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Cookies based on apple pomace (Malus domestica Borkh) and rice flour (Oryza sativa L.)
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ABSTRACT: In apple juice production, a pomace, rich in fibers and technological properties such as thickening, gelling, and stabilizing
capacities, is generated. Considering economic and environmental factors, utilizing this residue is advantageous, presenting an opportunity
to add value and enhance the nutritional content of products. Biscuits are widely accepted bakery products with high demand, standing out in
the development of food products with enhanced nutritional value. Therefore, this research aimed to develop gluten-free biscuit formulations
based on the use of apple pomace and rice flour. To achieve this, apple pomace obtained after juice extraction was dried and milled to reduce
its particle size, producing a flour that underwent physicochemical analysis for characterization. Subsequently, three biscuit formulations were
prepared: a control formulation with 100% rice flour, one with 25% substitution by apple pomace flour, and one with 50% substitution. The
biscuits were analyzed for their growth and subjected to sensory analysis. The apple pomace flour exhibited physicochemical characteristics
within standards, being classified as fine, indicating its potential in the enrichment of bakery products. Among the produced biscuits, the
formulation with 25% apple pomace flour substitution stood out positively in the sensory evaluation. Additionally, it is recorded higher
preference in terms of texture, odor, flavor, and overall evaluation, revealing a notably higher acceptance by consumers. Thus, it is evident that
the 25% apple pomace formulation has considerable market potential, securing consumer approval. The incorporation of apple pomace flour
proved to be a promising alternative for enriching gluten-free biscuits.

Key words: apple pomace, gluten-free cookies, waste utilization.

Cookie a base de bagaco de maca (Malus domestica Borkh) e farinha de arroz (Oryza sativa L.)

RESUMO: Na produgao de suco de maga, ¢ gerado um bagaco rico em fibras e com propriedades tecnologicas, como capacidade espessante,
geleificante e estabilizante. Considerando fatores econdmicos e ambientais, se torna interessante o aproveitamento deste residuo, além de
ser uma oportunidade de agregar valor e proporcionar o enriquecimento nutricional de produtos. Os biscoitos sdo produtos de panificagido
amplamente aceitos e com demanda elevada, se destacando no cendrio de desenvolvimento de alimentos com valor nutricional incrementado.
Diante disso, a presente pesquisa teve como objetivo o desenvolvimento de formulagdes de biscoitos sem gluten, baseada no uso de bagaco
de magca e farinha de arroz. Para tanto, foi realizada a secagem do bagaco de maca, obtido apos a extragdo do suco, seguida de trituragdo para
diminuir a granulometria, obtendo-se assim, uma farinha, que foi submetida a analises fisico-quimicas para a sua caracterizagdo. Posteriormente,
foram elaborados uma formulagao controle, com 100% de farinha de arroz; uma com substitui¢ao de 25% por farinha de bagago de maga; e uma
com substitui¢do de 50%. Os biscoitos elaborados foram analisados quanto ao seu crescimento e submetidos a analise sensorial. A farinha do
bagago de maga apresentou caracteristicas fisico-quimicas dentro dos padrdes, sendo classificada como fina, demonstrando o seu potencial no
enriquecimento de produtos de panificagdo. Dentre os biscoitos produzidos, a formula¢do que incluiu a substitui¢do de 25% da farinha de arroz
pela farinha proveniente do bagago de maga destacou-se positivamente na avaliag@o sensorial. Além disso, registrou uma preferéncia superior
nos aspectos de textura, odor, sabor e avaliagdo global, revelando uma aceitag@o notavelmente maior pelos consumidores. Assim, evidencia-se
que a formulag¢do com 25% do bagago de maga possui consideravel potencial de mercado, conquistando a aprovagdo do publico consumidor. A
incorporagao da farinha do bagaco de macd demonstrou ser uma alternativa promissora para enriquecer biscoitos sem gliten.
Palavras-chave: bagaco de maga, biscoito sem gluten, aproveitamento de residuos.

