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Abstract

Lipids play a central role in poultry nutrition by modulating energy utilization, nutrient
digestibility, and metabolic processes related to lipid absorption and deposition. This review
synthesizes current knowledge on the main dietary lipid sources used in poultry nutrition
and their effects on performance, lipid metabolism, and egg yolk fatty acid composition.
Conventional lipid sources, including vegetable oils and animal fats, differ in fatty acid
profile, degree of saturation, and digestibility, which directly influence metabolic efficiency
and productive responses. In addition, the strategic use of lipid sources enables the
modulation of fatty acid profiles in poultry products, particularly through the enrichment of
polyunsaturated fatty acids such as omega-3. These effects are associated with mechanisms
involving lipid digestion, absorption, and hepatic lipoprotein synthesis, which regulate
fatty acid deposition in tissues and egg yolks. However, responses to dietary lipids are
influenced by factors such as inclusion level, oxidative stability, and lipid composition.
Overall, dietary lipid manipulation represents an effective strategy to optimize production
efficiency and enhance the nutritional quality of poultry-derived foods.

Keywords: fatty acid digestibility; feed efficiency; lipoprotein metabolism; nutritional
modulation; polyunsaturated fatty acids (PUFAs)

1. Introduction

Poultry production, particularly egg production, continues to expand globally as a
result of the increasing demand for affordable nutritional enhancement. Eggs are widely
consumed in both their whole form and as ingredients in processed foods, which makes
them an excellent vehicle for nutritional improvement. Because the fatty acid profile of
egg yolk responds rapidly and consistently to dietary lipid composition, eggs represent
an effective platform for enriching human diets with polyunsaturated fatty acids (PUFAs),
including omega-3 fatty acids [1-3].

Dietary lipids serve multiple functions in poultry nutrition. Beyond supplying es-
sential fatty acids, they contribute substantially to dietary energy density, improve feed
palatability, facilitate the absorption of fat-soluble vitamins, and support physiological
processes related to membrane integrity, oxidative balance, and immune function [4,5].
Because lipids generate less metabolic heat during digestion compared with carbohydrates,
their inclusion in poultry diets can also support thermal comfort and performance under
heat-stress conditions [6].
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The nutritional and functional value of dietary lipids depend on their fatty acid
composition, degree of saturation, positional distribution on the glycerol backbone, and
digestibility characteristics. These biochemical attributes directly influence how efficiently
lipids are emulsified, hydrolyzed, absorbed, and metabolically utilized by birds, ultimately
affecting growth performance, metabolic responses, and the deposition of fatty acids in egg
yolks [7]. Differences in lipid digestibility and metabolizable energy among oils and fats
highlight the importance of evaluating lipid sources not only by chemical composition but
also by their nutritional availability to the animal.

Given the diversity of lipid sources used in poultry diets, a comprehensive under-
standing of their metabolic roles and physiological effects is essential for optimizing both
animal performance and the nutritional quality of animal-derived products intended for
human consumption.

Therefore, this review aims to discuss lipid sources used in poultry nutrition, their
metabolic roles, and their effects on productive performance and egg fatty acid composition,
with primary emphasis on chickens, particularly broilers and laying hens, due to the greater
availability of scientific literature in these production systems.

Studies included in this review were identified through searches in scientific databases
such as Scopus, Web of Science, PubMed, and Google Scholar, prioritizing peer-reviewed
studies related to lipid sources, fatty acid metabolism, poultry performance, and egg yolk
fatty acid modulation in poultry production systems.

2. Role of Dietary Lipids in Poultry Nutrition

The available literature highlights the growing scientific interest in the use of lipid
sources in poultry nutrition. Dietary lipids are not only important energy sources but also
play a key role in improving nutrient utilization, modulating lipid metabolism, and enhanc-
ing the fatty acid composition of poultry products. In recent years, research has increasingly
focused on strategies to manipulate the fatty acid profiles of eggs and poultry meat through
dietary interventions, particularly by including lipid sources rich in polyunsaturated fatty
acids (PUFAs) [8,9].

In addition to their well-established roles in energy supply and nutrient utilization,
dietary lipids also play important roles in neural function and oxidative balance. Polyun-
saturated fatty acids, particularly long-chain n-3 fatty acids such as docosahexaenoic acid
(DHA), are essential structural components of neuronal membranes and are involved in
synaptic function, neurodevelopment, and signal transduction. Furthermore, lipids are
closely associated with antioxidant processes, as they influence membrane stability and
susceptibility to lipid peroxidation. The presence of lipid-soluble antioxidants, such as toco-
pherols, contributes to protecting cellular structures against oxidative damage, reinforcing
the importance of lipid quality in poultry diets [10,11].

