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Abstract: There is a growing interest in promoting health and improving quality of life,
which has led consumers to prefer foods that offer not only basic nutrition but also ad-
ditional health benefits. In this space, yogurt has gained increasing attention due to its
potential to deliver bioactive compounds and improve overall consumer well-being. As a
fermented dairy product consumed globally, yogurt serves as an effective dietary base for
nutritional enhancement through the incorporation of a wide range of primary agricultural
products, including fruits, vegetables, cereals, and their respective by-products, including
peels, seeds, and pomace. This review provides an overview of recent advances in yogurt
biofortification using primary agricultural matrices and agro-industrial by-products within
the framework of sustainable food systems and the circular economy. Significant increases
in antioxidant activity and final phytochemical content are observed after the addition
of ingredients to yogurt. Enrichment with dietary fiber from fruit peels or pomace also
improved syneresis control and viscosity of the products. The microbiological viability of
probiotic strains was maintained or increased in most formulations, and sensory acceptance
remained favorable with enriched yogurts. These findings highlight the potential of agri-
cultural matrices to enhance yogurt functionality, promoting sustainability and reducing
food waste.

Keywords: bioprospecting; circular economy; functional food

1. Introduction
In the face of the global environmental emergency, driven by the depletion of resources,

the food industry is becoming increasingly aware of the importance of adopting sustain-
able practices with a view to reducing waste [1]. In the traditional food processing and
production model, companies collect and extract resources, transforming them into final
products that are eventually used by the end consumer, and their by-products are largely
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discarded. Currently, companies are becoming increasingly aware of the risks associated
with this production model.

In recognition of this movement, there is a growing search for an industrial model
that dissociates this “recipe” and establishes action plans to eliminate food waste using a
model based on the concept of a circular economy in food production, but which also goes
hand in hand with the Sustainable Development Goals (SDGs), implemented in 2015 by
the United Nations (UN) 2030 Agenda [2].

The circular economy goes far beyond the recycling of materials, involving the adop-
tion of different flows that allow rethinking the use of resources with a view to (FAO)
promoting sustainable practices in the precision agriculture niche, where agri-food waste,
co-products, and by-products become protagonists and are essential for the promotion of
food diversity and security [3,4].

Agri-food products and by-products generated throughout the agricultural and hor-
ticultural food processing chain contain numerous nutritional and bioactive components
that can be used in the incorporation and development of innovative food products, aiming
to reduce waste, provide a more efficient flow, and improve the overall sustainability of
food systems [5,6].

It is known that the food sector faces challenges related to consumer satisfaction, re-
flecting a growing trend that prioritizes nutritional, sensory, and health aspects of products
that undergo some degree of industrialization [7]. The development of new food products
increasingly focuses on health and practicality, leading these companies to seek innovations
that meet these requirements efficiently, with a certain emerging “content” [8,9]. This
pattern is especially noticeable in the dairy industry and its derivatives market. Because
they have a versatile base both sensorially and technologically speaking, which allows for
different forms of presentation, dairy products are widely used to incorporate by-products
from different industrial segments, including horticulture, encouraging the inclusion of
these components in formulations that are already conventionally accepted by the general
population, such as yogurts and dairy drinks [10]. For products with greater nutritional
value and physical–chemical quality required by law and the market, their enrichment is
discussed through the incorporation of natural ingredients with improved functional and
phytochemical properties in a movement known in the industry as “Bioprospecting” [11].

Bioprospecting involves the identification and exploitation of natural resources for
commercial purposes [12], generating interest among manufacturers in incorporating their
concepts into the development of new products that have market potential but also meet
the demands of sustainability and consumer acceptability, as previously discussed, making
it necessary to think of bioprospecting as a tool to find more sustainable solutions for food
production and processing and to shorten the gap between these aspects [13–15].

The inclusion of direct products and plant by-products, for the formulation of yogurts,
for example, is in line with the guidelines of the Food and Agriculture Organization of
the United Nations (FAO), which encourage sustainable practices in the food industry to
minimize waste and optimize the use of resources and inputs [16]. However, the integration
of some primary and by-products of plant origin into yogurts still faces technical and
sensory challenges that need to be overcome to ensure consumer acceptance and the
commercial viability of the formulated product, requiring the promotion and improvement
of production technologies.

In this scenario, this article describes the current panorama of the processing and
production of bioenriched yogurts, providing timely updates through bibliographic re-
search and critical analysis with a qualitative and exploratory approach [17,18] on how
new products are being formulated, from the emerging perspective of the circular economy,
bioprospecting, and the waste reduction of direct/primary products (pulps, juices, extracts
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and flours) and by-products (peels, seeds, pulps, press cakes) from horticultural produc-
tion (fruits, vegetables, legumes, spices, etc.), aiming to reduce their environmental and
economic impact. It is noteworthy that these products can be incorporated as ingredients
in foods with functional appeal or with nutraceutical potential. These solutions align with
the concept of a circular bioeconomy, allowing for the reduction of environmental, social,
and economic costs, increasing economic competitiveness, and alleviating poverty and
hunger [19].

