Journal of

Agricultural

Sciences Research

ISSN 2764-0973 vol. 6, n. 3, 2026

ee
Data de Aceite: 07/07/2026

DEVELOPMENT OF CREAMY REQUEIJAO
FROM MILK-WHEY BLENDS ENRICHED
WITH NATIVE BRAZILIAN YELLOW FRUIT
PULPS: A SUSTAINABLE APPROACH

TO BIOACTIVE ENHANCEMENT

Amanda Alves Prestes

Postgraduate Program in Food Engineering, Federal University of Santa Catarina,
Technology Center, Trindade, Floriandpolis, SC, Brazil

Ana Caroline Ferreira Carvalho

Postgraduate Program in Food Engineering, Federal University of Santa Catarina,
Technology Center, Trindade, Florianopolis, SC, Brazil

Department of Chemical Engineering, University of Blumenau, Sao Paulo Street, Blumenau, Brazil

Karine Marafon

Postgraduate Program in Food Engineering, Federal University of Santa Catarina,
Technology Center, Trindade, Florianopolis, SC, Brazil

@ @ All content published in this journal is licensed under the Creative Commons Attribution 4.0 1
BY International License (CC BY 4.0).




Dayanne Regina Mendes Andrade
Postgraduate Program in Food Engineering,
Federal University of Parana, Jardim das
Ameéricas, Curitiba, PR, Brazil

Jefferson Santos de Gois
Department of Analytical Chemistry, Rio de
Janeiro State University, Maracana Campus,
Rio de Janeiro, RJ, Brazil

Fernanda Nunes Ferreira
Department of Analytical Chemistry, Rio de
Janeiro State University, Maracana Campus,
Rio de Janeiro, RJ, Brazil

Vieira Helm

Brazilian Agricultural Research Corporation
(Embrapa Florestas), Estrada da Ribeira,
Guaraituba, Colombo, PR, Brazil

Carolina Krebs de Souza
Department of Chemical Engineering,
University of Blumenau, Sao Paulo Street,
Blumenau, Brazil

Elane Schwinden Prudencio
Postgraduate Program in Food Engineering,
Federal University of Santa Catarina,
Technology Center, Trindade, Florianopolis,
SC, Brazil

Department of Food Science and Technology,
Federal University of Santa Catarina, ltacorubi,
Florianopolis, SC, Brazil

DOI https://doi.org/10.22533/at.ed.0973632628056

Abstract: Cheese whey is a dairy by-pro-
duct with high nutritional value and strong
potential for sustainable food applications.
In this study, creamy Requeijao formula-
ted with milk-whey blends was enriched
with 15% pulps of native Brazilian yellow
fruits (aragd, guabiroba, uvaia, and butid),
and its physicochemical characteristics, mi-
neral profile, carotenoid content, phenolic
compounds, and antioxidant activity were
evaluated. Fruit incorporation significantly
altered the composition and color of the
products, reducing pH (by up t0 9.1%) and
increasing ash content (by up to 13.6%)
and yellowness (by up to 55.9%) compared
with the control formulation. All fruit-en-
riched samples showed enhanced bioactive
potential, especially the guabiroba formula-
tion, which exhibited significant increases
in carotenoids, total phenolic compounds
(approximately 8-fold), and antioxidant
activity in DPPH and ABTS assays. Ove-
rall, the results demonstrate that the com-
bined use of cheese whey and native Bra-
zilian fruits is a promising strategy for the
development of innovative functional dairy
products aligned with sustainability, waste
valorization, and the appreciation of Brazi-
lian biodiversity

Keywords: dairy products; circular eco-
nomy; Brazilian biodiversity; agro-indus-
trial by-products; functional product

Highlights

* Native fruit pulps improved Requei-
jao bioactive composition.

* Guabiroba showed the highest antio-
xidant and carotenoid levels.

* Fruit addition enhanced yellow colo-
ration and mineral composition.
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* Cheese whey valorization supports
sustainable dairy applications.

* Native fruits increased phenolics and
antioxidant activity.

Introduction

The increasing demand for sustainable
food systems has intensified efforts to mi-
nimize waste and enhance the valorization
of agro-industrial by-products. In the dairy
sector, cheese whey is one of the most abun-
dant residues, accounting for approximately
85-90% of the initial milk volume used in
cheese production and retaining nearly 55%
of its original nutrients, including lactose,
soluble proteins, minerals, and bioactive
compounds (El-Aidie & Khalifa, 2024; Sel-
mi et al., 2025).

Despite its high nutritional value,
whey remains underutilized and, when im-
properly disposed of, can pose significant
environmental concerns due to its elevated
organic load (Weerasingha et al., 2025). In
this scenario, strategies aimed at incorpora-
ting whey into new food formulations have
gained relevance, especially within the fra-
mework of circular economy and resource
efficiency (Czarniecka-Skubina et al., 2025;
Weerasingha et al., 2025)

Among dairy products, requeijao
stands out as a widely consumed spreadable
cheese in Brazil, characterized by its creamy
texture and technological flexibility. Its for-
mulation, typically based on milk proteins,
fat, and emulsifying salts, allows the incor-
poration of additional ingredients without
major structural disruption(Brasil, 1997).
This characteristic makes requeijao an in-
teresting matrix for developing products
with improved nutritional and functional
properties. In recent years, the addition of
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plant-based ingredients, particularly fruit-
-derived materials, has been explored to in-
crease the levels of antioxidant compounds,
such as carotenoids and phenolics, in dairy
systems (El-Loly et al., 2024; Prestes et al.,
2025).