In addition to their energetic contribution, lipids influence key metabolic processes, in-
cluding 3-oxidation of fatty acids, hepatic lipogenesis, lipoprotein synthesis and transport,
and cellular signaling pathways associated with energy homeostasis [9]. The inclusion
of lipid sources in poultry diets can affect feed efficiency, nutrient digestibility, and the
metabolic utilization of fatty acids, ultimately influencing animal performance. Conse-
quently, dietary lipid supplementation has been widely investigated as a nutritional strategy
to optimize poultry production while improving the fatty acid profile of poultry products.

Lipids perform essential functions in animal nutrition, primarily acting as concentrated
sources of energy and playing an important role in metabolic regulation. In poultry
diets, lipids contribute not only to energy availability but also participate in the synthesis
of prostaglandins and steroid hormones, which are involved in several physiological
processes [12]. Despite their chemical diversity, lipids share the common characteristic of
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being insoluble in water, allowing them to function as carriers of fat-soluble vitamins and
other bioactive compounds, including fat-soluble vitamins (A, D, E, and K), phospholipids,
sterols, and antioxidant molecules such as tocopherols [13]. Due to their high energy
density, lipid sources are widely used in poultry diets to improve the energetic balance and
overall efficiency of feed formulations [14].

However, the magnitude and nature of these responses are highly dependent on the
biochemical characteristics and digestibility of the lipid sources, which directly influence
their metabolic utilization and subsequent deposition in animal products.

Therefore, the selection of lipid sources in poultry diets should also consider cost-
effectiveness, balancing nutritional benefits, inclusion levels, and market price variability
to ensure economically sustainable production. In practical poultry diets, lipid inclusion
levels commonly vary according to bird category, age, production phase, dietary energy
targets, and ingredient costs. In broiler diets, fats and oils are frequently included to
increase dietary energy density and improve feed efficiency, whereas in laying hens, lipid
supplementation is also used to support egg production, yolk formation, and fatty acid
modulation. Therefore, defining the appropriate lipid level requires balancing energy
supply, digestibility, oxidative stability, pellet quality, and economic viability.

3. Biochemical Characteristics of Lipid Sources

In practical feeding systems, lipid ingredients are generally categorized into two
main groups: vegetable oils and animal fats [15]. Although lipids offer several nutritional
advantages, their stability and quality must be carefully considered in feed formulations.
Unsaturated fatty acids present in lipid sources are particularly susceptible to oxidative
processes during storage and feed processing [16]. Lipid oxidation can negatively affect
feed quality by altering sensory characteristics such as color, taste, and texture, as well as
by producing potentially harmful compounds that reduce the nutritional value of diet [17].
Therefore, maintaining the stability and quality of lipid sources is essential to ensure the
effectiveness of their inclusion in poultry diets.

To mitigate lipid oxidation in poultry diets, the inclusion of antioxidants is a common
and effective strategy. Lipid-soluble antioxidants, particularly tocopherols (vitamin E), play
a central role in protecting unsaturated fatty acids from peroxidation during feed storage
and digestion [11,13]. In addition, synthetic antioxidants such as butylated hydroxytoluene
(BHT) and ethoxyquin are widely used in feed formulations to improve oxidative stabil-
ity [11]. The effectiveness of antioxidant supplementation depends on factors such as lipid
source, degree of unsaturation, storage conditions, and processing methods, highlight-
ing the importance of combining high-quality lipid sources with appropriate antioxidant
strategies to maintain feed quality and animal performance.

Lipid sources used in animal nutrition vary considerably in their chemical composition
and nutritional value depending on their origin, raw material quality, extraction methods,
and storage conditions [18]. These factors directly influence lipid stability, oxidative
susceptibility, and nutritional availability, reinforcing the importance of properly evaluating
lipid sources in feed formulation [17].