2. Methods
This review may provide some new insights into the nutritional, functional, sen-

sory, and technological aspects of new dairy products formulated under the emerging
perspective of a circular economy, bioprospecting, and waste reduction of products from
horticultural production. This may lead to new explorations of the relationship between the
addition of these “actors” and the quality of the final product. The methodological planning
involved the following steps: (a) definition of the research problem; (b) careful selection
of databases to search for relevant studies published in the last decade; (c) establishment
of inclusion and exclusion criteria; and (d) critical analysis and discussion of the findings.
Although this is not a systematic review, the search for greater transparency and traceabil-
ity in data collection was supported by principles adapted from the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses) methodology, especially with
regard to the stages of identification, screening, eligibility, and inclusion of studies [20].

The search was carried out in the following databases: Google Scholar©, SciELO©,
ScienceDirect©, PubMed©, Scopus©, and Web of Science©, covering publications between
2013 and 2025. The following descriptors and combinations were used: “dairy products”,
“yogurt”, associated with terms such as “lactic fermentation”, “consumer market”, “bioen-
richment”, “fortification”, “nutritional composition”, “chemical composition”, “bioactive
compounds”, “antioxidant capacity”, “technological properties”, “functional properties”
and “biological properties”. The following were considered for inclusion: original articles
and reviews, published in Portuguese, English, or Spanish, available in full (with free or
paid access). The following were excluded: abstracts, works published in event proceed-
ings, course completion papers (TCC), dissertations, theses, and articles that were not in
the selected languages.

3. Food Production, Waste, and Sustainability: Bases for the Valorization
of Ingredients Obtained from Agricultural Processing

By 2050, the demand for food matrices is expected to increase significantly, by approx-
imately 55%, due to factors related to population growth, the economic development of
developed and underdeveloped countries, and urbanization [2,21]. However, this massive
expansion will have negative effects on a wide range of sectors, such as biodiversity, the
economy, and even health systems. In this context, it is imperative that the increase in food
supply be accompanied by public policies and sustainable production strategies, where
such approaches must incorporate principles of the circular economy, favoring practices
that reduce environmental impact and, at the same time, meet the technological and con-
sumption demands of contemporary society [21]. In order to minimize consistent losses
related mainly to inadequate management, poor drainage, and food waste, it is widely
considered to adopt strategies that aim to reduce production costs but at the same time
contribute to increasing the efficiency and optimization of food systems, strengthening
biodiversity, and improving aspects related to food security [21–23].

Food waste is a global issue. Estimates suggest that more than US$ 1 trillion in food is
wasted each year, which represents more than one-third of all food produced globally, using
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more than a quarter (28%) of the world’s agricultural area. In the context of biodiversity,
food waste is also responsible for about 8–10% of greenhouse gas emissions [21,23]. As
environmental impacts accumulate throughout the life cycle of food products, food waste
at the consumer level represents the greatest burden on the survival of civilization. It sheds
light on the magnitude of food waste and the prevalence of household food waste across
all continents, regardless of country income levels [23]. This growing attention to food
loss and waste is reflected in the SDGs, which are defined in the UN 2030 Agenda [2].
Specifically, goal #12 aims to halve global food waste per capita at retail and consumer
levels and reduce food losses along production and supply chains (including post-harvest
losses at all stages of production/consumption) by 2030. Reducing food loss and waste can
also contribute to achieving other SDGs, such as #2 “Zero Hunger”, SDG #6 “Sustainable
Water Management”, SDG #13 “Climate Change”, and SDG #15 “Terrestrial Ecosystems,
Forests, Biodiversity” [2]. Recognizing this universal problem, the industry has been joining
forces with the scientific community, focusing increasingly on the optimization and use
of agro-industrial resources, such as direct products and by-products. There is a growing
interest in research on the formulation of new products incorporating elements derived
from agricultural practices and their potential benefits.

4. Technological Advances and Market Projections in the Dairy Industry
for New Products at the Interface of Bioprospecting and the
Circular Economy

In the broader context of the management of agro-industrial products and by-products,
technological advances stand out, creating an interface in the axes of biodiversity and cir-
cular economy, which fosters the practice of Industry 4.0 in the development of new food
products in the industrial framework. Industry 4.0 is transforming the production sector
in general, and the food sector is no different [24]. Through the integration of intelligent,
interconnected, and independent systems that revolutionize traditional production prac-
tices and drive the adoption of innovations that address the sustainability and healthiness
of products, as required in the current market scenario [25], technologies such as artificial
intelligence and robotics improve supply chain efficiency, reduce waste and risks, and
increase traceability and food safety, which are essential aspects of guaranteeing product
quality and minimizing environmental impacts [26,27].

In this scenario, bioprospecting emerges as a promising strategy for the discovery of
new bioactive compounds from natural sources, including primary products and agro-
industrial by-products derived from vegetables and fruits. The search for bioactive com-
pounds with functional properties, such as flavonoids, polyphenols, prebiotic fibers, and
other components, allows the development of healthier and more nutritious formulations
while contributing to the sustainability of the production chain. In addition to enriching the
nutritional composition of foods, bioprospecting allows the valorization of these products
by transforming them into ingredients, reducing waste, and encouraging practices that
enhance the circular economy [28,29].

The incorporation of these ingredients rich in bioactive compounds into food matrices
not only improves the properties (technological and nutritional) of the products but also
provides health benefits to consumers and new sensory experiences [29]. This advancement
has driven innovations in food formulation, which seek to differentiate themselves in
the market by offering improved technological, sensory, and bioactive properties and
experiences [30,31]. From this perspective, the dairy industry exemplifies this evolution
well by developing bioenriched yogurts and dairy drinks [11,32].

