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Background: The fatty acid composition of beef varies according to cattle feeding practices, influencing its potential
impact on human health. Grass-fed beef contains higher levels of omega-3 fatty acids and conjugated linoleic acid
(CLA), which are known for their anti-inflammatory properties. Understanding how these compositional differences
affect human plasma lipid profiles can help guide dietary recommendations and livestock management practices.

Objective: To compare the effects of grass-fed and grain-fed beef consumption on plasma levels of omega-3 fatty
acids and CLA in adults from South Punjab, Pakistan.

Methods: This cross-sectional study, conducted over eight months, enrolled 60 adults who were habitual consumers
of either grass-fed (n=30) or grain-fed (n=30) beef. Habitual consumption was defined as intake at least three times
per week for a minimum of six months. Usual dietary intake was assessed using a validated food frequency
questionnaire. Fasting blood samples were analyzed via gas chromatography to determine plasma fatty acid
concentrations. Results are presented as mean =+ standard deviation. Independent samples t-tests were used to compare
groups, and Pearson correlation was used to assess relationships between beef consumption frequency and plasma
fatty acid levels.

Results: Participants consuming grass-fed beef had significantly higher plasma concentrations of total omega-3 fatty
acids (76.8 = 11.2 pg/mL vs. 57.0 £ 9.8 pg/mL, p = 0.002) and conjugated linoleic acid (CLA) (15.4 £ 3.7 ug/mL vs.
10.7 + 3.1 pg/mL, p = 0.005) compared to the grain-fed group. The omega-6 to omega-3 ratio was significantly lower
in the grass-fed consumer group (4.1 £ 1.1 vs. 6.3 = 1.5, p = 0.001). In the study population, beef consumption
frequency was positively correlated with plasma total omega-3 (r = 0.62, p = 0.001) and CLA (r = 0.58, p = 0.003)
concentrations.

Conclusion: Grass-fed beef consumption was associated with improved plasma omega-3 and CLA profiles and a
lower omega-6 to omega-3 ratio, suggesting a beneficial influence on anti-inflammatory lipid status.

Keywords: Adults, Beef, Conjugated Linoleic Acid, Cross-Sectional Studies, Diet, Fatty Acids Omega-3, Lipids.
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Beef is a key food worldwide, providing excellent protein, vitamins, and essential fats. However, its nutritional value
isn't fixed; a cow's own diet has a major impact. Public and scientific curiosity is growing about how feeding
methods—grass-fed versus grain-fed—change the beneficial fats in the meat that are crucial for our health. Of special
interest are omega-3 fats and conjugated linoleic acid (CLA), known for fighting inflammation, protecting the heart,
and aiding metabolism (1). This leads to a central question: does choosing grass-fed or grain-fed beef actually change
the fats circulating in our blood, especially the anti-inflammatory ones? What cattle eat directly shapes their meat's fat
content. Grass-fed cows eat pasture rich in a compound that converts into long-chain omega-3s like EPA and DHA
(2), which help control inflammation and support heart health. Conversely, grain-fed cattle, raised on corn or soy,
produce meat higher in omega-6 fats and lower in omega-3s. The balance between omega-6 and omega-3 fats in our
diet is vital for managing inflammation. A high ratio, typical in Western diets, is tied to higher chronic disease risk,
while a more balanced ratio—potentially achieved by eating grass-fed products—could be protective (3).