Among the lipid sources commonly used in non-ruminant animal nutrition are soy-
bean oil, sunflower oil, canola oil, corn oil, poultry fat, cottonseed oil, flaxseed oil, fish oil,
pork fat, and beef tallow [19] (Figure 1). These lipid sources differ in fatty acid composition
and nutritional characteristics, which influence lipid metabolism, nutrient digestibility, and
fatty acid deposition in poultry products such as eggs and meat.
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Figure 1. Representative lipid sources commonly used in poultry diets, including vegetable oils
(soybean, corn, canola, and sunflower oils), animal fats (poultry fat, pork fat, beef tallow, and fish oil),
and selected specialty lipids (e.g., flaxseed oil, coconut oil, and algal oil). Although some specialty
lipids are of plant origin, they are categorized based on their functional and metabolic properties. This
figure was generated using artificial intelligence tools and refined by the authors to ensure scientific accuracy.

In poultry nutrition, vegetable oils and animal fats present distinct fatty acid profiles,
digestibility characteristics, and metabolic effects in birds. In general, vegetable oils are
richer in unsaturated fatty acids, whereas animal fats tend to contain higher proportions of
saturated fatty acids. These differences are critical for energy utilization, lipid metabolism,
and the modulation of egg yolk fatty acid composition, and will be discussed in detail in
the following sections.

3.1. Vegetable Oils

Soybean oil is one of the primary lipid sources used in poultry production due to
its high energy value and favorable fatty acid composition. It consists predominantly of
triglycerides and provides approximately 8790 kcal/kg of apparent metabolizable energy
for poultry [19], making it an efficient dietary energy source. From a nutritional perspective,
soybean oil is highly digestible due to its high proportion of unsaturated fatty acids, which
typically account for approximately 85% of its total lipid content, with linoleic acid as the
predominant fatty acid, followed by oleic and linolenic acids [20]. In addition, soybean oil
contains tocopherols (vitamin E), which contribute to its antioxidant properties [16].

Corn oil is another lipid source used in poultry nutrition, characterized by a high
proportion of unsaturated fatty acids and considerable energy value. Its fatty acid profile is
predominantly composed of linoleic acid (48.02%) and oleic acid (34.68%), with smaller
amounts of saturated fatty acids such as palmitic (12.5%) and stearic acids (2.11%) [21].
This composition contributes to its nutritional value and suitability as a dietary energy
source. In addition, corn oil presents relatively good oxidative stability compared with
other lipid sources, which may contribute to improved storage and feed quality [22].

Canola oil is widely used in animal nutrition and is characterized by a favorable fatty
acid profile, with a low proportion of saturated fatty acids (approximately 7%) and a high
content of monounsaturated fatty acids, particularly oleic acid, which accounts for around
61% of its total fatty acid composition [23,24]. Additionally, canola oil contains moderate
levels of omega-3 fatty acids, generally ranging from 6 to 14%, contributing to its nutritional
value. Due to this balanced fatty acid composition, canola oil represents an important
dietary source of essential fatty acids, including «-linolenic acid (C18:3).
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Sunflower oil is another commonly used vegetable oil in poultry diets and is char-
acterized by a high proportion of unsaturated fatty acids, particularly oleic and linoleic
acids [25]. However, it contains relatively low levels of x-linolenic acid, resulting in a
high omega-6/omega-3 ratio [26]. This characteristic may influence the fatty acid balance
of poultry diets, particularly when sunflower oil is used as the primary lipid source. In
addition, sunflower oil contains considerable amounts of vitamin E, which contributes to
its antioxidant capacity and oxidative stability.

In contrast to the previously mentioned vegetable oils, which are predominantly rich in
long-chain unsaturated fatty acids, coconut oil presents a distinct lipid profile characterized
by a high proportion of saturated medium-chain fatty acids, particularly lauric acid. These
medium-chain fatty acids are rapidly hydrolyzed and absorbed, as they do not require
micelle formation for intestinal uptake, which may enhance energy utilization under
certain dietary conditions. Studies have shown that coconut oil supplementation can
influence growth performance, feed efficiency, and antioxidant status in poultry, although
responses may vary depending on inclusion level and dietary composition. Due to its
unique metabolic characteristics, coconut oil represents a functional lipid source rather
than a conventional energy ingredient, and its use in poultry diets is often associated with
specific physiological and metabolic responses [27,28].

In contrast to vegetable oils, which are predominantly characterized by high levels of
unsaturated fatty acids, animal fats generally present a greater proportion of saturated fatty
acids and more variable physicochemical properties. These differences directly influence
lipid digestibility, metabolic utilization, and energy availability in poultry diets. Therefore,
understanding the specific characteristics of animal-derived lipid sources is essential for
optimizing their use in feed formulations and evaluating their effects on poultry metabolism
and product quality.