These advances demonstrate that the contradiction between science, technology, and
innovation has been a fundamental pillar for the development of healthy and sustainable
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products, mobilizing a rearrangement of industries in this movement. By supporting
productive efficiency, innovation in obtaining new ingredients, and the implementation of
strategies to reduce environmental impacts, the food industry is moving towards a more
sustainable model in which technology and bioprospecting become essential and com-
plementary allies in promoting health and creating more natural and beneficial products
for the consumer [33,34]. It is worth noting that a sedentary lifestyle, poor eating habits,
and the profile of modern diseases are worrying factors for the current generation, as it
is already known that these behaviors determine their quality of life, in general, as well
as their longevity [35–37], which generates concerns about maintaining health; combined
with advances in health studies, this population is led to seek healthier foods, encouraging
the redesign of the most diverse market segments [38].

The size of the dairy market is estimated at US$ 620 billion in 2024 and is expected to
reach US$ 768.80 billion by 2029, with a growth of 4.40% during the forecast period 2024–
2029 [39]. The growth of the segment is attributed to the consumption of food prepared
outside the home, with greater nutritional and sensory appeal [38,40].

Among the most popular and culturally relevant functional products are fermented
dairy products, especially yogurt, which combine tradition, nutritional value, and unique
technological properties [41]. Yogurt is produced by fermenting natural milk (from cows,
buffaloes, and goats, for example) with specific bacterial cultures, such as Streptococcus
thermophilus and Lactobacillus delbrueckii subsp. bulgaricus, which metabolize lactose (milk
sugar) and generate lactic acid, which is responsible for the sensory characteristics of
the product [14,42]. This technological evolution and innovation perceived in the dairy
industry has allowed the development of improved yogurt formulations, adjusting the
composition of the ingredients to improve nutritional, technological, and sensory properties.
Furthermore, bioprospecting has been a fundamental strategy in the reformulation of
already commercialized products, allowing the incorporation of functional components
derived from the horticultural industry and promoting the sustainability and use of these
matrices [11,32].

The production of bioenriched yogurts illustrates how the convergence of science,
technology, and innovation can create products that meet market and sustainability de-
mands. The new production standard, through the advancement of technologies brought
by Industry 4.0, favors the production of improved yogurts since their production in-
volves the rigorous control of factors such as the quality of the base raw material, choice
of starter cultures, fermentation equipment, temperature, and processing time, ensuring
probiotic specifications and the standardization of the sensory characteristics of the final
product [14,15]. The yogurt market has also diversified to meet different consumer profiles,
including options such as traditional, Greek, shaken, drinkable, and frozen yogurt, each
with variations in texture, acidity, protein content, and biological benefits and specific phy-
tochemical enhancement [15]. This segmentation reinforces the importance of research and
innovation to develop products aligned with consumer demands, maintaining a balance
between flavor and functionality without sacrificing sustainability in their processing.

In this way, the combination of bioprospecting, technology, and the innovative for-
mulation of new products for the food market allows production sectors, especially the
dairy sector, to increase their competitiveness, especially in the segment of foods with
functional appeal, by adding nutritional value and promoting conscious and sustainable
consumption. By integrating nutritional enrichment strategies and technological control,
the yogurt industry exemplifies how innovation can contribute to the creation of products
that meet the needs of consumers and the environment.
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5. Trends and Effects of Enrichment with Vegetables Designated as
Ingredients in the Development of Functional Yogurts

Bioactive substances, despite their low bioavailability, are mainly derived from the
chemical arrangement of the molecule and the processing methods applied to the matrix,
and they play important roles in several physiological processes and offer health benefits
to the consumer, justifying their incorporation, under the name of ingredient, in different
base foods [43–46]. In general, this addition involves increasing the levels of nutrients and
bioactive substances to acceptable levels so that they can exert a biological effect, potentially
acting in the process of promoting health and reducing the occurrence of chronic diseases,
such as cardiovascular diseases, cancer, diabetes, and neurodegenerative diseases [45–49].

The enrichment of foods already recognized by consumers in the market with in-
gredients derived from primary products and agro-industrial by-products rich in these
substances not only improves the health and well-being of the consumer but also aligns
with the profitability and sustainability goals that have been incorporated into the current
industrial production model [16,50].

Natural yogurts are widely recognized for their numerous health benefits, especially
with regard to human nutrition and well-being [15]. Among these benefits, the presence of
substances such as peptides, proteins, and some important short-chain fatty acids formed
in the fermentation process that are essential for strengthening the immune system, for
example, stands out [46,51].

However, it has been found that the supply of bioactive compounds, such as phenolics,
flavonoids, anthocyanins, etc., imposes certain limitations on the functional properties
of natural yogurt [52–54], which makes this product a target for industrial desires to
incorporate elements and add value. In this context, the enrichment of yogurts with natural
functional ingredients has gained prominence in the scientific community [15], where the
addition of these compounds to dairy products can occur through the direct inclusion
of ingredients rich in these substances, such as jellies, purees, pulps, flours, or powders
obtained from primary products and by-products of the processing of fruits, vegetables,
and spices. From a commercial point of view, yogurt stands out as one of the most versatile
foods, presenting high compatibility with various ingredients. This characteristic not only
increases its acceptance by the consumer but also opens space to enhance its nutritional
benefits, favor biological activity, and improve its technological and commercial standards
(Figure 1).
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5.1. Applications in Yogurt: Qualitative Analysis of the Evidence