Beyond omega-3 fatty acids, CLA is another lipid molecule of notable interest. It is a naturally occurring trans fatty
acid found predominantly in the meat and milk of ruminants, known for its potential anti-inflammatory, anti-
carcinogenic, and anti-atherogenic properties (4). Studies have shown that grass-fed beef typically contains higher
levels of CLA compared to grain-fed beef, largely due to differences in ruminal biohydrogenation processes influenced
by the animal’s diet. These biochemical variations translate into measurable differences in the fatty acid composition
of the final product and, potentially, in the plasma lipid profiles of consumers. However, despite numerous studies
examining the compositional differences in beef itself, far fewer have explored how these variations manifest in the
human body following consumption under real-world dietary conditions (5). The biological significance of these
differences may extend well beyond simple nutritional labeling. Omega-3 fatty acids and CLA influence inflammatory
pathways through modulation of eicosanoid synthesis, alteration of cytokine production, and incorporation into cell
membranes, thereby affecting gene expression and signal transduction. Plasma levels of these fatty acids are
considered reliable biomarkers of dietary intake and metabolic status, offering an objective measure of nutritional
exposure. Yet, much of the existing evidence has relied on controlled feeding trials or animal models, while real-world
human data—particularly from cross-sectional observational studies—remain comparatively scarce. This gap limits
our understanding of how typical dietary patterns involving grass-fed versus grain-fed beef consumption affect
circulating anti-inflammatory lipid profiles in free-living individuals (6).

Moreover, the growing consumer demand for grass-fed beef is often driven by perceptions of superior health benefits,
animal welfare, and environmental sustainability (7). However, scientific validation of these health claims, particularly
at the metabolic and biochemical level, remains incomplete. While compositional analyses consistently demonstrate
differences in fatty acid content between the two types of beef, it is less clear whether these differences are significant
enough to produce measurable impacts on human plasma lipid markers. Discrepancies across existing studies may be
attributed to differences in study design, feeding duration, beef preparation, and baseline dietary habits of participants.
Consequently, a clearer understanding of how consumption of grass-fed versus grain-fed beef relates to circulating
levels of omega-3 and CLA is crucial for substantiating or refuting commonly held beliefs about the nutritional
advantages of grass-fed meat. The importance of this line of research lies not only in its implications for individual
dietary choices but also for broader public health and agricultural policy. If grass-fed beef consumption is associated
with higher plasma levels of anti-inflammatory fatty acids, this could support recommendations for more sustainable
and health-oriented livestock production systems (8). Conversely, if differences are minimal in physiological
outcomes, it may suggest that other dietary and lifestyle factors exert a stronger influence on systemic fatty acid
profiles than the source of beef alone. Understanding these nuances is essential to develop evidence-based nutrition
guidance that balances human health benefits with environmental and economic considerations. In light of these
perspectives, the present study aims to investigate the relationship between dietary intake of grass-fed and grain-fed
beef and plasma concentrations of key anti-inflammatory fatty acids, including omega-3 and CLA, in adult
participants. By employing a cross-sectional study design, this research seeks to compare how variations in cattle
farming practices translate into measurable differences in human lipid profiles (9).
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The objective is to elucidate whether habitual consumption of grass-fed beef confers a distinct advantage in promoting

higher circulating levels of beneficial fatty acids, thereby contributing to a deeper understanding of the nutritional and
health implications of beef production systems.

This cross-sectional study was conducted over an eight-month period in South Punjab, Pakistan, to compare the plasma
concentrations of anti-inflammatory fatty acids, specifically omega-3 and conjugated linoleic acid (CLA), between
consumers of grass-fed and grain-fed beef. The research aimed to evaluate how regular dietary intake of these different
beef types influences human lipid profiles in free-living adults. A total of 60 participants were enrolled through local
health centers and community nutrition programs, divided equally into a group of habitual grass-fed beef consumers
(n=130) and a group of habitual grain-fed beef consumers (n = 30). Eligible participants were adults aged 25-55 years
who consumed beef at least three times per week for a minimum of six months. Exclusion criteria included the
presence of chronic diseases (such as diabetes, cardiovascular disease, or inflammatory disorders), current use of lipid-
lowering or omega-3 supplements, pregnancy, lactation, and adherence to restrictive diets (e.g., vegetarian or
ketogenic). Participants with recent illness, surgery, or excessive alcohol consumption were also excluded. Written
informed consent was obtained prior to enrollment.

