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Dietary manipulations to alter milk fat 

composition 
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Dinesh Thakur, Pramod Sharma and BP Singh 

 
Abstract 
Milk is one of the healthiest foods and consumption of dairy products is linked with overall diet quality 

as it is rich in essential nutrients like minerals, vitamins and easily digestible proteins with balanced 

amino acid profile. Intake of dairy foods is also associated with favorable health effects ahead of pure 

nutritional value. It has been documented for many years that diet plays an important role as a risk factor 

for chronic diseases in humans. Consequently, a great attention is being given to manipulate the fatty acid 

(FA) profile of milk fat to respond to consumer concerns.  

Till date, major emphasis has been given to increase the amount of milk but in today’s scenario, more 

emphasis should be given to increase the quality of milk. The lower level of saturated fatty acids (SFA) 

in milk is desired in conjunction with an increased amount of cis-mono unsaturated fatty acid (MUFA) 

and cis- poly unsaturated fatty acid (PUFA).There are many factors which affect concentration of FA but 

animal’s diets appear to be the most important. In non-ruminants, milk FA composition reflects FA 

composition of their diets. In ruminants, however, the majority of dietary unsaturated FA 

isbiohydrogenated in the rumen and many new FA of bacterial origin are introduced into the milk which 

makes it difficult to control FA composition of milk by dietary means. 

Feeding high good quality roughage diets combined with dietary fat can be used to modify the FA profile 

of milk. Supplementation of oilseeds/ vegetable oils/ bypass fat to ruminant diets can be done to modify 

lipid metabolism in the mammary gland which leads to modulating the profile of milk fatty acids. Dietary 

manipulations in dairy animals have several opportunities in altering milk fatty acid profile and 

enhancing its nutraceutical properties which will be a boon to the health conscious people.   

 

Keywords: dietary manipulations, omega 3, 6 fatty acid, CLA 

 

1. Introduction 
Milk is one of the healthiest foods and consumption of dairy products is linked with overall 

diet quality as it is rich in essential nutrients like minerals, vitamins and easily digestible 

proteins with balanced amino acid profile. Along with grains, meats, vegetables and fruits, 

dairy products are also considered as nutrient dense foods that is delivering several nutrients 

with relatively low energy content and health throughout the life cycle. Intake of dairy foods is 

also associated with favorable health effects for humans [5].The milk fatty acids (FA) are 

derived almost equally from two sources, the feed and the microbial activity in the rumen of 

the cow and after biosynthesis in the mammary gland. On an average, percent fat composition 

of bovine milk is 4%, out of which 97-98% are triacylglycerides. The bovine milk FA 

typically contains a high percentage of saturated fatty acids(SFA) and monounsaturated fatty 

acids (MUFA) comprising 69.4 and 25%, respectively. Further, 5% poly unsaturated fatty 

acids (PUFA) are present in bovine milk which accounts for 2.3% cis-PUFA and 2.7% trans-

PUFA. The milk fat contains 0.4% conjugated linoleic acid (CLA) with many different 

isomers including predominantly cis-9, trans-11 CLA (75-90% of total CLA). The trans FA 

represent approximately 4% of total milk FA [21]. Conversely, these average figures could be 

largely altered by use of various breeding and feeding strategies. 

In some studies and milk enriched with n-3 PUFA and oleic acid (C18: 1 cis-9) has been 

reported to decrease the incidences of CVD [3].  

There are many intrinsic factors like stage of lactation, pregnancy status, breed or genotype 

and extrinsic factors like nutrition, season etc. which affect FA composition of bovine milk, 

but in this seminar we are only focusing on manipulation in feeding strategies through which 

the FA composition of milk might be improved by reducing percentage of SFA and increasing 

beneficial fraction of MUFA/PUFA. 
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2. Dietary manipulations to alter milk fat composition  

Food products obtained from animals play an important role 

on account of their composition in FA and impact on human 

health. A number of researchers have focused on the influence 

of nutrition on the composition of bovine milk fat because the 

fat component of milk is particularly amenable to dietary 

modification. The main nutritional factors affecting milk fat 

composition include the forages intake, and supplemental fats 

and oils which can influence the milk FA composition by 

providing dietary preformed FA by influencing the rumen 

production of precursors for de novo synthesis by affecting 

rumen microbial FA synthesis and by ruminally produced 

specific FA that either inhibit or stimulate de novo synthesis [22]. 

Many researchers have focused on conjugated linoleic acid 

(CLA) composition of milk since last three decades. The 

increased interest in CLA is attributed to its probable health 

benefits such as anticarcinogenic, antiatherogenic, 

antidiabetic and antiadipogenic. The richest sources of CLA 

for humans are food products from ruminants, with milk 

containing higher concentrations than meat. 

According to [1] ideal milk fat for human health should contain 

less 10% poly unsaturated fatty acids (PUFA), less than 8% 

saturated fatty acids (SFA), and more than 82% mono 

saturated fatty acids (MUFA) as shown in Table 1. Although 

it may not be possible to achieve this ideal milk fat 

composition but manipulation of milk fat composition up to 

some extent is possible through altering the feeding practices 

for dairy cows.  