Brazilian biodiversity offers a wide
range of native fruits with significant po-
tential for food innovation, although many
remain underexplored in industrial applica-
tions. Yellow native fruits such as guabiroba
(Campomanesia xanthocarpa O. Berg), aracd
(Psidium  cattleianum), butid (Butia spp.),
and uvaia (Eugenia pyriformis) are notewor-
thy due to their composition, which inclu-
des relevant levels of carotenoids, phenolic
compounds, and vitamin C, all associated
with antioxidant activity (da Fonseca Antu-
nes et al., 2024; Machado et al., 2025; Pres-
tes et al., 2022; Taver et al., 2022). Despite
this potential, their use in dairy products is
still limited and often restricted to isolated
applications, which does not fully reflect
the diversity of these raw materials or their
possible technological interactions within
complex food matrices (A. A. Prestes et al.,
2024, 2025).

From a scientific perspective, an im-
portant limitation in the current literature is
the fragmented approach typically adopted.
Studies tend to investigate whey utilization
and fruit enrichment separately, without
considering the combined effects of the-
se two strategies within the same product
system. Moreover, there is still insufficient
information regarding how different native
fruit pulps may influence the physicoche-
mical characteristics and functional proper-
ties of processed cheeses when incorporated
under comparable formulation conditions
(Soumati et al., 2023; Uribe-Veldzquez et
al., 2026).
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Exploring these aspects is particularly
relevant not only for expanding the techno-
logical understanding of such systems but
also for supporting the development of pro-
ducts aligned with sustainability principles.
The simultaneous use of whey and native
fruits may contribute to reducing industrial
waste while promoting the valorization of
regional biodiversity, generating products
with added value and potential functional
appeal (Detti et al., 2025; Soumati et al.,
2023).

Considering the compositional at-
tributes of cheese whey and the bioactive
profile of native Brazilian yellow fruits, it is
proposed that incorporating whey as a par-
tial substitute for milk, together with the
addition of fruit pulps (guabiroba, aracd,
buti4, and uvaia), can lead to a requeijao
with increased levels of bioactive compou-
nds, especially carotenoids and phenolics, as
well as enhanced antioxidant activity. It is
further assumed that each fruit will contri-
bute differently to the final product, given
the variability in their phytochemical com-
position, which may reflect distinct impacts
on both functional and physicochemical
characteristics.

Thus, this study aimed to develop a
creamy requeijao formulated with milk and
cheese whey, enriched with pulps of native
Brazilian yellow fruits, and to evaluate its
physicochemical properties, bioactive com-
pound content, and antioxidant capacity.

DOI https://doi.org/10.22533/at.ed.0973632628056

Material and Methods

Reagents

All reagents employed throughout the
analyses were of analytical grade or higher
purity. Ultrapure water with a resistivity of
18.2 MQ-cm was produced using a water
purification system (MS3000, Master Sys-
tem, Gehaka, Siao Paulo, Brazil) and was
used to prepare all standards, solutions,
and dilutions. The reagents applied during
sample preparation included acetone, so-
dium hydroxide (NaOH), petroleum ether,
hydrochloric acid (HCI), and nitric acid
(HNO3) obtained from Quimis (Sao Paulo,
Brazil), while tetramethylammonium hy-
droxide (TMAH, 25% w/w in H,O) was
acquired from Sigma-Aldrich (Germany).
Prior to use, nitric acid was additionally
purified through sub-boiling distillation in
a PTFE distillation apparatus (Distill Acid
BSB-939-IR, Berghof, Germany). Calibra-
tion standards and recovery assays were pre-
pared from single-element stock solutions
(1000 mg L™) containing Ca, Cu, P, Zn,
and Sc (Specsol®, Brazil), K (Merck, Ger-
many), Cr, Fe, and Mg (SCP Science, Ca-
nada), and Na (Vetec, Brazil).

Raw Material

Pulps from Brazilian native fruits, na-
mely butid, ara¢d, and uvaia, were obtained
from Encontro de Sabores (Passo Fundo,
RS, Brazil), while guabiroba pulp was su-
pplied by EMBRAPA Florestas. These ingre-
dients were incorporated into the requeijao
formulation. Cheese whey generated during
the manufacture of Minas Frescal cheese
was employed as a dairy co-product in the
requeijao formulation (milk-clotting enzy-

me (HA-LA®, coagulation power 1:3000)
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supplied by Chr. Hansen was used during
processing, together with whole UHT milk
(Tirol®, Nova Trento, SC, Brazil). The milk
presented a composition of 3.2 g 100 g™*
protein, 3.0 g 100 g™* fat, and 4.5 g 100 g*
carbohydrates.

Preparation of the creamy
Requeijao

Creamy Requeijao was formulated
using 500 g of whey, 400 g of butter (Cona-
prole®, containing 84% total fat, 54% satu-
rated fat, 4.9% trans-fat, and 770 mg/100
g sodium, with no detectable protein, car-
bohydrates, or dietary fiber), 984 g of ricot-
ta cheese (Familia Pepenborg®, containing
15% protein, 12% total fat, 3.5% saturated
fat, no carbohydrates, and 37 mg/100 g so-
dium), and 3.5 g of sodium chloride. Ini-
tially, all ingredients were homogenized in a
blender until a uniform mixture was obtai-
ned. The mixture was subsequently heated
under continuous stirring on a conventio-
nal stove until reaching the typical consis-
tency of creamy Requeijao, characterized by
a smooth, spreadable, velvety, and slightly
elastic texture.