Dietary assessment was conducted using a validated semi-quantitative food frequency questionnaire (FFQ) designed
to capture beef consumption frequency, portion size, and preparation method. A trained nutritionist guided each
participant to ensure accuracy in reporting. Additional data on age, gender, body mass index (BMI), smoking status,
and physical activity were collected. Blood samples were taken from participants after they had fasted overnight for
10-12 hours. About 10 mL of blood was collected in special tubes and spun in a centrifuge to separate the plasma,
which was then frozen at —80°C for later testing. The fatty acids were extracted from the plasma using a standard
laboratory technique (the Folch method) and chemically treated to make them easier to analyze. We used a gas
chromatograph (GC-FID) with a specialized column to measure these processed fats. Specific fatty acids, including
EPA, DHA, ALA, and CLA, were identified and measured by matching them against known reference samples. All
results were recorded as the concentration of each fatty acid in the plasma, in units of micrograms per milliliter
(ng/mL). All analyses were performed in duplicate for quality assurance, with internal standards applied to correct for
extraction and measurement variability. Quality control samples were analyzed intermittently to ensure
reproducibility.

All data were processed using SPSS software (version 26). We described the basic features of our participants using
summary statistics. Independent sample t-tests were used to compare the average plasma concentrations of omega-3
fatty acids and CLA between the grass-fed and grain-fed beef consumer groups. Pearson correlation analysis was used
to examine the connections between the frequency of beef consumption and the concentrations of these fatty acids in
the blood. We first confirmed that our data followed a normal distribution using the Shapiro-Wilk test. For all analyses,
a p-value of less than 0.05 was considered statistically significant. The primary outcome measures were plasma
omega-3 fatty acid (EPA, DHA, ALA) and CLA concentrations, while the omega-6/omega-3 ratio served as a
secondary outcome.
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The study involved 60 total participants, split evenly into a group of 30 habitual grass-fed beef consumers and 30
habitual grain-fed beef consumers. When we compared the starting characteristics of both groups—such as their age,
gender, BMI, smoking status, and activity levels—we found no significant statistical differences (p > 0.05). This
confirms that the two groups were well-matched and comparable at the outset of the study (Table 1).

Plasma fatty acid analysis revealed significant variations in omega-3 fatty acid concentrations between the two groups.
Mean plasma eicosapentaenoic acid (EPA) levels were higher in grass-fed beef consumers (24.6 + 5.3 pg/mL)
compared to grain-fed consumers (17.2 £ 4.8 pg/mL; p = 0.001). Similarly, docosahexaenoic acid (DHA)
concentrations were greater in the grass-fed group (39.8 £ 6.1 pg/mL) than in the grain-fed group (30.5 + 5.7 pg/mL;
p = 0.003). Alpha-linolenic acid (ALA) levels were also elevated in grass-fed consumers (12.4 + 3.2 pg/mL) relative
to the grain-fed group (9.3 + 2.9 ug/mL; p = 0.021). The total plasma omega-3 fatty acid concentration demonstrated
a significant difference between the two groups, averaging 76.8 = 11.2 pg/mL in the grass-fed group and 57.0 + 9.8
pg/mL in the grain-fed group (p = 0.002) (Table 2, Figure 1).

Analysis of conjugated linoleic acid (CLA) and related lipid markers revealed that grass-fed beef consumers had
markedly higher plasma CLA levels (15.4 &+ 3.7 pg/mL) compared with grain-fed consumers (10.7 + 3.1 ug/mL; p =
0.005). Conversely, total trans fatty acid concentrations were slightly higher in the grain-fed group (10.1 £2.6 pg/mL)
compared to the grass-fed group (8.2 £ 2.3 pg/mL; p = 0.024). The omega-6 to omega-3 ratio, a recognized indicator
of inflammatory balance, was significantly lower in the grass-fed group (4.1 £ 1.1) than in the grain-fed group (6.3
1.5; p=10.001), suggesting a more favorable fatty acid composition in individuals consuming grass-fed beef (Table 3,
Figure 2).

