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Abstract 

Ruminant meat contains high levels of saturated fats and low levels of polyunsaturated fats and has therefore been targeted for improvement 

of its fatty acid profile to be consistent with human dietary recommendations. Sources of dietary fat can affect gene expression of enzymes 

involved in the fatty acid (FA) profile of ruminant meat. The biochemical regulation of the meat's FA profile consists of complicated 

mechanisms which incorporate both genetic elements and dietary nutrients. The research focus of nutrigenomics is to modulate and monitor 
this metabolic process. There has been great interest in understanding how transcription factors control lipid and FA metabolism in this 

context. The available evidence suggests that gene expression is a key metabolic determinant driving ruminant meat FA profile and lipid 

accumulation. Moreover, the expression of these lipid-related genes is dependent on the composition and nutrient content of the diet. This 

chapter describes how nutrition influences the gene expressions associated with lipid metabolism and how dietary manipulations may change 

the fatty acid profile of ruminant meat. 
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Introduction 
 

Ruminant meat displays a fatty acid composition that typically creates concerns for health when compared with other available sources 
of protein. The current perception of ruminant meat as a less healthy protein source emerges because of its elevated saturated fatty acids (SFAs) 

levels and its unhealthy omega-6 to omega-3 polyunsaturated fatty acids (PUFAs) ratio, which research suggests promotes cardiovascular 

disease risks and other chronic health issues  (Wood, 2017). A growing concern amongst consumers regarding the health implications of the 

fatty acid composition of ruminant meat leads to a demand for healthier meat products with a more favourable fatty acid composition. Concern 
rose in prominence from the 2000s onwards, which affected the behaviour of the consumer and led to research work into producing healthier 

food options. Therefore, reducing the SFA content OR ratio of the meat has been the focus for researchers. The goal is to elevate the levels of 

some beneficial fatty acids for the sake of human health while reducing the levels of some fatty acids that may adversely affect (Scollan et al., 

2023). The FA profile of ruminant meat may be determined by animal lipid metabolism and/or the FA profile of the diet. Some specific rumen 
bacteria hydrogenate dietary unsaturated fatty acids such as linoleic and linolenic acids to intermediate products such as trans vaccenic acid 

(TVAC) and conjugated linoleic acid (CLA) isomers, which ultimately give rise to the saturated fatty acid (stearic acid) leading to a high content 

of SFAs in meat from ruminants. Generally, the increase in the PUFA amount in the tissues is achieved by the suppression of ruminal 

biohydrogenation (BH), or increases in the PUFA sources consumed from the diet over the BH capacity (Scollan et al., 2023).  

Researchers evaluated PUFA-rich feed sources such as vegetable oils (Miltko et al., 2018), fish oil (Marzo et al., 2023), and oilseeds 
(Bölükbaş & Kaya, 2022) to understand their ability to allow PUFAs to escape rumen biohydrogenation and reach tissues for nutritional benefits. 

However, multiple scientific experiments to change FA composition in meat by dietary approaches have produced limited success. As reported 

in a previous review (Ladeira et al., 2018), it is indicated that close to half of the 28 studies considered did not produce substantial variation in 

ruminant meat FA composition in response to those dietary changes, and only eight of the studies were successful in increasing the level of 
CLA in meat. Despite many dietary strategies, these findings suggest that achieving both substantial and consistent enhancements in the FA 

profile of ruminant meat remains a significant challenge.  These challenges have created a need to further investigate whether a significant 

reduction or change in ruminal biohydrogenation can occur and if the muscle tissue will stay patterned for a specific FAs profile, regardless of 

the rumen profile that is altered. These research questions have led researchers to reveal the relationship between nutrition and genetics. 
Researchers demonstrate that dietary fat sources impact gene expressions that control lipogenesis and lipolysis, thereby changing the 

pattern of intramuscular lipids (Ladeira et al., 2016). Dietary fatty acids, including PUFAs, show interactivity with peroxisome proliferator-
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activated Receptors (PPARs) through binding processes that drive lipid oxidation pathways. This leads to higher concentrations of n-3 PUFAs 

in the muscle tissue of ruminants fed with n-3 PUFA-rich diets through downregulated activity of genes that handle PUFA desaturation 

(Dewhurst & Moloney, 2013; Ladeira et al., 2018). Conversely, diets rich in saturated fatty acids activate desaturase gene expressions through 
stearoyl-CoA desaturase (SCD) and develop unfavorable FA profiles in meat.  