After cooling, 15% (w/w) of native
yellow fruit pulps were incorporated into
the Requeijao matrix and homogenized to
obtain the different formulations. The treat-
ments consisted of: control sample (without
fruit pulp addition), RA15 containing 15%
ara¢d pulp, RG15 containing 15% guabiro-
ba pulp, RU15 containing 15% uvaia pulp,
and RB15 containing 15% butid pulp (Fi-
gure 1).
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Physicochemical analysis

The color parameters of the samples
were determined using a sphere spectropho-
tometer (SP60 Series, X-Rite Inc., Grand
Rapids, MI, USA). Measurements were
expressed using the CIELAB color system
in terms of the coordinates L*, a*, and b*.
In this system, the L* parameter describes
luminosity, ranging from 0 (dark/black) to
100 (light/white). The a* coordinate indica-
tes the color variation between green (nega-
tive values) and red (positive values), while
the b* coordinate represents the spectrum
from blue (negative values) to yellow (po-
sitive values).

Total Carotenoids Content

The determination of carotenoid com-
pounds was carried out according to the
procedure described by Rodriguez-Amaya
(2001), with methodological adaptations.
Approximately 1 g of sample was weighed
and transferred to a 50 mL Falcon® tube,
followed by the addition of 20 mL of ace-
tone. The mixture was vigorously homoge-
nized in a vortex mixer and subsequently
subjected to ultrasonic treatment for 30
min at 25 °C to improve pigment extraction
efficiency.

After the extraction step, the material
was filtered to separate insoluble particles
from the liquid fraction. The obtained ex-
tract was transferred to a separation burette
containing petroleum ether (4 mL) and ul-
trapure water (3 mL). The mixture remai-
ned at rest until two distinct phases formed.
In cases where separation was incomplete,
sodium hydroxide solution was added dro-
pwise to facilitate phase clarification. The
lower aqueous fraction, which was colorless,
was discarded, while the upper organic layer
containing the carotenoids was retained.
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CONTROL

Figure 1. Creamy requeijao with the addition of 15% pulp from native yellow fruits. Note: uvaia,
guabiroba, ara¢a, and butia- identified as: RU15, RG15,RA15, and RB15, respectively.

To remove residual water, the organic
phase was filtered through anhydrous so-
dium sulfate-impregnated filter paper and
then quantitatively transferred to a volume-
tric flask. Additional petroleum ether was
used to rinse the separation burette to en-
sure complete recovery of the extracted pig-
ments. The carotenoid concentration was
subsequently measured by UV-Vis spectro-
photometry using characteristic absorption
wavelengths for each compound: 450 nm
for B-carotene, 444 nm for a-carotene, 452
nm for B-cryptoxanthin, and 462 nm for
A-carotene. The final values were reported as
pg of carotenoids per 100 g of sample.

Total Phenolic Compounds and
Antioxidant Activity

The content of total phenolic com-
pounds was estimated using the Folin—Cio-
calteu spectrophotometric assay, based on
the methodology proposed by (Singleton
& Rossi, 1965), with slight modifications
to the original procedure. The method re-
lies on the reduction of the Folin—Ciocalteu
reagent by phenolic substances in an alka-
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line medium, producing a bluish complex
proportional to the concentration of these
compounds. After preparation of the reac-
tion mixture, samples were stored at room
temperature in the dark for 90 min to allow
complete chromophore formation. Subse-
quently, absorbance readings were obtained
at 725 nm using a UV-Vis spectrophoto-
meter (Shimadzu® UV-1800, Kyoto, Ja-
pan). Quantification was achieved through
a calibration curve prepared with gallic acid,
and the results were expressed as uM gallic
acid equivalents per gram of sample (UM

GAF/g).

The antioxidant potential of the re-
queijao samples was investigated using two
distinct radical-scavenging assays, namely
DPPH and ABTSe+, which are commonly
used to evaluate different antioxidant me-
chanisms. The DPPH method, originally
described by Brand-Williams et al. (1995),
is based on the reduction of the stable ra-
dical 2,2-diphenyl-1-picrylhydrazyl by an-
tioxidant molecules capable of donating
electrons or hydrogen atoms. The reaction
mixtures were incubated for 30 min at
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room temperature under light-protected
conditions, followed by spectrophotometric
measurement at 515 nm using a Shimadzu®
UV-Vis spectrophotometer (Kyoto, Japan).
Antioxidant activity was calculated from a
Trolox standard curve and expressed as pM
Trolox equivalent antioxidant capacity per

gram of sample (uM TEAC/g).

Antioxidant activity was also asses-
sed using the ABTSe+ radical cation assay
[2,2"-azino-bis(3-ethylbenzothiazoline-6-
sulfonic acid)], according to the metho-
dology reported by Re et al. (1999). This
assay measures the capacity of antioxidant
compounds to reduce the ABTSe+ radi-
cal, thereby decreasing absorbance intensi-
ty. The absorbance values were recorded at
734 nm with a UV-Vis spectrophotometer
(Shimadzu®, Kyoto, Japan), and the antioxi-
dant capacity was likewise expressed as pM

TEAC/g.

