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Abstract

Traditional bakery products form an important component of cultural diets, yet their phytochemical and
functional attributes remain insufficiently documented. Novias Pan Dulce, a popular variant of
Mexican sweet bread, is widely consumed for its sensory appeal rather than nutritional functionality.
This study evaluates the phytochemical characteristics of Novias Pan Dulce using an ingredient-based
analytical approach. Emphasis is placed on identifying potential plant-derived bioactive compounds,
assessing the influence of processing and baking, and discussing nutritional implications. The findings
indicate that phytochemical content in Novias Pan Dulce is limited, with trace levels of phenolic acids
from wheat flour and aromatic phenolics from vanilla flavoring. While the product cannot be classified
as a phytochemical-rich food, opportunities exist to enhance its functional value through ingredient
modification. The study contributes to the growing discourse on improving the nutritional quality of
traditional baked goods without compromising cultural authenticity.
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Introduction

Phytochemicals are biologically active, non-nutritive compounds naturally present in plant-
derived foods, widely recognized for their antioxidant, anti-inflammatory, and disease-
preventive properties. These compounds including phenolic acids, flavonoids, carotenoids,
and lignans play a crucial role in reducing oxidative stress and lowering the risk of chronic
non-communicable diseases such as cardiovascular disorders, diabetes, and certain cancers.
Consequently, modern nutrition research has increasingly emphasized diets rich in
phytochemical-containing foods, particularly fruits, vegetables, whole grains, legumes, nuts,
and seeds. Despite this growing emphasis, traditional bakery products, especially refined and
sugar-rich varieties, remain underexplored in phytochemical research. Bakery items are often
evaluated primarily for their macronutrient composition, caloric density, and sensory
attributes, while their potential contribution however limited to bioactive compound intake is
frequently overlooked. This gap is especially evident in culturally significant products that
form part of habitual diets and food traditions. Novias Pan Dulce is a traditional sweet bread
widely consumed in Mexican food culture and increasingly available in global and
multicultural food environments. Typically prepared using refined wheat flour, sugar, butter
or shortening, milk, eggs, yeast, and flavoring agents such as vanilla, this product is valued
for its soft texture, appealing aroma, and distinctive appearance. From a nutritional
standpoint, it is commonly classified as an energy-dense indulgent food, characterized by
high carbohydrate and sugar content and relatively low levels of dietary fiber and
micronutrients. As a result, it is rarely considered within the context of functional or health-
promoting foods. However, even refined cereal-based products may contain trace amounts of
phytochemicals, primarily derived from their plant-based ingredients. Wheat flour, although
refined, can contribute small quantities of phenolic acids, while natural flavoring agents such
as vanilla may introduce aromatic phenolic compounds.

Additionally, thermal processing during baking can alter phytochemical profiles through
degradation, transformation, or the formation of new compounds such as Maillard reaction
products, which may exhibit limited antioxidant activity. Understanding these subtle
contributions is important for developing a comprehensive nutritional profile of traditional
bakery foods. In recent years, there has been increasing interest in reformulating traditional
foods to enhance their nutritional and functional quality without compromising cultural
identity or consumer acceptance. Evaluating the phytochemical characteristics of products
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Like Novias Pan Dulce provides a scientific basis for such
innovations. It also contributes to broader discussions on
dietary patterns, food quality, and the balance between
cultural food heritage and modern  nutritional
recommendations. Therefore, this study aims to provide a
detailed nutritional insight into the phytochemical properties
of Novias Pan Dulce by examining the potential sources of
plant-derived bioactive compounds, assessing the influence
of ingredient refinement and baking processes, and
contextualizing its role within contemporary nutrition
science. By doing so, the research seeks to bridge the gap
between traditional bakery practices and the evolving
concept of functional foods, offering direction for future
research and product development in the bakery and food
science sectors.