In this chapter, it is aimed to show the interaction of fat sources used in studies carried out to improve the meat fat profile in ruminants 

with some lipogenic genes and transcription factors, and to emphasize the results of dietary strategies used for this purpose. In addition, this 

chapter will explain the functions of some genes involved in fat metabolism in ruminants and their effects on the meat fatty acid profile and 
provide a perspective on new dietary strategies to increase beneficial fatty acids in meat. 

 

Main Transcription Factors Regulating Fatty Acid Metabolism  

Effective nutritional strategies to enhance ruminant meat FA profiles depend heavily on transcription factors that manage lipid 

metabolism. In studies aiming to improve the FA profile of meat in ruminants through dietary manipulations, two main approaches have been 

emphasized. The first approach relates to the quantity of FA that can be absorbed and delivered to tissues following ruminal biohydrogenation. 
The second approach focuses on the effects of FA as metabolic regulators, which either directly alter the production and accumulation of FA in 

tissues or influence biological reactions that occur in animals, including gene expression. Studies addressing these topics typically integrate 

nutrition and gene expression; thus, they are referred to as nutrigenomic, as they explore the influence of nutrition on gene expression within 

metabolic pathways.  
The formation of adipose (fat) tissue in ruminants encompasses the processes of adipogenesis (fat cell formation) and lipogenesis (fat 

synthesis). Adipogenesis is a process that takes place during the prenatal stage and involves mesenchymal stem cells differentiating into pre-

adipocytes. Once pre-adipocytes make their commitment, they move through terminal differentiation to develop intracellular lipid droplets 

that then generate mature adipocytes (Abebe et al., 2023). The procedure called lipogenesis creates and deposits fatty acids and triglycerides 

primarily within fat tissue but also occurs to some extent in liver cells (Ladeira et al., 2018). The process becomes most active during postnatal 
development and fattening periods, while it absorbs circulating substances, including glucose and acetate. The fatty acids are produced from 

these substrate materials via de novo synthesis enzymatic pathways that contain fatty acid synthase (FASN) and acetyl-coenzyme A carboxylase 

(ACACA). After being synthesized or taken up by adipocytes, they become possible substrates for transformation through the stearoyl-CoA 

desaturase enzyme (SCD1). The fatty acids produced and desaturated by these enzymatic pathways are ultimately converted to triglycerides 
and stored in the tissues for energy reserve (Bionaz et al., 2020). 

Dietary modifications during fattening phases show that lipogenesis-related genes have a stronger effect on meat quality than 

adipogenesis-related genes. The main reason for this phenomenon is that fat cell development finishes largely during fetal development (Liu 

et al., 2020). Interventions with diet improve meat quality during fattening because they control genes which drive fat production processes 
(Abebe et al., 2023). Yet adipogenesis and lipogenesis are an integral part of lipid deposition and metabolism in ruminants. Adipogenesis forms 

the requisite number of adipocytes present for lipid storage and lipogenesis creates adipocytes and provides for FAs and triglycerides synthesis 

and storage in these adipocytes. 

