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Micronutrient deficiencies, such as iron deficiency anemia and vitamin A deficiency, remain a concern among
children in low- and middle-income countries. Despite the flour fortification policies in Brazil, nutrient
bioavailability remains a challenge. Using local, nutrient-rich ingredients, such as crude palm olein (CPOL) and
cowpea flour (CF), is a sustainable alternative for the nutritional improvement of school foods. This study aimed
to develop and evaluate cookies enriched with CPOL and CF as vehicles for iron and provitamin A delivery during
school meals. A 22 full factorial design was used, varying CF (60 or 120 g) and CPOL (25 or 50 g), while the
control cookies (C0O) contained only wheat flour and butter. Nutritional composition, color, texture, and sensory
acceptance were also analyzed. High CF levels increased protein content (13.3-14.7 %) and mineral levels,
including iron (31.6-41.2 pg/g), zinc, and magnesium. Carotenoid content ranged from 35.14 to 76.68 pg/g, and
the reddish-brown color of the cookies likely resulted from both carotenoid pigments and Maillard reaction
products formed during baking. The formulation containing 120 g of CF and 31.25 g of CPOL produced cookies
with a crispy texture and high acceptance (score: 7.8). A 30-g serving may provide up to 15.5 % of daily iron and
13.9 % of retinol equivalents for children. These cookies have the potential to be accessible and acceptable
fortification options for school feeding programs.

Food fortification

1. Introduction

Nutritional changes that in the last three decades indicate that the
prevalence of anemia and hypovitaminosis A is at epidemic proportions
and the main deficiency problems worldwide (WHO, 2024). In Brazil,
food fortification policies have been implemented to combat micro-
nutrient deficiencies, including the mandatory addition of iron and folic
acid to wheat and maize flour (ANVISA, 2024). The latter presents dif-
ficulties related to bioavailability (Blanco-Rojo & Vaquero, 2019).
Vitamin A deficiency not only impairs vision but also exacerbates ane-
mia by affecting iron metabolism, underscoring the need for integrated
interventions, for example: 1) high-dose vitamin A capsule

supplementation, 2) food fortification, and 3) food diversification and
nutritional education (Blanco-Rojo & Vaquero, 2019; Ng, et al., 2012;
Rodrigues et al., 2011).

In Brazil, crude palm oil (CPO) is known as azeite de dende. One liquid
fraction (crude palm olein, CPOL) rich in unsaturated compounds and
one solid fraction (palm stearin, rich in saturated compounds) can be
obtained and used for various purposes in the food industry (de Almeida
et al.,, 2013, 2019; Rodrigues et al., 2011). CPO contains a total of
422.10-940.20 ppm of carotenoids (provitamin A) (de Almeida et al.,
2013). This term is applied to several carotenoids that can be biologi-
cally transformed into vitamin A. The most active of these is p-carotene.
Fortification of foods with these molecules has the advantage of lower
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toxicity than that of vitamin A in its complete form (Ng et al., 2012).

Cowpea [Vigna unguiculata L. Walp.], also called macassar or green
beans according to the location, is a staple food for low-income pop-
ulations in Northeast, Brazil. Traditionally cultivated by small- and
medium-sized family farmers, it represents an essential crop in regional
agri-food systems, contributing to income generation and food security
while preserving local culinary traditions and cultural identity. It pro-
vides proteins and carbohydrates, and contains considerable amounts of
fiber, vitamins, and minerals (iron, magnesium, manganese, phos-
phorus, potassium, and zinc). Their flour is used to fortify foods and
bakery products (Ayogu et al., 2016; Carvalho, 2012; de Almeida et al.,
2008; Frota et al., 2010; Olapade et al., 2014; Shakpo and & Osunda-
hunsi, 2016).

The growing consumer demand for clean labels and plant-based
foods has stimulated the incorporation of legumes as functional and
sustainable ingredients in novel food formulations (Affrifah et al., 2023).
Moreover, their cultivation requires less water and fertilizer, making
them key components of sustainable food systems and an emerging so-
lution for future protein security (Yanni et al., 2023). Legume crops,
such as beans, offer an environmentally friendly and economically
viable alternative to animal-based proteins. Their low glycemic index
and high nutrient density contribute to the prevention of chronic dis-
eases, including cardiovascular disorders and type 2. Owing to their
versatility and functional properties, legumes have been increasingly
used in the development of plant-based and clean-label products, such as
alternative milk, meat analogs, and gluten-free bakery goods, aligning
with consumers’ ethical, environmental, and health-driven preferences
(Affrifah et al., 2023).

Cookie is an excellent fortification vehicle because of its low cost,
long shelf life, good nutritional quality, and high consumption, espe-
cially by preschool and school-aged children in Brazil (Blanco-Rojo and
Vaquero, 2019; Rodrigues, et al., 2011). This invention combines
regional, low-cost, and readily available ingredients, reinforcing the
valorisation of local production and alignment with clean labels and
plant-based trends. A combination of cowpea (Vigna unguiculata L.
Walp.), which is traditionally cultivated by family farmers in Northeast,
Brazil, and CPOL enhances both the nutritional and functional qualities
of the product. Collectively, these ingredients enrich cookies with pro-
vitamin A carotenoids, plant-derived proteins, iron, zinc, and other
essential minerals, positioning them as sustainable and culturally rele-
vant vehicles for micronutrient delivery to vulnerable populations.

Although several studies have investigated the use of legume flour
and vegetable oils in bakery products for nutritional enrichment, limited
research has systematically integrated cowpea flour and CPOL as a
combined strategy to deliver minerals and provitamin A carotenoids
while simultaneously evaluating technological performance and sensory
acceptance. Furthermore, few studies have explored the potential of
these regional ingredients as sustainable and culturally relevant vehicles
for school feeding programs. In this context, the present study distin-
guishes itself by developing and optimizing cookie formulations
enriched with cowpea flour and CPOL, providing an integrated assess-
ment of nutritional composition, physicochemical properties, texture,
color, and consumer acceptance, thus contributing to the advancement
of natural and accessible fortified foods. To the best of our knowledge,
this is the first study to comprehensively assess the combined use of
cowpea flour and CPOL in cookie formulations aimed at school nutri-
tion. To the best of our knowledge, this is the first study to compre-
hensively assess the combined use of cowpea flour and hybrid palm oil
in cookie formulations.