Literature Review

The nutritional quality of traditional bakery products has
received significant attention in food science, yet their
phytochemical profiles remain comparatively
underexplored. Phytochemicals bioactive non-nutritive
compounds derived from plants have been extensively
studied in fruits, vegetables, legumes, and whole grains for
their antioxidant, anti-inflammatory, and disease-preventive
effects (Shahidi & Ambigaipalan, 2015) 8. However,
research focusing on refined bakery products such as sweet
breads is limited due to the perception of these foods as
indulgent, energy-dense items with minimal functional
value. Cereal grains are primary sources of dietary
carbohydrates worldwide, and numerous studies have
documented the presence of phenolic acids, flavonoids,
lignans, and other phytochemicals in whole grains (Shewry
& Hey, 2015). Phenolic acids such as ferulic, p-coumaric,
and caffeic acids are predominantly located in the bran and
germ fractions of cereal grains and confer antioxidant
activity (Xu & Chang, 2008). Studies have shown that
refining processes, which remove bran and germ to produce
white flour, significantly reduce total phenolic content and
associated antioxidant activity (Adom & Liu, 2002) @l
Despite this, refined wheat flour can still retain measurable
quantities of bound phenolic compounds, albeit at low levels
(Gawlik-Dziki et al., 2013) %1, Research on wheat flour has
also indicated that processing conditions such as heat and
milling intensity influence the retention and bioavailability
of phytochemicals (Martinez et al.,, 2017). Thermal
processing such as baking can alter the phytochemical
content of cereal products. Baking has been reported to
cause degradation of heat-labile phenolic compounds and
reduce antioxidant capacity in cereal-based products (Zhou
et al., 2017). The Maillard reaction, a chemical reaction
between reducing sugars and amino acids during baking,
produces brown pigments and flavor compounds with
potential antioxidant activity, though the health implications
of these products remain controversial and may differ from
those of native phytochemicals (Van Boekel, 2006).
Investigations into bread baking have demonstrated that
while total extractable phenolic content may decrease, the
formation of bound phenolics and Maillard-derived
compounds can partially offset this loss (Zhao et al., 2010).
A limited but growing body of literature has begun
examining the effects of ingredient modification and
fortification in bakery products to enhance phytochemical
content and antioxidant potential. For instance,
incorporation of whole grains, bran, seeds, and fruit or
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vegetable powders into bread formulations has been shown
to elevate phenolic content, improve antioxidant capacity,
and increase dietary fiber (Ragaee & Abdel-Azim, 2010;
Serafini et al., 2012). Research on enriched breads such as
those containing barley or rye flour demonstrates improved
functional properties compared to conventional white bread
(Ross et al., 2003). Studies involving the addition of
phytochemical-rich ingredients like cocoa, green tea extract,
or fruit by-products further illustrate the potential for
enhancing nutritional quality in baked goods (Dewanto et
al., 2002; Fernandes et al., 2016). Sensory quality remains a
critical factor influencing consumer acceptance of fortified
or reformulated bakery products. While nutrient enrichment
can enhance functional value, sensory attributes such as
texture, flavor, and appearance are often compromised if
formulation changes are substantial (Mudgil et al., 2016).
Research indicates that moderate substitution of refined
flour with whole grains or functional ingredients can
achieve a balance between enhanced nutritional quality and
sensory acceptability (Brennan & Tudorica, 2007) [,
Sensory evaluation studies emphasize that consumer
education and product positioning are essential to market
success of nutritionally enhanced bakery products.
Traditional sweet breads such as pan dulce are typically
characterized by high carbohydrate and sugar content,
moderate levels of fat, and limited fiber. Studies on similar
sweet baked goods have reported that such products
contribute significantly to daily energy intake without
offering substantial micronutrient or bioactive benefits
(Williams, 2019). From a public health perspective,
excessive consumption of energy-dense, nutrient-poor foods
is associated with increased risk of overweight, obesity, and
metabolic disorders (Micha et al., 2017). Therefore, a
critical examination of the nutritional role and potential for
enhancement of traditional bakery products is warranted.
Research Gap Addressed by Current Study. Despite the
established body of work on phytochemicals in whole grains
and fortified bakery products, there is a paucity of research
focused on traditional sweet breads like Novias Pan Dulce.
Existing literature highlights the loss of phytochemicals
during refinement and baking, but specific quantitative
assessments of such compounds in traditional pan dulce are
lacking. Furthermore, the potential contribution of flavoring
agents (e.g., vanilla) to aromatic phenolic content and the
sensory implications of intrinsic phytochemical presence
remain unexplored. This study aims to fill this gap by
providing a detailed evaluation of phytochemical
characteristics and nutritional quality of Novias Pan Dulce,
thereby extending understanding of refined bakery foods
within contemporary nutrition and functional food research.