Multi-element profile

Prior to elemental analysis, the requei-
jao samples were digested in a closed-vessel
microwave system (Multiwave PRO, Anton
Paar, Graz, Austria). The procedure was con-
ducted under controlled conditions, with
microwave power reaching 1200 W, opera-
ting temperature maintained at 200 + 1 °C,
and internal pressure of approximately 20
bar. Different sample preparation strategies
were evaluated before analysis. Ultrasoun-
d-assisted extraction was performed using
an ultrasonic bath (Nova Instruments, Pi-
racicaba, SP, Brazil) operating at 50 Hz and
ambient temperature (25 + 1 °C). Alkaline
solubilization procedures were carried out
in a thermostatically controlled water bath
coupled to a heating plate (IKA, Campinas,
SP, Brazil). In addition, dry mineralization
was performed in a muffle furnace (Jung,
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Blumenau, SC, Brazil) at 550 + 1 °C, and
the resulting ashes were solubilized with
concentrated hydrochloric acid at 80 + 1 °C.
Following the preparation steps, aliquots
equivalent to 2.218 g of sample were cen-

trifuged using a bench centrifuge (Fanem,
Guarulhos, SP, Brazil).

Mineral determination was perfor-
med by inductively coupled plasma optical
emission spectrometry (ICP-OES) using
an iCAP 6000 instrument from Thermo
Scientific. Quantification of the elements
was carried out at specific analytical wave-
lengths: Ca (315.887 nm), Cr (267.716
nm), Cu (324.754 nm), Fe (259.940 nm),
K (766.490 nm), Mg (279.553 nm), Na
(589.592 nm), P (213.618 nm), and Zn
(213.856 nm). Scandium (Sc, 361.384 nm)
was employed as the internal standard to im-
prove analytical stability and precision. The
selection of analytes considered both their
nutritional importance in dairy matrices
and the instrument’s analytical performan-
ce. The ICP-OES configuration included a
V-groove nebulizer coupled with a cyclonic
spray chamber, which allowed accurate me-
asurements in samples containing relatively
high concentrations of dissolved solids after
suitable pretreatment.

All determinations were obtained in
radial plasma observation mode. Instru-
mental operating conditions included a
pump rotation speed of 60 rpm, plasma gas
flow rate of 12 L min™!

of 1 L min™!, nebulizer gas flow of 0.4 L

1

, auxiliary gas flow
min~!, and radiofrequency power set at
1300 W. Argon with purity equal to or hi-
gher than 99.95% (Air Liquide, Brazil) was
employed both for plasma formation and
aerosol transport. Quantitative analysis was
performed using external calibration with
multi-element standard solutions prepared

DEVELOPMENT OF CREAMY REQUEIJAO FROM MILK-WHEY BLENDS ENRICHED WITH NATIVE BRAZILIAN YELLOW FRUIT PULPS: A SUSTAINABLE APPROACH TO BIOACTIVE ENHANCEMENT

©
o)

]
Z
<




over the concentration range of 0.1-10 mg
L™!. Ultrapure water produced by a Master
System purification unit (Gehaka, Brazil)
was used during all dilution and preparation
procedures. Reagents included nitric acid
and hydrochloric acid, supplied by Quimis
(Brazil), and tetramethylammonium hydro-
xide (25% w/w), obtained from Sigma-Al-
drich (Germany). Nitric acid was further
purified through sub-boiling distillation
using a Berghof system (Germany). Certi-
fied mono-element stock standards (1000
mg L") were used to prepare the calibration
curve and to conduct recovery studies.

Statistical analysis

The experimental results were expres-
sed as mean + standard deviation. Differen-
ces between the evaluated treatments were
assessed using one-way analysis of variance
(ANOVA), and when significant effects
were observed, comparisons of means were
performed using Tukey’s multiple compari-
sons test at a significance threshold of 5% (p
< 0.05). Statistical analyses were performed
using STATISTICA developed by TIBCO
Software Inc. All determinations were per-
formed in triplicate to ensure analytical re-

liability and reproducibility.

Results and Discussion

Physicochemical parameters

The incorporation of 15% native
yellow fruit pulps significantly affected the
physicochemical and color characteristics
of creamy Requeijao, demonstrating that
the addition of these fruits altered both the
nutritional profile and the product’s visual
attributes (Table 1). In general, the formula-
tions containing fruit pulps exhibited lower
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pH values, changes in moisture and total
solids, and more intense color attributes
compared with the control sample. These
changes are expected since native fruits na-
turally contain organic acids, fibers, sugars,
minerals, and pigments that directly interact
with the dairy matrix ( Prestes et al., 2025).

Among the evaluated treatments,
RU15 had the lowest pH, while the control
formulation was less acidic. The reduction
in pH observed after pulp incorporation is
likely due to the presence of organic acids
naturally present in fruits such as uvaia, ara-
¢4, guabiroba, and butid. Similar behavior
has been reported in fermented dairy pro-
ducts enriched with fruit preparations, whe-
re the fruit matrix contributes not only to
acidification but also to flavor enhancement
and microbiological stability (Bianchini et
al., 2020; Prestes et al., 2023; Prestes et al.,
2024). From a technological perspective,
lower pH values may also influence protein
interactions within the Requeijao structure,
contributing to modifications in texture and
water retention capacity.