2. Material and methods
2.1. Raw materials

Wheat flour (Triticum aestivum), brown sugar, fat, common salt,
maize glucose, eggs, and other ingredients used in this study were
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purchased from supermarkets. Detailed information on the proximate
composition of the ingredients (per 100 g) is provided in Supplemen-
tary File 1. Decorticated cowpea seeds (BRS Guariba variety) were
locally sourced from a regional market in Salvador, Bahia, and CPOL
was generously supplied by Oldesa Industrial (Nazaré, Bahia, Brazil).
CPOL was heated at 45°C in the same vessel. Then, the samples were
inerted with nitrogen gas and freezer-stored ("20°C) for physicochemical
analysis and cookie production.

2.2. Preparation of cowpea flour (CF)

The Brazilian cowpea seed variety (BRS), Guariba, was quartered
(AISI 304, Jones Riffle) to collect 10 kg for use in this study. The cowpea
seeds were processed according to the method by Silva et al. (2022)
through cleaning and drying (PE 14 Junior Analégico, Pardal, Pet-
répolis, Brazil) at 60°C for 24 h, and milling using a standard protocol
suitable for flour production (Pulverisette 15, Fritsch, Markt Einersheim,
Germany) equipped with a 35-mesh (0.5 mm) sieve, ensuring uniform
particle size and removal of seed coats. The resulting flour was
vacuum-sealed in plastic bags and stored under freezing conditions until
further analysis.

2.3. Experimental design

A complete 22 factorial design, including center point replications,
was used to optimize the cookie formulations based on varying levels of
CF and CPOL. The levels of the independent variables, as summarized in
Table 1, were determined based on preliminary tests. The order of
processing the experiments was randomized, and one formulation pre-
pared with only wheat and butter (100 %) was designed to be the control
cookie (C0) (Table 1).

2.4. Processing of cookies

Cookies were produced by Tok Gourmet (Salvador, Bahia, Brazil)
following method 10-53.01, with slight modifications (AACC, 1995)
(Supplementary File 2). Table 1 shows the ingredients of the standard-
ized formulation of the cookies. To ensure proper mixing, the CPOL was
preheated to 45°C, facilitating integration with the remaining in-
gredients. The brown sugar and eggs were blended for 5 min using an
electronic mixer (KitchenAid, St. Joseph, Michigan, USA). Combined CF,
wheat flour, baking powder, and CPOL were added to the creamed
mixture and mixed thoroughly. The dough was cooled in an ice bath for
5 min to stabilize the CPOL. The dough was then formed into round
shapes (3-cm diameter and 5-cm thickness) and baked at 150°C for 20
min. After cooling for 2 h, seven and three units of each cookie formu-
lation were immediately analyzed for color, texture, diameter (cm),
height (cm), thickness (cm), water activity (Ay,), and moisture content (
%).

All remaining cookies were stored for 24 h at —80°C before freeze-
drying (Freeze-dryer LS 3000 D, Terroni Equipamentos Cientificos
Ltda., Brazil). They were then ground in a domestic stainless steel food
processor (Cuisinart Coffee Grinder, Model DCG-20). The grounded
material was stored in amber bottles at —20°C to have its minerals, total
proximate composition, and a and f carotene analyzed.

2.5. Physicochemical characteristics of cookies

2.5.1. Proximate analysis of flour and cookies

Protein, lipid, ash, and moisture contents were determined intrip-
lieate based on official methods 991.20, 920.39, 900.02, and 926.12,
respectively (AOAC, 2016). Water activity and moisture were quantified
using a decagon LabMaster (Novasina) and infrared radiation (Shi-
madzu), respectively. Carbohydrate content was estimated from the
difference between 100 and the sum of proteins, lipids, ash, and mois-
ture. Caloric value was calculated according to the Atwater factor (Watt
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Table 1

Formulations used in the elaboration of cookies and ranges of the independent variables and their corresponding real and coded levels.
Cookies Ingredients Real Codified

variables levels
Wheat (g) Butter Eggs Maize glucose (g) Brown sugar Baking powder Salt (g) (CF) (g) CPOL (g) CF CPOL
® (8) @ Xy Xz

Cco 120 50 50 10 30 1 1 0 0 Control
C1 60 25 50 10 30 1 1 60 25 -1 -1
C2 60 0 50 10 30 1 1 60 50 -1 +1
C3 0 25 50 10 30 1 1 120 25 +1 -1
C4 0 0 50 10 30 1 1 120 50 +1 +1
C5* 30 12,5 50 10 30 1 1 920 37,5 0 0

*The center point (0.0) was replicated three times (n = 3); CF, cowpea flour; CPOL, crude palm olein.

CO represents cookies with zero cowpea flour + zero crude palm olein (control); C1 represents cookies with 60 g of cowpea flour + 25 g of crude palm olein; C2
represents cookies with 60 g of cowpea flour + 50 g of crude palm olein; C3 represents cookies with 120 g of cowpea flour + 25 g of crude palm olein; C4 represents
cookies with 120 g of cowpea flour + 50 g of crude palm olein; C5 represents cookies with 90 g of cowpea flour + 37.5 g of crude palm olein.

and Merrill, 1963). All measurements were performed in triplicate.

2.5.2. Cookie spread factor

The diameters of control and fortified cookies were measured using a
pachymeter. The diameters of the seven cookies were measured after
rotating each cookie to 90°C and the average cookie diameter was
calculated. The thickness of each cookie was measured by using a digital
micrometer. The spread factor (cm) of the cookies was measured as the
ratio of the average diameter to the thickness of the cookies.

