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Abstract 

 

Cis-9, trans-11 conjugated linoleic acid (CLA) is the most common type of CLA found in milk. 

It has gained a lot of attention because it may have several health benefits. This bioactive lipid 

is primarily derived from ruminal biohydrogenation of dietary linoleic acid and endogenous 

synthesis in the mammary gland via Δ9-desaturase activity. Various dietary and management 

strategies influence CLA concentrations in milk, including forage composition, lipid 

supplementation, and grazing practices. CLA-enriched dairy products offer promising 

nutritional advantages, including potential roles in lipid metabolism, body composition 

modulation, and immune function enhancement. Research suggests that cis-9, trans-11 CLA 

may exert anti-inflammatory, anti-carcinogenic, and cardioprotective effects, though the 

underlying mechanisms require further elucidation. Bioavailability and dose-dependent 

responses in human health remain key areas of investigation. Moreover, processing methods 

and storage conditions impact CLA stability in dairy products, necessitating optimized 

production techniques. Future research should focus on precision feeding strategies to enhance 

CLA biosynthesis while ensuring sustainability in dairy production. Integrative approaches 

utilizing genomics, metabolomics, and microbiome analysis may offer deeper insights into 

regulatory mechanisms governing CLA metabolism. Assessing consumer perceptions and 

market potential for CLA-enriched dairy products will be crucial for industry applications. 

Advancing knowledge on CLA’s multifaceted health effects and optimizing its dietary intake 

may contribute to improving both public health and dairy sustainability. 

 

Keywords: Lipid metabolism, milk fatty acids, ruminal biohydrogenation, sustainable dairy, 

trans fatty acids 

 

Introduction 
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Fatty acids are fundamental dietary constituents in both human and animal nutrition, serving 

pivotal functions in energy storage, cellular membrane integrity, and metabolic regulation. 

Within this category, conjugated linoleic acid (CLA), a group of polyunsaturated fatty acids, 

has attracted considerable scientific interest due to its potential health-promoting properties. 

Various isomeric forms of CLA exist, among which the Cis-9, Trans-11 isomer, commonly 

known as rumenic acid, exhibits the highest biological significance. This isomer is 

predominantly present in ruminant-derived products such as milk and meat [1]. Extensive 

research has explored its potential role in mitigating the risk of chronic conditions, including 

cancer, cardiovascular disease, and metabolic syndrome [2]. Given that dairy products 

constitute a major dietary source of Cis-9, Trans-11 CLA, a comprehensive understanding of 

its biosynthesis, dietary sources, and physiological implications is essential for both dairy 

producers and consumers aiming to optimize functional fatty acid intake. 

 

Importance of CLA in Human Health Studies over the past few decades have indicated that 

Cis-9, Trans-11 CLA may exert beneficial effects on lipid metabolism, enhance immune 

function, and possess anti-inflammatory and anti-carcinogenic properties [3]. These benefits 

are thought to stem from its unique molecular structure and the ability to modulate metabolic 

pathways, such as the peroxisome proliferator-activated receptor (PPAR) pathways involved 

in lipid metabolism. However, while there is substantial evidence supporting the health benefits 

of Cis-9, Trans-11 CLA, there is still much to understand about the precise mechanisms 

through which it operates, its optimal intake levels, and the long-term effects on human health. 

Additionally, dietary sources, processing impacts, and variability in CLA content across 

different dairy products and animal feeding systems are areas that require further investigation.  

 

This review aims to provide a comprehensive analysis of Cis-9, Trans-11 CLA in milk, 

discussing its biosynthesis in ruminants, sources in dairy products, and implications for human 

health. It will cover recent advancements in understanding the factors influencing CLA levels 

in milk, including animal nutrition, genetics, and environmental conditions. Furthermore, the 

review will explore the current scientific evidence regarding the potential health benefits of 

Cis-9, Trans-11 CLA, while highlighting areas where further research is needed. 

 

Biosynthesis 

 

Microbial biohydrogenation 
 

In ruminants, the biosynthesis of Cis-9, Trans-11 CLA primarily occurs through the microbial 

biohydrogenation of linoleic acid within the rumen. This transformation is mediated by specific 

strains of rumen bacteria, particularly those belonging to the genus Butyrivibrio fibrisolvens 

[4]. Linoleic acid, classified as a polyunsaturated fatty acid, undergoes partial 

biohydrogenation by these microbial populations, resulting in the formation of Cis-9, Trans-11 

CLA, which is subsequently absorbed through the rumen wall and integrated into milk fat [5]. 

