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Increasing consumer interest in the health benefits of various foods has driven the
development of new food products and prompted modifications to the recipes and tech-
nologies used for the production of traditional items. Nutritional claims such as “source
of. . .”, “rich in. . .”, and “light” have become increasingly common, reflecting a stronger
focus on health benefits [1,2]. Current research trends emphasize the nutritional and tech-
nological advancements reflected in cereal-based products, including the incorporation of
novel additives and production processes aimed at achieving clean-label recognition [3,4].
Functional foods provide a valuable platform for introducing new ingredients, offering
benefits from economic, nutritional, technological, and environmental perspectives. This
approach not only enhances nutritional value but also addresses dietary deficiencies in
the population. Moreover, in response to the global challenge of food waste, extensive
research has been conducted to explore the potential for utilizing by-products from the food
industry—such as those from fruit, vegetable, or oil processing—as well as underutilized
mill streams rich in fiber fractions. Developing technological solutions to integrate these
by-products into higher-quality products will lead to an enhancement in their economic
value, improve resource efficiency, and support zero-waste principles, advancing a circular
economy [5–7].

These trends also extend to bakery products, which are typically made from flour or
meal derived from a variety of both cereal and non-cereal grains. Depending on the ingre-
dients present, bakery products can serve as excellent sources of complex carbohydrates
(including starch and dietary fiber), proteins, vitamins, minerals, and phytochemicals
with specific health benefits. Bakery items such as bread, cookies, cereal bars, biscuits,
and muffins play a central role in the modern diet, representing numerous opportunities
to enhance their nutritional value, functionality, and alignment with current health and
sustainability values [8–11].

One common strategy with which to enhance the nutritional value of bakery products
is the partial or complete substitution of wheat flour. This approach is particularly effective
for products in which wheat flour is a primary ingredient, such as refined (low-extraction)
wheat bread. Refined flour, depending on its extraction rate, is characterized by low
levels of dietary fiber, protein, minerals, and bioactive compounds. Additionally, the
proteins in wheat flour are incomplete, lacking certain essential amino acids, particularly
lysine, limiting their digestibility [12–15]. Bread, one of the most widely consumed bakery
products, has an average per capita consumption of around 250 g per day [16] and plays a
vital role in human nutrition due to its accessibility and nutritional value. Wheat bread, the
most common type of bread, has been a dietary staple for centuries. It provides a substantial
energy source through its high carbohydrate content (70–80% dry matter) and also supplies
protein (10–14% dry matter) and minerals (0.5–0.8% dry matter). However, the dietary fiber
content in white wheat bread is relatively low, typically at around 2–3% [17]. To address
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these nutritional limitations, there is a rising trend of incorporating non-traditional raw
materials, including high-protein by-products from the plant food industry, into bread and
other bakery products traditionally made using white wheat flour [18].

While partially substituting wheat flour with another ingredient can improve the
chemical composition of baked goods, this method also poses significant challenges, par-
ticularly in maintaining the quality characteristics of the final product, which are critical
for consumer acceptance. Wheat flour is unique because of its gluten content, a structural
protein essential for the appearance, crumb structure, and overall texture of many baked
goods. The gluten matrix plays a crucial role in determining the rheological properties
of dough, making it challenging to replace wheat flour without compromising product
quality. Enriching raw materials often need to be used in limited amounts, as excessive
additions can negatively impact the dough quality, microstructure, and texture of the final
product [19]. Developing dough with desirable properties becomes even more challeng-
ing when formulating gluten-free bakery products. This issue is particularly significant
considering the rising global incidence of celiac disease, which has reached annual rates of
21.3 cases per 100,000 individuals among children and 12.9 per 100,000 individuals among
adults in recent years [20]. Patients with celiac disease often face limited access to suitable
products, which are frequently characterized by lower nutritional and sensory quality
compared with their gluten-containing counterparts. This presents specific challenges, not
only in achieving the desired dough quality but also in ensuring that the final product
meets appropriate nutritional standards [21].