2.5.3. Color of cookies (CIELab)

Color parameters (L*, a*, and b*) were measured using a colorimeter
(Konica Minolta, Chroma Meter, CR400, Japan) to evaluate the visual
appearance of the baked cookies. The color of the cookies was measured
at five points on the surface of seven cookies: L* (lightness), a*
(red—green chromaticity), b* (yellow-blue chromaticity), c¢* (chroma),
and hue (hgp, angle). Then, the color difference (AE) between cookies
was calculated as AE = {(L, - L)?+ (a, - a)? + (b, - b) 3}'/?), where L,, a,,
and b, are the color parameters of one cookie formulation, and L, a, and b
correspond to those of another formulation used for comparison
(Cardoso et al., 2021).

The AE values were determined to assess both the color difference
between the control cookie and each fortified formulation, as well as the
differences among the fortified samples themselves. Higher AE values
indicate greater perceptible variation in color between cookies. The
browning index (BI) was determined according to the Eq. 1 proposed by
Maskan (2001):

X - 0.31)

_ (
BI = |100 x-= 0 )

Where X = (a* + 1.75L*) / (5.645L* + a* — 3.012b*).

2.5.4. Instrumental texture

Texture profile analyses (TPA) were performed using a Brookfield
CT3 Texture Analyzer coupled with Texture Pro CT V1.4 software.
Cookies (5 g; diameter of approximately 3.7 cm and thickness of
approximately 5 cm) were used for a compression testing using a 2-mm
diameter cylindrical probe, 5 g stainless steel, length of 20 mm, 10 g
trigger load, and test speed of 1.0 mm/s. The textural variables evalu-
ated in the first compression cycle were hardness, chewiness, gummi-
ness, and cohesiveness (de Oliveira Pineli et al., 2015). All analyses were
performed seven times.

2.5.5. Minerals in flour and cookies

The reagents and standard solutions were prepared as described by
dos Santos et al. (2013). The samples were decomposed via acid diges-
tion in a microwave oven with a cavity. The fresh sample decomposition
of the three pretreated portions was performed in triplicate (dos Santos,
et al., 2013).

An inductively coupled plasma-optical emission spectrometer (ICP-
OES; OPTIMA 7300DV, PerkinElmer, USA) was used to determine the
analytes. For the determination, a 40.00-mgL ! multielement solution of
the trace elements (Al, Ca, Cr, Cu, Fe, K, Mg, Mo, P, Se, and Zn) was
prepared. The analytical curve was prepared in 2.0 mol L* HNO3.

The ICP OES (OPTIMA 7300 DV, — PerkinElmer, USA) operating
conditions were the following: measured power, 1300 W; signal inte-
gration time, 1 s; plasma gas flow, 15 L min'!; auxiliary gas flow, 1.5
Lemin’!; nebulization gas flow, 0.70 Lemin™!; sample pump flow, 0.70
mLemin™. For sample introduction, a cyclonic chamber and GemCo-
nenebulizer (Low Flow) were used. The chosen nuclear (I) and ionic (II)
lines (nm) were the following: Al 396.153; Ca II 396.847; Cr II 267.716;
Cul324.752; Fe II 238.204; K 766.490; Mg II 279.077; Mo II 204.597; P
1213.617; Se I 196.026; Zn II 213.857. The estimated limit of quanti-
fication (LOQ) was calculated as 3.3-fold of the limit of detection (LOD).
The LOD and LOQ were calculated based on the measurement of the
analytical signal of the blank digest assays (n = 10). The values of LOD
and LOQ were (ugg™) as follows: Ca 0.59 and 1.69; Cu 0.00 and 0.00; Cr
0.07 and 0.01; Fe 0.018 and 0.061; K 0.085-0.283; Mg 1.59 and 5.31; Mo
0.003 and 0.018; P 0.016 and 0.054; Se 0.017 and 0.057; Zn 0.066 and
0.022.

2.5.6. Total carotenoids

Total carotenoids were extracted and quantified in triplicate ac-
cording to the method described by de Almeida et al. (2013), with slight
modifications. Freeze-dried samples (2 g) were extracted with 50 mL of
cold acetone, and any particulate matter was removed by filtration. The
solid residue was repeatedly washed with acetone until complete
discoloration was achieved. The combined acetone extracts (approxi-
mately 65 mL) were then mixed with 50 mL of cold petroleum ether, and
the acetone was removed by washing with ultrapure water (Milli-Q,
Millipore). The absence of acetone was verified by using 2,4-dinitrophe-
nylhydrazine. After saponification with methanolic KOH (10 %, w/v),
the extract was washed with ultrapure water until reaching a pH close to
7. The organic phase was dried over anhydrous sodium sulfate and
absorbance of the extract was measured at 450 nm. The total carotenoid
content was calculated as follows Eq. 2:

Total carotenoid content(ugg — 1) = Ax Vx10*Al% xm 2)

lem

where A= absorbance; V = total volume of extract in [mL]; Al %

absorption coefficient of p-carotene in petroleum ether (2592); m =
mass of the sample in [g].

2.5.7. a and p-carotene quantification

The obtained samples were placed in amber flasks, incubated, and
immediately transported on dry ice in a thermal container. Chromato-
graphic analysis was carried out using an HPLC (Shimadzu, Prominence)
equipped with a quaternary pump system (LC-20AD), degasser, and UV-
Vis DAD (SPD-M20A) detector. The chromatograms were obtained at
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450 nm. The oven temperature was 40°C. Compound separation was
performed by a C30 column (Develosil, 250 x 4.6 mm i.d.; 5 pm particle
size) purchased from Nomura Chemical (Japan). Samples were resus-
pended in 1 mL of acetone, and the injection volume was 30 pL. The
chromatographic analysis was performed according to the methodology
proposed by Almeida et al. (2021). To determine the peaks of a- and
p-carotene, a previous injection of the standard (Sigma-Aldrich) solu-
tions was performed and the data was used to fit a calibration curve.