The valorization of agroindustrial elements (primary products and by-products) has
stood out as a sustainable strategy to reduce waste and add nutritional value to food by
designating these components as “ingredients” in the food industry. Currently, the addi-
tion of synthetic additives in the preparation of products, such as yogurt, aims to correct
technological flaws or improve the characteristics of the final product, including in the
formulations, by using substances that have stabilizing, thickening, emulsifying, and color-
ing action, among others. However, the addition of these synthetic ingredients/additives
can have harmful effects on human health [55], leading consumers to seek more natural
options that meet the notable demand for foods that have a transversal scope with sustain-
ability and healthiness. In the context of synthetic additives, their use requires limitations
regarding their minimum and maximum use, resulting in changes in the market and in the
products offered, which is mainly represented by the “clean label” movement [56]. This
current trend has stimulated scientific research aimed at finding alternative ingredients to
synthetic additives.

In the conventional industry, the additives incorporated in the manufacture of yogurts
are configured as a subset of edible raw materials for the processing, manufacturing,
treatment, and preparation of a product designated for sale, such as yogurt [57]. Therefore,
several studies have focused their efforts on demonstrating, through evidence, that there
are several possibilities for improving the physical, chemical, sensory, and nutritional
characteristics of yogurts, especially with the use of different matrices of plant origin, in
the form of primary product or by-product.

In order to understand the current panorama of applications of new ingredients
derived from horticultural processing in yogurts, a summary of the main studies published
between 2013 and 2025 was prepared. Table 1 presents a detailed survey of research that
incorporated primary materials and by-products from agricultural practices such as pulps,
purees, extracts, flours, peels, seeds, residual pulps, and pressing cakes, for example, in
yogurt formulations, analyzing their effects on physical–chemical, microbiological, sensory,
and functional parameters.

It is observed that the improvement of the traditional formulation of yogurts is a
constantly growing market, which requires the prior development of new ingredients with
the aim of enhancing the bioactive effects of these foods. These bioactive components can
be used in the development of innovative functional products, a theme addressed by most
of the studies, produced in the last decade highlight the natural alternatives capable of
meeting the growing demand for functional ingredients added to these foods. Currently,
the world is turning to the exploration of organic agricultural products (whether primary
or secondary), which constitute a great burden of environmental potential, for inclusion in
the food industry, directly impacting the quality of the final product [88].

However, the application of processing technologies to these potential ingredients
plays a fundamental role in improving the final product, especially on the yogurt pro-
duction scale. This is because, depending on this initial stage of production, a favorable
or unfavorable result can be achieved in the formulation, since it is known that various
processing methods applied to both the added ingredients and the yogurt itself directly
influence the stability and bioavailability of phytochemical compounds throughout the
production chain.
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Table 1. Effects of including vegetable ingredients and by-products in yogurts: qualitative review of
research published between 2013 and 2025.

Main Effects Observed

Ref. Ingredient Added
Fraction Functional/Nutritional Phytochemical Technological Viab. MO Sensory

Powders and flours

[58] Pineapple Bark
↑ Antimutagenic Act.

↑ Antioxidant capacity (DPPH
and ABTS)

↑ [ ] peptides ↑ AT
↓ pH ↑ -

[59] Purple grape Pulp and
bagasse ↑ Minerals, dietary fiber

↑ [ ] total
phenolic

compounds
↑ Viscosity - ↑ general

[60] Orange Albedo ↑ Dietary fiber -
↓ Syneresis
↑ Protein
stability

- ↓ general

[61] Purple grape Bagasse ↑ Dietary fiber;
↑ Antioxidant capacity

↑ [ ] total
phenolic

compounds

↓ Syneresis,
↑ Viscosity - ↑ general

[62]
Pomegranate

and
rosewood

Seed
↑ PUFA, conjugated fatty

acids
↑ Antioxidant capacity

- - ↑ Probiotic
viability ↑ general

[63] Apple Bagasse - -
↑ Texture

↑ Stability, ↑
firmness

- -

[64] Mango and
banana Bark ↑ Macronutrients

↑ Antioxidant capacity

↑ [ ] total
phenolic

compounds
- ↑ Probiotics -

[65] White
mulberry Pulp ↑ Antioxidant capacity

↑ [ ] total
phenolic

compounds
- ↑ ↑ general

[66] Sweet potato Pulp ↑ Antioxidant capacity ↑ [ ] total
anthocyanins

↑ Viscosity, ↓
Syneresis ↑ IN

[67] Pomegranate
and grape Seed ↓ Antioxidant capacity (DPPH

and ABTS)

↑ [ ] of total
phenolic

compounds

↓ Viscosity, ↑
Syneresis ↑ ↑ general

[68] Hemp Bagasse ↑ Antioxidant capacity
↑ [ ] total
phenolic

compounds

↑ pH,
↓ Titratable

acidity
- ↑

[69] Date Pulp - -

↑ Hardness
↑ Elasticity
↑ Cohesive-

ness,
↑ pH,

↓ Acidity
↑ CRA

- -

[70] Damascus Pulp - - ↓ Firmness, ↓
pH, ↓ Acidity ↓ -

[71] Bilberry Bagasse ↑ Fiber

↑ [ ] total
phenolic

compounds
↑ [ ] of total

anthocyanins

↑ Viscosity, ↓
Syneresis,
↑ CRA

- ↑ general
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Table 1. Cont.