INTRODUCTION substantial evolution between 2011 and 2019, driven
by modernization and technological innovation,

Brazil is a significant producer of fruits, particularly in the Southern region of the country. This

with apples standing out as a variety of great economic transformation enabled Brazil to shift from being an
interest due to their global cultivation and consumption. importer to an exporter, exporting approximately 15%

The production chain of apples has experienced of its production (BUENO et al., 2021).
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According to the Brazilian Institute
of Geography and Statistics (IBGE, 2021), the
quantity produced in the country was approximately
1.29 million tons, with a production value of
approximately R$ 2.34 billion. A significant portion
of the consumption is of the fresh fruit itself, but
the increase in production has favored its use in
the juice industry. Apple juice is extracted through
a pressing process, producing a residue composed
of peels, peduncles, leaves, seeds, and pulp, known
as apple pomace. It is estimated that between 30%
and 40% of this residue is generated, with more than
90% consisting of peel and pulp (GEUS et al., 2014;
ZHANG et al., 2021).

Apple pomace has a high fiber content
with thickening, gelling, and stabilizing properties.
Additionally, it contains phenolic compounds with
antioxidant activity and phytochemicals associated with
the inhibition of cancer cell proliferation, lipid oxidation,
and cholesterol level reduction (KOLODZIEJCZYK et
al., 2007; SAQUETI et al., 2019).

Considering numerous economic and
environmental factors, the utilization of by-products
in the food industry is necessary. As a residue, apple
pomace is a perishable material due to its high
moisture content and nutrient concentration, which
fosters microorganism growth. Inadequate disposal
can become a severe environmental problem and
waste a valuable resource. Thus, its utilization
contributes to sustainability and adds value by
leveraging its excellent nutritional characteristics
(GEUS et al., 2014; GOLEBIEWSKA, et al., 2022;
PUTRA et al., 2023).

Accordingto LY U etal. (2020), the addition
of apple pomace in food formulations can increase
the fiber and polyphenol content of the product while
having a significant sugar concentration. Hence, this
residue has great potential as a functional ingredient
in food formulations. Building on this potential, an
interesting application of apple pomace is in the
production of nutrient-rich flours, which facilitate its
incorporation into a variety of foods.

Such flours can be used in cookies, replacing
part of the wheat flour, reducing costs, and enhancing
the nutritional value of the product (MARTINEZ et al.,
2022). Cookies, in particular, offer a promising avenue
for incorporating these flours due to their widespread
commercial appeal and long shelf life.

Among various types of cookies, cookies
garner considerable commercial interest due to
their durability and broad acceptance. Additionally,
compared to other types of cookies, they are known to
be less sensitive to the gluten network structure. This

makes them advantageous for formulations replacing
wheat flour, resulting in products with reduced gluten
content (XU et al., 2020).

Thus, the addition or substitution of wheat
flour with mixed flour can increase nutrient content
and produce gluten-free products valuable for celiacs.
These flours might even involve using fruits and
vegetables, not only boosting nutrient content but
also utilizing the entire plant, including typically
discarded parts such as peels, stems, and leaves. It
is essential to always check the sensory acceptance
of these products, as there could be changes in
color, flavor, and texture (DOURADO et al., 2014;
CULETU etal., 2021; MORAES & SILVA, 2023).

Given the above considerations, the present
research aimed to develop a new biscuit formulation
using apple pomace and rice flour, enabling celiac
consumers to enjoy a tasty and nutritious biscuit.

MATERIALS AND METHODS

Drying of apple pomace

The apple pomace was obtained from the
juice extraction of the fruit performed at the Beverage
and Bioengineering Laboratory of the Centro Federal
de Educacdo Tecnoldgica Celso Suckow da Fonseca
(CEFET/RJ) Valenca Campus. The apples were
selected, washed to remove impurities, and sanitized
in a 200 ppm sodium hypochlorite solution. The
apple pomace was distributed in the fruit dryer trays
in layers of approximately 1 cm and was dried at a
temperature of 60 °C for 24 hours at the Laboratory of
Plant-Origin Products of CEFET/RJ Valenga Campus.
Then, the dried pomace was ground in a blender to
reduce its particle size, resulting in material more
similar to traditional flour.

Physico-chemical analyses of apple pomace flour
The determinations of  proteins,
carbohydrates, lipids, ash, and moisture were
carried out in triplicates, according to the methods
recommended by the INSTITUTO ADOLFO LUTZ
(2008). The analyses were conducted in the Physical-
Chemistry Laboratory of CEFET/RJ Valenga Campus.