The microbial fermentation of plant-derived substrates within the rumen plays a crucial role in 

this biochemical process. When cows ingest linoleic acid-rich feedstuffs, such as grasses or 

cereal grains, ruminal microorganisms metabolize these compounds, leading to the production 

of CLAs [6]. The efficiency of this conversion is influenced by several factors, including 

dietary composition, ruminal pH, and the dynamics of microbial populations. 

 

Pathways of CLA Formation 
 

The formation of Cis-9, Trans-11 CLA in ruminants can occur via two main pathways: 
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1. The initial phase of CLA biosynthesis in ruminants involves the isomerization of 

dietary linoleic acid (C18:2) into Cis-9, Trans-11 CLA, a process mediated by specific 

rumen bacteria. This pathway represents the principal mechanism for CLA formation 

within the rumen. Once synthesized, Cis-9, Trans-11 CLA is absorbed into the 

bloodstream and subsequently transported to the mammary gland, where it is integrated 

into milk fat [7]. 

2. An alternative pathway for CLA synthesis involves the desaturation of vaccenic acid 

(trans-11 octadecenoic acid), a trans-fatty acid generated during the biohydrogenation 

of linoleic and linolenic acids in the rumen. This conversion is catalyzed by the enzyme 

Δ-9 desaturase in the mammary gland, facilitating the transformation of vaccenic acid 

into Cis-9, Trans-11 CLA, which is subsequently incorporated into milk fat [8]. 

Both pathways highlight the critical role of the rumen microbial population in CLA production. 

Manipulating these microbial populations through dietary interventions offers a potential 

strategy for enhancing CLA content in milk, which has become a focus of both academic 

research and industry practice. 

 

Factors Affecting Biosynthesis 
 

Several factors influence the biosynthesis of Cis-9, Trans-11 CLA in ruminants, including: 

 

Dietary Composition 

The composition of the cow's diet is perhaps the most significant determinant of CLA content 

in milk. Diets rich in polyunsaturated fatty acids, particularly linoleic acid, provide the 

substrates necessary for CLA production. Grass-fed cows tend to have higher levels of CLA in 

their milk compared to grain-fed cows due to the higher levels of linoleic and linolenic acids 

in pasture-based diets [9]. 

 

Ruminal pH 

The pH of the rumen influences microbial activity and, consequently, the efficiency of 

biohydrogenation. A lower ruminal pH, often associated with high-grain diets, can inhibit the 

activity of certain rumen bacteria responsible for CLA synthesis, leading to reduced CLA levels 

in milk [10]. 

 

Rumen Microbial Population 

The diversity and abundance of rumen microorganisms are crucial for CLA production [11]. 

Shifts in the microbial population, which can occur due to changes in diet, environmental 

conditions, or animal health, may significantly impact the amount of CLA produced. 

 

Animal Genetics and Breed 

Genetic factors also play a role in CLA biosynthesis. Different breeds of dairy cattle exhibit 

varying abilities to produce and secrete Cis-9, Trans-11 CLA in their milk [12]. Research has 

shown that selective breeding for higher CLA production is a feasible approach for improving 

milk quality. 

 

Environmental Factors 

Environmental factors such as temperature, humidity, and geographic location can also affect 

the composition of forage and, thus, the availability of precursors for CLA synthesis [13]. 

Seasonal variations in pasture quality, for instance, may lead to fluctuations in CLA content in 

milk. 
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Sources of Cis-9, Trans-11 

 

Natural Sources 
 

Cis-9, Trans-11 CLA is primarily present in the milk and dairy products of ruminants such as 

cows, sheep, and goats. These animals produce CLA through the microbial biohydrogenation 

of dietary linoleic acid within the rumen. Consequently, the main dietary sources of Cis-9, 

Trans-11 CLA for humans include dairy products such as milk, cheese, yogurt, and butter [14]. 

The concentration of CLA in these products varies based on multiple factors, including the 

animal’s diet, breed, and lactation stage. 