3.2. Animal Fats

Poultry fat is obtained from the separation of abdominal and gizzard fat during
poultry processing and represents a potential alternative lipid source in feed formulations,
particularly as a partial substitute for vegetable oils. As a byproduct of the poultry industry,
its use also contributes to the efficient utilization of processing residues, supporting more
sustainable production systems [29]. In general, poultry fat accounts for approximately 1.3%
to 1.6% of the bird’s body weight, with slightly higher proportions observed in females [30].

From a nutritional perspective, poultry fat presents a distinct fatty acid profile com-
pared with vegetable oils, with a relatively higher proportion of saturated fatty acids, which
may reduce lipid digestibility under certain dietary conditions [31]. However, compared
with other animal fats, such as pork fat and beef tallow, poultry fat generally contains
higher levels of unsaturated fatty acids. Its composition is mainly characterized by oleic,
palmitic, and linoleic acids, with polyunsaturated fatty acids representing approximately
40% of the total lipid fraction [32].

These compositional characteristics influence their nutritional value and suitability
as a dietary energy source in poultry diets. In addition, poultry fat is often economically
advantageous compared with vegetable oils, which may contribute to reducing feed costs
while maintaining adequate dietary energy levels [33].

Beef tallow and pork fat are also commonly used animal-derived lipid sources in
poultry nutrition and are generally characterized by higher proportions of saturated fatty
acids, particularly palmitic and stearic acids. This higher saturation level is associated
with lower digestibility compared with vegetable oils and more unsaturated lipid sources,
especially in young birds with limited digestive capacity. As a result, the inclusion of these
fats may require careful formulation strategies, such as blending with unsaturated oils or
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the use of emulsifiers, to improve lipid utilization and energy availability. Despite these
limitations, beef tallow and pork fat can be valuable energy sources due to their availability
and relatively low cost, contributing to more economical feed formulations when properly
balanced [34,35].

In contrast to other animal fats, fish oil is characterized by a high content of long-chain
n-3 polyunsaturated fatty acids, particularly eicosapentaenoic acid (EPA) and docosahex-
aenoic acid (DHA). These fatty acids play important roles in modulating lipid metabolism,
inflammatory responses, and membrane function. In poultry nutrition, fish oil is primarily
used not as a conventional energy source but as a functional lipid ingredient aimed at en-
riching poultry products, especially eggs, with omega-3 fatty acids. However, its inclusion
must be carefully managed, as high levels may negatively affect feed palatability, oxidative
stability, and egg sensory characteristics [36,37].

In addition to conventional lipid sources such as vegetable oils and animal fats, alter-
native lipid ingredients (commonly referred to as specialty lipids), have gained increasing
attention in poultry nutrition. These sources are typically characterized by unique fatty
acid profiles or functional properties, which may offer specific nutritional and metabolic
advantages when included in poultry diets.

3.3. Specialty Lipids

Specialty lipids comprise non-conventional or functionally classified lipid sources
that are included in poultry diets primarily for their specific metabolic and physiological
properties rather than their origin. Although some of these lipids, such as flaxseed oil
and coconut oil, are of plant origin, they are categorized as specialty lipids due to their
unique fatty acid profiles and targeted functional effects. Certain lipid sources can influence
immune function depending on their fatty acid composition, as essential fatty acids play a
key role in cellular processes involved in immune responses.

In addition, medium-chain fatty acids are characterized by rapid digestion and ab-
sorption, as they are readily hydrolyzed by pancreatic lipase and do not require micelle
formation for intestinal uptake. Furthermore, structured lipids are designed to provide
specific fatty acid profiles, allowing more precise nutritional modulation and improving
the delivery of targeted fatty acids in poultry diets [38].

Lipid sources rich in omega-3 fatty acids have been widely explored in poultry nutri-
tion due to their ability to modulate lipid metabolism and improve the fatty acid composi-
tion of eggs. Among these, flaxseed and its derivatives are important sources of «-linolenic
acid, contributing to improved yolk lipid profiles and immune-related parameters without
negatively affecting productive performance when included at moderate levels [39,40]. Fish
oil represents a traditional source of long-chain n-3 polyunsaturated fatty acids, particularly
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), and is highly effective in
increasing their deposition in egg yolks. However, its inclusion is generally limited to low
levels (e.g., 1-3%) due to potential negative effects on feed palatability, oxidative stability,
and egg sensory characteristics [41,42].