2.6. Sensory analysis

The study protocol was approved by the Ethics Research Committee
of the School of Nutrition of the Federal University of Bahia, Bahia,
Brazil (protocol no: 729930). For the attribute acceptance test, 158
untrained students from two public schools in Salvador, Bahia (89 fe-
male and 69 male students, age 10 to 14 years) evaluated the sensory
attributes, such as visual appeal, aroma, taste, and texture were assessed
using a standard nine-point hedonic scale, ranging from “extremely
disliked” to “extremely liked”. The tests were performed after 1 day of
storage, and each panelist tested the samples in monadic order.

2.7. Statistical analysis

Statistica software version 7 was used to obtain the experimental
design and data analysis, and construct graphics and equations. There-
fore, a regression model with all variables of interest was obtained: Y =
Po + p1.X1 + f2.X2 + P3.X1.X2 + €; where y is the response variable, p is
the regression coefficient for each component of the model, X; is CF; Xa
is CPOL, and € consists of errors for each component of the model. The
coefficients of determination (R?) were computed and the adequacy of
the models was tested by separating the residual sum of squares into
pure error, curvature test, and lack-of-fit. The F-statistic was used to test
the hypothesis that the model was appropriate for the responses. The F
ratio for lack-of-fit should not be significant for good fitting.

The correlation between CF content and protein concentration was
determined using Spearman’s correlation test. All analyses were per-
formed in triplicate, except for the cookie spread factor, texture, and
color, which were performed in seven replicates.

An estimate was made from the mathematical models obtained for
hardness, hardness, hgp, protein, moisture, a and f carotenoids, ashes,
and iron of the cookies generated in the experimental design and using
the Response Desirability Profiling function of Statistica software
(Statsoft, Statistica 7.0 Tulsa, USA). This estimate determined the most
desirable formulation for sensory analysis. Cookies with higher
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hardness, h,p, protein, ash, o- and B-carotene, and iron contents, together
with lower moisture, were considered more desirable due to their
improved texture, color (pigments; carotenoids), nutritional attributes,
and longer shelf life.

3. Results and discussion
3.1. Proximate composition of CF and cookies

Table 2 shows the proximate composition, Ay, and caloric values of
the CF and cookies. The Ay, moisture, ash, fat, protein, carbohydrate,
and energy of CF were 0.403 + 0.05; 8.6 + 0.7 %; 3.7 + 0.6 %; 0.5 = 0.1
%; 20.01 + 0.0 %; 67.3 + 0.5 %; and 354.2+ 1.1 kcal, respectively,
within the values reported by Carvalho (2012, de Almeida et al. (2008),
Onwuliri & Obu (2002)), and Ayogu et al. (2016) for various cowpea
cultivars. As expected, the control cookie (C0) had higher carbohydrate
and lower protein and ash contents than those of cookies made with CF
(C1-C5) (Table 2).

The regression models for energy, proximate composition, and A,
showed R? values ranging from 55.79 to 98.30 % (Table 2). Models with
R? > 80 %, including A,, moisture, lipids, proteins, and kcal, were
considered well fitted. The ash (R*> = 55.79 %) and carbohydrate (R* =
76.94 %) models presented lower predictive power, although the latter
was close to the acceptable threshold. No significant lack-of-fit (p >
0.05) was observed for most parameters, except for lipids (p = 0.04) and
kcal (p = 0.02), suggesting that in these cases, the variation may be
influenced by the restricted experimental range. Therefore, lipid and
energy models should be interpreted as trend indicators, whereas other
models can be considered predictive and representative of the experi-
mental domain.

Fat is a basic component of cookie formulations and present at
relatively high levels. It also prevents the excessive development of
gluten in the mixture, imparts desirable eating qualities, and contributes
to the texture and flavor of the product (Chavez-Santoscoy et al., 2016).
The lowest fat contents (18.04 + 0.20) were observed in samples C1 and
C3, which contained more butter than that of the other cookies with CF.
This result can be explained by the intrinsic composition of butter,
which, according to MAPA Ordinance No. 146 (Brasil, 1996), contains a
minimum of 82 % fat, and the unsalted butter listed in the Brazilian Food
Composition Table (TBCA, 2025) presents approximately 86 % lipids
(Supplementary File 1). In contrast, palm oil is composed of 100 %
lipids (TBCA, 2025) with no moisture or non-fat components. Therefore,
formulations prepared with butter exhibited a lower total lipid content
despite the higher amount of this ingredient used. These results reflect

Table 2

Predict models, significance level (p), Fisher test (F), and coefficient of determination (R? %) for proximate composition and A,, in cookies and cowpea flour.
Cookies co Cc1 c2 C3 c4 C5* CF
Ay 0.469 + 0.0 0.388 £ 0.0 0.397 £ 0.0 0.394 £ 0.0 0.353 £ 0.0 0.399 + 0.0 0.403 £ 0.1
Moisture 6.7 +£0.2 4.9 +0.2 5.4 +0.1 5.0 £0,3 4.2+ 0.4 5,0 £ 0.6 8.6 £ 0.0
Ash 2.0+0.1 25+0.1 2.2+0.3 3.2+0.1 2.8+ 0.6 25+0.1 3.7+ 0.6
Lipids 18.7 £ 0.2 18.4 £ 0.1 20.2 £ 0.6 18.4 £ 0.2 18.9 £ 0.2 20.1 £ 0.2 0.5+0.1
Proteins 7.3+ 0.6 9.9 +0.0 9.6 + 0.6 14.7 £ 0.5 13.3+ 0.6 119+ 0.9 20.1+ 0.0
Carbohydrates 65.2 + 0.5 64.2 + 0.2 62.5 + 0.2 58.7 +£ 0.6 60.8 + 1.1 60.5 + 1.1 67.3 £ 0.5
Energy values (kcal/100 g) 458.7 £ 2.0 462.4 + 1.4 470.3 £ 4.1 459.4 +£ 2.2 466.1 + 4.0 470.8 £ 1.1 3542 +1.1

Predict models Lack-of-fit P RZ2 %
(F value)

