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Abstract. The incorporation of omega-3 fatty acids into livestock diets has gained significant attention
due to their beneficial effects on animal performance, carcass characteristics, and nutritional quality of
meat products. This study explores the role of omega-3 enriched diets in improving growth performance,
carcass traits, and meat quality in beef cattle. Omega-3 fatty acids, primarily derived from sources such
as flaxseed, fish oil, and algae, are known to modulate lipid metabolism, enhance immune response, and
reduce oxidative stress in ruminants. Evidence indicates that supplementation with omega-3 improves
feed efficiency and average daily gain, resulting in optimized growth rates. Furthermore, carcass
evaluation shows favorable changes in fat deposition, marbling scores, and dressing percentage, which
directly contribute to improved market value. In terms of meat quality, omega-3 enriched diets increase
the proportion of polyunsaturated fatty acids (PUFAs), particularly eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA), leading to healthier lipid profiles for consumers. Additionally, omega-3
supplementation is associated with improved meat tenderness, juiciness, and flavor, while reducing
cholesterol levels and enhancing shelf life through better oxidative stability. These findings highlight the
dual benefits of omega-3 enrichment: advancing cattle productivity and offering health-promoting meat
for human consumption. The application of omega-3 enriched diets represents a sustainable approach to
meeting consumer demands for functional foods while maintaining profitability in beef production
systems. Further research is recommended to determine optimal supplementation strategies, cost-
effectiveness, and long-term impacts on both animal welfare and product quality.
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1.BACKGROUND

Beef cattle production plays a crucial role in providing high-quality protein for
human nutrition, and global demand for healthier animal-based foods has continued to
increase in recent years. Consumers are becoming more aware of the relationship
between diet and health, leading to greater interest in functional foods enriched with
bioactive compounds such as omega-3 fatty acids (Scollan et al., 2017). However,
conventional beef is often characterized by a high proportion of saturated fatty acids and
a low omega-3 content, which may pose health risks when consumed excessively.
Therefore, dietary manipulation to improve the nutritional profile of beef has become a
relevant strategy in modern livestock systems.

Nutritional interventions, particularly supplementation with omega-3 fatty acids
from sources such as flaxseed, fish oil, or microalgae, have shown promising effects on
animal performance and product quality. Previous studies have demonstrated that
omega-3 inclusion in cattle diets enhances feed efficiency, growth rate, and immune

function (Dilzer & Park, 2012; Gomez-Cortes et al., 2020). Moreover, carcass
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characteristics such as marbling, fat distribution, and dressing percentage are positively
influenced by dietary omega-3, which can improve both the marketability and economic
returns of beef production.

Beyond production parameters, the enrichment of beef with omega-3 fatty acids
has considerable implications for human health. Meat from cattle fed omega-3 enriched
diets typically exhibits a higher proportion of polyunsaturated fatty acids (PUFAS),
particularly eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), which are
beneficial for cardiovascular health and cognitive function (Wood et al., 2022).
Additionally, omega-3 enriched beef tends to have improved tenderness, juiciness, and
oxidative stability, contributing to superior sensory attributes and extended shelf life
(Ponnampalam et al., 2021)

Despite these advantages, the application of omega-3 enrichment in beef cattle
diets remains limited due to variations in supplementation strategies, cost-effectiveness,
and concerns about ruminal biohydrogenation, which reduces the transfer efficiency of
omega-3 to muscle tissues (Shingfield et al., 2020). This indicates a research gap in
optimizing feeding strategies that maximize omega-3 deposition in beef without
compromising animal performance or production costs. Addressing this gap is essential
to enhance the value of beef products in line with consumer expectations for healthier
and more sustainable foods.

Therefore, this study aims to explore the role of omega-3 enriched diets in
improving growth performance, carcass traits, and meat quality in beef cattle. The
findings are expected to provide insights into the potential of omega-3 supplementation
as a dual-purpose approach: advancing livestock productivity while delivering
functional foods with significant health benefits for consumers. Ultimately, this research
contributes to bridging the gap between animal production efficiency and public health
nutrition.

2. THEORETICAL REVIEW

Omega-3 fatty acids are essential polyunsaturated fatty acids (PUFAS) that cannot
be synthesized in sufficient amounts by ruminants, thereby requiring dietary
supplementation. The main biologically active forms of omega-3 include
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), which have been

widely recognized for their health-promoting properties in both animals and humans
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(Simopoulos, 2016). In ruminants, omega-3 fatty acids play a crucial role in modulating
lipid metabolism, reducing inflammation, and enhancing immune responses, which
collectively contribute to improved growth performance and overall animal health
(Calder, 2015).

From the perspective of animal production, dietary enrichment with omega-3 fatty
acids has been associated with enhanced growth rates and improved feed conversion
efficiency. For instance, cattle supplemented with flaxseed or fish oil demonstrated
higher average daily gain and more efficient nutrient utilization compared to
conventional diets (Mason et al., 2021). These effects are attributed to the role of
omega-3 in regulating gene expression related to lipid metabolism and muscle
development, which directly influences carcass yield and quality (Scollan et al., 2017).