Recent studies in the field of functional bakery products have increasingly focused
on incorporating unconventional ingredients and innovative technologies to enhance the
nutritional, sensory, and technological properties of baked goods. Examples include the
use of industrial by-products, such as fruit pomace, vegetable processing waste, and
underutilized mill streams rich in fiber fractions, as well as ingredient modifications like
inulin, microalgae, or mushroom powders. Additionally, enriching products with gluten-
free or clean-label alternatives as a strategy has gained attention. Such strategies aim not
only to improve the health benefits of bakery products but also to align with sustainability
trends by minimizing waste and promoting eco-friendly practices in the food industry.

One promising area of research explores the application of enzymatic, thermal, hy-
drothermal, and enzyme-assisted hybrid modifications in underutilized mill streams [22].
These modifications aim to incorporate wheat flour fractions, which account for about 10%
of milling production, into bread-making while maintaining desirable properties. Thermal
treatments, especially when combined with enzymes, were found to enhance bread yield
and water absorption without compromising texture or color. The treatments reduced
amylase activity and starch retrogradation, improved bread volume (up to 16%), and
lowered baking and weight losses by 8% compared to standard wheat bread. However,
hydrothermal treatments negatively impacted dough structure and crust formation despite
increasing bread volume and yield. Flour blends containing up to 20% of modified fractions
proved effective as clean-label bread improvers, though higher levels reduced product
quality. These findings have practical applications for milling companies, enabling them
to reduce waste and create ready-to-use bakery blends with clean-label benefits. Future
research should aim to optimize production processes and explore additional enzymes and
flour types to further enhance bread quality.

Another innovative study examined the fortification of cereal bars with grape and
apple pomace, by-products of the fruit industry, to enhance their nutritional value, physical
properties, and sensory characteristics [23]. Replacing 10 or 20 g of sultanas with these
pomaces increased the bars’ moisture and soluble dietary fiber content while reducing their
antioxidant levels. Fortification improved their mechanical strength and visual appeal,
though noticeable color changes and less acceptable aroma and texture were also observed
in some cases. Cereal bars fortified with grape pomace and up to 10 g of apple pomace
demonstrated high dietary fiber content, desirable sensory properties, and suitability for
industrial production. However, bars containing 20 g of apple pomace exhibited excessive
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moisture and lower mechanical integrity, raising concerns about storage stability and
transportation. Future studies should evaluate the shelf life and stability of fortified bars
and explore methods to minimize color changes during storage.

The impact of inulin (5–40%) on the rheological, textural, and sensory properties
of rice bread was also explored to assess its potential for enhancing gluten-free bakery
products [24]. Inulin addition softened the dough, raised the gelatinization temperature,
and improved bread characteristics, including the specific loaf volume (1.16–1.48 mL/g),
crumb porosity (36–58%), and sensory appeal. The optimal inulin level was found to be
30%; this produced bread with superior texture, porosity, and sensory properties, while
aligning with dietary recommendations by providing approximately 23 g of inulin per
serving. However, higher inulin levels (40%) led to a deterioration in bread texture and
cohesiveness, along with increased baking losses. These findings highlight the potential
to use inulin in gluten-free bread production and suggest that further research on its
application in other bakery products, such as pastries, be conducted.

Functional bakery products provide an excellent platform for enhancing human health
and promoting sustainability through ingredient modifications and innovative processing
techniques. The reviewed studies highlight the potential of utilizing industrial by-products
and functional ingredients, such as inulin, to improve the nutritional, sensory, and techno-
logical properties of bakery products while simultaneously addressing waste reduction
and sustainability objectives. Future research should focus on developing scalable pro-
duction methods for the incorporation of modified flours and by-products into bakery
formulations without compromising product quality, assessing the long-term stability and
shelf life of fortified products, investigating consumer preferences, especially for products
with noticeable changes in sensory characteristics such as color, texture, or aroma, and
evaluating the bioavailability of nutrients in functional products and their potential health
benefits. With continued advancements in ingredient utilization and processing technolo-
gies, functional bakery products have the potential to make a significant contribution to
health, sustainability, and waste reduction in the food industry.
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