 

Influence of Animal Diet 
 

Diet plays a crucial role in determining the CLA content in milk. Cows fed diets rich in 

polyunsaturated fatty acids (PUFAs), such as those containing high levels of linoleic acid 

(found in oilseeds, grains, and legumes) or linolenic acid (found in flaxseed), generally produce 

milk with higher CLA concentrations [15]. Conversely, cows fed predominantly grain-based 

diets exhibit lower CLA levels in their milk due to reduced availability of these fatty acids for 

CLA synthesis. 

Grass-Fed vs. Grain-Fed: Grass-fed cows typically produce milk with higher CLA 

levels compared to grain-fed cows. This is because grass and other forage crops contain 

higher amounts of linoleic and linolenic acids [16]. Additionally, the presence of 

various beneficial plant compounds in forage might also contribute to the increased 

CLA content. 

• Supplementation: Supplementing dairy cow diets with specific oils, such as flaxseed 

oil, can enhance CLA levels in milk. Research has demonstrated that feeding cows with 

flaxseed or fish oil increases the concentration of CLA due to the high linolenic and 

eicosapentaenoic acid (EPA) content, respectively [17]. 

 

Seasonal and Geographical Variations 
 

Seasonal changes and geographical location can influence CLA content in milk. During grazing 

seasons, when cows consume fresh pasture, CLA levels in milk are typically higher. In contrast, 

during winter or periods when cows are fed stored forage or concentrates, CLA levels may 

decrease [18]. Geographic variations also affect CLA levels, as pasture quality and composition 

can vary significantly across regions. 

• Seasonal Variation: Studies have shown that CLA levels in milk are higher in the 

spring and summer when cows graze on lush green pastures rich in linoleic and linolenic 

acids. In contrast, CLA concentrations are lower in the winter when cows are fed silage 

or grain-based diets [19]. 

• Geographical Variation: Regional differences in pasture composition and feeding 

practices contribute to variability in CLA levels. For instance, pastures in temperate 

regions may have different fatty acid profiles compared to those in tropical areas, 

impacting CLA concentrations in milk. 

 

Genetic and Breed-Specific Variations  
 

Different dairy cattle breeds show variability in CLA production. Some breeds are genetically 

predisposed to produce higher amounts of CLA due to differences in their metabolism and 

rumen microbiota. 
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• Breed-Specific Production: Research has identified certain breeds, such as Jerseys and 

Guernseys, as having higher CLA levels in their milk compared to Holsteins. This 

variability is influenced by factors including genetic predisposition, metabolic rate, and 

the efficiency of CLA synthesis in the rumen. 

• Genetic Selection: Selective breeding for enhanced CLA production is a promising 

approach [20]. Genetic studies are ongoing to identify markers associated with higher 

CLA levels, which could help in developing breeding programs aimed at increasing 

CLA content in milk. 

 

Impact of Processing 

 

Effects of Pasteurization  
 

Pasteurization is a common process used to kill pathogenic microorganisms in milk, but it can 

also affect the concentration of bioactive compounds, including Cis-9, Trans-11 CLA. 

• Temperature and Duration: Pasteurization involves heating milk to a specific 

temperature for a certain period. Research suggests that while the thermal processing 

involved in pasteurization can lead to some degradation of CLA, the extent of this loss 

is generally minimal. Studies have shown that CLA levels are relatively stable under 

standard pasteurization conditions (e.g., 72°C for 15 seconds). However, higher 

temperatures or prolonged heating might lead to greater losses [21]. 

• Milk Fat Content: The effect of pasteurization on CLA may also vary with the fat 

content of the milk. Whole milk, with its higher fat content, might experience different 

impacts compared to skim or low-fat milk. The concentration of CLA in cream, for 

example, may be more affected than in skim milk. 

 

Effects of Homogenization  
 

Homogenization is another common milk processing step that breaks down fat globules to 

improve milk consistency and prevent cream separation. 

• Fat Globule Size: Homogenization can alter the physical state of milk fat, potentially 

affecting the distribution of CLA. The process breaks down fat globules into smaller 

sizes, which might influence the bioavailability and stability of CLA. However, 

research indicates that homogenization does not significantly impact the overall CLA 

content in milk [22]. 