Carcass characteristics are also positively affected by omega-3 supplementation.
Studies have reported improvements in marbling scores, fat distribution, and dressing
percentages, which are critical parameters for beef marketability and consumer
acceptance (Ponnampalam et al., 2021). Moreover, omega-3 enriched diets can modify
adipose tissue composition by increasing the proportion of unsaturated fatty acids,
thereby reducing the overall content of saturated fats in beef (Wood et al., 2022). This
alteration in carcass traits not only enhances the nutritional quality of meat but also
aligns with consumer demands for healthier products.

Meat quality is another dimension where omega-3 fatty acids exert significant
influence. Enrichment of beef with EPA and DHA has been shown to improve
tenderness, juiciness, and flavor, as well as to enhance oxidative stability, thereby
extending shelf life (Gomez-Cortés et al., 2020). Furthermore, omega-3 enriched beef
provides functional health benefits to consumers by lowering the n-6/n-3 ratio in meat
lipids, which has been linked to reduced risks of cardiovascular and inflammatory
diseases (Simopoulos, 2016). These attributes highlight the dual advantage of omega-3
supplementation: improving both production efficiency and consumer health outcomes.

Despite these benefits, challenges remain in effectively incorporating omega-3
into ruminant diets. Ruminal biohydrogenation significantly reduces the transfer
efficiency of dietary omega-3 to muscle tissues, which limits its direct deposition into
beef (Shingfield et al., 2020). Various strategies, such as using rumen-protected omega-

3 supplements, have been investigated to overcome this issue. These limitations
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underline the need for further research on optimizing supplementation techniques to
maximize the beneficial effects of omega-3 on growth, carcass traits, and meat quality.
Therefore, the theoretical framework of this study is grounded in the interaction
between omega-3 fatty acid supplementation and beef cattle performance, forming the
basis for investigating its practical implications in sustainable beef production.

3. RESEARCH METHODOLOGY

This study employed an experimental research design to evaluate the effects of
omega-3 enriched diets on growth performance, carcass traits, and meat quality in beef
cattle. The experimental approach was selected to enable controlled manipulation of
dietary treatments and accurate measurement of their effects on the targeted variables,
following procedures commonly applied in animal nutrition studies (Gomez-Cortés et
al., 2020).

The research population consisted of beef cattle of uniform breed, age, and initial
body weight to minimize variability. A total of 40 cattle were randomly allocated into
four dietary treatment groups, with each group receiving different levels of omega-3
supplementation: a control diet (no omega-3 enrichment), flaxseed-enriched diet, fish
oil-enriched diet, and algae-enriched diet. Each treatment was replicated across multiple
animals to ensure statistical validity. The feeding trial was conducted over a 120-day
fattening period, during which growth parameters such as average daily gain (ADG),
feed intake, and feed conversion ratio (FCR) were recorded (Mason et al., 2021).

Data collection focused on both production and product quality indicators.
Carcass traits, including dressing percentage, marbling score, and fat distribution, were
evaluated post-slaughter following standard carcass evaluation protocols (Ponnampalam
et al., 2021). Meat quality analysis included proximate composition, fatty acid profiling
using gas chromatography, and sensory evaluation conducted by a trained panel. Meat
tenderness was assessed using the Warner-Bratzler shear force method, while oxidative
stability was determined by thiobarbituric acid reactive substances (TBARS) analysis
(Wood et al., 2022).

The data were analyzed using analysis of variance (ANOVA) to test differences
among dietary treatments, followed by post-hoc comparisons with Tukey’s test for
multiple group analysis. The significance level was set at p < 0.05. Growth and carcass

parameters were modeled using a linear regression framework to determine the
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relationship between omega-3 supplementation (independent variable, X) and
production outcomes (dependent variables, Y), where Y represents growth performance,
carcass characteristics, and meat quality measures (Scollan et al., 2017). Model
validation confirmed the assumptions of normality, homogeneity, and reliability of the
data, ensuring robust interpretation.

In summary, the methodological framework of this study integrates controlled
dietary treatments, standardized carcass and meat quality evaluation, and rigorous
statistical analysis to examine the effects of omega-3 enriched diets in beef cattle. This
approach ensures that the findings can be directly linked to dietary interventions,
providing both scientific and practical relevance for livestock production systems.

4. RESULTS AND DISCUSSION

The feeding trial was conducted over a 120-day finishing period at the
Experimental Cattle Farm, during which cattle were maintained under standardized
housing and feeding conditions. Forty beef cattle were randomly assigned to four
dietary treatments: control diet, flaxseed-enriched diet, fish oil-enriched diet, and algae-
enriched diet. Data collection included growth performance parameters, carcass
evaluation post-slaughter, and meat quality analyses.