More recently, algal oil has gained increasing attention as a direct and sustainable
source of DHA. As microalgae are the primary producers of long-chain n-3 fatty acids,
algal oil represents a more consistent and potentially sustainable alternative to fish oil. Its
inclusion (typically 0.5-2%) has been shown to effectively enhance DHA deposition in
egg yolks without compromising production performance or egg quality and may offer
advantages in terms of oxidative stability and sensory characteristics [43,44].

In addition to omega-3-rich sources, other specialty lipids have been explored in
poultry nutrition due to their functional and metabolic properties. Medium-chain fatty
acids are characterized by rapid digestion and absorption, as they do not require micelle
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formation for intestinal uptake, which may improve energy utilization under specific
dietary conditions. In this context, lipid sources such as coconut oil have been associated
with improvements in growth performance, feed efficiency, and antioxidant status, as well
as modifications in egg characteristics under certain inclusion levels [27,45].

Specifically, structured or functional lipids are designed to provide targeted fatty acid
profiles, allowing more precise nutritional modulation and potentially enhancing lipid
utilization [46]. Although these lipid sources are not commonly used as primary energy
ingredients, they may be strategically included in poultry diets to optimize metabolic
efficiency and support specific nutritional objectives.

The diversity in biochemical characteristics among lipid sources directly influences
their digestion, absorption, and metabolic utilization in poultry. These differences are
also reflected in their practical application, inclusion levels, and effects on productive
performance and egg yolk fatty acid composition, as summarized in Table 1.

Table 1. Main dietary lipid sources used in poultry nutrition, their inclusion levels, and effects on

performance and egg yolk fatty acid composition.

Typical Main
Lipid Source Main Fatty Acids Inclusion Nutritional/Metabolic Reported Effects Effects on Egg Yolk References
o Fatty Acid Profile
Level (%) Role
. . . Highly digestible energy May improve feed %
Soybean oil ﬁ;rgl)};licé ;)(ljeécé 2-6 source; ?ource of essential efficienc.y anq energy glé%ii:ege%rg;%gn [41,47]
atty acids utilization
. May support Can improve yolk
. Oleic and Source of MUFAs and 19 £
Canola oil «-linolenic acids 5 moderate n-3 fatty acids performanc_e and egg unsaturated FAs [48,49]
quality profile
Mfaintains Increases omega-6
. Linoleic and oleic | Energy source rich in pertormance PUFAs; high
Sunflower oil acids 5 unsaturated fatty acids depending on omega-6:omega-3 [35,50,51]
inclusion level ratio
Oleic. palmitic Economical energy source; Can maintain Limited /moderate
Poultry fat li 1’ paim d 4 2-6 intermediate saturation performance when effect depending on [34,52]
1moleicacids profile properly formulated FAs profile
Beef i . . . May reduce . .
Palmitic, stearic, Energy source richer in . s . Limited enrichment
tallovaa{pork oleic acids 5 saturated FAs dlgesnbﬂt}e’ﬁt higher of PUFAs [34,35]
Variable effects;
e B Direct source of excessive levels may Strongly increases
Fish oil EPA and DHA 1-3 long-chain n-3 PUFAs affect quality /sensory yolk EPA/DHA 36,371
traits
Sustainable direct DHA Generally maintains Strongly increases
Algal oil DHA 0.5-3 source performancg and egg olk DHA [43,44]
quality ¥
S : L May improve Limited FA
Coconut oil Mec.l‘liurri chz.nn fs}éty 1-4 Rapld.lg abstqrbelci lflfp IC: antioxidant status and enrichment; may [27,28]
acids, lauric aci source; functional effects energy utilization alter egg traits

PUFAs = Polyunsaturated fatty acids; MUFAs = Monounsaturated fatty acids; FAs = Fatty acids; EPA = Eicosapen-
taenoic acid; DHA = Docosahexaenoic acid.

4. Lipid Digestion, Absorption, and Metabolism in Poultry

The digestibility of lipids is a key factor determining the efficiency of fatty acid
absorption in poultry, directly influencing productive performance, physiological health,
and the quality of animal-derived products [18,38]. Variations in fatty acid composition,
degree of saturation, and molecular structure affect lipid digestion and metabolic utilization,
thereby influencing their effectiveness as dietary energy sources.