FA mobilization and lipolysis form central processes that determine the fatty acid composition of meat. Adipocyte-stored triglycerides 
yield free FAs on hydrolysis, which then enter either energy production pathways or re-esterification cycles. The enzyme system, recognized 

as carnitine palmitoyltransferase (CPT), plays its required role as the transporter that moves fatty acids into the mitochondria in lipolysis 

processes (Bionaz et al., 2020). The system of CPT maintains the transport of long-chain fatty acids (LCFA) through the CPT1 and CPT2 enzymes 

across the mitochondrial membrane. CPT1 converts long-chain acyl-CoA into long-chain acylcarnitine, which can then enter mitochondria. CPT 

2 converts it back into long-chain acyl-CoA inside the mitochondria, so that it can enter the β‐oxidation pathway for energy production. 
Higher rates of lipid creation or fatty acid consumption, when combined with diminished fatty acid breakdown, promote muscle tissue 

lipid accumulation and changes its fatty acid structure. A changed balance between muscle cell fat synthesis and breakdown affects both the 

accumulation and composition of intramuscular fat deposits (Ladeira et al., 2018). 

In ruminants, lipogenic and lipolytic processes depend on key transcription factors PPARs alongside SREBPs. PPARs enhance adipocyte 
development along with lipid accumulation through activation of gene expressions related to FA uptake and synthesis. The subtype SREBP-1c 

inside the SREBPs family functions to control fatty acid and triglyceride production gene pathways, including FASN, ACACA, and SCD. The 

combined action of critical transcription factors determines the amount and distribution of intramuscular lipids, which affects the quality of 

ruminant meat. Abebe et al., 2023).   
 

Peroxisome Proliferator-activated Receptors (PPARs) 

As essential nuclear transcription factors, PPARs play a key role in governing lipid metabolism processes (Ladeira et al., 2018). The PPAR 

proteins establish functional bonds with fatty acids, especially PUFAs, which then combine operationally with the retinoid X receptor. When 

PPAR-RXR forms together to adhere to selected target gene promoters, it turns genetic expression on and off for those genes. All three PPAR 
types, PPARα, PPARγ, and PPARδ, stimulate genes that handle fatty acid absorption along with production while controlling the formation and 

lipid storage of adipocytes (Bionaz et al., 2015). PPARα activates genes for fatty acid translocation and beta-oxidation while showing low 

expression in muscle tissue and elevated levels in FA oxidation-heavy tissues such as the liver and heart  (Bionaz et al., 2020). PPARγ acts as a 

vital adipogenesis regulator because it shows high expression levels in adipose tissue necessary for adipocyte differentiation. PPARγ regulates 
genes for lipid synthesis and storage, plus adipocyte-specific combinations, which help create adipose tissue through this regulation (Abebe et 

al., 2023). According to Bionaz et al., (2020) dietary fatty acids show varied capabilities to activate PPAR isotypes and found PUFAs bind more 

effectively to PPAR-α. The PPARα activation through n-3 LCFA leads to modified expression levels and operations in genes concerned with FA 

metabolism during synthesis, transport, and beta-oxidational pathways in mitochondria and peroxisomes (Rodríguez‐Cruz and Serna, 2017). 



 108 

PUFAs are the most potent endogenous and natural activators of the PPAR family, and especially the PPAR-α subtype is sensitive to 

activation by fatty acids (Bionaz et al., 2020). The effect of various PUFA sources creates differential impacts on PPAR-α expression levels. The 

n-3 PUFAs cause an upregulation in PPAR-α expression, while the n-6 PUFAs lead to downregulation in PPAR-α expression. Ebrahimi et al. 
(2015) reported that PPAR-α gene expression increased in the livers of goats fed diets rich in α-linolenic acid (LA), whereas SCD gene expression 

decreased. On the other hand, PPAR-α expression decreased and SCD expression increased in beef cattle fed diets rich in linoleic acid as a source 

of n-6 PUFA (Oliveira et al., 2014). Consistent with these studies, Ebrahimi et al. (2018) reported that as omega-6/omega-3 ratios increased in 

goat diets, SCD expression increased in goat muscles, but PPAR-α expression decreased. The findings from these studies further support the 
hypothesis of Waters et al. (2009) that dietary n-6 PUFA and CLA sources are negatively correlated with PPAR, whereas n-3 PUFA sources are 

positively correlated.  

 

Sterol Regulatory Element-binding Proteins (SREBPs) 
SREBPs are one of the main transcription factors that control genes encoding de novo synthetic enzymes in the pathway of lipogenesis. 