Main Effects Observed

Ref. Ingredient Added
Fraction Functional/Nutritional Phytochemical Technological Viab. MO Sensory

[72] Lentinula
edodes Pulp ↑ Antioxidant capacity - ↓ Viscosity,

↓ Syneresis ↓ -

[73] Black carrot Bagasse ↑ Antioxidant capacity

↑ [ ] total
phenolic

compounds
↑ [ ] total

flavonoids
↑ [ ]

anthocyanins

↓ Syneresis - ↑ general

Extracts

[74] Pomegranate Bark ↑ Antioxidant capacity
(DPPH and ABTS)

↑ [ ] phenolic
compounds

and
flavonoids

↓ Viscosity
↑ Syneresis - ↑ general

[75] Camellia
sinensis Sheet ↑ Antioxidant capacity (DPPH

and FRAP)

↑ [ ] total
phenolic

compounds
- ↓ -

[76] Red beet and
lemon Pulp ↑ Antioxidant capacity ↑ [ ] betalains,

carotenoids - - ↑ color

[77]

Nutmeg,
black pepper,

and white
pepper

Pulp ↑ Antioxidant capacity

↑ [ ] total
phenolic

compounds
↑ [ ] peptides

- -
↑ with
black

pepper

[78]
Walnuts,

pistachios,
and almonds

Bark ↑ Antioxidant capacity - ↓ Syneresis
↑ Stability ↓

↓ for nuts
and

almonds

[79] Elderberry Pulp ↑ Antimicrobial activity
↑ Antioxidant capacity

↑ [ ] total
phenolic

compounds,
flavonoids

- ↑ beneficial, ↓
pathogenic ↑ general

Juices and purees

[80]
Strawberry,
raspberry,
and cherry

Pulp - ↑ [ ] ellagic
acid

↑ Rheological
properties

↓ pH
↓ ↑ color

[81] Watermelon Pulp ↑ Proteins, fats, minerals,
vitamin C - - - ↑ general

[82] Passion fruit Pulp ↑ Antioxidant capacity
↑ [ ] total
phenolic

compounds
↓ Cohesion ↓ ↑ general

[83]

Pomegranate,
strawberry,

and red
beetroot

Pulp ↑ Vitamin C
↑ Antioxidant capacity

↑ total
phenolic

compounds

↑ Viscosity, ↓
Syneresis
↑ Acidity

↑ ↑ general

[84] Chokeberry Pulp ↑ Antioxidant capacity
↑ [] total
phenolic

compounds
↓ pH - -
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Table 1. Cont.

Main Effects Observed

Ref. Ingredient Added
Fraction Functional/Nutritional Phytochemical Technological Viab. MO Sensory

[85] Strawberries
and chia

Pulp and
seeds

↑ PUFAS
↑ Fiber - - ↑

Emulsions and encapsulates

[86] Pinhão Nanosu-
spension

↑ Total fibers
↑ Iron

↑ Calcium
↑ Antioxidant capacity (DPPH

and ABTS)

↑ [ ] total
phenolic

compounds
- - -

[87]
Cinnamon,
garlic, and

cumin

Microen-
capsulated

oil
- - ↑ Viscosity

↑ Lifespan ↓ -

Legend: The abbreviations used in the table refer to different effects observed with the addition of functional
ingredients to yogurt formulations. The symbols ↑ and ↓ indicate, respectively, an increase and a decrease in the
parameters analyzed. The expression [ ] represents the concentration of certain compounds, such as phenolics,
flavonoids, or anthocyanins. The acronym Viab. MO refers to the viability of microorganisms, usually probiotics,
present in the yogurt. PUFA indicates the presence of polyunsaturated fatty acids. The DPPH, ABTS, and FRAP
methods are used to evaluate the antioxidant capacity of the added ingredients. AT corresponds to titratable
acidity, while CRA represents the water retention capacity. The symbol (-) was used to indicate missing or
inconclusive data. The abbreviation Sheet refers to the leaves of the plant used as an ingredient, as in the case of
Camellia sinensis. Finally, the general term applied in the sensory column refers to the overall acceptability of the
enriched product based on attributes such as taste, texture, appearance, and aroma.

Drying, for example, often used in the production of fruit and vegetable powders, can
cause significant losses of heat-sensitive compounds, such as vitamin C and anthocyanins,
especially when carried out at high temperatures [89]; this directly impacts sensory ele-
ments, such as color, and functional elements, such as the antioxidant capacity observed in
the final formulation. On the other hand, freeze-drying can be used as a technology that
more effectively preserves phytochemicals due to the absence of intense heat in the method-
ological dynamics, with the same being observed for products obtained by drying in a
foam mat, for example [90]. In this same line of reasoning, related to the use of temperature,
the thermal treatment of yogurt, such as the pasteurization of the milk used as a base, can
partially degrade polyphenols and carotenoids present in ingredients added later through
the use of heat [91]; however, this step is configured as an essential procedural element to
stimulate the beginning of the growth of the lactic culture by reducing the oxygen content
of the milk, in addition to directly influencing the increase in the viscosity of the yogurt and
obtaining a good texture of the final product due to the management of intrinsic factors,
such as protein rearrangement, formation of the lipid emulsion system, etc.

In terms of methodology/process, other technologies, such as ultrasound [73,92]
and encapsulation [87], have been explored both for the extraction and preservation of
phytochemicals in plant ingredients that can be incorporated into yogurt with functional
appeal [92].