Granulometric analysis

The  granulometric  analysis  was
conducted using a shaker table from Bertel Industria
Metalurgica LTDA, with ten sieves from TPL - Tamis
Produtos Laboratoriais®, of different openings, at
the Experimental Physics Laboratory of CEFET/RJ
Valenca Campus. The shaking was performed for 10
minutes. After the shaking, the retained materials,
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those that passed through the sieves, and the bottom
were weighed to proceed with the data analysis.

Cookie preparation

The preparation of the cookies was carried out
at the Laboratory of Plant-Origin Products of CEFET/
RJ Valenga Campus. The formulation used is described
in table 1, detailing the quantity of each ingredient.
Three formulations were tested: a traditional formulation
(standard) with 100% rice flour, one formulation with 25%
apple pomace flour, and one with 50% apple pomace flour.

Initially, the ingredients were weighed
according to the formulations presented in table 1.
Subsequently, refined sugar, brown sugar, eggs, and
margarine were added and mixed in an Arno Deluxe Inox
600W industrial mixer for about one minute. Next, the
flours were incorporated according to each formulation
and mixed for another two minutes until a homogeneous
dough was formed. Then, the baking powder was gently
mixed in to incorporate it into the dough. The cookies
were then shaped using a mold to ensure uniform size.
At this stage, chocolate chips were manually added to
the surface of the shaped cookies. The cookies were
then baked in a Venancio 485W industrial gas turbo
oven at 170 °C for about six minutes. They were cooled
on an aluminum suspended grid and vacuum-packed to
maintain their characteristics.

Growth analysis of cookies

To evaluate the impact of the total
replacement of wheat flour with rice flour on the
growth of the cookies, the expansion -capacity
was assessed by measuring the diameter (mm)
and thickness (mm) of the samples using calipers.
Measurements were taken before and after baking.

Table 1 - Cookies formulations analyzed.

Sensory analysis

The sensory analysis was conducted at the
Sensory Analysis Laboratory of CEFET/RJ Valenga
campus. A hundred untrained consumers participated
in the acceptance tests, comprising 60 females and
40 males. Before the sensory analysis, all consumers
read and signed the Informed Consent Form (TCLE),
approved by the Human Research Ethics Committee
- CCAE- 11447119.4.0000.5237. The three cookie
formulations were coded with a three-digit number and
individually served with a sensory sheet, pencil, eraser,
and a glass of water. The presentation order of the
samples followed a randomized complete block design
to avoid any influence on the results. Consumers
were asked to observe and taste the samples and then
respond to the sensory acceptance sheet, utilizing a
structured verbal hedonic scale ranging from “disliked
extremely” (1) to “liked extremely” (9), concerning
attributes of appearance, color, odor, texture, flavor,
and overall evaluation. Consumers were also asked to
complete another sheet regarding their purchase intent
of the product, using a five-point scale: 5 “Certainly
would buy”, 4 “Probably would buy”, 3 “Might or
might not buy”, 2 “Probably would not buy”, and
1 “Certainly would not buy”. The results obtained
were statistically analyzed using analysis of variance
(ANOVA) and comparison of means using Tukey’s
test at a 5% significance level. The calculations were
performed using Excel’s data tool.

RESULTS AND DISCUSSION
In table 2, the results obtained from the

physicochemical analyses of apple pomace flour are
expressed. Approximate results for moisture, ash,

Formulations:

Ingredient Standard (P)
Rice flour (g) 400
Apple pomace flour (g) 0
Starch (g) 80
Refined Sugar (g) 160
Brown sugar (g) 160
Egg (un) 2
Baking powder (g) 6
Margarine (g) 200

Chocolate Chips 50

Subst. 25% (F1) Subst. 50% (F2)

300 200
100 200
80 80
160 160
160 160
2 2
6 6
200 200
50 50

Ciéncia Rural, v.55, n.9, 2025.
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Table 2 - Results of physico-chemical analyses of apple
pomace flour.