Growth Performance

The results indicated that omega-3 enriched diets significantly influenced growth
performance (Table 1). Cattle supplemented with flaxseed and algae showed higher
average daily gain (ADG) and improved feed conversion ratio (FCR) compared with the
control group (p < 0.05). Fish oil supplementation also enhanced growth, but to a lesser
extent than flaxseed and algae treatments. These findings are consistent with Mason et
al. (2021), who reported that flaxseed supplementation improved nutrient utilization

efficiency and weight gain in beef cattle.
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Table 1. Effects of omega-3 enriched diets on growth performance of beef cattle

Treatment ADG (kg/day) FCR (kg feed/kg gain) Final Body Weight (kg)

Control 1.15+0.08 82+0.5 420 £ 15
Flaxseed diet  1.35+0.06 75+04 445 + 12
Fish oil diet 1.28 £0.07 7.8+0.3 438 + 14
Algae diet 1.37£0.05 7.3+04 450 £ 11

Source: Adapted from experimental data (2025).

Carcass Traits

Carcass evaluation demonstrated significant improvements in marbling score,
dressing percentage, and fat distribution in omega-3 supplemented groups (p < 0.05).
The highest marbling score was recorded in the algae group, suggesting that marine-
based omega-3 sources may have a more pronounced effect on intramuscular fat quality
(Ponnampalam et al., 2021). This aligns with Scollan et al. (2017), who emphasized the
potential of omega-3 supplementation in enhancing carcass quality without
compromising yield.
Meat Quality

Fatty acid profiling revealed a significant increase in EPA and DHA content in
beef from the fish oil and algae groups compared with the control. The n-6/n-3 ratio was
markedly reduced, improving the nutritional profile of the meat. Moreover, sensory
analysis indicated that beef from omega-3 enriched groups had higher tenderness and
juiciness scores, consistent with previous findings that omega-3 improves meat
palatability and consumer acceptance (Gomez-Cortés et al., 2020; Wood et al., 2022).
The Warner-Bratzler shear force values confirmed enhanced tenderness, while TBARS
analysis showed reduced lipid oxidation, thereby improving shelf life.
Interpretation and Implications

The results support the hypothesis that omega-3 supplementation enhances both
production efficiency and meat quality. The findings corroborate earlier studies (Mason
et al., 2021; Ponnampalam et al., 2021), while also addressing the research gap on
optimizing supplementation sources. The superior outcomes from algae
supplementation suggest that marine-based omega-3 may provide higher bioavailability
compared to plant-based sources, overcoming partial limitations of ruminal
biohydrogenation (Shingfield et al., 2020).
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From a theoretical perspective, these results reinforce the role of omega-3 fatty
acids in modulating lipid metabolism and improving oxidative stability of meat.
Practically, the study highlights the potential of omega-3 enriched diets as a sustainable
approach to producing functional beef products with enhanced health benefits for
consumers. However, economic feasibility and scalability remain important
considerations for commercial adoption.

5. CONCLUSION AND RECOMMENDATIONS

The present study demonstrates that dietary enrichment with omega-3 fatty acids
significantly improves growth performance, carcass traits, and meat quality in beef
cattle. Supplementation with flaxseed, fish oil, and algae enhanced average daily gain,
feed conversion ratio, and final body weight compared to the control group. Carcass
evaluation showed improved marbling, dressing percentage, and fat distribution, while
meat quality analysis revealed higher concentrations of eicosapentaenoic acid (EPA)
and docosahexaenoic acid (DHA), improved tenderness, juiciness, and oxidative
stability. These findings confirm that omega-3 supplementation offers dual benefits:
enhancing cattle productivity and producing nutritionally superior beef for consumers,
aligning with earlier reports on the role of omega-3 in livestock nutrition (Mason et al.,
2021; Ponnampalam et al., 2021; Wood et al., 2022).

Based on these results, it can be recommended that the inclusion of omega-3 rich
ingredients such as flaxseed and algae in beef cattle diets may serve as a sustainable
strategy to improve both production efficiency and consumer health outcomes. Algae
supplementation, in particular, appears promising due to its higher bioavailability and
greater effect on intramuscular fat quality, which supports previous findings on the
advantages of marine-based omega-3 sources (Shingfield et al., 2020). However, the
economic feasibility of large-scale application and the variability of supplementation
efficiency across production systems remain challenges that require further exploration.

This study was limited by the relatively short fattening period and the specific
dietary sources tested, which may restrict the generalization of findings across diverse
cattle breeds and production environments. Future research should investigate long-term
supplementation effects, evaluate rumen-protected omega-3 technologies, and consider
consumer acceptance and willingness to pay for omega-3 enriched beef. Such efforts

would provide a more comprehensive understanding of the role of omega-3 enriched
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diets in shaping sustainable beef production systems (Scollan et al., 2017; Gomez-
Cortés et al., 2020)
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