameters: nozzle movement speed 1 mm/s, depth of its immersion in the dough sample 10
mm. The research error was +£0.05. The viscosity of the dough was determined on a
Brookfield Viscometr DV2T viscometer at a temperature of 21.8°C with a nozzle rotation
speed (cylinder) of 100 rpm, torque — 30.3—69.8%.

When analyzing the strength of ready-made snacks on the Brookfield CT3 texture
analyzer, a TA7 (knife edge) Clear Acrylic 8 g, 60 mm Wide nozzle was used. Research
conditions: nozzle movement speed 2 mm/s, depth of its immersion in the sample 10 mm
(Sobczyk et al., 2017).

Determination of sensory quality indicators of pea snacks

Sensory assessment of the quality of ready-made snacks was carried out using a
complex indicator (Galenko et al., 2022). The analysis was carried out using a 5-point scale.
The tasting commission consisted of 10 experts of different age categories, who established
the weighting indicators for each indicator (appearance, consistency, taste, aroma) and
evaluated this indicators. Based on the results of the research, quality profilograpms were
constructed and a complex indicator (Ko) was calculated using the formula:

R B . B PR
KO =M1F+M2F+M3P—'I)+M4F,
1 2 3 4

where Pj, P,, P;, P4 are arithmetic mean score for appearance, consistency, aroma, and taste,
respectively;

P,°, Py, P;®, P4 are basic score (standard) for appearance, consistency, aroma and taste,
respectively (for all indicators a score of 5 was accepted);

M, My, M3 M, are weighting indicators for appearance, consistency, taste and aroma,
respectively.
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Calculation of nutritional and energy values of pea snacks

To study the beneficial properties, including the degree of ensuring the physiological
needs for basic nutrients and energy, the nutritional and energy value, the content of water-
soluble vitamins and minerals of the developed products were calculated. When making
calculations, the “Norms of physiological needs of the population of Ukraine for basic
nutrients and energy” approved by the Ministry of Health of Ukraine for women aged 18-29
years of the st labor intensity group were used.

Statistical analysis

All measurements were carried out as independent experiments and triplicated
accordingly.

Results and discussion

Effect of pregelatinized corn starch on the structural and mechanical properties
of pea-based dough

Pregelatinized corn starch was made from waxy corn, for the modification of which
physical methods were used. Such starches are rich with amylopectin, where the amylose
content does not exceed 5% (according to the product specification declared by the
manufacturer), which in turn will affect the structural and mechanical properties of the dough
and as a consequence the process of kneading the dough and settling the dough pieces.
Therefore, it was considered appropriate to investigate the influence of pregelatinized corn
starch on the structural and mechanical properties of the dough. The results of studies of
dough elasticity and its adhesive properties are presented in Figure 1.
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Figure 1. Changes in dough elasticity and adhesion strength depending on the dosage of
pregelatinized corn starch
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It was found that the introduction of pregelatinized corn starch in an amount of 5 to 15% caused
a softer consistency compared to the control, due to the fact that it is cold-swelling — pregelatinized
(Sugiura et al., 2017), which positively affected the elastic properties of the dough. Increasing the
dosage of pregelatinized corn starch above 15% led to an increase in the amount of moisture that
binded to the starch. Therefore, the dough acquired the characteristics of a soft paste, not a hard gel.
Thus, its viscosity increased, which reduced the immersion time of the texture analyzer nozzle in the
sample and increased the strength of the dough, which is visible in the graph. Thus, amylopectin
starch from waxy corn, which contains no more than 5% amylose, forms a gel and if the starch
dosage is increased, the gel turns into a paste (Varghese et al., 2022). The addition of 5, 10 and 15%
of pregelatinized corn starch to the pea snack recipe moderately increased the dough elasticity to 27
g for all three samples, which was 25.6% more compared to the control sample. At the same time,
the immersion time of the nozzle in the test sample was gradually increased to 10 mm. The addition
of 20 and 25% of pregelatinized corn starch significantly increased the dough elasticity, namely to
37 and 57 g, respectively, which was 72.1 and 165% more compared to the control sample. During
similar studies by a group of scientists from South Korea and India, they proved that in pregelatinized
starches there was a hydrophilic tendency of starch and explained this by the hydrothermal treatment
of starches (Singh et al., 2009). Similar results were reported by Morales-Polanco et al. (2017), in
which gluten-free cracker dough had higher dough elasticity compared to commercial crackers.
These results were consistent with those reported by Crocket et al. (2011), who added pea protein to
gluten-free products to increase dough elasticity and improve the palatability of the finished product.