Analyses Apple pomace Pezini et al. Duarte et al.

flour (2023) (2021)
Moisture (%) 4714009 5.91+0.06 421
Ash (%) 1.5540.03 1.22+0.03 2.04
Lipids (%) 3274028 222+0.15 1.89
Proteins (%) 054+002 1150+1.14 650

Carbohydrates (%) 96.90+0.22 79.14+0.90 85.35

lipids, and carbohydrates were found by DUARTE
et al. (2021) and PEZINI et al. (2023). However, the
protein content found was lower than that reported by
these authors. According to DUARTE et al. (2021),
the protein content in fruit peels is linked to cultivation
conditions, such as soil type and fertilization practices,
especially those related to nitrogen. Although,
fruits themselves are not traditionally recognized as
protein sources, flours derived from fruit residues
have the potential to become excellent sources
of this component. Fruit peel flours, which have
higher protein concentrations, can be strategically
incorporated into various food products to enhance
protein content, a practice particularly relevant in
nutritionally deficient communities.

According to the Resolution of the
Collegiate Board - RDC No. 263, dated September
22, 2005, from the National Health Surveillance
Agency (ANVISA), which approves the Technical
Regulation for Cereal, Starch, Flour, and Bran
Products, the maximum moisture content for flours

Table 3 - Granulometric analysis results.

Opening (mm)  Sieves n° (Mesh-Tyler)  Retained dough (g)

1.700 10 0.41
1.200 12 0.69
1.180 14 1.06
1.000 16 46.16
0.850 20 35.16
0.600 28 124.68
0.500 32 46.47
0.425 35 46.79
0.300 60 54.01
0.250 60 43.44
Botto - 135.6

is 15% m/m. Thus, apple pomace flour met the
regulatory standards (BRASIL, 2005).

According to FORSIDO et al. (2021),
moisture significantly influences the storage,
packaging, and processing of flours, ensuring that
maintaining ideal levels of this index preserves
sensory and nutritional characteristics, prevents
problems such as lump formation, microbiological
deterioration, and changes in physical properties.
Therefore, controlling flour moisture is of paramount
importance as it contributes to ensuring preservation
throughout the entire production chain.

The identified ash content totaled 1.55%. It
is important to note that the ash composition reflects
the amount of mineral substances contained in foods.
Thus, when flours reveal significant concentrations of
these minerals, their incorporation into food products
can contribute to improving nutritional value
(STORCK et al., 2015; MARCON, 2021).

The flour exhibited a high carbohydrate
content, around 96%, which is related to the significant
amount of fiber that residues like apple peel contain.
Besides aspects related to its composition, it is also
important to highlight the potential use of fruit pomace
flour as coatings for fruits, like waxes, increasing the
shelf life of fruits (DUARTE et al., 2021; PEZINI et
al., 2023).

Table 3 shows the results of the particle
size analysis, the mesh openings of the shaker table
sieves, their respective diameters, the mass, and the
percentage retained. It also presents the Accumulated
Coarse Fractions (ACF) and the Accumulated Fine
Fractions (AFF) of the flour. The fraction retained
in the sieves was characterized by the particle size

Fraction retained (X;) D; (mm) ACF (%) AFF (%)

0.0008 1.850 0.08 99.92
0.0013 1.450 0.21 99.79
0.0020 1.190 0.40 99.60
0.0864 1.090 9.04 90.96
0.0658 0.925 15.62 84.38
0.2333 0.725 38.95 61.05
0.0869 0.550 47.64 53.36
0.0875 0.463 56.40 43.60
0.1011 0.363 66.50 33.50
0.0813 0.275 74.63 25.37
0.2537 0.231 100.00 0.00
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fraction D, which is the arithmetic mean of the mesh
openings of sieves i and i-1. It can be observed that
the largest quantity of apple pomace flour particles
(25.37%) was retained at the bottom of the sieve set,
indicating that this portion of the sample had particle
sizes smaller than 0.275 mm. A significant percentage
(23.33%) was retained in the sieve with a 0.600 mm
opening, with a diameter smaller than 0.925 mm.
These results differed from those found by STORCK
et al. (2015) for apple residue flour, where 37% had
a particle size greater than or equal to 0.600 mm and
24% less than or equal to 250 um.