There exist three main SREBP-family members named SREBP-1a, SREBP-1c and SREBP-2. In adipose tissue, SREBP-1c, known as SREBF1, 

functions as the major isoform that governs the expression of FA synthesis genes, including FA synthase (FASN), acetyl-CoA carboxylase 

(ACACA), and stearoyl-CoA desaturase (SCD) (Ladeira et al., 2018). SREBP up-regulation elevates FA synthesis in the muscle, which raises 
intramuscular fat content to improve meat quality according to Teixeira et al. (2017).  

In contrast to their action on PPARs, dietary FAs do not directly bind to SREBPs, the effect of dietary FAs on SREBPs is indirect because it 

is through SCD. It has been shown that long-chain n-3 PUFAs contribute to the decrease in SREBP 1c levels (Kyriakaki et al., 2024). It is possible 

that decreased lipogenic gene expression and thus intramuscular fat accumulation in ruminants is due to decreased expression of SREBP-1c 

(Zhang et al., 2023). As previously mentioned, the addition of PUFA to ruminant diets increases PPARα activation, while exerting the opposite 
effect on SREBP1. Although both genes are associated with lipid metabolism, they play distinct physiological roles. PPAR acts as a transcription 

factor regulating fatty acid oxidation and energy production, whereas SREBP is responsible for lipogenesis and cholesterol synthesis. PUFA, as 

natural ligands of PPARα, directly activate this gene, enhancing beta-oxidation and supporting energy production. In contrast, PUFA inhibits 

the proteolytic activation and nuclear translocation of SREBP, thereby suppressing lipogenesis. As a result, genes that are implicated in the 
production of FAs and triglycerides exhibit decreased expression, reflecting an adaptive response that prioritizes energy production over energy 

storage in the presence of PUFA (Ebrahimi et al., 2015).  

The process by which omega-3 PUFAs inhibit lipogenic gene production remains unknown. The expression levels of SREBP-1c may 

decrease because omega-3 PUFAs reduce the activity of enzymes involved in lipid synthesis, including phosphatidic acid phosphatase and 1,2-
diacylglycerol acyltransferase (Kyriakaki et al., 2024). Long-chain n-3 PUFAs demonstrate specific nuclear SREBF1 suppressive abilities that 

cause transcriptional reduction alongside increased mRNA degradation. Exposure to this intervention leads to decreased expressions of 

lipogenic genes ACACA and FASN in the muscle tissue which results in lower levels of de novo fatty acid synthesis products (Ladeira et al., 

2018). Research into gene transcription showed that PUFAs increase PPAR levels while the same compounds decrease SREBP levels. According 

to Ladeira et al. (2019), The gene expression levels of PPAR-α and SREBF1 show opposing interactions within bovine muscle tissue. Their results 
showed dietary PUFAs enhanced PPAR gene expression while diminishing SREBF1 gene expression, resulting in higher levels of n-3 PUFA in 

the cattle's meat.  

CLA-enriching dietary variables likely downregulate the SREBF1 gene resulting in reduced lipogenesis by lowering key lipogenic enzyme 

expression and activity (Bionaz et al., 2015). CLA functionality extends to the direct suppression of the SCD1 gene which ultimately lowers 
monounsaturated fatty acid production. Research shows that in ruminants, PUFAs together with omega-3 PUFAs and CLA effectively suppress 

SREBP-1c's expression and activity, where it functions as the main SREBP transcription factor for lipogenesis. 