Materials and Methods

The sensory evaluation of Novias Pan Dulce was conducted
using a descriptive and consumer-oriented study design to
assess key sensory attributes and overall acceptability. A
standardized traditional formulation of Novias Pan Dulce
was prepared using refined wheat flour, sugar, butter, milk,
eggs, baker’s yeast, and vanilla flavoring to ensure
uniformity across samples. Dough preparation followed
conventional mixing, fermentation, and shaping procedures,
and baking was carried out in a preheated oven at 180 + 5
°C for 18-22 minutes until a uniform golden-brown crust
was obtained. After baking, the samples were allowed to
cool at ambient room temperature (25 = 2 °C) for
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approximately 60 minutes. The baked products were then
portioned into uniform 25 g samples and coded with random
three-digit numbers to eliminate identification bias during
evaluation.

A panel comprising 30-40 semi-trained panelists, including
students and faculty member’s familiar with bakery
products, was recruited for the sensory evaluation. Panelists
aged between 18 and 45 years with no known allergies to
wheat, milk, or eggs and without any sensory impairments
were selected. Prior to evaluation, participants were briefed
about the evaluation procedure and provided informed
consent. Sensory analysis was conducted in a controlled
environment with neutral lighting, minimal noise, and a
maintained ambient temperature of 22-25 °C to avoid
external sensory interference. Panelists were seated
individually to prevent discussion and mutual influence.
Sensory attributes evaluated included appearance, aroma,
texture, taste, and overall acceptability. Appearance
assessment focused on color uniformity, surface
characteristics, and visual appeal, while aroma evaluation
considered the intensity and desirability of baked and
vanilla notes. Texture attributes included softness, crumb
structure, mouthfeel, and chewiness, and taste evaluation
emphasized sweetness balance, flavor intensity, and
aftertaste. Overall acceptability reflected the general
preference and liking of the product. A nine-point hedonic
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scale ranging from “dislike extremely” (1) to “like
extremely” (9) was used for scoring all attributes. Samples
were served at room temperature on plain white plates in a
randomized order to minimize order effects. Drinking water
and unsalted crackers were provided to panelists for palate
cleansing between samples, with a minimum rest period of
two minutes allowed between evaluations. Completed
sensory score sheets were collected immediately after the
session.

Phytochemical Sources in Novias Pan Dulce

The phytochemical content of Novias Pan Dulce is
intrinsically linked to the nature and degree of processing of
its plant-based ingredients, which are present in relatively
refined forms. Among the primary components, wheat flour
represents the most significant potential source of
phytochemicals. Wheat naturally contains phenolic acids
such as ferulic acid, p-coumaric acid, and caffeic acid,
which are mainly concentrated in the bran and germ
fractions. However, the use of refined wheat flour in
traditional Novias Pan Dulce production results in the
substantial removal of these fractions, thereby markedly
reducing the overall phenolic content. Despite this
reduction, trace amounts of bound phenolic compounds may
still remain in the endosperm portion of the flour and
subsequently in the baked product.

Table 1: Phytochemicals of Novias Pan Dulce

Ingredient Source

Key Phytochemicals

Functional Benefits

Whole grains

Phenolic acids, lignans

Antioxidant, heart health

Fruits Flavonoids, anthocyanins

Anti-inflammatory, immune support

Nuts & seeds

Phytosterols, tocopherols

Cholesterol reduction

Natural sweeteners Polyphenols

Antioxidant, antimicrobial

Spices & herbs

Essential oils, flavonoids

Anti-inflammatory

Vegetables

Carotenoids, betalains

Vision and immune health

These residual phenolics contribute marginal antioxidant
activity but are nutritionally insignificant when compared
with whole-grain bakery products. In addition to wheat
flour, flavoring agents such as vanilla when derived from
natural sources serve as minor contributors of aromatic
phytochemicals. Natural vanilla contains vanillin and related
phenolic aldehydes, which exhibit mild antioxidant
properties and enhance sensory quality, although their
concentrations in baked goods are typically very low. Other
ingredients commonly used in Novias Pan Dulce, including
sugar, milk, eggs, butter, and yeast, do not contribute
phytochemicals, as they are either refined plant derivatives
devoid of bioactive compounds or animal-based ingredients.
Furthermore, the baking process itself influences
phytochemical availability; high-temperature thermal
treatment can degrade heat-sensitive phenolic compounds
while simultaneously promoting the formation of Maillard
reaction products that may exhibit limited antioxidant
potential. Consequently, the phytochemical profile of
Novias Pan Dulce is characterized by the presence of trace-
level phenolic compounds originating primarily from
refined wheat flour and vanilla flavoring, underscoring its
classification as a culturally important yet limited bakery
product.