Lipids are primarily composed of fatty acids, which are typically present as triglyc-
erides consisting of three fatty acids esterified to a glycerol backbone [25]. In most lipid
sources used in animal nutrition, triglycerides represent approximately 90% of the lipid
fraction. During digestion, these compounds are hydrolyzed in the intestinal lumen by
pancreatic lipases, generating free fatty acids, monoglycerides, and glycerol [53].
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Lipid digestion in poultry occurs in an aqueous environment and therefore requires
emulsification to increase the surface area available for enzymatic action. Bile salts secreted
by the liver play a central role in this process by dispersing lipid droplets and facilitating
lipase activity. The presence of lipids in the small intestine stimulates the release of digestive
secretions, including bile and pancreatic enzymes, which are essential for efficient lipid
hydrolysis [54,55].

The products of lipid digestion combine with bile salts to form micelles, which trans-
port lipids through the intestinal lumen to the microvilli, where absorption occurs. Fatty
acids, monoglycerides, cholesterol, and fat-soluble vitamins are then absorbed by entero-
cytes, a process facilitated by intracellular transport proteins [52,56]. Once absorbed, the
metabolic fate of fatty acids depends largely on their carbon chain length. Short-chain fatty
acids and glycerol are transported directly to the portal circulation, whereas long-chain
fatty acids are re-esterified within enterocytes before further metabolic utilization.

The efficiency of lipid digestion and absorption is influenced by several factors, includ-
ing fatty acid saturation, carbon chain length, positional distribution within triglycerides,
and the proportion of free fatty acids. In general, unsaturated fatty acids are more effi-
ciently emulsified, incorporated into micelles, and absorbed than saturated fatty acids,
which contributes to higher digestibility and improved metabolizable energy values in
poultry diets. Long-chain saturated fatty acids may be less efficiently absorbed because of
their lower solubility and greater tendency to form insoluble complexes in the intestinal
lumen. In contrast, the presence of monoglycerides can enhance micelle formation and
facilitate the incorporation of lipids into absorbable complexes [12,57].

At the cellular and molecular levels, lipid metabolism in poultry is tightly regulated
by coordinated processes of fatty acid transport, intracellular trafficking, and hepatic
lipid synthesis. The uptake of long-chain fatty acids into enterocytes is mediated by
membrane-associated transport proteins such as cluster of differentiation 36 (CD36) and
fatty acid-binding proteins (FABPs), which facilitate both transmembrane transport and
intracellular lipid trafficking [52].

Once absorbed, fatty acids are re-esterified and transported to the liver, the primary
site of lipogenesis in birds [9]. Hepatic lipid metabolism is regulated by key transcription
factors, including peroxisome proliferator-activated receptors (PPARs), which promote fatty
acid oxidation, and sterol regulatory element-binding proteins (SREBPs), which control
lipogenesis and lipid synthesis pathways [9,58]. In laying hens, the liver plays a central role
in the production of very low-density lipoproteins (VLDL), which are structurally adapted
for selective uptake by ovarian follicles. These VLDL particles are transported via the
bloodstream to the ovary, where they are internalized by developing oocytes and contribute
directly to egg yolk lipid deposition [46]. This mechanism represents a fundamental
physiological distinction between avian and mammalian species, as lipogenesis in birds
occurs predominantly in the liver, whereas in mammals it is largely localized in adipose
tissue [9]. These regulatory and transport processes collectively determine the efficiency of
lipid utilization and the deposition of fatty acids in poultry tissues and egg yolks.

The main mechanisms involved in lipid digestion, absorption, hepatic metabolism,
and yolk fatty acid deposition in poultry are summarized in Figure 2. These processes
directly influence how different lipid sources affect nutrient utilization, physiological
responses, and productive performance in poultry.

Variability in reported lipid digestibility values among studies may be associated with
differences in fatty acid composition, dietary formulation, bird age and physiological stage,
inclusion level, oxidative status of lipid sources, and methodological approaches used to
estimate digestibility coefficients.
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Figure 2. Schematic representation of the main mechanisms involved in lipid digestion, absorption,
hepatic metabolism, physiological responses, and egg yolk lipid deposition and fatty acid modu-
lation in poultry. Different dietary lipid sources may influence fatty acid utilization, lipoprotein
synthesis, immune modulation, antioxidant responses, and yolk lipid composition according to their
biochemical characteristics and fatty acid profiles. This figure was generated with the assistance of artificial
intelligence tools and subsequently reviewed and refined by the authors to ensure scientific accuracy.