 

The Fatty Acid Synthesis Genes 
The primary regulation of de novo FA synthesis in ruminants involves two lipid-connected genes, specifically FASN and ACACA, which 

direct the process. During de novo synthesis, FASN operates as a critical enzyme that facilitates the conversion of acetyl-CoA, together with 

malonyl-CoA, into palmitic acid. The ACACA protein functions as an essential enzyme promoting the rate-limiting carboxylation reaction from 

acetyl-CoA to malonyl-CoA in fatty acid synthesis (Otto et al., 2023). After its formation as the last product of FA synthesis, the palmitic acid 
compound can experience further modifications. The compound's carbon structure allows for lengthening through elongation steps or 

transformation into unsaturated fatty acids with the helper enzyme desaturase. The three principle desaturases in animal tissues are Δ5 

desaturase (FADS1), Δ6 desaturase (FADS2), and Δ9 desaturase (SCD). The FADS1 and FADS2 genes encode enzymes that synthesize PUFAs 

from 18-carbon precursors, including linoleic acid. On the other hand, Δ9 desaturase (SCD) produces monounsaturated fatty acids (palmitoleic 

and oleic, respectively) from their saturated parent fatty acids (palmitic and stearic, respectively). (Abebe et al., 2023; Waters et al., 2009). 
Additionally, SCD mediates the conversion of trans vaccenic acid into CLA. Vaccenic acid desaturation by SCD supplies the bulk (over 80%) of 

the total CLA present in the tissues. Since increased expression of SCD may increase the level of CLA in muscle tissue, which has a positive 

impact on human health (Scollan et al., 2023).  

In ruminants, FADS1 and FADS2 do not play as significant a role as they do in monogastric animals, primarily because their substrates, 
PUFAs, are largely saturated through ruminal biohydrogenation. In contrast, SCD plays a more direct role by converting saturated FAs into 

monounsaturated FAs. According to Ladeira et al. (2018), the expression of the SCD gene can be viewed as a marker for intramuscular fat 

accumulation. Moreover, there were strong relationships between SCD polymorphisms and monounsaturated FA content as well as CLA levels 

in intramuscular fat.  
The FA profile of ruminant meat can be modified by dietary factors such as dietary FA composition through modulation of the lipogenic 

gene expressions. Dietary FAs, in particular PUFAs, can regulate the expression of these lipogenic genes through subsequent regulation of 
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SREBPs. PUFA intake decreases SREBP-1c expression and leads to lower expression of lipogenic genes ACACA and FASN, which increases de 

novo FA synthesis (Herdmann et al., 2010). According to Otto et al. (2023), FASN gene activity showed negative correlation patterns with n-3 

PUFA levels. The dietary intake of higher n-3 PUFA blocks SREBF1 activation along with lipogenic gene expression and de novo lipogenesis 
formation (Hiller et al., 2011). 

Research demonstrates that n-3 polyunsaturated fatty acids suppress SCD1 gene activity among multiple animal species (Ladeira et al., 

2018; Abebe et al., 2023). The decrease of SCD1 expression transforms meat fatty acid profiles by raising saturated fat amounts plus CLA 

isomers like vaccenic acid while leading to drops in monounsaturated fatty acids, including oleic acid and palmitoleic acid (Orrù et al., 2010). 
It has been demonstrated by Herdmann et al. (2010) that bulls fed greater n-3 PUFA diets have less SCD1 expression in muscle tissue, lower 

CLA isomers in muscle tissue, and lower oleic acid in muscle tissue. Additionally, growing cattle-fed diets rich in PUFA (palm oil or soybean oil) 

downregulated the SCD1 in the subcutaneous adipose tissue. (Choi et al., 2015). It was reported that SCD, FABP4, and ACAC genes were 

upregulated in the muscles of fattening cattle whose diets were supplemented with soybean seeds with high linoleic acid content, and high 
SCD1 expression increased the amount of CLA in the muscles (Oliveira et al., 2014). Ladeira et al. (2019) detected a significant positive 

correlation between SCD expression and SREBF1 and also reported increases in SCD expression in the muscle tissue of cattle fed cottonseed. 

The study led by Choi et al. (2013) showed that oleic acid, together with linoleic acid, reduced SCD1 gene activity within bovine tissues. The 

research shows monounsaturated fatty acids alongside polyunsaturated fatty acids as inhibitors of SCD1 gene expression in adipose tissue. 
Analysis of the collected data shows that dietary fatty acid profile influences SCD1 gene expression levels, demonstrating that reduced expression 

of this lipogenic gene matches declines in monounsaturated fatty acids and polyunsaturated fatty acids concentrations. 