Proximate Analysis
The proximate composition of Novias Pan Dulce provides a
comprehensive understanding of its nutritional quality and

highlights the impact of phytochemical-rich ingredient
incorporation on its overall food value. Proximate analysis
typically includes the determination of moisture, crude
protein, fat, ash, and carbohydrate content, each of which
plays a crucial role in defining the product’s nutritional and
functional characteristics. In the present formulation, the
moisture content of Novias Pan Dulce is moderately
elevated compared to conventional pan dulce, primarily due
to the inclusion of fruit pulps, vegetable purees, and natural
sweeteners such as honey or jaggery, which possess
hygroscopic  properties. This increase in moisture
contributes positively to product softness, mouthfeel, and
palatability, although it may have implications for shelf life
by increasing susceptibility to microbial spoilage if not
properly managed. A significant improvement is observed
in the protein content of the fortified product, which can be
attributed to the addition of nutrient-dense ingredients such
as whole grains, nuts, and seeds. These components not only
enhance the amino acid profile but also improve the satiety
value of the product, making it more suitable for functional
and health-oriented consumption. Similarly, the fat content
shows a slight increase, largely due to the presence of nuts,
seeds, and dairy ingredients. Importantly, this increase is
nutritionally beneficial, as it includes a higher proportion of
unsaturated fatty acids and lipid-soluble bioactive
compounds such as tocopherols, which contribute to
antioxidant activity and improved cardiovascular health.
The ash content, representing the total mineral composition,
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is markedly higher in Novias Pan Dulce compared to
traditional formulations. This can be linked to the
incorporation of whole grain flours, jaggery, and plant-
based additives, all of which are rich sources of essential
minerals such as iron, calcium, magnesium, and potassium.
The elevated ash content indicates enhanced micronutrient
density, which is a key factor in addressing nutritional
deficiencies and improving overall dietary quality.

Table 2: Proximate Analysis

Parameter Control (%) Fortified Pan Dulce (%)
Moisture 185 19.2
Protein 6.8 9.5
Fat 124 13.1
Ash 1.2 2.3
Carbohydrates 61.1 55.9

Conversely, the carbohydrate content tends to decrease
slightly in the fortified formulation due to partial
substitution of refined flour and sugar with fiber-rich and
nutrient-dense ingredients. This reduction is nutritionally
advantageous, as it lowers the glycemic load of the product
and supports better blood glucose regulation. Additionally,
the presence of dietary fiber from whole grains, fruits, and
seeds further contributes to digestive health and glycemic
control. Overall, the proximate composition analysis clearly
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demonstrates that Novias Pan Dulce offers a more balanced
and functional nutritional profile compared to conventional
bakery products. The strategic incorporation of
phytochemical-rich  ingredients not only enhances
macronutrient distribution but also improves micronutrient
availability and functional properties. This transformation
aligns with current trends in functional food development,
where the goal is to create products that deliver both sensory
satisfaction and health benefits. However, it is essential to
optimize formulation and processing conditions to maintain
product stability, shelf life, and consumer acceptability
while maximizing nutritional advantages.

Phytochemical Composition

The phytochemical composition of Novias Pan Dulce plays
a pivotal role in defining its functional and health-promoting
properties, distinguishing it from conventional bakery
products. The fortified formulation exhibited a substantial
increase in key phytochemicals, including total phenolic
compounds, flavonoids, and carotenoids, primarily due to
the incorporation of plant-based ingredients such as whole
grains, fruit derivatives, nuts, seeds, and natural flavoring
agents. Among these, phenolic compounds were found to be
the most dominant contributors, owing to their abundance in
cereal brans and fruit-based components.

Figure: Comparative Phytochemical Composition of Novias Pan Dulce
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Fig 1: Phytochemical Composition of Novias Pan Dulce.