Ay y = 0.31 + 0.00*CF + 0.00*CPOL - 0.00*CF*CPOL + 0.00 2.77 0.24 82.42
Moisture y = 3.01 + 0.02*CF + 0.07*CPOL - 0.00*CF*CPOL + 0.01 0.64 0.51 96.03
Ashes y= 2.04 + 0.01*CF - 0.01*CPOL+ 0.00*CF*CPOL + 0.03 0.27 0.65 55.79
Lipids y = 15.33 4 0.02*CF + 0.12*CPOL - 0,00*CF*CPOL+ 1.32 23.15 0.04 95.63
Proteins y = 4.49 + 0.09*CF + 0.02*CPOL - 0.00*CF*CPOL + 0,00 0.00 0.97 92.70
Carbohydrates y =75.05 - 0.15 *CF - 0.21*CPOL + 0.00*CF*CPOL+1.04 0.64 0.51 76.94
Energy values (kcal/100 g) y = 456.23 - 0.03*CF +0.37*CPOL -0.00*CF*CPOL + 38.71 57.68 0.02 98.30

*The center point (0.0) was replicated three times (n = 3). CF, cowpea flour; F, Fisher test; p > 0.05 not significant; R? % = coefficient of determination.

CO represents cookies with zero cowpea flour + zero crude palm olein (control); C1 represents cookies with 60 g of cowpea flour + 25 g of crude palm olein; C2
represents cookies with 60 g of cowpea flour + 50 g of crude palm olein; C3 represents cookies with 120 g of cowpea flour + 25 g of crude palm olein; C4 represents
cookies with 120 g of cowpea flour + 50 g of crude palm olein; C5 represents cookies with 90 g of cowpea flour + 37.5 g of crude palm olein.
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the lower kcal values observed in C1 and C3 cookies (Table 2). Analysis
of variance for ash did not show the significance of the CF and CPOL
factors or interactions.

The significant positive effect of CF (+4.93) obtained from the
experimental design model indicated that protein content increased
with increasing CF levels. This result is consistent with the strong and
positive correlation between CF and protein (r = 0.930, p = 0.00), as
determined by Spearman’s test. The incorporation of CF increased the
protein content of the cookies from 7.3 % in the control formulation to
values ranging from 9.6 to 14.7 %. This high protein content likely
influenced some functional and sensory attributes. Proteins from cow-
peas can enhance water absorption and dough cohesiveness, which
affect texture parameters, such as spread ratio and hardness. In addition,
the increased availability of amino acids may intensify non-enzymatic
browning (Maillard reactions), contributing to the characteristic
reddish-brown color and potentially influencing flavor development (de
Oliveira Pineli et al., 2015). However, despite this improvement, the
protein level per 30-g serving does not meet the regulatory requirements
for a “high-protein” claim. According to Brazil (2020a; 2020b), food can
be labeled as “source in protein” and “high in protein” only if at least 10
and 20 %, respectively, of its total energy value is provided by protein. In
our formulations, the energy contributions of the proteins were below
these thresholds.

According to Table 2, the model achieved an R* value of 92.7 %,
demonstrating that the variation in protein concentration was largely
explained by the independent variables, with only a small proportion
(7.3 %) attributed to random or unexplained factors.

Moisture and A, were high in control cookies (C0), at 6.8 % and
0.469 %, respectively. In Brazil, the maximum moisture content of
wheat flour is 15 % higher than that of legumes (Brasil, 2005). The CF x
CPOL interaction showed a significant negative effect (-5.21), indicating
that moisture increased when CF was high and CPOL was low.
Conversely, the main effect of CF (-4.37) indicated that moisture
decreased as CF increased within the studied range. Shakpo and Osun-
dahunsi (2016) demonstrated that cowpea substitution in flour blends
with maize increased the water and oil capacities, foaming capacity,
emulsion capacity, and stability.

3.2. Estimated retinol activity equivalent (RAE)

CPO is the world’s richest natural plant source of carotenoids (de
Almeida et al., 2013, 2019). Among the fitted models for total carot-
enoids, a-carotene, and fB-carotene, only the total carotenoid model was
predictive, showing a high R? value (89.73 %) and no significant
lack-of-fit (p > 0.05). In contrast, a-carotene (R? = 65.64 %) and
B-carotene (R?> = 61.14 %) exhibited lower determination coefficients,
indicating limited predictive capacity. The effects of CF and CPOL on -
and p-carotene levels were not statistically significant, indicating that
the variations in these carotenoids were not significantly affected by the
tested formulation variables.

Indeed, a higher CPOL content in the dough resulted in a higher
carotenoid content in the cookies. CO contained the minimum quantity
of carotenoids (1.9 pg/g), whereas C2 and C4 contained the maximum
quantities (Table 3). Damanik and Murkovic (2018) quantified p-caro-
tene subjected to oxidation with rancimat at 120°C and concluded that
these molecules decreased from 2.34 to 0.33 mg/g within 7.5 h of
oxidation and after 7.5 h, no more f-carotene was detected. Further-
more, the incorporation of palm oil enhances the carotenoid profile and
oxidative stability of bakery products, contributing to improved nutri-
tional quality and shelf life (Almeida et al., 2021).

The Dietary Reference Intake (Institute of Medicine [IOM], 2006)
established Recommended Dietary Allowance (RDA) values for vitamin
A in both micrograms (pg) of preformed vitamin A (RAE). According to
the DRIs for Vitamin A established by the IOM (2006), the conversion
factors are: 1 RAE = 1 pg of retinol = 12 pg of B-carotene = 24 pg of other
provitamin A carotenes.
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Table 3
Total o and B carotenoids, retinol activity equivalents, and % RDA in children.
Cookies  Total Carotenoids RAE % RDA % RDA
Carotenoids (nggh (ng Children  Children
(g g™ pa gh 48 (9-13
years) years)
(30 g of (30 g of
cookies) cookies)
co 1.90 + 0.40 - - - - -
c1 40.39 + 2.22 9.48 6.56 1.06 7.97 5.32
c2 76.68 + 2.52 17.00 10.46 1.85 13.9 9.26
Cc3 35.14 + 2.03 8.37 5.31 0.92 6.9 4.6
c4 54.77 +£ 1.94 8.31 7.52 1.01 7.54 5.03
C5* 56.65 + 0.86 11.59 7.75 1.29 9.67 6.44

Retinol Activity Equivalents (RAE) was calculated for a bioconversion factor of
All-trans-p-carotene /12 + minor a carotene estimated/24; Recommended Di-
etary Allowance (RDA) per day per child (4-8 years) = 400 pg of RAE; RDA per
day per child (9-13 years) = 600 pg RAE, DRI, 2001 (IOM, 2006).