• Interaction with Other Processing Steps: The combined effects of homogenization 

and pasteurization on CLA levels may be more pronounced. Studies suggest that while 

individual processing steps have minimal impact, their combined effect might lead to 

slight reductions in CLA concentrations. 

 

Effects of Cheese and Yogurt Production  
 

Cheese and yogurt production involves fermentation and aging processes that can impact CLA 

levels. 

• Fermentation: The fermentation process used in cheese and yogurt production can 

influence CLA content. Certain strains of bacteria used in fermentation might produce 

or degrade CLA. Generally, the fermentation process tends to preserve or even enhance 

CLA content in dairy products, depending on the bacterial strains used [23]. 

• Aging: The aging process in cheese production can also affect CLA levels. Longer 

aging periods may result in changes in CLA concentrations, though the impact is often 
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minimal. The type of cheese and its processing conditions play a role in determining 

the final CLA content [24]. 

 

Storage and Shelf Life  
 

Storage conditions and shelf life of milk and dairy products can affect CLA stability. 

• Temperature: Long-term storage at high temperatures can lead to degradation of CLA 

[25]. It is recommended to store dairy products at refrigeration temperatures to 

minimize CLA loss. 

• Packaging: Packaging materials and exposure to light can also impact CLA stability 

[26]. Light exposure, in particular, can lead to the oxidation of fatty acids, including 

CLA. 

 

Mechanisms of Action 

 

Cellular and Molecular Mechanisms  
 

Cis-9, Trans-11 CLA exerts its effects through various cellular and molecular mechanisms, 

influencing metabolic pathways and gene expression. 

• PPAR Activation: CLA activates peroxisome proliferator-activated receptors 

(PPARs), which play a crucial role in regulating lipid metabolism, glucose homeostasis, 

and inflammation [27]. Activation of PPARα and PPARγ by CLA results in enhanced 

fatty acid oxidation, reduced fat accumulation, and improved insulin sensitivity [28]. 

• Modulation of Lipid Metabolism: CLA influences lipid metabolism by altering the 

activity of enzymes involved in fat synthesis and oxidation [29]. It reduces the 

expression of lipogenic enzymes while promoting the activity of fatty acid oxidation 

enzymes. 

 

Anti-Inflammatory Effects  
 

Cis-9, Trans-11 CLA has significant anti-inflammatory properties, which contribute to its 

potential health benefits. 

• Inflammatory Mediators: Cis-9, Trans-11 CLA exhibits notable anti-inflammatory 

properties, contributing to its potential health benefits. It modulates inflammatory 

mediators by reducing the production of pro-inflammatory cytokines such as TNF-α, 

IL-6, and IL-1β while influencing the expression of inflammatory transcription factors 

like NF-κB, which are implicated in chronic inflammation [30]. 

• Oxidative Stress: Additionally, CLA mitigates oxidative stress by enhancing the 

activity of antioxidant enzymes and lowering reactive oxygen species (ROS) levels, 

[31], [32]. This contributes to its protective effects against oxidative damage and 

inflammation. 

 

 Immune System Modulation  
 

CLA modulates the immune system by influencing immune cell function and signaling 

pathways. 

• Immune Cell Activity: CLA enhances the functionality of key immune cells, including 

macrophages, T-cells, and natural killer cells, thereby strengthening immune responses. 

By modulating immune cell activity, CLA improves the body's capacity to combat 

infections and diseases, contributing to overall immune resilience [33], [34]. 
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• Regulation of Immune Responses: CLA modulates immune responses by influencing 

cytokine production and regulating immune cell differentiation. This regulatory effect 

contributes to immune system balance, enhancing defense mechanisms while 

mitigating excessive inflammatory reactions [33]. It promotes a balanced immune 

response and reduces excessive inflammation. 

 

Potential Mechanisms in Cancer Prevention  
 

The cancer-preventive effects of CLA are attributed to several mechanisms. 

• Apoptosis Induction: CLA induces apoptosis (programmed cell death) in cancer cells 

by activating intrinsic and extrinsic apoptotic pathways [35]. It enhances the expression 

of pro-apoptotic proteins while reducing anti-apoptotic proteins. 