Correlation analysis demonstrated positive associations between the frequency of beef consumption and plasma fatty
acid concentrations. Weekly consumption frequency showed a moderate-to-strong correlation with total plasma
omega-3 levels (r = 0.62, p =0.001) and with CLA concentrations (r = 0.58, p = 0.003), indicating that higher intake
of beef, particularly grass-fed, was associated with increased circulating anti-inflammatory lipids (Table 4).

Overall, these results indicated distinct differences in plasma lipid profiles between consumers of grass-fed and grain-
fed beef. The grass-fed group consistently exhibited higher levels of omega-3 fatty acids and CLA, along with a lower
omega-6/omega-3 ratio, whereas the grain-fed group showed a lipid pattern more indicative of pro-inflammatory
potential. The observed trends were statistically significant across all major outcome variables, confirming a
measurable biochemical impact of cattle feeding practices on human fatty acid composition.

Variable Grass-fed Group (n=30) Grain-fed Group (n=30) p-value
Age (years) 382+75 39.7+8.1 0.56
Gender (Male/Female) 16/14 17/13 0.79
BMI (kg/m?) 24.6+£2.8 254+32 0.34
Smokers (%) 13.3 16.7 0.62
Physical activity (hrs/week) 5.8+2.1 51+24 0.41
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Parameter Grass-fed Group Grain-fed Group  p-value
EPA (ng/mL) 24.6 17.2 0.001
DHA (ng/mL) 39.8 30.5 0.003
ALA (pg/mL) 12.4 9.3 0.021
Total Omega-3 (ug/mL) 76.8 57 0.002
Parameter Grass-fed Group Grain-fed Group p-value
CLA (ng/mL) 15.4 10.7 0.005
Total Trans Fatty Acids (ug/mL) 8.2 10.1 0.024
Omega-6/0Omega-3 Ratio 4.1 6.3 0.001
Variable r-value p-value
Beef Consumption Frequency vs Total Omega-3 0.62 0.001
Beef Consumption Frequency vs CLA 0.58 0.003
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Figure 2 CLA and Omega-6/Omega-3 Ratio Comparison

The findings of this study demonstrated that habitual consumption of grass-fed beef was associated with significantly
higher plasma levels of omega-3 fatty acids and conjugated linoleic acid (CLA), along with a lower omega-6 to omega-
3 ratio compared to grain-fed beef consumers. These results provide meaningful biochemical evidence that dietary
differences originating from cattle feeding practices can translate into measurable variations in human lipid profiles
(10). The outcomes supported the hypothesis that the nutritional quality of beef, particularly regarding its fatty acid
composition, is strongly influenced by the type of feed provided to the animals and can impact human anti-
inflammatory lipid status. The elevated levels of eicosapentaenoic acid (EPA), docosahexaenoic acid (DHA), and a-
linolenic acid (ALA) observed among grass-fed beef consumers reflected the well-established fatty acid composition
of pasture-fed livestock. Grass-fed cattle diets are naturally rich in a-linolenic acid, which serves as a precursor for
long-chain omega-3 fatty acid synthesis. In contrast, grain-based diets commonly result in higher omega-6 fatty acid
deposition, thus diminishing the overall omega-3 content of the meat. The present findings paralleled earlier
compositional analyses of beef that demonstrated superior omega-3 content and a more favorable omega-6/omega-3
ratio in grass-fed beef. By confirming that these compositional differences are reflected in human plasma, this study
bridged the gap between food composition research and human nutritional biochemistry, emphasizing the
physiological relevance of agricultural practices (11). The significantly higher plasma CLA levels in grass-fed beef
consumers provided further support for the nutritional advantage of forage-based feeding systems. CLA has been
recognized for its potential roles in modulating lipid metabolism, reducing inflammation, and improving immune
function. Since CLA synthesis in ruminants depends on the availability of linoleic acid and the ruminal microbial
environment, forage-fed cattle generally produce higher CLA concentrations. The higher plasma CLA concentrations
among grass-fed beef consumers thus indicated more effective incorporation of these beneficial fatty acids into human
metabolism, underscoring the biochemical benefits of naturally raised livestock (12).