During the removal of the load from the studied samples, a decrease in stress occured, which
is called relaxation, which was accompanied by the restoration of the dough shape. At the same time
adhesive separation occured along the product layer (cohesive type). Thus, samples with the addition
of 5, 10 and 15% of pregelatinized corn starch were characterized by gradual adhesion after 7.05,
6.7 and 6.5 s, respectively, and continued up to 12.5 s. While in samples with the addition of 20 and
25% of pregelatinized corn starch, a sharp decrease in adhesion was observed and the higher the
dosage, the stronger the separation, which is possibly explained by the increase in dough viscosity
and the transition from the gel to the paste state.

Theresults obtained are confirmed by the studies of Yousifatal. (2012), who analyzed in detail
the pregelatinized corn starch pastes and found that this property was desirable and widely used for
the production of many food products, while native starch paste had a non-cohesive texture, which
limited its application. Morales-Polanco et al. (2017) proved that the cohesiveness of pea dough was
0.35 mm, which was higher than for commercial crackers. These results are consistent with the
results reported by Crocket et al. (2011), who added pea protein to gluten-free products to increase
the elastic modulus of the dough and improve the palatability of the finished product. To confirm the
obtained results, the viscosity of the dough was investigated, the results are shown in Figure 2.

The addition of 5-25% of pregelatinized corn starch increased the viscosity of the dough 1.2,
1.8, 8, 11 and 17 times. The obtained research results confirm the previous ones. It was known that
pregelatinized starch contained broken intermolecular bonds of starch molecules, therefore the
granular structure was split (Fonseca et al., 2021), the dough absorbed more amount if water,
therefore the viscosity of the dough increased, which was characteristic of the studied dough.

In addition, Oliver et al. (1995) argued that the use of pregelatinized starch was intended for
thickening gluten-free dough mixtures to prevent the settling of starch granules during the dough
mixing phase. This in turn allowed to thicken gluten-free dough. However, increasing the dosage of
pregelatinized corn starch by more than 20% is not advisable, since the external characteristics of
such dough had a structure that was characterized as pasty. Such a dough structure complicated the
process of forming dough pieces, namely the settling of the dough. Therefore, to find the optimal
dosage of pregelatinized corn starch to the recipe of pea snacks, additional studies of the effect of
this additive on the quality of the finished product are necessary.
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Figure 2. Effect of pregelatinized corn starch dosage on the viscosity of pea dough

Effect of pregelatinized corn starch on the strength of pea snacks

It has been demonstrated that pregelatinized starches can be used in snack technology
to give them a “crispy” texture (Christaki et al., 2017; Fustier et al., 1998; Wang et al., 2019).
(Christaki et al., 2017; Fustier et al., 1998; Wang et al., 2019). However, both manufacturers
and researchers have reported that the incorporation of pregelatinized starch into dough
formulations results in a finer but drier texture of the final product, as well as starch
retrogradation during storage (Wang et al., 2019). This reduced the time of maintaining the
required softness of the finished products. Therefore, the effect of the dosage of
pregelatinized corn starch on the strength of pea snacks was investigated. The results of the
studies are presented in Figure 3.
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Figure 3. Effect of dosage of pregelatinized corn starch addition on pea snack strength
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When 5% pregelatinized starch was added to pea snacks, the strength of the finished
products decreased 5.5 times compared to the control sample. Further addition of starch in
the amount of 10-25% reduced the strength of the snacks 5.7 times, 7.7 times, 15.1 times and
18.5 times compared to the control sample. Numerous studies have shown that increasing the
amount of pregelatinized starch added contributes to greater water absorption in the dough,
which in turn leads to an increase in its volume (Chillo et al., 2007; Christaki et al., 2017,
Wang et al., 2019). Yousif et al. (2012) found that the water binding and fat binding capacity
of pregelatinized corn starch increased to 1.49 and 2.35 g/g, respectively, compared to native
starch, for which the water-binding capacity was 1.2 g/g, the fat-binding capacity was 1.6
g/g. The use of such starch in the production of noodles contributed to an increase in the
volume of the finished product by up to 10%. The replacement of wheat flour with 5%, 10%
and 15% pregelatinized corn starch did not cause any negative effects on the sensory
properties of noodles.

During the heat treatment of dough pieces, moisture was removed and the finished
product was loosened. Thus, the strength of pea snacks was reduced, which affected the
sensory characteristics of the finished product. It was found that the addition of 20% and 25%
pregelatinized corn starch resulted in obtaining snacks with a very soft structure, with a
strength of only 130 g and 106 g, respectively. Such snacks broke with minimal force, and
therefore, their packaging and transportation may be complicated, during which a lot of waste
such as scrap and crumbs may be formed. This, in turn, may lead to additional costs for
product production and a decrease in their sensory quality in terms of appearance.