Protein content decreased in all frui-
t-added samples compared with the con-
trol treatment. This behavior likely resulted
from a dilution effect caused by the addition
of fruit pulps, which naturally contain lower
protein concentrations than dairy ingre-
dients. RB15 had the lowest protein value
among all formulations, suggesting that bu-
tid pulp may have had a greater impact on
the product’s final solids balance. In dairy
systems, the incorporation of fruit matrices
commonly modifies the distribution of pro-
teins and moisture, especially because fruit
fibers and soluble compounds compete for
water within the structure (Priyashantha et

al., 2025; Waweru et al., 2024).
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Samples

Control RA15 RU15 RGI5 RB15

pH 5.03+0.02*  4.63+0.05 457+0.04* 479+0.03  4.65+0.05
Protein (g/100g) 820+0.35* 7.41+1.34° 7.40£049 7.45+0.17° 5.69+0.73¢
Moisture (g/100g)  64.96 + 1.19¢  63.00 + 0.65° 66.81 + 0.63* 65.24 + 0.33° 66.51 + 2.61*
coI;I;(;?tl (Sg"/ll“é;g) 35.04+ 1.19°  37.00 +0.65° 33.19+0.63° 34.76+0.33 33.49 + 2.61¢
Ash (g/100g) 1.18£0.27¢  1.33+0.19° 1.21+0.20° 1.34+0.12*  1.10 £ 0.12¢
L* 85.64+ 1.20° 80.29 +0.50° 82.30 + 1.30° 77.90 +2.01¢ 84.02 + 1.50

a* -0.451.45° 1.74+0.75* -0.35+1.30¢ 4.85+1.50* 1.05+2.30¢

b* 13.30 £ 1.50°  13.49 £2.10° 16.87 + 1.55° 20.73 +2.50° 19.44 + 1.20

Table 1. Physicochemical and color parameters of creamy Requeijao added with 15% pulp from yellow
native fruits

Notes: RG15 = 15% guabiroba pulp; RB15 = 15% butia pulp; RA15 = 15% aragd pulp; RU15 = 15%
uvaia pulp; Values with mean + standard deviation; *“ Means accompanied by the same letters in the
same column do not show a significant difference (p < 0.05).

Moisture values showed noticeable di-
fferences between treatments, with RU15
presenting the highest water content. Con-
sequently, formulations with higher moistu-
re tended to exhibit lower total solids. This
inverse relationship is commonly observed
in processed cheeses and spreadable dairy
products. The higher water retention obser-
ved in some samples may be related to the
presence of pectins and soluble fibers in the
fruit pulps, which can bind water and incre-
asing matrix hydration. On the other hand,
RA15 showed the highest total solids con-
tent, indicating a lower amount of free wa-
ter in the formulation. These results suggest
that each native fruit interacts differently
with the dairy matrix depending on its che-
mical composition and fiber profile (Lucera
et al., 2018;Prestes et al., 2025).

Ash content also varied significantly
among treatments. RG15 had the highest
ash value, which may indicate a greater mi-
neral contribution from guabiroba pulp.
Native Brazilian fruits are frequently descri-
bed as good sources of essential minerals and
bioactive compounds, which may enhance

DOI https://doi.org/10.22533/at.ed.0973632628056

the nutritional value of dairy products when
incorporated into formulations (Cargnin et
al., 2024; da Fonseca Antunes et al., 2024;
Machado et al., 2025). Although the diffe-
rences in ash content were relatively small,
they demonstrate that fruit addition can
subtly improve the mineral composition of
creamy Requeijao.

The addition of fruit pulps had an even
more evident effect on color parameters (Fi-
gure 1). The control sample exhibited the
highest luminosity (L*), which is charac-
teristic of conventional creamy dairy pro-
ducts. After pulp incorporation, luminosity
decreased, especially in RG15, indicating
darker samples with stronger pigmentation.
This reduction in brightness is directly rela-
ted to the natural pigments present in native
fruits, particularly carotenoids and phenolic
compounds (Cargnin et al., 2024; da Fonse-
ca Antunes et al., 2024; Prestes et al., 2022).

The a* values indicated that RG15 de-
veloped a more reddish appearance than the
other treatments, while the control sample re-
mained close to neutral. At the same time, all
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fruit-added formulations showed an increase
in b* values, especially RG15 and RB15, indi-
cating a more pronounced yellow coloration.
This behavior was expected, given that yellow
native fruits are rich in carotenoids, which are
responsible for yellow-to-orange color tones
in foods. The increase in yellowness may also
positively influence consumer perception,
since yellow shades are often associated with
creaminess, flavor intensity, and naturalness
in dairy products (Jeong & Park, 2025; Pres-
tes et al., 2023).

Phenolic compounds, Antioxidant
activity, and Total Carotenoid
content

The addition of 15% native fruit pulp
markedly improved the bioactive profile of
creamy Requeijao when compared with the
control formulation (Table 2). All fruit-en-
riched samples showed higher carotenoid
content, total phenolic content, and antio-
xidant activity as measured by DPPH and
ABTS, indicating that incorporating yellow
native fruits effectively increased the func-
tional potential of the dairy matrix.