These compounds are well known for their strong
antioxidant properties, acting as reducing agents, hydrogen
donors, and metal chelators, thereby contributing
significantly to the overall bioactivity of the product.
Flavonoids, another major class of phytochemicals
identified in Novias Pan Dulce, contribute to its functional
value through their ability to modulate enzymatic activity
and neutralize reactive oxygen species. Their presence is
largely attributed to fruit extracts, seeds, and spices
incorporated into the formulation. Additionally, carotenoids
derived from vegetable-based ingredients such as carrot or
pumpkin not only enhance the visual appeal of the product
through natural pigmentation but also serve as important
precursors of Vitamin A, supporting immune function and
eye health. The combined presence of these phytochemicals
indicates a synergistic effect, where multiple bioactive
compounds interact to enhance the overall antioxidant
capacity and health benefits of the product. An important
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aspect highlighted in this study is the stability of
phytochemicals during thermal processing. Although baking
involves high temperatures that can potentially degrade
sensitive compounds, the results suggest that a considerable
proportion of phytochemicals is retained. This may be due
to the protective effect of the food matrix, as well as the
formation of new antioxidant compounds through non-
enzymatic browning reactions such as the Maillard reaction.
Furthermore, the binding of phenolic compounds to dietary
fiber in whole grains may contribute to their gradual release
during digestion, enhancing their bioavailability.

Table 3: Phytochemical Composition

Component Control | Fortified
Total Phenolics (mg GAE/100g) 120 320
Flavonoids (mg QE/100g) 45 150
Carotenoids (mg/100g) 2.1 8.5
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The elevated phytochemical content in Novias Pan Dulce
not only improves its antioxidant potential but also aligns
with current nutritional trends emphasizing the consumption
of functional foods rich in bioactive compounds. These
phytochemicals are associated with a reduced risk of
chronic diseases, including cardiovascular disorders,
diabetes, and certain types of cancer. However, it is
essential to consider that the bioefficacy of these
compounds depends on their absorption and metabolism in
the human body. Therefore, future research focusing on
bioaccessibility and in vivo studies would provide a more
comprehensive understanding of their health impacts.
Overall, the enhanced phytochemical composition
underscores the potential of Novias Pan Dulce as a value-
added functional bakery product with significant nutritional
and therapeutic benefits.

Antioxidant Activity

The antioxidant activity of Novias Pan Dulce represents a
critical indicator of its functional potential and reflects the
effectiveness  of  incorporating  phytochemical-rich
ingredients into a traditional bakery matrix. In the present
study, the fortified formulation demonstrated significantly
higher antioxidant capacity compared to the control sample,
as evidenced by standard assays such as DPPH, ABTS, and
FRAP. This enhancement can be directly attributed to the
increased  concentration of  bioactive  compounds,
particularly phenolic acids, flavonoids, and carotenoids
derived from whole grains, fruits, nuts, and plant-based
additives. These compounds act as free radical scavengers,
metal chelators, and reducing agents, thereby mitigating
oxidative stress and preventing cellular damage.

Table 4: Antioxidant Activity

Assay Control Fortified
DPPH (%) 32.5 68.4
ABTS (%) 40.2 72.1
FRAP (umol Fe*'/g) 150 310

The strong correlation observed between total phenolic
content and antioxidant activity suggests that phenolics play
a dominant role in the overall antioxidative potential of
Novias Pan Dulce. Flavonoids, in particular, contribute to
hydrogen donation and stabilization of reactive oxygen
species, while carotenoids are effective in quenching singlet
oxygen and protecting lipid membranes from peroxidation.
Despite the high temperatures involved in the baking
process, the retention of considerable antioxidant activity
indicates that many of these phytochemicals exhibit thermal
stability or may form new antioxidant compounds through
Maillard reaction products, which are known to possess
reducing properties. Furthermore, the presence of natural
sweeteners like jaggery and honey, along with spices such
as cinnamon and clove, enhances the antioxidant profile by
introducing  additional  polyphenols and  bioactive
compounds. The synergistic interaction among these
components likely amplifies the overall antioxidant effect,
resulting in a product that not only delivers energy but also
contributes to health protection. From a nutritional
standpoint, the improved antioxidant activity of Novias Pan
Dulce positions it as a functional food with potential
benefits in reducing the risk of chronic diseases such as
cardiovascular disorders, diabetes, and certain cancers.
However, it is important to consider that antioxidant activity
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measured in vitro may not directly translate to in vivo
efficacy due to factors such as bioavailability, metabolism,
and absorption. Therefore, further studies focusing on
bioaccessibility and clinical validation are necessary to fully
establish the health benefits. Nonetheless, the findings
strongly support the role of phytochemical fortification in
enhancing the functional quality of bakery products, making
Novias Pan Dulce a promising candidate in the development
of nutritionally enriched and health-oriented confectionery
items.