CO represents cookies with zero cowpea flour + zero crude palm olein (control);
C1 represents cookies with 60 g of cowpea flour + 25 g of crude palm olein; C2
represents cookies with 60 g of cowpea flour + 50 g of crude palm olein; C3
represents cookies with 120 g of cowpea flour + 25 g of crude palm olein; C4
represents cookies with 120 g of cowpea flour + 50 g of crude palm olein; C5
represents cookies with 90 g of cowpea flour + 37.5 g of crude palm olein.

The vitamin A activity in cookies was estimated in the RAE using
these conversion factors. The RAE values of the cookies ranged from
0.92 and 1.85 RAE pg/g. Institute of Medicine (2006) has a RDA of 400
pg of RAE for children aged 4 to 8 years and 600 pg of RAE for those aged
9 to 13 34 years. Considering these Fig.s, we estimated that the con-
sumption of 30 g of cookies may supply between 4.6 and 13.9 RAE in
children and infants, respectively (Table 3). In Brazil, enriched or for-
tified food is defined as food to which one or more nutrients are added,
containing a maximum of 15 and 30 % of the DRI in 100 g or 100 mL of
liquid and solid food, respectively (Brasil, 2020b). In this study,
formulation C2 provided approximately 47 ug of RAE per 30-g serving,
corresponding to approximately 12-16 % of the DRI for vitamin A for
infants and children. Although these values do not reach the minimum
level required for a product to be considered fortified, the results are still
nutritionally relevant, as they demonstrate the potential of CF and CPOL
as natural sources of provitamin A carotenoids that can contribute to
improving the micronutrient content of school meals.

3.3. Minerals

Among the analyzed elements, potassium (K) showed the strongest
response to CF, with R? = 98.30 % and a positive linear effect (+10.60),
indicating that higher CF levels (120 g) led to increased K content. This
behavior reflects the compositional characteristics of cowpea flour,
which naturally contains elevated levels of potassium. The proposed
models for mineral contents were predictive, showing R* values between
80.63 and 98.30 % and no significant lack-of-fit (p > 0.05; Table 4). K
was the most abundant element naturally present in CF (1402 + 69
mg.100 g™1), similar to raw cowpea (633 to 2.899 mg.100 g'1) (Onwuliri
& Obu, 2002), and the highest values were found in cookies with 120 g
of CF (Table 4). K represented between 2.4 and 4.3 % of RDA in the
cookies (C1-C5), according to the DRI values for minerals compiled in
the IOM Summary (2006).

Similarly to K, phosphorus (R? = 94.04 %), magnesium (R? = 89.66
%), zinc (R* = 96.18 %), and copper (R? = 97.53 %) exhibited high
predictive capacity, confirming the adequacy of the models. In contrast,
iron (R? = 80.63 %) was at the lower predictive threshold, suggesting
greater data variability for this element.

Calcium (Ca) levels were similar in CF (36.4 + 3.1 mg.100 g)
compared with those that already reported BRS Guariba cowpea (35.0
mg.100 g'l) (Carvalho, 2012). The linear model for Ca was adequate,
with R? = 88.54 % and no significant lack-of-fit (p > 0.05), thus being
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Table 4

Mineral contents in cookies and linear models, lack-of-fit, and coefficient of determination (R? %).
Cookies Cco C1 c2 C3 Cc4 C5* CF
Macroelements (mg 100 g™)
K 110+ 7 360 + 17 365 + 29 605 + 10 647 + 29 504 + 25 1402 + 69
Ca 126 + 4 166 + 0.9 135+ 4 173 £ 4 107 £5 126 +£13 36 +3
P 47 £ 2 80+3 74+3 103 +£ 3 91+5 83+4 137 £ 6
Mg 15+1 43 + 3 44 + 4 71+1 70 £ 5 59+7 153+ 7
Predict model F value P RZ %
K Y = 144.74 + 3.50*CF - 1.21*CPOL + 0.02*CF*CPOL + 90.86 0.25 0.66 98.30
Ca Y = 154.22 +0.71*CF + 0.17*CPOL - 0.34*CF*CPOL + 382.30 2.96 0.23 88.54
P Y = 57.47 + 0.48*CF- 0.00*CPOL - 0.00*CF*CPOL + 15.93 1.69 0.32 94.04
Mg Y = 13.85+ 0.48*CF + 0.07*CPOL - 0.00*CF*CPOL+ 6.00 0.23 0.67 89.66
Micro and trace elements (ug g)
Fe 389+15 389+15 37.4+ 2.8 41.2 +£ 2.1 31.6 + 4.8 39.5 + 3.9 459 + 1.3
Zn 5.59 + 0.4 10.1 £ 0.5 10.8 £+ 1.2 14.5 £ 0.7 16.2 + 1.3 13.2+ 0.9 35.4+1.7
Cu 0.0 £ 0.0 0.0 £ 0.0 0.0 £ 0.0 0.30 £0.1 0.37 £ 0.0 0.0 + 0.0 1.75+ 0.1

Predict model F value P R2 %

Fe Y = 30.18 +0.17*CF+ 0.26*CPOL - 0.00*CF*CPOL + 4.93 1.19 0.39 80.63
Zn Y = 6.25 + 0.06*CF - 0.02*CPOL + 0.00*CF*CPOL + 0.08 0.27 0.66 96.18
Cu Y =-0.71 + 0.00*CF - 0.01*CPOL + 0.00*CF*CPOL + 0.00 2.00 0.29 97.53

The data are presented as means + standard deviation ¢5* n = 9); *= p < 0.05. CF, cowpea flour; CPOL, crude palm olein.