The quantity of flour retained at the bottom
can be classified as fine flour. In their research on
jabuticaba peel flour, ALMEIDA etal. (2020) observed
that the largest quantity of particles was retained in
the 32 mesh Tyler sieve (0.500 mm), with a value of
21.17%. This analysis allowed the separation of fine
and coarse particle sizes, considering the material that
is retained or passes through the 60 mesh (250 pm)
sieve as fine particle size flour.

The cookie ingredients have specific roles
in the dough formation process, which are related to
the product quality. Wheat flour is a crucial ingredient,
providing unique characteristics such as the high
formation of the gluten network, which retains gases
during fermentation. To entirely or partially replace
this ingredient, it is necessary to assess its impact on
the product. To understand how the cookies would
rise and whether apple pomace flour could interfere, a
growth analysis of the cookies was conducted. Table 4
shows the values of circumferences and weights before
and after baking for the three formulations.

According to the results obtained from
the sensory analysis, the control formulation and
the one with 25% apple pomace were well accepted,
with hedonic scores averaging between 6 and 7,
corresponding to “slightly liked” and “moderately
liked.” Table 5 presents the sensory acceptance

Table 4 - Growth analysis of cookies results.

results of cookie-type biscuits, considering attributes
such as appearance, color, texture, odor, flavor, and
overall evaluation.

Fortheappearanceattribute, it was observed
that the F2 sample showed a significant difference
compared to the others, being the least accepted.
However, its acceptance index was between 6 and
7, equivalent to slightly liked and moderately liked,
respectively. Thus, despite having lower acceptance,
it still presented a regular acceptance among tasters.
The P and F1 samples did not significantly differ from
each other and had higher acceptance in this attribute,
indicating that the substitution of 25% rice flour with
apple pomace flour does not influence the perception
of the cookies appearance by the tasters, whereas
the 50% substitution causes significant changes.
It was noted that the shape of the cookies with the
substitution of rice flour by apple pomace flour
was less uniform, with a more brittle and irregular
aspect, which may have influenced the appearance
acceptance results. A justification for this again lies
in the absence of the gluten network, which affects
texture and other characteristics like extensibility,
elasticity, and dough viscosity. Furthermore, when
replacing rice flour with the residue, the starch
concentration decreases, which is also important for
the product’s structure and texture (USMAN et al.,
2020; ZLATANOVIC et al., 2019).

Regarding color, all samples were well
accepted, with indices ranging from 7 - moderately
liked to 8 - liked very much. It was found that the
tone of the cookies intensified as the proportion of
apple pomace flour increased. This phenomenon
can be explained by the considerable amount of
carbohydrates in the formulations, which, when
subjected to the baking process, likely went through
both caramelization and the Maillard reaction,
causing browning. These processes contributed to
obtaining a darker color in the products (SILVA et al.,

------------------- Raw dough Baked dough-----------------
0,
. Diameter Thickness Diameter Thickness A0 () A ()
Formulations Volume (mL) Volume (mL)
(mm) (mm) (mm) (mm)
P 42.0'+0.20 15.0°+0.05 20.78*+0.13 53.0°+0.15 14.0°+0.10 30.89°+0.05 10.10°+0.17 48.62*+1.14
F1 32.0°+£0.25 28.0°+0.15 22.52°+023 51.0°+020 23.0°+0.15 46.98°+£0.06 24.47°+0.17 108.65°+ 1.87
F2 31.0°£0.05 20.0°+0.05 15.10°£0.09 41.0°£0.05 9.0°£0.05 11.88°+0.09 -3.21°+£0.01 -21.29°+0.18

Means followed by equal letters (vertical) do not differ statistically from each other by the Tukey test at 5%.

Ciéncia Rural, v.55, n.9, 2025.



6 Simdes et al.

Table 5 - Sensory analysis results.