• Inhibition of Tumor Growth: CLA inhibits tumor cell proliferation and angiogenesis 

(formation of new blood vessels) required for tumor growth. It also affects signaling 

pathways involved in cell cycle regulation and metastasis [36]. 

 

Nutritional Benefits 

 

Lipid Metabolism  
 

Cis-9, Trans-11 CLA has been shown to influence lipid metabolism, including the modulation 

of fat storage and oxidation processes. It promotes fat loss and can improve body composition 

by altering adipocyte (fat cell) metabolism. 

• Fat Reduction: Studies have demonstrated that Cis-9, Trans-11 CLA can reduce body 

fat by increasing fatty acid oxidation and decreasing fat storage in adipose tissues [37]. 

It achieves this by activating PPARs (peroxisome proliferator-activated receptors), 

which play a role in regulating lipid metabolism. 

• Muscle Mass: CLA has been found to positively affect lean body mass by promoting 

muscle hypertrophy and reducing fat deposition [37]. This effect is particularly 

beneficial for individuals aiming to improve body composition and overall health. 

 

Anti-Carcinogenic Properties 
 

The anti-cancer properties of Cis-9, Trans-11 CLA have been extensively studied, with 

evidence suggesting it may inhibit the growth of various types of cancer cells. 

• Mechanisms of Action: CLA exerts its anti-cancer effects through several 

mechanisms, including induction of apoptosis (programmed cell death), inhibition of 

tumor cell proliferation, and modulation of immune responses [38]. It has shown 

potential in reducing the incidence of cancers such as breast, colon, and prostate cancer. 

• Clinical Evidence: Clinical trials and animal studies have supported the anti-cancer 

benefits of CLA, although results are sometimes mixed. More research is needed to 

fully understand its efficacy and potential as a therapeutic agent. 

 

Cardiovascular Health  
 

Research indicates that Cis-9, Trans-11 CLA may have beneficial effects on cardiovascular 

health by influencing lipid profiles and reducing inflammation. 

• Cholesterol Levels: CLA has been shown to lower levels of LDL (low-density 

lipoprotein) cholesterol [39] while increasing HDL (high-density lipoprotein) 

cholesterol, which contributes to better cardiovascular health. 
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• Inflammation: CLA has anti-inflammatory properties that may help reduce the risk of 

cardiovascular diseases [40], [41]. By modulating inflammatory markers and 

improving endothelial function, CLA contributes to overall heart health. 

 

Immune Modulation  
 

Cis-9, Trans-11 CLA is known to have immunomodulatory effects, which can enhance 

immune function and protect against infections and diseases. 

• Immune Response: CLA can boost the activity of various immune cells, including 

macrophages and T-cells, improving the body’s defense mechanisms against pathogens 

[34]. 

• Anti-Inflammatory Effects: The fatty acid also has anti-inflammatory effects that can 

help manage chronic inflammatory conditions, supporting overall immune system 

health. 

 

Other Potential Benefits  
 

Cis-9, Trans-11 CLA may offer additional health benefits, including: 

• Anti-Diabetic Effects: CLA has been suggested to improve insulin sensitivity and 

reduce the risk of type 2 diabetes [42]. It may help in regulating blood glucose levels 

and enhancing glucose metabolism. 

• Bone Health: Some studies suggest that CLA might play a role in bone health by 

influencing bone density and mineralization [43], although more research is needed to 

confirm these effects. 

 

Implications for Human Health 

 

Impact on Metabolic Health  
 

Cis-9, Trans-11 CLA has various implications for metabolic health, particularly in managing 

obesity and diabetes. 

• Weight Management: CLA is associated with reduced body fat and improved body 

composition. It has been shown to promote fat loss while preserving lean muscle mass, 

making it beneficial for weight management [44]. 

• Insulin Sensitivity: CLA improves insulin sensitivity and glucose metabolism, which 

can help in managing and preventing type 2 diabetes. It influences insulin signaling 

pathways and reduces insulin resistance [45], [46]. 

 

Cardiovascular Health  
 

The impact of CLA on cardiovascular health is significant, with potential benefits for heart 

disease prevention. 

• Cholesterol Levels: CLA helps in lowering LDL cholesterol and increasing HDL 

cholesterol, contributing to a healthier lipid profile and reducing the risk of 

cardiovascular diseases [44]. 