5. Effects of Lipid Sources on Physiological Responses and
Productive Performance

Beyond their energetic contribution, dietary lipids influence several physiological
functions in poultry. They can slow gastrointestinal transit, improve nutrient absorption,
and participate in the synthesis of eicosanoids, which regulate metabolic and immune
processes [59]. Among these, lipids contribute to vascular integrity and enhance feed
palatability by reducing dustiness and improving particle aggregation, which may posi-
tively affect feed intake and overall performance. Due to these multiple roles, the inclusion
of fats and oils in poultry diets has been widely investigated in both broilers and laying
hens [60-62]. The practical implications of different lipid sources on poultry performance
and product quality are summarized in Table 1.

The productive responses of poultry to dietary lipid supplementation depend on
several factors, including inclusion level, fatty acid composition, and lipid quality. For
example, improvements in broiler performance have been reported with increasing levels
of soybean oil during growth and finishing phases [63]. However, lipid inclusion must
be carefully managed, as excessive levels or poor oxidative stability may negatively affect
feed quality and animal performance [24]. Additionally, the chemical structure of fatty
acids, including their presence as triglycerides or free fatty acids, influences digestibility
and metabolic utilization in poultry [64].
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In practical terms, dietary lipid supplementation has been associated with improve-
ments in feed efficiency, energy utilization, and growth performance in broilers, as well as
enhanced egg production and egg quality in laying hens [5,27,39,45]. Lipid sources rich in
unsaturated fatty acids may contribute to improved metabolic efficiency and health status,
whereas saturated fats are generally less digestible and may result in lower performance
under certain conditions. However, these responses are not universally consistent. The
magnitude and direction of effects vary depending on lipid source, fatty acid composition,
inclusion level, bird age, and basal diet characteristics. In general, lipid sources rich in
unsaturated fatty acids, such as soybean and canola oils, are associated with improved
digestibility and energy utilization due to enhanced micelle formation and intestinal ab-
sorption. In contrast, sources with higher proportions of saturated fatty acids, such as beef
tallow and pork fat, may present reduced digestibility, particularly in young birds with
limited bile salt secretion and lipase activity or when used at higher inclusion levels. These
findings highlight that the effects of dietary lipids are context-dependent and reinforce
the importance of selecting appropriate lipid sources according to production goals and
physiological requirements.

Additionally, omega-3-rich lipid sources, including flaxseed, fish oil, and algal oil,
are more specifically associated with modifications in egg yolk fatty acid composition,
particularly increasing the deposition of x-linolenic acid, eicosapentaenoic acid (EPA), and
docosahexaenoic acid (DHA), rather than consistently improving performance parame-
ters. Variability among studies may also be attributed to differences in oxidative stability,
experimental design, and duration of feeding trials.

Therefore, the effects of dietary lipids should not be interpreted as inherently uniform,
but rather as context-dependent responses influenced by both nutritional characteristics of
the lipid source and physiological conditions of the birds [65]. In addition to their metabolic
effects, dietary lipids may also influence intestinal health and function. Certain fatty acids,
particularly unsaturated and medium-chain fatty acids, have been associated with im-
proved intestinal integrity, modulation of inflammatory responses, and enhanced nutrient
absorption. These effects may contribute to improved gut health and overall physiological
resilience in poultry, potentially reducing the need for therapeutic interventions under
specific production conditions.

6. Dietary Lipids and Egg Yolk Fatty Acid Modulation

In laying hens, dietary lipid supplementation has been associated with improvements
in egg production parameters, particularly egg and yolk weight. These effects are largely
related to the presence of linoleic acid, which stimulates the synthesis of triacylglycerols
and lipoproteins in the liver. These lipoproteins are subsequently transported to the ovary,
contributing to follicular development and yolk formation [66].

Beyond productive responses, dietary lipids play a central role in modulating the fatty
acid composition of egg yolks. The fatty acid profile of eggs reflects the composition of the
diet, allowing targeted nutritional strategies to enhance the quality of poultry products.
Studies have demonstrated that different lipid sources, including vegetable oils and animal
fats, can influence the deposition of polyunsaturated fatty acids and improve the omega-
6:omega-3 ratio in poultry products [67].