Among the formulations, RG15 stood
out with the highest contents of a-carote-
ne, B-carotene, cryptoxanthin, A-carotene,
and total phenolic compounds, followed by
RB15, RA15, and RU15 for most carote-
noids. This result is consistent with previous
studies reporting guabiroba as a fruit rich
in phenolic compounds and with strong
antioxidant potential. Malta et al. reported
that guabiroba presented high total pheno-
lic content and antioxidant activity, while
Prestes et al. (2023) showed that guabiroba
pulp increased phenolic content and antio-
xidant activity in fermented lactic beverage
systems, supporting its use in dairy-based
functional products (Prestes et al., 2023).
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The antioxidant results followed, in
part, the same tendency observed for pheno-
lic compounds. RG15 showed the highest
DPPH and ABTS values, which agrees with
its superior phenolic and carotenoid con-
tent. This relationship is expected because
phenolic compounds and carotenoids can
contribute to radical-scavenging capacity
through distinct antioxidant mechanisms
(Prestes et al., 2022). Denardin et al.(2015)
also reported that Brazilian native fruits,
including ara¢d and butid, contain relevant
levels of phenolics and carotenoids, which
may contribute to antioxidant activity (De-
nardin et al., 2015).

Although RA15 and RUI15 showed
lower carotenoid and phenolic contents
than RG15 and RB15, both formulations
still exhibited considerably higher antioxi-
dant activity than the control. This indicates
that even fruits with intermediate bioactive
contents can improve the antioxidant po-
tential of Requeijao when incorporated into
the formulation. For uvaia, studies have hi-
ghlighted its phenolic composition and an-
tioxidant potential, including extracts obtai-
ned from pulp and residues, reinforcing its
relevance as a source of natural antioxidants
(de Souza Lopes et al., 2025; Rodrigues et
al., 2021).

RB15 exhibited the second-highest ca-
rotenoid and total phenolic contents, but its
antioxidant activity was not consistently the
second-highest, particularly for DPPH and
ABTS. This suggests that the antioxidant
response was determined not only by the
total amounts of phenolics and carotenoids,
but also by the specific profiles of compou-
nds, their stability in the dairy matrix, and
possible interactions with proteins and li-

pids (Divya Priya & Martin, 2025).
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Samples

Control RA15 RU15 RGI15 RB15
. (/1008 1013+  163.69+ 11889+ 818.04+  256.96 +
-caroten g/ 10V8 2.00¢ 41.96° 61.50¢ 171.43* 31.70
8 (ug/100¢) 56.56 + 176.83 + 128.43 + 883.69 + 277.59 +
-caroten gl tls 9.00¢ 35.40¢ 28.20¢ 150.00° 40.000
. . 525+  147.85+ 10739+ 738.88+  231.80+
Criptoxantin (ug/100g) 1.26¢ 32.00¢ 25.00¢ 140.00° 38.00
192.10 + 139.52 + 772.49 + 301.55 +
A-caroten (ug/100g) <001 38.00¢ 30.00¢ 160.00°  45.00°
. 7.00 + 1400+ 1500+  59.00+  27.00 +
Total phenolic content (mg/100g) 0.02¢ 0.05¢ 0.03¢ 0.02° 0.01°
10.06 + 2595 + 30.37+ 35.30 = 23.37
*
DPPH (umol TE/g") 3.67° 197 245 637 207
5.28 + 17.24 + 15.85 + 22.29 + 14.42 +
*
ABTS (umol TE/g") 0.54¢ 1.51° 0.50¢ 1.61° 1.95¢

Table 2. Total carotenoid content, phenolic compounds, and antioxidant activity of creamy Requeijao

with 15% yellow native fruit pulp.

Notes: RG15 = 15% guabiroba pulp; RB15 = 15% butia pulp; RA15 = 15% araga pulp; RU15 = 15%
uvaia pulp; Values with mean + standard deviation; ** Means accompanied by the same letters in the
same column do not show a significant difference (p < 0.05). *TE= Trolox Equivalent

Elements (mg g*) Control RU15 RG15 RA15 RBI15

Al <LOD <LOD <LOD <LOD <LOD
As <LOD <LOD <LOD <LOD <LOD
Ca 1.99+0.05* 1.78+0.11° 1.75+0.03° 1.69+0.06° 1.67+0.01¢
Cd <LOD <LOD <LOD <LOD <LOD
Co <LOD <LOD <LOD <LOD <LOD
Cr <LOD <LOD <LOD <LOD <LOD
Cu <LOD <LOD <LOD <LOD <LOD
Fe <LOD <LOD <LOD <LOD <LOD

K 0.937+0.01¢ 0.748+0.043¢ 1.17+0.03° 1.19+0.03* 1.16+0.01°
Mg 0.113+0.01° 0.098+0.01¢ 0.120+0.01* 0.109+0.01°¢ 0.105+0.01¢
Mn <LOD <LOD <LOD <LOD <LOD
Na 2.54+0.02 1.88+0.11 2.21+0.07 2.15+0.06 2.28+0.03
P 1.30+0.05 1.21+0.08 1.17+0.03 1.19+0.01 1.16+0.03
Pb <LOD <LOD <LOD <LOD <LOD

S 1.32+0.05 1.44+0.09 1.24+0.02 1.44+0.02 1.23+0.07
Se <LOD <LOD <LOD <LOD <LOD
Sr Present Present Present Present Present
Zn 0.0056+0.01 0.0061+0.01 0.0053+0.01 0.0059+0.01  0.0052+0.0004