• Blood Pressure: Some studies suggest that CLA may have beneficial effects on blood 

pressure regulation, although results are variable. It may influence vascular function 

and reduce hypertension risk [47]. 
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Cancer Prevention and Management  
 

CLA’s potential role in cancer prevention and management is an area of active research. 

• Cancer Risk Reduction: CLA has been shown to reduce the risk of various cancers, 

including breast, prostate, and colon cancer [48], [49], [50]. Its mechanisms include 

apoptosis induction, inhibition of tumor growth, and modulation of immune responses. 

• Therapeutic Potential: CLA may have potential as an adjunct therapy in cancer 

management, helping to improve treatment outcomes and reduce side effects [51], [52]. 

However, further clinical trials are needed to confirm its efficacy and safety. 

 

Bone Health  
 

The effects of CLA on bone health are an emerging area of interest. 

• Bone Density: Some studies suggest that CLA may have a positive impact on bone 

density and mineralization. It could potentially help in preventing osteoporosis and 

maintaining bone health [53]. 

• Bone Metabolism: CLA influences bone metabolism by affecting osteoblast and 

osteoclast activity. It may promote bone formation and inhibit bone resorption [53]. 

 

Immune System Health  
 

CLA’s effects on immune system health include enhancing immune function and reducing 

inflammation. 

• Immune Response: CLA supports a healthy immune system by improving immune 

cell activity and modulating immune responses. It can help in protecting against 

infections and autoimmune diseases [54]. 

• Inflammatory Diseases: CLA’s anti-inflammatory properties may benefit individuals 

with chronic inflammatory conditions, such as rheumatoid arthritis and inflammatory 

bowel disease [34]. 

 

Enhancing CLA Content in Milk 

 

Genetic Selection for Higher CLA Production 

Genetic selection represents a promising approach to enhance the concentration of Cis-9, 

Trans-11 CLA in milk. This strategy leverages the genetic variability within dairy cattle 

populations to increase CLA levels through selective breeding. The genetic basis for CLA 

synthesis in ruminants involves several key factors, including the efficiency of rumen microbial 

processes and the metabolic pathways involved in CLA production. 

• Genetic Variability: Research has demonstrated that different dairy breeds and even 

individual animals within a breed exhibit significant variability in CLA levels [55], 

[56]. This variability can be attributed to genetic differences affecting the rumen 

microbiota composition and the efficiency of the microbial biohydrogenation process. 

By identifying and selecting animals with naturally higher CLA levels, breeders can 

increase the overall CLA content in milk. 

• Genetic Markers: Advances in molecular genetics have enabled the identification of 

genetic markers associated with higher CLA production. For example, polymorphisms 

in genes related to fatty acid metabolism and rumen function can serve as markers for 
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selective breeding programs. By incorporating these markers into breeding decisions, 

it is possible to enhance CLA levels more systematically and efficiently [57]. 

• Selective Breeding Programs: Implementing selective breeding programs requires a 

comprehensive understanding of the genetic factors influencing CLA production. 

Breeding strategies might involve crossbreeding between high-CLA breeds or selecting 

superior sires and dams based on their CLA levels. Such programs should also consider 

other traits to ensure overall productivity and health of the animals are maintained or 

improved. 

Dietary Strategies 

Dietary strategies play a crucial role in modulating the CLA content in milk. The composition 

of the diet directly influences the fatty acid profile of milk through the ruminal 

biohydrogenation of dietary fats. Various feeding practices and supplements have been 

investigated to enhance CLA levels. 

• Plant Oils: Incorporating plant oils rich in polyunsaturated fatty acids (PUFAs), such 

as linoleic acid (LA) and alpha-linolenic acid (ALA), can significantly increase CLA 

concentrations in milk [58]. For instance, feeding cows with oils like soybean oil, 

sunflower oil, or canola oil provides high levels of LA, which is a precursor for CLA 

synthesis in the rumen. 

• Flaxseed: Flaxseed is particularly effective in increasing CLA levels due to its high 

content of ALA, a form of omega-3 fatty acid. ALA is converted to CLA through 

ruminal biohydrogenation. Research has shown that supplementing dairy cow diets 

with flaxseed or flaxseed oil can lead to significant improvements in CLA content in 

milk [17]. Additionally, flaxseed offers other health benefits such as improving the 

overall fatty acid profile of the milk. 