Influence of pregelatinized corn starch on the sensory characteristics of pea snacks

As it is known (Meiselman, 2013; Torrico et al., 2023) sensory indicators such as
appearance, color, consistency, taste and aroma primarily affect consumer choice. Therefore,
the sensory characteristics of snacks made with the addition of different concentrations of
starch were evaluated. The quality profile of the finished snacks is presented in Figure 4.
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Figure 4. Profilogram of sensory quality assessment of pea snacks made with the addition of
pregelatinized corn starch
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The introduction of pregelatinized corn starch into the recipe of pea snacks improved
the appearance and consistency of the finished products. The more starch was added, the
thinner the snacks were obtained, which became more crispy and tender in consistency.
However, the introduction of 20 and 25% of pregelatinized corn starch led to a too thin
structure. Thus, the snacks became tenderer but dry, easily broke and a lot of crumbs were
formed. Pregelatinized corn starch did not affect the taste and aroma. All samples had a
pleasant aroma and a clear pea flavor, the color was from light yellow to cream. When
comparing snacks made with pregelatinized corn starch and the control sample, even a dosage
of 5% pregelatinized corn starch promoted obtaining snacks more crispy in consistency,
which confirmed the results of the analysis of the strength of the finished snacks shown on
Figure 4.

The results were also confirmed by calculation of a complex sensory quality assessment
index for pea snacks with different dosages of pregelatinized corn starch (Figure 5).
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Figure 5. Complex sensory quality assessment index for pea snacks with different dosage
of pregelatinized corn starch

Replacing native starch with pregelatinized corn starch with a subsequent increase in
dosage to 15% contributed to an increase in complex indicator of sensory quality assessment
which was closer to 1. The best result was obtained with a sample containing 15% of
pregelatinized corn starch, the complex indicator of which was 0.99. Further increase in
starch dosage reduced the complex indicator to 0.92 and 0.86 for 20 and 25 %, respectively.

The obtained data confirmed the results of studies by scientists (Chillo et al., 2007;
Christaki et al., 2017; Fustier et al., 1998; Wang et al., 2019), who claimed that pregelatinized
starches contributed to the structure formation of the dough by thickening it and increasing
the adhesive (gluing) properties for thin wafers, crispy coating for nuts, molded chips,
cookies, crackers, galettes, provided that its dosage was strictly controlled. Thus, based on
the structural and mechanical properties of the dough, ready-made snacks based on pea flour
and their sensory evaluation, it was recommend adding 15% of pregelatinized corn starch,
which was the most optimal for achieving high quality of the finished product. In order to
establish the quality of the finished product, nutritional and energy value of snacks made with
the addition of 15% pregelatinized corn starch, the following indicators were calculated,
which are presented in Table 2.
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Table 2
Nutritional and energy value of pea snacks

Snacks with 15%
Control pregelatinized corn
Ingredient Daily starch
g requirement | Content Contentper
Integral Integral
per 100 g o 100 g of o
score, % score, %
of snack snack
Proteins, g 55-57 19.4 353 18.4 335
Fats, g 56-58 1.9 3.4 1.8 3.2
Carbohydrates, g 320-325 49.5 15.5 54.9 17.2
Energy value, kcal | 2450-2500 280.3 - 295.0 -

The replacement of part of the pea flour with 15% pregelatinized corn starch led to a
decrease in the protein content, the value of the integral score of which was reduced by only
6%, and for fat — by 5.3%. The carbohydrate content increased by 11%. And this, in turn, led
to an increase in the energy value of snacks by 5%. Thus, the introduction of 15% starch
reduced the nutritional value, increased the energy value, but these losses overlapped the
effect on the structural and mechanical indicators of the finished snacks and their sensory
characteristics.

Conclusions

The use of pregelatinized corn starch had a positive effect on the structure of gluten-
free dough made from pea flour. Pregelatinized corn starch coused structural characteristics
of a gel in pea dough, it became more elastic (the elasticity increased to a maximum of 37 g),
and the viscosity increased (up to 171 cP). However, this pattern was observed when adding
pregelatinized corn starch in an amount of up to 20%, and a further increase in the dosage of
this ingredient led to a deterioration in the consistency of the dough. In addition, since
increasing the dosage of the additive reduced the strength of finished products, they became
more tender, crispy, but in the amount of 20 and 25% starch, the products had such a low
strength (namely 130.5 g and 106 g, respectively) that they became thin and overdried.

The starch used had no taste and did not affect the flavor or aroma of the snacks, while
improving their consistency (crispness) up to the addition limit of 15% pregelatinized corn
starch.

It is recommended to add pregelatinized corn starch to pea snack formulations in
amounts not exceeding 15%. This level ensures the production of gluten-free dough and
finished snacks with favorable structural, mechanical, and textural properties. Furthermore,
nutritional value assessments support the feasibility of incorporating starch at this level, as
the reductions in protein and fat content were relatively minor — 5.2% and 5.3%, respectively
— while the carbohydrate content increased by only 10.9%.
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