DEVELOPMENT OF CREAMY REQUEIJAO FROM MILK-WHEY BLENDS ENRICHED WITH NATIVE BRAZILIAN YELLOW FRUIT PULPS: A SUSTAINABLE APPROACH TO BIOACTIVE ENHANCEMENT

Table 3. Multi-element profile of creamy Requeijao with 15% pulp of yellow native fruits.
Notes: RG15 = 15% guabiroba pulp; RB15 = 15% butia pulp; RA15 = 15% araga pulp; RU15 = 15%

uvaia pulp; Values with mean + standard deviation; a-c Means accompanied by the same letters in the

same column do not show a significant difference (p < 0.05). LOD = limit of detection.
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The results indicate that guabiroba
pulp was the most effective ingredient for
enhancing the bioactive profile of creamy
Requeijao, while butid, ara¢d, and uvaia also
contributed positively to the development
of a dairy product with improved antioxi-
dant properties.

Multi-element profile

The results of the multi-element pro-
file of creamy Requeijao formulations en-
riched with native Brazilian fruit pulps are
presented in Table 3. The major minerals
identified in the formulations were calcium
(Ca), sodium (Na), phosphorus (P), sulfur
(S), potassium (K), and magnesium (Mg),
which is expected for products based on
dairy matrices, since these minerals are na-
turally associated with milk proteins and the
mineral fractions of whey.

Calcium was the mineral present at
the highest concentration across all formu-
lations, with the control sample showing the
highest value (1.99 mg/g). The addition of
fruit pulps promoted a significant reduc-
tion in Ca content, with values of (1.78
mg/g) for RU15, (1.75 mg/g) for RG15,
(1.69 mg/g) for RA15, and (1.67 mg/g)
for RB15. This behavior may be associated
with the dilution effect caused by the incor-
poration of the pulps into the dairy matrix.
Since dairy ingredients are the main source
of calcium in this type of product, partially
replacing these components with fruit pulps
tends to proportionally reduce the concen-
tration of this mineral in the formulations.
Similar results were reported by (A. A. Pres-
tes et al., 2025), who observed a reduction
in Ca content in Requeijao enriched with
guabiroba pulp. Likewise, de Oliveira Min-
delo et al., (2025) also reported a decrease
in calcium concentration in cheese samples

DOI https://doi.org/10.22533/at.ed.0973632628056

enriched with higher proportions of nati-
ve fruit pulps. These findings indicate that
incorporating plant-based ingredients into
dairy matrices can significantly alter the mi-
neral profile of the products, particularly for
minerals traditionally associated with milk.

For potassium (K), an increase was ob-
served in the formulations containing fruit
pulps, with values of (1.17 mg/g) for RG15,
(1.19 mg/g) for RA15, and (1.16 mg/g) for
RB15, compared to the control formula-
tion (0.937 mg/g). The only exception was
RU15, which presented a lower K concen-
tration (0.748 mg/g) than the control sam-
ple. Overall, the results indicate that incor-
porating fruit pulps increased this mineral
in the formulations, as expected, given that
tropical and native Brazilian fruits generally
exhibit high potassium content. The beha-
vior observed for RU15 may be associated
with natural differences in the mineral profi-
le of uvaia compared to the other fruits used
in the formulations (Araujo et al., 2017;
Bianchini et al., 2020; de Oliveira Raphaelli
et al., 2021). Studies on the mineral charac-
terization of Brazilian fruits report K as one
of the main minerals found in these plant
matrices, highlighting their potential for the
nutritional enrichment of processed foods
(de Oliveira Mindelo et al., 2025; Prestes et
al., 2024). Furthermore, increases in K con-
tent in fruit-enriched dairy products have
also been reported in dairy derivatives con-
taining fruit pulps, indicating a direct con-
tribution of the fruits to the final mineral
profile of the product (de Oliveira Mindelo
et al., 2025; Prestes et al., 2024).

Magnesium (Mg) showed signifi-
cant differences among the formulations,
with the highest concentration observed in
RG15 (0.120 mg/g), followed by the con-
trol sample (0.113 mg/g), RA15 (0.109
mg/g), and RB15 (0.105 mg/g). The lowest
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value was identified in RU15 (0.098 mg/g).
These results demonstrate that the type of
fruit used directly influenced the Mg con-
tent of the formulations. In addition to the
intrinsic mineral composition of the fruit
pulps, the incorporation of plant-based in-
gredients may modify the distribution and
retention of minerals within the food ma-
trix, as interactions among milk proteins,
fruit compounds, and water can affect the
mobility and availability of these elements.
From a technological perspective, Mg plays
an important role in processed dairy pro-
ducts by contributing to the matrix’s ionic
balance and influencing properties such
as water retention, structural stability, and
protein interactions. Nutritionally, magne-
sium is considered an essential mineral due
to its involvement in several metabolic and
enzymatic functions in the human body (de
Assis et al., 2022; de Oliveira Mindelo et al.,
2025; Prestes et al., 2025; Salehi, 2021).