The lower omega-6 to omega-3 ratio among grass-fed consumers suggested a shift toward an anti-inflammatory lipid
profile. An imbalance in this ratio, often driven by excessive intake of omega-6-rich processed foods, has been
associated with increased risk of chronic inflammatory conditions such as cardiovascular disease and metabolic
syndrome (13). The results of this study implied that even moderate dietary modifications, such as substituting grain-
fed beef with grass-fed alternatives, could contribute to restoring a healthier lipid balance. This finding held public
health importance in regions where red meat forms a significant part of the diet, providing a practical nutritional
strategy to improve inflammatory biomarkers without necessitating major dietary overhauls. The positive correlations
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between beef consumption frequency and plasma omega-3 and CLA levels indicated that regular dietary intake directly
influenced circulating fatty acid concentrations (14). This dose-response relationship strengthened the biological
plausibility of the findings, suggesting that consistent exposure to grass-fed beef contributes to cumulative
improvements in plasma lipid quality. However, the modest correlation strength also suggested that other dietary
sources, individual metabolic differences, and lifestyle factors likely influenced the overall fatty acid profile, reflecting
the complex interplay between diet and metabolism. A key strength of this study was its real-world, community-based
design, which allowed for the assessment of naturally occurring dietary habits rather than controlled feeding
interventions. This enhanced the ecological validity of the findings and provided insights relevant to everyday dietary
behaviors. Additionally, the use of direct biochemical markers of fatty acid status rather than relying solely on self-
reported intake strengthened the reliability of the results. The analytical precision of gas chromatography ensured
accurate quantification of lipid fractions, minimizing measurement bias. The inclusion of both omega-3 and CLA
profiles provided a comprehensive view of the anti-inflammatory lipid spectrum influenced by beef consumption (15).

Nonetheless, several limitations must be acknowledged. The relatively small sample size limited the generalizability
of the results and restricted the ability to perform subgroup analyses by gender, age, or other demographic factors (16).
The cross-sectional design precluded establishing causal relationships, as dietary intake and plasma lipid profiles were
measured simultaneously. Variability in beef preparation methods, portion sizes, and concurrent dietary components
could have influenced the results despite efforts to standardize dietary data collection (17). Furthermore, the study
relied on self-reported dietary information, which is inherently subject to recall bias and underreporting. The exclusion
of other dietary lipid sources such as fish or plant-based omega-3s also limited the ability to fully isolate the effect of
beef-derived fatty acids on plasma levels. Despite these constraints, the findings provided strong preliminary evidence
supporting the nutritional benefits of grass-fed beef in enhancing anti-inflammatory fatty acid profiles (18). Future
studies with larger and more diverse populations, longitudinal designs, and controlled dietary interventions are needed
to validate these results and explore the clinical implications in terms of inflammatory biomarkers and disease risk.
Advanced lipidomic analyses may further elucidate the mechanistic pathways linking dietary fatty acids to systemic
inflammation and metabolic health (19). The present study demonstrated that individuals who habitually consumed
grass-fed beef exhibited superior plasma omega-3 and CLA profiles compared to grain-fed beef consumers. These
findings underscored the significance of livestock feeding practices in shaping the nutritional value of beef and,
consequently, in influencing human biochemical health markers. Promoting grass-fed beef as part of a balanced diet
could represent a simple yet effective approach to improving lipid-mediated health outcomes, particularly in
populations with high red meat consumption (20).

This research found that people who regularly eat grass-fed beef had notably higher blood levels of beneficial omega-
3 fats and conjugated linoleic acid (CLA), as well as a better omega-6 to omega-3 balance, compared to those eating
grain-fed beef. This demonstrates that what cattle eat directly shapes the health value of the beef we consume.
Encouraging grass-fed beef in the diet could therefore be a practical approach to support a healthier, more anti-
inflammatory fat profile, potentially improving heart health and metabolic wellness for people.
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