CO represents cookies with zero cowpea flour + zero crude palm olein (control); C1 represents cookies with 60 g of cowpea flour + 25 g of crude palm olein; C2
represents cookies with 60 g of cowpea flour + 50 g of crude palm olein; C3 represents cookies with 120 g of cowpea flour + 25 g of crude palm olein; C4 represents
cookies with 120 g of cowpea flour + 50 g of crude palm olein; C5 represents cookies with 90 g of cowpea flour + 37,5 g of crude palm olein.

considered predictive (Table 4). However, within the experimental
range none of the factors had significant effects on Ca content, indicating
that the variable remained stable across treatments. The highest Ca
levels present in cookies (107-173 mge100 g™) were attributed to but-
ter, eggs, and chocolate. There was a tendency to increase Ca values as a
function of increased levels of butter content in the cookies (Table 4): C1
(166 mg.100 g1) and C3 (173 mg.100 g1).

Phosphorus (P) was detected at 137 mg/100 g in CF. P concen-
tration in raw cowpea was reported to vary between 300 to 442 mg.100
g'1 (Onwuliri and Obu, 2002) and 437 mg.100 g'l (Frota et al., 2010).
Olaleke et al. (2006) related the p-values in CFs to be lower than those in
this study (8.3 to 13.0 and 13.35 to 18.26 mg.100 g™, respectively).
Typically, the seed coat is rich in mineral nutrients, and a substantial
proportion of mineral nutrients is lost when cowpea is decorticated and
the seed coat is discarded, similar to this study (dos Santos et al., 2013).
P represents between 1.8 and 2.5 % of the RDA of cookies (C1-C5) (IOM,
2006).

Fe was detected in concentrations between 45.9 + 1.3 pg.g”! and
31.6-41.2 pg.g! in CF and cookies, respectively. Carvalho et al. (2012)
found Fe values in raw cowpea to be higher than those in this study
(61-81 pg.g™h).

These differences could be due to tegument removal, as already
mentioned for P. Although the BRS Guariba cowpeas used in this
experiment were biofortified with Fe, these values were lower than
those of beans produced in Nigeria: 17.4-189 ug.g™! (Onwuliri & Obu,
2002) and 86.2 ug.g (Ayogu, 2016). The composition of legumes de-
pends on the species or variety, as well as growing conditions, such as
soil and rainfall (Frota et al., 2010).

The values recorded for Fe in cookies were higher than those
determined by Frota (2010) in biscuits (5.8-15.6 pg.g™'). These results
demonstrate the importance of cowpea biofortification. The values of
this mineral in control cookies (CO) were also elevated (38.9 + 1.5 pg.
g’l; Table 4), reflecting the fortification of Fe in flour wheat required by
the Brazilian legislation (Brasil, 2020). The portion of cookies (30 g)
contained 11.8-15.5 % of the daily needs of Fe. Fe content in 100 g of
cookies is between 39.6 and 51.5 % of the RDA, DRI, 2001 (IOM,
1997-2005).

Mg contents in CF and cookies were 152.9 + 7.3 mg.100 g and
43-71 mg.100 g™, respectively (Table 4). These values are consistent
with those reported for Brazilian cowpeas (Carvalho, 2012). Zn content
in CF obtained in this study (35.4 pg.g!) is comparable to those previ-
ously reported for BRS-Guariba cowpeas (33.0 and 36.0; 40.2 and 44.0

pg.g’h) (Carvalho, 2012). The highest values of Mg and Zn were found in
the formulation with 120 g of CF (70.0 to 71.0 pg.g™* and 14.5 to 16.2 pg.
g1, respectively) (Table 4). The levels of Mg and Zn in 30 g of cookies
ranged between 5.4 and 8.9 pg.g”, and 3.8 and 6.1 pg.g! of RDA,
respectively. Cu contents were low in CF (1.75 pg.g™h), especially when
compared with raw cowpea (20 pg.g™l). Cu was only identified in C3
(0.30 pg.g’}) and C4 (0.37 pg.g) in cookies containing 120 g of CF.
Cr, Mo, and Se were not detected in the CF or sample cookies
(CO0-C5). The levels of these minerals in beans are generally low or
undetectable (Olaleke, 2006). Cookies made with only wheat flour
presented levels of Zn (5.59 pg.g™1), K (110 mg.100 g 1), P (47 mg.100
g, and Mg (15 mg.100 g1), lower than those of the other samples
(C1-C5); and their RDA percentage (DRI, 2001 and 2005; IOM,
1997-2005) of Zn, K, P, and Mg as 2.9, 0.73, 1.1, and 1.9, respectively.

3.4. Physical characteristics of cookies

Detailed texture profile data (hardness, fracturability, cohesiveness,
springiness, gumminess, chewiness, and masticability) for all cookie
formulations are provided in Supplementary File 3. The models for
hardness, chewiness, gumminess, cohesiveness, and spread factor (cm)
showed R? values above 76 %, which are close to the acceptable
threshold (80 %), and no significant lack-of-fit (p > 0.05). These results
indicate that the models adequately describe the experimental data and
can be considered predictive of texture-related variables. In cookie
production, the development of the gluten network is limited owing to
the high levels of fat and sugar. However, proteins are not inert com-
ponents in cookies, and higher levels of protein reduce the cookie spread
factor owing to water retention, which competes for free water in the
system (Chavez-Santoscoy et al., 2016) (Fig. 1). This explanation can be
applied to cookies made with only wheat flour, which presented the
lowest spread factor compared with that of other cookies (31.7 + 2.5)
(Supplementary File 4). These results contradict those of Cha-
vez-Santoscoy et al. (2016), who reported that the addition of bean flour
reduced the spread factor. It is likely that CF absorb liquid olein, thereby
producing more fluid and expandable dough.