For sodium (Na), all formulations con-
taining fruit pulps showed lower levels than
the control sample (2.54 mg/g). The lowest
concentration was observed in RU15 (1.88
mg/g), followed by RAI5 (2.15 mg/g),
RG15 (2.21 mg/g), and RB15 (2.28 mg/g).
This behavior suggests a possible dilution ef-
fect due to the incorporation of fruit pulps
into the dairy matrix, which proportionally
reduces the contribution of ingredients tra-
ditionally associated with higher sodium
content in the product. A similar result was
reported by Prestes et al. (2025) for a creamy
Requeijao enriched with guabiroba pulp, in
which increasing pulp concentration also
promoted a gradual reduction in Na levels
compared to the standard formulation. This
aspect is nutritionally relevant considering
the growing interest from both industry and
consumers in dairy products with reduced
sodium content.

DOI https://doi.org/10.22533/at.ed.0973632628056

Phosphorus (P) and sulfur (S) con-
tents remained relatively stable among the
formulations, ranging from (1.16 to 1.30
mg/g) for P and from (1.23 to 1.44 mg/g)
for S. The low variation observed suggests
that the addition of fruit pulps did not pro-
mote expressive changes in these minerals.
The presence of P is directly related to ca-
sein micelles and phosphates naturally pre-
sent in the dairy matrix, while S is mainly
associated with sulfur-containing amino
acids from milk proteins (Salehi, 2021).
Therefore, even with the incorporation of
the fruits, the dairy matrix remained the pri-
mary source of these elements in the formu-
lations. Studies on mineral distribution in
dairy products also report greater stability of
P and S when compared to minerals more
strongly influenced by the incorporation of
plant-based ingredients, such as K and Mg
(Bianchini et al., 2020; de Oliveira Mindelo
et al., 2025; A. A. Prestes et al., 2024; Sa-
lehi, 2021)

Sr was identified as present in the for-
mulations, although at concentrations be-
low the quantitative detection limit. Zinc
(Zn), in turn, was detected at low concen-
trations, ranging from 0.0052 to 0.0061
mg/g. Studies involving enriched dairy pro-
ducts also report low Zn contents, generally
showing less variation than major minerals
such as Ca and K. This behavior may be as-
sociated with the strong interaction of Zn
with milk proteins and the lower contribu-
tion of fruit pulps to this trace element. Al-
though detected at low concentrations, Zn
has important nutritional relevance due to
its participation in essential metabolic and
enzymatic functions in the human body (de
Assis et al., 2022; Kahraman & Ustunol,
2012; Salehi, 2021).
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Elements such as Al, As, Cd, and Pb
are frequently classified as potentially toxic
due to the adverse effects associated with
prolonged exposure, including neurological
disorders, kidney damage, and carcinoge-
nic effects(de Assis et al., 2022; de Oliveira
Mindelo et al., 2025). In this context, the
absence of these elements in the evaluated
formulations is an important result from a
food safety perspective, indicating that in-
corporating native fruit pulps did not lead
to detectable contamination in the final
product. Therefore, the results reinforce the
mineral quality and safety of the developed
formulations, especially due to the absence
of potentially toxic metals in the analyzed
samples (Salehi, 2021; Zahid et al., 2022)
. 'The incorporation of native fruit pulps,
such as uvaia, guabiroba, butid, and aracd,
led to changes in the mineral profile of the
Requeijao formulations, mainly through
reductions in Ca and Na contents and in-
creases in K in some samples. The differen-
ces observed among the formulations also
demonstrate that the mineral composition
was directly influenced by the type of fruit
used, highlighting the potential of these raw
materials to contribute to both the nutritio-
nal value and the development of dairy pro-
ducts with differentiated characteristics and

higher added value.

Conclusion

The results obtained in this study de-
monstrate the potential of combining chee-
se whey with native Brazilian yellow fruit
pulps to develop creamy Requeijao with
improved functional and nutritional cha-
racteristics. The incorporation of 15% fruit
pulp was sufficient to significantly modify
the physicochemical properties, mineral
composition, carotenoid content, total phe-

DOI https://doi.org/10.22533/at.ed.0973632628056

nolic compounds, and antioxidant activity
of the formulations, confirming the strong
influence of the fruit matrix on the final
product characteristics.

Among the evaluated fruits, guabiroba
pulp stood out as the most promising ingre-
dient, promoting the highest levels of caro-
tenoids, phenolic compounds, antioxidant
activity, and important mineral contribu-
tions. In addition, all fruit-enriched formu-
lations exhibited more intense and attractive
color characteristics than the control sam-
ple, reinforcing the potential of these native
fruits to enhance both the technological and
sensory appeal of dairy products.

Beyond its functional advantages, the
use of cheese whey is an important strate-
gy for the valorization of dairy by-products,
contributing to waste reduction and the de-
velopment of products aligned with sustai-
nability and circular economy principles. At
the same time, incorporating underexplored
native fruits fosters appreciation of Brazilian
biodiversity and creates opportunities to de-
velop innovative foods with regional identi-

ty and added market value.

Opverall, the findings indicate that cre-
amy Requeijao enriched with native yellow
fruit pulps is a promising alternative for the
dairy industry, combining technological fe-
asibility, nutritional enhancement, antioxi-
dant potential, and sustainable innovation
in a single product. Furthermore, this study
reinforces the potential of Brazilian native
fruits as strategic ingredients for developing
next-generation functional dairy products
that combine health benefits, sustainability,
and the valorization of Brazil’s rich biodiver-
sity within innovative food systems.
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