Furthermore, fermentation, a process inherent to yogurt production, can promote the
biotransformation of phytochemicals, enhancing their antioxidant activity or altering their
chemical form, which directly impacts their functionality. This interaction between probiotic
microorganisms and added compounds can be beneficial, as observed in formulations with
pomegranate and grape seed powder, for example [67].
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Therefore, the choice of processing method should consider not only the stability of
the phytochemical compounds present in the added ingredients but also their interaction
with the dairy matrix and the microorganisms present in the yogurt, aiming to guarantee
the functionality and nutritional quality of the final product. In this context, it is important
to consider that the addition of functional ingredients to yogurt, in addition to impacting
nutritional and functional aspects, can also directly influence the physicochemical param-
eters of the product since these changes occur due to the intrinsic characteristics of the
added compounds, as well as their interactions with the fermenting microbiota and the
dairy matrix. Therefore, understanding the effects of enrichment on these parameters is
essential to ensure product stability, sensory acceptability, and technological performance
during storage and consumption.

5.2. Effects on pH and Titratable Acidity

pH and titratable acidity are essential parameters in the analysis of acidic foods,
indicating quality and aligning with microbiological and sensory standards [93]. It is
known that the fermentation of milk by lactic bacteria results in the production of lactic
acid, reducing the pH and giving yogurt its characteristic texture and flavor. The addition
of natural ingredients can modify these parameters, impacting the desired balance for the
product, which is influenced by the type, concentration, and duration of storage [94]. Taking
Brazilian legislation as an example, a pH limit of around 4.5 and a titratable acidity between
0.6–1.5 g% of lactic acid per 100 g/mL of the product are recommended to ensure sensory
acceptance and stability [94]. After fermentation, lactic bacteria continue to metabolize
during storage, influencing these values [61,63]. The inclusion of citrus and tropical fruit
pulps, such as passion fruit [82], orange [60], and strawberry [83], often leads to a decrease
in pH and an increase in titratable acidity since these ingredients are naturally rich in
organic acids, such as citric, ascorbic and malic; the same movement was observed with the
addition of apricot fiber powder [70] and chokeberry fractions (puree and juice from the
pulp and pomace powder) [84]. This effect can accelerate casein coagulation, making the
yogurt thicker and more stable. On the other hand, dietary fibers extracted from fruits and
vegetables can have a buffering effect on the acidity of the medium, resulting in a yogurt
with a higher pH and a less acidic sensory flavor. This mechanism occurs as a spring-
loaded anchoring system for the casein micellar network, increasing the water-binding
capacity and improving the globular microstructure of the yogurt by the formation of
smaller pores [15,95–97]. This effect was observed with the addition of apple pomace fibers
and grape skins, which appear to interfere with the availability of substrates such as lactose
for fermentation, modulating the production of lactic acid by lactic bacteria [59,63].

By creating a parallel between the presence of phenolic compounds and the presence of
bacterial species, it is possible to relate the interaction of these factors and how the presence
of these compounds can influence the activity of fermentative bacteria, thus impacting the
acidification rate of yogurt [80,82,83,85], for example. Extracts obtained from spices and
herbs [75,77] can partially inhibit the activity of lactic bacteria due to their antimicrobial
properties, resulting in yogurt with lower acidity. However, when these compounds are
associated with sugars and flavonoids, they can act as prebiotics, stimulating the growth
of probiotic cultures and increasing the production of organic acids, which modifies the
technological, nutritional, and sensory properties of the final product.

5.3. Microbiological Viability

The microbiota of yogurt plays an essential role in both its sensory and technological
quality, as well as its functional value. The maintenance of the viability of lactic acid
bacteria, such as Lactobacillus delbrueckii subsp. bulgaricus and Streptococcus thermophilus,
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can be positively or negatively impacted by enrichment with horticultural ingredients,
depending on the chemical composition. Regulatory standards in countries such as the
USA, Europe, and Brazil stipulate that yogurt should contain live cultures greater than 106

CFU/mL for health benefits [94,98,99].
The increase in the count of probiotic microorganisms was observed with the addition

of pulps and extracts rich in fiber and phenolic compounds that act as substrates for
bacterial growth. For example, the inclusion of pomegranate and beetroot extracts [66] and
pineapple peel extracts [58] resulted in the increased viability of Lactobacillus acidophilus and
Bifidobacterium spp., suggesting a prebiotic effect of these ingredients. This can be explained
by the fact that some insoluble fibers and oligosaccharides present in fruits and vegetables
can be selectively fermented by these beneficial bacteria, stimulating their proliferation [85].
The same was observed for yogurts enriched with pomegranate seed powder and purple
grape, with the logarithmic cfu/g count of L. delbrueckii subsp. bulgaricus increasing at the
end of the fermentation period of the product [67]. However, some bioactive compounds,
such as tannins and flavonoids present in plant extracts, may have antimicrobial properties,
reducing the viability of lactic cultures, as observed in a product formulated with the
addition of passion fruit juice [82], elderberry extract, and the powdered pulp of lentinus
edodes [72]. This effect was also observed in yogurts enriched with green tea and black tea
Muniandy, Shori, and Baba [75], which showed a slight decrease in the Lactobacillus count,
possibly due to the interaction of polyphenols with bacterial cell membranes. In addition,
the presence of organic acids in tropical fruits may inhibit the growth of contaminating
microorganisms, contributing to the preservation of the product without the need for
artificial additives.