Attributes Formulations
Standard (P) Subst. 25% (F1) Subst. 50% (F2)

Appearance 7.80"+1.23 7.52*+1.90 6.48°+ 1.57
Color 7.68+1.25 732"+ 1.67 7.08" + 1.66
Texture 6.78"+£2.08 7.52°+1.82 5.06°+ 1.55
Odor 7.18%+1.46 7.79°+1.55 6.92°+£1.16
Flavor 7.28% + 1.80 7.76" £ 1.58 5.96°+1.35
Overall Evaluation 7.28% £ 1.68 7.76" £ 1.40 5.96°+1.22
Purchase intention 6.66" +2.37 7.06" +2.03 4.5°+1.96

Means followed by equal letters (horizontal) do not differ statistically from each other by the Tukey test at 5%.

2019). Similar results were observed by DOURADO
et al. (2014) when making cookies with 8.5% and
14.2% apple pomace flour, compared to a control
formulation without wheat flour replacement.

Another aspect related to appearance is
texture, an attribute in which the three formulations
statistically differed, with the F1 sample being the best
accepted, followed by the control sample and then F2.
The F1 and control samples were well accepted, with
acceptance averages close to 7 - moderately liked. The
F2 sample showed an acceptance average close to 5 -
neither liked nor disliked. In LIMA’S (2019) research
on the partial replacement of wheat flour with pineapple
residue flour, it was found that texture acceptance
decreased as the replacement increased, with the least
accepted sample being the one with 50% replacement.
Thus, the presence of more fibrous material with 50%
replacement alters the consistency, deviating from the
usual cookies that contain only wheat flour.

The F1 sample statistically differed in odor,
being better accepted than the others, while the F2
sample did not differ from the standard sample. The
acceptance indices of the three samples ranged from
6 - slightly liked to 8 - liked very much, indicating
reasonable acceptance. Given that the F1 sample
received superior acceptance, it can be assumed that
the aromatic compounds in apple pomace flour have a
positive influence on the product’s aroma, especially
when rice flour is replaced in reduced proportions.
Similar results were found by BENDER et al. (2016)
in their study with extruded snacks with grape peel
flour. The acceptance of the aroma attribute was higher
for the product with 5% compared to the sample with
10% and the control sample without grape peel flour,
indicating the contribution of grape flour, in small
amounts, to increasing product acceptability.

The  three  formulations  differed
statistically in terms of flavor, with formulation F1
being the best accepted, followed by the control
sample and then F2. These results are in line with
the aroma attribute, indicating that the aroma and
flavor compounds from the fruit and; consequently,
the pomace flour, contributed to the product’s aroma
and flavor when the substitution was 25%. However,
when this substitution was 50%, the product had
lower acceptance, possibly because it differed from
what is expected for cookie-type biscuits. These
results support those found by DOURADO et al.
(2014) concerning the flavor of cookie-type biscuits
with 8.5% and 14.2% apple pomace. When analyzing
gluten-free cookies with partial replacement of rice
flour with orange residue flour, MIRANDA et al.
(2021) noted that flavor acceptance decreased as the
substitution increased.

Regarding overall evaluation, the three
samples showed statistically significant differences,
with the F1 sample being the best accepted, with an
average close to 8 - liked very much.

Concerning purchase intent, the F1
formulation did not differ from the control sample,
with averages close to 7 - would probably buy. The
F2 sample had a lower purchase intention, with
an average close to 5 - unsure if would buy. This
result showed that for formulations with partial
replacement of rice flour with apple pomace flour, the
F1 formulation has greater market potential, meaning
a higher likelihood of being purchased by consumers.

CONCLUSION

The use of flour obtained from apple
pomace proved to be an alternative for enriching
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cookie-type biscuits. The obtained flour showed good
physicochemical and granulometric characteristics,
demonstrating its technological potential in the
development of baked goods. Among the prepared
cookies, the formulation with 25% substitution of
rice flour with apple pomace flour obtained the best
results in cookie growth and sensory analysis, not
showing statistically significant differences from the
control sample in the attributes of appearance, color,
and purchase intention. Additionally, it had higher
acceptance in the attributes of texture, odor, flavor,
and overall evaluation. Thus, this formulation showed
a greater market potential, being well accepted by
consumers. The use of flour obtained from residues
in the industry presents itself as value addition,
nutritional enrichment, advantages in reducing waste
and disposal costs, and sensory improvements,
especially in gluten-free baked goods, as observed.
Therefore, the positive results indicate the possibility
of utilizing apple pomace in the development of
gluten-free cookie-type biscuits.
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