• Forage-Based Diets: Feeding dairy cows with fresh pasture or high-quality forages can 

also enhance CLA levels. Pasture-based diets are rich in PUFAs, particularly LA and 

ALA, which contribute to higher CLA concentrations in milk [59]. Strategies to 

optimize pasture management, such as improving pasture quality and including 

legumes, can further boost CLA levels. 

• Dietary Supplementation: Supplementing diets with specific additives such as rumen-

protected fats or bioactive compounds can also improve CLA content. For example, 

rumen-protected CLA supplements are designed to deliver CLA directly to the 

intestines, bypassing the rumen and enhancing its absorption and availability [60]. 

Biotechnological Approaches 

Biotechnological methods offer innovative solutions for enhancing CLA content in milk 

through microbial and enzymatic processes. These approaches focus on optimizing or 

modifying the biological pathways involved in CLA synthesis. 

• Microbial Enhancement: The rumen microbiota plays a critical role in the 

biohydrogenation of dietary fats to produce CLA [61]. Biotechnological approaches 

aim to enhance the activity of specific microbial populations or introduce beneficial 

microorganisms that increase CLA production. For example, selective breeding or 

genetic modification of rumen bacteria to enhance their CLA-producing capabilities 

could lead to higher CLA levels in milk [62]. 
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• Enzymatic Methods: Enzymatic interventions involve the use of specific enzymes to 

improve the conversion of dietary fatty acids into CLA. Research has explored the use 

of enzymes such as linoleic acid isomerases, which can catalyze the formation of CLA 

from LA [63]. Incorporating these enzymes into dairy cow diets or feed additives could 

enhance CLA synthesis in the rumen and subsequently increase its concentration in 

milk. 

• Genetic Engineering: Advances in genetic engineering offer potential for directly 

modifying the metabolic pathways involved in CLA synthesis. Techniques such as gene 

editing (e.g., CRISPR/Cas9) could be employed to enhance the expression of genes 

responsible for CLA production in rumen microbes or dairy cattle. This approach could 

lead to more efficient production of CLA and higher levels in milk. 

• Fermentation Technology: Utilizing fermentation technology to produce CLA-rich 

feeds or additives for dairy cows is another promising biotechnological approach. For 

instance, fermentation processes can be used to produce concentrates or supplements 

enriched with CLA or its precursors [64]. Incorporating these fermented products into 

dairy cow diets could enhance CLA levels in milk. 

Conclusion 

 

The review has explored the sources, nutritional benefits, and implications for human health of 

Cis-9, Trans-11 CLA in milk. Cis-9, Trans-11 CLA is a bioactive fatty acid with significant 

potential health benefits, including its impact on metabolic health, cardiovascular health, 

cancer prevention, and immune system function. The content of CLA in milk is influenced by 

various factors including animal diet, processing methods, and genetic factors. Future research 

should focus on addressing the existing gaps, optimizing production practices, and further 

exploring the health implications of CLA. By enhancing our understanding and improving the 

availability of CLA-rich dairy products, we can better leverage this fatty acid's health benefits 

and contribute to improved public health outcomes.  

 

Future directions 

 

Future research on cis-9, trans-11 conjugated linoleic acid (CLA) in milk should focus on 

optimizing its natural enrichment through targeted dietary interventions in dairy cattle, such as 

strategic forage selection and lipid supplementation. Advanced metabolic and genomic studies 

are needed to elucidate regulatory pathways influencing CLA biosynthesis in the rumen and 

mammary gland. Investigating the bioavailability and long-term health effects of CLA in 

human nutrition, particularly its role in metabolic disorders, cardiovascular health, and immune 

modulation, remains essential. Novel processing techniques should be explored to preserve 

CLA stability in dairy products without compromising nutritional integrity. Additionally, 

consumer-driven studies should assess the market potential and acceptance of CLA-enriched 

dairy products. Sustainable dairy production models incorporating CLA enhancement 

strategies while minimizing environmental impacts should be prioritized. Integrating multi-

omics approaches with precision livestock feeding may offer new insights into enhancing CLA 

content, thereby maximizing its nutritional and therapeutic benefits. 
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