 

The Fatty Acid Uptake and Transport Genes 

De novo FA synthesis, along with dietary fatty acids from the bloodstream, serve as the main pathways for adipocyte triglyceride 
accumulation. Specific lipoproteins with triglyceride content undergo breakdown by the enzyme lipoprotein lipase (LPL), which produces free 

fatty acids (FFAs). Cells and tissues receive FFAs via the mediatory action of targeted transport proteins. There are three main groups of fatty 

acid transporters that transport fatty acids into cells: fatty acid translocase (CD36), fatty acid transport proteins (FATPs), and fatty acid binding 

proteins (FABPs). In addition, free fatty acid receptors (FFARs) are sensors for specific FFAs and make a link between dietary fatty acids and 
metabolic and gene regulatory pathways. These receptors have been involved in the modulation of the activity of genes like CD36 and FABP4, 

which are genes that indirectly indicate the accumulation of FA in meat (Kimura et al., 2019). 

FABP4 (fatty acid-binding protein 4) functions as the main fatty acid transport protein expressed in muscle cells and adipocytes, where it 

modulates fatty acid deposition, influencing both meat marbling and quality. According to Jurie et al. (2007), FABP4 can be used as an 
intramuscular adipocyte marker. Intracellular transporter FABP4 is a very important FFA carrier in metabolic pathways to store or produce 

energy. Research shows that animals consuming high-energy diets express LPL and FABP genes at higher levels than animals following low-

energy diets (Oliveira et al., 2014). Increased intake of dietary energy causes levels of circulating lipoproteins to elevate. Levels of FABP4 increase 

as a consequence of increased LPL activity. Accordingly, Yang et al. (2017) demonstrate that when yaks consume high-energy diets, they show 

greater expression levels in fatty acid synthase genes (ACACA, FASN, SCD) along with FABP4, which creates changed fatty acid compositions 
within their longissimus muscle.  These findings were consistent with observations that beef cattle fed a soybean diet showed higher gene 

expression levels of both LPL and FABP4 (Oliveira et al., 2014). The soybean diet's higher linoleic acid levels caused the observed difference and 

changed PPAR-α expression, according to researchers. Hydrophobic ligands, along with fatty acids, activate transcription factors from the PPAR 

family, including PPAR-α, PPARβ, and PPARγ. The activity of these transcription factors results in increased expression of the FABP4 gene, 
which shows the highest expression within adipocytes (Pećina and Ivanković, 2021). The dietary fatty acids absorbed by the small intestine 

may regulate the expression of the PPAR-α gene through the positive relationship with the expression of the LPL and FABP4 genes. Therefore, 

if one of these genes is being expressed, the others would be expected to be similarly expressed. However, Otto et al. (2023) reported that the 

ribeye muscle of lambs receiving n-3 PUFA in their diet showed reduced FABP4 gene expression. Despite matching energy content between the 
diets provided to the animals, the authors linked reduced FABP4 gene expression to variations in fatty acid deposition. 

These findings suggest that transport of FA genes, particularly FABP4, is intimately connected to FA production in ruminant tissues. 

Understanding the control of these genes can help us modify the FA composition of meat to meet customer needs for healthier meat products. 

Fatty acid synthesis, transport, and oxidation pathways in ruminants’ adipose tissues have been shown in Figure 1. 
 

Influence of Dietary Fatty Acids on Gene Expression 

By strategically supplementing cattle diets with targeted dietary fats, it is possible to produce meat that is higher in CLA and n-3 PUFAs 

and lower in SFA content and fatty acid composition that better matches current human dietary guidelines (Rizzieri et al., 2018). Recent studies 

have shown that CLA accumulation concurrent with tissues appears to be limited by the apparent inhibitory effect of n-3 PUFA on CLA synthesis 
in tissues (Waters et al., 2009). Through activation of PPARs, n-3 PUFAs suppress expression of SCD (Ebrahimi et al., 2015). CLA synthesis is 

limited by reduced SCD activity because SCD is an essential enzyme that converts trans-vaccenic acid into CLA, as mentioned above (Oliveira 

et al., 2014). Moreover, n-3 PUFAs may inhibit lipogenesis-associated transcription factor SREBF to decrease the expression of FASN and 

ACACA, which are also required for de novo FA synthesis.  Taken together, these metabolic effects render it difficult to simultaneously increase 
CLA and n-3 PUFA levels in meat. 