5.4. Technological Properties

The microstructure of yogurt, characterized by a complex network of casein micellar
aggregates, shapes its texture and consistency, influencing sensory attributes and consumer
preference [100]. Important physical variables such as texture, viscosity, water retention,
and syneresis are critical in determining yogurt quality and consumer acceptance [15].
Syneresis, the gradual expulsion of water during storage, is exacerbated in yogurts enriched
with liquid extracts, such as those observed in pomegranate peel and passion fruit juice,
due to decreased matrix viscosity and structural destabilization [74,82]. On the other hand,
enrichment with walnut shell extract increases stability by reducing syneresis [78], with
the same effect observed with the addition of insoluble fibers from fruit peels, such as
orange [60] and apple [63], where there is an increase in the viscosity of the yogurt, making
it thicker and creamier. This occurs because these fibers act as stabilizing agents, reducing
syneresis (whey release) and improving water retention capacity.

In addition, the structure of the yogurt gel can be affected by the pH and acidity
generated by the addition of vegetable ingredients. Yogurts enriched with acidic fruits
tend to be firmer, as acidity favors the denaturation of milk proteins and the formation of
a more cohesive protein network due to a more stable environment. On the other hand,
ingredients rich in lipids and phenolic compounds can interfere with protein coagulation,
resulting in less firm yogurts.

In theory, improving yogurt texture involves increasing the total solids content to
enhance viscoelastic characteristics and water retention, thereby reducing syneresis [101].
Enrichment with grape pomace, orange fiber, apple pomace, and white plum powder
significantly reduces this movement, attributed to their hygroscopic properties [53,59–65].
Pectin-rich orange fiber influences the gel properties of yogurt, with lower fiber concentra-
tions reducing syneresis and fine fibers promoting stabilization of the casein network [59].
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These improvements in microstructure and rheological properties further increase the
binding capacity of water-insoluble fiber fractions in yogurt formulations.

5.5. Phytochemical Enhancement

Enriching yogurts with natural functional ingredients significantly increases their
phytochemical composition and antioxidant capacity, thereby enhancing their nutritional
value and health benefits. While conventional yogurt already offers health benefits such as
antioxidant properties and immune system support through its fermentation process and
natural components, the addition of bioactive compounds such as phenols, flavonoids, and
anthocyanins further enhances these benefits [46].

Incorporating extracts and infusions from various sources into yogurt formulations
has been shown to increase the concentration of total phenolic compounds, flavonoids, and
other phytonutrients. For example, additions such as pomegranate peel extract, grape po-
mace juice and powder, passion fruit juice, herbal extracts, and mango and banana powders
have been shown to significantly increase the antioxidant potential of yogurts [59,74,75].
These ingredients interact directly with reactive oxygen species (ROS), thereby increasing
the antioxidant capacity of the product, as evidenced by assays such as ABTS, DPPH,
and FRAP [61,62,74,75]. Furthermore, innovations in processing techniques, such as the
freeze-drying of grape pomace, have been shown to effectively preserve bioactive compo-
nents, leading to higher levels of phenolic compounds and increased antioxidant activity in
yogurts [61]. These advances not only improve the nutritional profile of yogurts but also
increase their sensory appeal and consumer acceptance due to the perceived health benefits
associated with antioxidant-rich formulations. In theory, incorporating natural extracts
and by-products into yogurt represents a promising strategy to develop functional foods
with enhanced bioactive properties, meeting both consumer demand for health-promoting
products and industry goals for sustainable innovation in food processing. It is worth
noting that the use of these by-products is not without challenges, since it is essential to
ensure the stability of the antioxidant compounds of interest over time in the formulation
of enriched yogurts. Factors such as exposure to oxygen, pH variation, storage temper-
ature, and interactions with milk components can affect the retention and activity of the
added phytochemicals.

5.6. Sensory Impact

The sensory appeal of yogurt is closely linked to its flavor compounds, which are
derived from the lipolysis of milk fat and the microbial transformations of lactose and citrate
during the fermentation process. Admittedly, there is a range of more than 100 volatile
compounds that act systematically, contributing to the characteristic aroma and flavor
of the product, with lactic acid, acetaldehyde, diacetyl, and acetoin among the main
contributors [102]. The complexity involved in the “flavor” behind the product continues
to shape innovations in production, ensuring that products remain tasty and nutritionally
robust and accepted [102,103]. The sensory impact of adding products from the processing
of agricultural matrices in the form of ingredients is one of the most relevant factors in
the consumer’s acceptance of a product. Modifying flavor, aroma, color, and texture
can influence consumer preference, making the product more or less attractive. In the
dairy segment, consumers prefer homogeneous yogurts with a viscous body and without
syneresis, which makes them easier to consume with a spoon, for example [48].

Enrichment with ingredients in the form of powders, flours, extracts, purees, etc. can
improve the flavor and aroma of the product, giving it specific notes with a fruity and fresh
tone and increasing the complexity of the sensory profile. Color is a crucial sensory attribute
that impacts the acceptance of foods. In dairy products such as yogurt, natural pigments
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extracted from botanical sources are increasingly used as food colors, providing nutritional
and sensory benefits. For example, the addition of beetroot extract with lemon improves
the colorimetric properties of yogurt, changing its hue to reddish tones and enhancing the
desired color profile, potentially increasing consumer appeal [76]. The same effect was
observed for yogurts enriched with sweet potato powder [66]; black carrot powder [73];
and chokeberry juice, puree, and pomace powder [84].