Therefore, the enrichment of eggs with omega-3 fatty acids has received considerable
attention due to its implications for human nutrition. This can be achieved through the
inclusion of lipid sources rich in a-linolenic acid, such as flaxseed oil, or direct sources
of long-chain polyunsaturated fatty acids, such as fish oil and algal oil, which provide
eicosapentaenoic acid (EPA), and docosahexaenoic acid (DHA) [64]. Laying hens have the
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physiological capacity to efficiently incorporate dietary fatty acids into egg yolks, making
them an effective biological system for producing value-added foods [38,68].

The nutritional relevance of this strategy is closely linked to human health, as essential
fatty acids such as linoleic (omega-6) and «-linolenic (omega-3) acids cannot be synthesized
by the human body and must be obtained through the diet [69]. Conversely, omega-3 fatty
acids have been associated with protective effects against several chronic diseases, while an
imbalance in the omega-6:0omega-3 ratio may contribute to metabolic and inflammatory dis-
orders [50,51,70,71]. Therefore, improving the fatty acid profile of poultry products through
dietary manipulation represents an effective strategy to enhance the nutritional quality of
foods and contribute to a more balanced intake of essential fatty acids in human diets.

7. Limitations and Research Gaps

Despite the substantial body of literature evaluating lipid sources in poultry nutrition,
several limitations remain that constrain a comprehensive and integrative understanding
of their effects. A major limitation is the considerable variability in experimental conditions
among studies, including differences in bird genotype, age, production phase, dietary
composition, lipid inclusion levels, and environmental conditions. This heterogeneity limits
direct comparisons across studies and contributes to inconsistent or contradictory findings.

Similarly, a large proportion of studies focus primarily on performance outcomes,
such as growth rate, feed efficiency, and egg production, while providing limited insight
into the underlying metabolic and molecular mechanisms regulating lipid utilization and
deposition. As a result, the interpretation of observed responses often lacks mechanistic
support, particularly regarding hepatic regulation of lipid metabolism, lipoprotein dynam-
ics, and fatty acid partitioning. Another important limitation is the lack of standardization
in methodologies used to evaluate lipid digestibility, metabolizable energy, and fatty acid
deposition, which further complicates the comparison of results across studies. Moreover,
interactions between lipid sources and other dietary components, such as emulsifiers,
antioxidants, protein levels, and feed processing conditions, are not consistently addressed,
despite their potential influence on lipid utilization and oxidative stability.

Similarly, most available studies are conducted under controlled experimental con-
ditions and focus on short-term responses, which may not fully represent commercial
production systems or long-term metabolic adaptations in poultry. There is also limited
information regarding emerging and sustainable lipid sources, such as insect-derived oils
and microalgae, particularly in terms of their economic viability, long-term effects, and
impact on product quality. Future research should prioritize more integrative and stan-
dardized experimental approaches, combining performance evaluation with mechanistic
analyses at the molecular and physiological levels. In addition, greater emphasis should be
placed on long-term studies, the interaction between lipid sources and dietary components,
and the development of precision nutrition strategies aimed at optimizing both production
efficiency and the nutritional quality of poultry-derived foods.

8. Conclusions

Dietary lipid sources play a central role in poultry nutrition by modulating energy
utilization, digestibility, and metabolic pathways involved in lipid absorption and deposi-
tion. Differences in fatty acid composition, degree of saturation, and molecular structure
among vegetable oils and animal fats directly influence nutrient utilization and metabo-
lizable energy, ultimately affecting bird performance and product quality. In laying hens,
these effects are closely associated with hepatic lipoprotein synthesis and transport, which
regulate the deposition of dietary fatty acids into the egg yolk. The strategic inclusion of
lipid sources enables the modulation of fatty acid profiles in poultry products, particularly
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through the enrichment of polyunsaturated fatty acids such as omega-3, representing an
effective approach to producing foods with improved nutritional value. However, re-
sponses to dietary lipids depend on factors such as inclusion level and oxidative stability,
highlighting the importance of selecting appropriate lipid sources to optimize production
efficiency and enhance the nutritional quality of poultry-derived foods. Future research
should focus on the integration of precision nutrition strategies, including the use of lipid
sources tailored to specific production phases and physiological conditions. Additionally,
emerging sustainable lipid sources, such as insect-derived oils and microalgae, represent
promising alternatives that require further investigation. Understanding the molecular
mechanisms regulating lipid metabolism in poultry will be essential to optimize both
production efficiency and the nutritional quality of animal-derived foods.
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