In contrast, another fat sources, such as those rich in linoleic acid (e.g., sunflower oil and soybean oil), increase SCD and has a less direct 

and indirect effect on PPAR activation (Herdmann et al., 2010). Due to the lower capacity of n-6 PUFAs to activate PPAR than n-3 PUFAs, linoleic 

acid, an n-6 PUFA, has a lower suppressive effect on SCD expression (Ladeira et al., 2018). These fat sources coupled with high starch diets 
promote lipogenesis through upregulation of genes such as SREBF, FASN and ACACA that offset the inhibitory action of PPAR on SCD 

(Velliquette et al., 2009). In addition, feeding with fats containing linoleic acid enhances the ruminal biohydrogenation, stimulating the 
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availability of trans vaccenic acid, an SCD substrate used in CLA production (Teixeira et al., 2017). Therefore, incorporation of these fat sources 

into ruminant diets creates an environment favoring retention or even further stimulation of SCD enzymatic activity, to increase synthesis of 

CLA independently of any limited stimulation of PPAR activity. The balance between SCD and PPAR activity showcases the need to choose and 
formulate dietary fat sources carefully, in order to achieve optimal SCD and PPAR activity. The constrained manipulation of dietary fat sources 

and their appropriate ratios is thus crucial for achieving intended FA profile modifications in meat. 

 

 

Fig. 1: Fatty acid synthesis, 
transport, and oxidation 

pathways in ruminant adipose 

tissues. LPL: Lipoprotein 

lipase; TAG: Triglyceride; 
Transport genes= FFAR: Free 

fatty acid receptors; FATP: 

Fatty acid transport protein; 

CD36: Fatty acid translocase; 
FABP: Fatty acid-binding 

protein / Oxidation genes= 

CPT: Carnitine 

palmitoyltransferase; PPAR: 

Peroxisome Proliferator-
activated Receptor / Fatty acid 

synthesis genes= SREBF1: 

Sterol Regulatory Element-

binding Proteins; SCD: 
Stearoyl-CoA desaturase; 

ACACA: Acetyl-CoA 

carboxylase; FASN: Fatty acid 

synthase. 

 

Conclusion 

Dietary manipulations that alter the availability or absorption of particular fatty acids will directly affect gene expression, including 

expression of genes encoding enzymes of fatty acid synthesis, desaturation, and transport. Ultimately, the coordinated modulation of these 
lipid-related genes establishes the FA composition of ruminant meat. The deposition of these beneficial FAs can be increased in muscle tissues 

if supplemented to ruminant diets with n-3 PUFAs from fish oil, linseed, and algae. However, the simultaneous accumulation of n-3 PUFAs and 

CLA appears to be limited, as n-3 PUFAs decrease the expression and activity of SCD, the major enzyme responsible for converting trans-

vaccenic acid into CLA. Conversely, dietary fat sources rich in linoleic acid, an n-6 PUFA, can enhance SCD activity and promote the synthesis 

of CLA in ruminant tissues. The strategic inclusion of these n-6 PUFA-rich fat sources in ruminant diets while balancing the overall FA profile 
can help achieve the desired improvements in the healthfulness of the final meat product. Ultimately, a comprehensive understanding of the 

relationship between ruminal biohydrogenation and the regulatory mechanisms of lipid-related genes in ruminants is crucial for the successful 

manipulation of the FA composition of meat to meet consumer preferences and nutritional guidelines. By elucidating these complex regulatory 

pathways, researchers and industry can develop more targeted dietary strategies to optimize the fatty acid profile of ruminant-derived meat, 
meeting the increasing consumer demand for healthier and more desirable meat products. 
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