Flavor and texture are also critical sensory dimensions in yogurt. Studies have shown
that the enrichment of yogurts with fruit and vegetable extracts, powders, pulps, and
juices significantly influences these attributes. Yogurts enriched with ingredients such as
white cranberry powder, pomegranate and rosewood seed powder, purple grape juice,
and passion fruit juice generally receive positive sensory scores compared to plain yogurt
controls [59,62,65]. However, the sensory results of enrichments may vary. Some additives,
such as walnut and almond extract or orange fiber, may not achieve desirable sensory
profiles in yogurt formulations [60,78]. In general, the addition of ingredients such as
tropical fruit pulps (passion fruit, strawberry, acerola) is well accepted due to the natural
sweetness and freshness they add to the final product. On the other hand, the addition of
plant extracts with more bitter or astringent flavor notes, such as green tea and pomegranate
peel, may reduce sensory acceptance. This highlights the importance of carefully selecting
ingredients and optimizing formulations to maintain or enhance sensory qualities while
providing functional benefits. This perception was observed by Lee et al. [104] who, when
sensorially evaluating a yogurt supplemented with hydroponic ginseng root extract, found
that acceptability as a yogurt product was negatively affected at a concentration above
1.0%, corroborating that depending on the nature of the added product, the final “flavor”
of the product may be impacted, establishing a contradiction with the benefits associated
with it in terms of nutrition. Developing successful enriched yogurts requires balancing
these factors to meet nutritional goals and exceed sensory expectations, thus improving
their market appeal and competitiveness.

6. Limitations and Challenges of Bioprospecting in the Dairy Segment
The enrichment of yogurts with vegetable ingredients promotes a series of modifica-

tions in the physicochemical, microbiological, and sensory properties of the product, as we
have seen previously. These changes can be advantageous when well balanced, but they
require strict control to ensure the stability and acceptance of the yogurt by the consumer.
However, there is some skepticism regarding the credibility of functional food claims. The
regulation of functional and enriched foods varies from country to country and can directly
impact the commercial viability of bioenriched products [105]. In Brazil, for example,
the National Health Surveillance Agency (ANVISA) establishes that any product with
functional claims must have scientific proof and meet minimum standards of composition
and food safety [106,107]. In the United States, the Food and Drug Administration (FDA)
adopts similar guidelines, requiring that health benefits be proven by clinical studies and
that the product be properly labeled to avoid fraudulent claims to the consumer. In the
European Union, the European Food Safety Authority (EFSA) imposes strict requirements
for the approval of new ingredients with functional claims, which may make it difficult for
products with this more “innovative” profile to enter the market [106].

In addition to regulatory challenges, the commercial acceptance of enriched yogurts
depends on the consumer’s willingness to pay for these products, since consumers are
increasingly inclined to choose foods that offer health benefits, even if they cost a little
more [38]. However, the price needs to be carefully balanced so that the additional cost of
the formulation does not drive away potential buyers.
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The bioenrichment of yogurts with vegetable by-products represents an innovative
solution to promote the improvement of emerging niches presented by the world popula-
tion, anchored in sustainability and added nutritional value with a focus on healthiness.
However, to ensure consumer acceptance and the commercial viability of these products,
it is essential that the industry invests in research and development to optimize formula-
tions, ensure sensory stability, and comply with international regulations. Furthermore,
marketing strategies that emphasize the health benefits and sustainability of these products
can strengthen their market position, making them a preferred choice for consumers con-
cerned about healthy eating and environmental impact. In this way, yogurts enriched with
plant-based by-products can play a key role in building a more sustainable and innovative
food system.

7. Conclusions, Future Projections, and Highlights
Technological prospecting is increasingly vital to guide strategic decisions in the food

sector, especially for organizations and niche industries that want to navigate a competitive
technological landscape. By actively engaging in technology exploration, companies can
anticipate future trends and prepare to adapt proactively. This vision allows them to
maintain a competitive advantage, optimizing time and resources in a constantly evolving
market environment.

Looking to the future, the dairy market, particularly the yogurt segment, is experienc-
ing continued growth. Advanced technology allows consumers to easily access detailed
information about products, promoting greater awareness about the origins of products
and the sustainability practices involved in their production, which is shaping market
expansion. In short, leveraging technological advances for strategic planning and meeting
consumer demands in terms of transparency and sustainability will be crucial to sustaining
growth and competitiveness in the dairy industry.
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Abbreviations

FAO Food and Agriculture Organization
pH Hydrogen potential
Min Minutes
g Grams
mL Milliliters
w Weight
L Liter
ROS Oxygen species
DPPH 2,2-difenil-1-picrilhidrazil
FRAP Ferric reducing antioxidant power
ABTS 2,2′-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)
ANVISA National Health Surveillance Agency
EFSA European Food Safety Authority
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Influence of the Addition of Hemp Press Cake Flour on the Properties of Bovine and Ovine Yoghurts. Foods 2023, 12, 958.
[CrossRef]

69. Alqahtani, N.K.; Alnemr, T.M.; Alsalem, A.K.; Alotaibi, M.M.; Mohammed, M. Experimental Investigation and Modeling for the
Influence of Adding Date Press Cake on Drinkable Yogurt Quality. Foods 2023, 12, 1219. [CrossRef]
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