In TPA, cohesiveness reflects the capacity of a material to resist
breaking, whereas chewiness is derived from the product of hardness,
elasticity, and cohesiveness parameters (Cardoso et al., 2021). These
results showed cookies with the lowest cohesiveness (Fig. 1).

The higher addition of CF resulted in more value for these variables
in cookies (Fig. 1). Bassinello et al. (2011) reported that more strength
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Fig. 1. Spread factor (cm), hardness (N), cohesiveness (N), chewiness (N), and gumminess (N) of cookies. Response contour surface generated by the experimental

model. CPOL, crude palm olein; CF, cowpea flour.

was needed to break cookies incorporated with legumes flour.

Increasing the CPOL value resulted in a decrease in hardness, gum-
miness, and chewiness (Fig. 1). Cookies belong to a group of products
that contain considerable amounts of fat and its overall quality is largely
determined by the type of fat used. This result is similar to that in Mamat
and Hill (2014). Biscuit dough containing palm olein was the softest and
required the lowest compressive strength. These authors reported that
when liquid oil is used in dough in the form of minute globules, it is far
less effective in shortening and aerating than plastic fat films.

L

CF (&

CF(@)

The regression models exhibited R? values below 80 % for most color
parameters, except for b*. As the CF level increased to 120 g, L*, b*, and
hay, values decreased (Fig. 2), suggesting a darker and more reddish hue
associated with higher flour incorporation. This result may be related to
the original color of macassar cowpeas, which is darker than wheat flour
(Bassinello, 2011; Rogério et al., 2014). Cookies formulated with more
CF (120 g) had low chromium values (Fig. 2) (Supplementary File 5).
Presumably, the presence of cowpea protein in the mix facilitated
non-enzymatic browning and Maillard reactions involving amino acids

b*

CF(@)

Fig. 2. Response contour surface generated by the experimental model for CIELab. L* (lightness); a* (negative values indicate green, and positive values indicate red,
-a/+a); b* (negative values indicate blue, and positive values indicate yellow, +b/-b); C* (chrome) and h,;, (hue angle).
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and reducing carbohydrates. During baking, these compounds undergo
condensation and rearrangement reactions, leading to the formation of
melanoidins, which are brown-colored high-molecular-weight polymers
that contribute to their characteristic reddish-brown color. Therefore,
the protein and sugar contents of CF likely enhanced non-enzymatic
browning compared to the control formulation (de Oliveira Pineli
et al., 2015).

The collective red-green profile (a* value) was the highest in cookies
made with more CPOL (50 g) (Fig. 2) (Supplementary File 5), which
was obvious due to the higher amount of carotenoids in this ingredient.
McWatters et al. (2004) reported that increased cowpea with either raw
or extruded flour produced bread with crusts that were darker (lower
L*), redder (higher a*), and less yellow (lower b*) than the other sam-
ples, which is similar to the results of this study.

These color measurements were confirmed using visual observa-
tions, where increased CF content and CPOL resulted in reddish-brown
cookies compared with the control cookies (yellow-brown). There was
a substantial difference (AE) between control cookies and fortified
cookies (11.71-17.39): cookies with CF and CPOL presented AE of
2.46-9.44 and these differences were higher that that of C4 with C1, C2
and C5 (Supplementary File 6).

3.5. Desirability test and sensory analysis

The desirability test results indicated that the most desirable
formulation for cookies was 120 g of CF and 31.25 g of CPOL. The op-
timum desirability test result is 0.60. For these cookies, the scores ob-
tained for appearance, crispness, flavor, aroma, and overall
acceptability were 7.3 £1.5; 7.8 + 1.5; 7.4 + 2.0; 6.6 + 2.0; 7.8 £ 1.5,
respectively.

The acceptability of the cookies was evident because only one
parameter, aroma, received a grade lower than 7 for both formulations.
The scores in the sensory evaluation were higher than those in other
studies using bean flour or CPO in the manufacture of cookies (Ayogu,
et al,, 2016). Legume flours, such as CFs, have been increasingly
recognized for their functional and sensory contributions to bakery
products, which enhance consumer acceptance when properly formu-
lated (Munyaneza et al., 2025). Regarding aroma, the lowest score may
have been influenced by the addition of CPOL and CF. Olapade and
Adeyemo (2014) also reported a lower score for cookies with 80/20
cassava-CF blends than that for cookies produced with whole wheat
flour. Jiang et al. (2016) reported that peroxidase and lipoxygenase are
responsible for the undesirable “beany flavor” in legumes. Palm oil
flavors are usually derived from a combination of volatile components,
especially unsaturated fatty acids, such as oleic, linoleic, and linolenic
acid, together with terpenes (Kuntom & Ariffin, 2010). Furthermore, the
incorporation of CF significantly affects the physicochemical and sen-
sory properties of cookies, improving their nutritional profile, and
maintaining acceptable texture and flavor characteristics (Singh et al.,
2024).

4. Conclusion

The findings of this study confirm the potential for the production of
cookies with CF and CPOL. We concluded that supplementation with up
to 120 g of CF and 31.25 g of CPOL yielded the best conditions for the
formulation of cookies. Cookies containing high CF levels contained
high levels of protein, Cu, K, Mg, Mn, Fe, and Zn. The cookies had a
reddish-brown color due to the presence of carotenoids in the CPOL
used. The consumption of 30 g of cookies might supply 11.8 to 15.5 % of
the daily needs of Fe in children, and 4.6 and 13.9 of RAE for children
4-8 and 9-13 years, respectively. Textural and sensory analyses of the
cookies revealed their crispy and hard nature. The cookies selected in
the desirability test were deemed acceptable by the students. Therefore,
the addition of CF (120g) and CPOL (31.25g) to cookies is an excellent
alternative for fortification with its minerals, which is similar to C3
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formulation (cookies with 120 g of cowpea flour + 25 g of crude palm
olein).
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