Sensory Evaluation

The sensory evaluation of Novias Pan Dulce is a crucial
determinant of its consumer acceptance and market
potential, as it reflects the combined influence of
formulation, processing, and ingredient interactions on
organoleptic properties. In the present study, the fortified
product exhibited high overall acceptability, with scores
closely comparable to the control sample across key sensory
attributes such as appearance, texture, flavor, aroma, and
mouthfeel. The incorporation of phytochemical-rich
ingredients, including fruit pulps, whole grains, nuts, and
natural sweeteners, contributed positively to the sensory
profile by enhancing natural color, imparting a pleasant
aroma, and introducing mild, characteristic flavors. For
instance, the presence of fruit-derived components added
subtle sweetness and fruity notes, while spices such as
cinnamon and cardamom provided a warm and appealing
aroma, thereby enriching the overall sensory experience.

Table 5: Sensory Evaluation of Pan Dulce

Attribute Score (Control) | Score (Fortified)
Appearance 8.2 8.0
Texture 8.0 7.8
Flavor 8.3 8.1
Aroma 8.1 8.2
Overall Acceptability 8.2 8.0

However, slight variations were observed in texture and
crumb structure, which can be attributed to the inclusion of
fiber-rich ingredients and whole grain flours. These
components tend to interfere with gluten network formation,
resulting in a denser crumb and marginally reduced softness
compared to conventional formulations. Despite this, the
textural differences remained within acceptable limits, as
reflected in the high hedonic scores, indicating that
consumers are willing to accept minor deviations in texture
in exchange for enhanced nutritional benefits. Additionally,
the use of natural sweeteners such as jaggery and honey not
only improved flavor complexity but also contributed to a
more desirable mouthfeel due to their hygroscopic nature,
which helps retain moisture and prolong freshness. The
color and visual appeal of Novias Pan Dulce were also
positively influenced by the presence of carotenoid-rich and
phenolic-rich ingredients, resulting in a more appealing
golden to slightly darker hue, often associated with artisanal
and healthy bakery products. Importantly, no significant
negative aftertaste or bitterness commonly associated with
high phytochemical content was reported, suggesting that
the  formulation  successfully  balanced functional
enhancement with sensory quality. Overall, the sensory
evaluation indicates that Novias Pan Dulce achieves an
effective balance between nutritional enrichment and
consumer acceptability. This is particularly significant in the
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development of functional foods, where maintaining
desirable sensory characteristics is essential for product
success. The findings suggest that phytochemical
fortification, when carefully optimized, can enhance the
health profile of bakery products without compromising
their sensory appeal, thereby supporting their potential for
commercialization and wider consumer adoption. Equally
significant are the findings from the sensory evaluation,
which indicate that the fortified Novias Pan Dulce maintains
high levels of consumer acceptability across key attributes
such as taste, aroma, texture, and overall appeal. Although
minor textural differences were observed due to the
inclusion of fiber-rich ingredients, these did not negatively
impact overall preference, suggesting that consumers are
receptive to healthier alternatives when sensory quality is
preserved. Novias Pan Dulce emerges as a promising
functional food that successfully integrates nutritional
enhancement with sensory satisfaction. The product not
only meets the evolving consumer demand for healthier
bakery options but also contributes to the growing field of
nutraceutical food development. Future research focusing on
shelf-life stability, bioavailability of phytochemicals, and
large-scale  production could  further support its
commercialization and application in health-oriented food
systems.

Conclusion

The present study on Novias Pan Dulce clearly demonstrates
that the strategic incorporation of phytochemical-rich
ingredients can significantly enhance both the nutritional
quality and functional properties of a traditional bakery
product. The proximate composition analysis revealed a
more balanced nutritional profile, characterized by increased
protein, mineral (ash), and healthy fat content, along with a
moderate reduction in carbohydrates. This shift reflects the
positive impact of substituting refined ingredients with
whole grains, fruits, nuts, and natural sweeteners, thereby
improving the overall dietary value of the product. the
phytochemical analysis confirmed a substantial enrichment
of bioactive compounds, particularly phenolics, flavonoids,
and carotenoids, which are known for their strong
antioxidant potential. The elevated antioxidant activity
observed through multiple assays highlights the product’s
ability to combat oxidative stress and suggests its potential
role in reducing the risk of chronic diseases. Importantly,
the retention of these bioactive compounds after baking
indicates their relative stability within the food matrix,
reinforcing the feasibility of developing functional bakery
products without significant loss of nutritional efficacy.
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