 
Table 1: Composition of typical and ideal milk fat 

 

Fatty Acids Ideal Milk Fat Typical Milk Fat 

PUFA (including ω-3) <10% 5% 

MUFA >82% 25% 

SFA <8% 70% 

 

Therefore, main objectives of modification of milk fat are: 

a. Decreasing saturated fatty acids (SFA) and increasing 

unsaturated fatty acids (USFA) level in milk  

b. Increasing conjugated linoleic acid (CLA) level 

c. Reducing cholesterol content  

 

A) Decreasing SFA & increasing USFA level in milk  

a) Pasture grazing  

There are differences in the FA composition depending on the 

botanical composition of pasture that is within plant species, 

among grazing seasons and phenological stages of different 

plants. Dairy cows on herbage based diets derive FA for milk 

fat synthesis from the diet, rumen microorganisms, from 

adipose tissues and from de novo biosynthesis in the 

mammary gland.  

Diets based on pasture and grass silage canimprove the 

nutritional quality of milk bychanging their FA composition 

toward less saturated FA and more polyunsaturated FA 

especially omega-3 FA [22]. Feeding system basedon grazing is 

known to increase the proportion of beneficial FA. Increasing 

proportion of fresh grass in the dietinduced a linear decrease 

in milk fat content and alinear increase in USFA percentages 

at the expense of SFA [6].  

Grazing or feeding of diversified grasses resulted in the 

production of milk fatricher in alpha lipoicacid (ALA) and 

CLA [16]. In dairy cows, milk from Alpine pasture contained 

high erconcentration of CLA and ALA along with 

lowercontent of saturated medium chain fatty acids(MCFA) 

than milk from lowlands. An increase in CLA and ALA 

content was reported in milk fat obtained from cows grazing 

in alpine pasture as compared to cows fed silage and 

concentrates that is barn fed[14]. The increased content and 

proportion of CLA and vaccenic acid were observed in milk 

fat from high altitudes as compared to that from upland 

probably due to the high content of PUFA in some fodder 

species such as Leontodonhispidus, Birds foot trefoil and 

Lotus corniculatus.  

 

b) Forage to concentrate ratio  

Increase forage to concentrate ratio in feeding of animals have 

positive effect on increasing the concentration of desirable 

fatty acids. Beyero et al. (2015) compared the effect of diets 

having different roughage to concentrate ratios- 50:50 (T1); 

60:40 (T2); and 70:30 (T3) on milk yield and its fatty acid 

composition in crossbred dairy cows (Table 2 and 3). They 

reported that milk cholesterol level in T3 was lowered by 

13.35 and 8.27% as compared to T1 and T2, respectively. The 

concentrations of total long chain fatty acids (TLCFA),total 

unsaturated fatty acids (TUFA), MUFA and PUFA were 

increased with the increase in roughage level in the diet, 

whereas, SFA level was reduced. PUFA content of milk fat 

(g/100g fat) was increased by 141.75% in T3 over T1. Total 

CLA production (mg/g fat) in T3 was increased by 50.92% 

over T1. Total feeding cost decreased as the level of roughage 

in the ration increased. They concluded that cows producing 

12-14kg of milk/day could be best maintained on a dietary 

regimen of 70% good quality roughage and 30% concentrate 

to have the maximum production of human health beneficial 

conjugated linoleic acid. 

 
Table 2: Milk yield and milk composition of cows fed diets having 

different ratios of roughage: concentrate 
 

Attribute T1 (R:C 50:50) 
T2 (R:C 

60:40) 

T3 (R:C 

70:30) 

Fat yield (kg/d) 0.51±0.02 0.50±0.02 0.49±0.02 

Milk composition (%) 

Fat 3.72±0.03c 3.85±0.04b 3.97±0.04a 

Cholesterol (mg/100ml) 6.03±0.06a 5.76±0.11a 5.32±0.10b 

 
Table 3: Fatty acid composition (g/100g) of milk fat of cows fed diets having different ratios of roughage: concentrate 

 

Attribute T1 (R:C 50:50) T2 (R:C 60:40) T3 (R:C 70:30) 

Total saturated fatty acids 65.19±2.15a 60.86±0.59b 57.53±0.28c 

Total unsaturated fatty acids 30.16±0.29a 36.46±0.36b 40.01±0.2 c 

Total long chain fatty acids 74.00±2.09a 78.70±0.42b 80.35±0.33c 

Monounsaturated fatty acids 27.06±0.35a 31.24±0.2 b 32.55±0.20c 

Polyunsaturated fatty acids 3.09±0.08a 5.22±0.14b 7.47±0.21c 

Total CLA (mg/g fat) 10.31±0.28c 12.10±0.35 b 15.56±0.33a 

 

c) Supplementation of oil seeds or vegetable oils  

Oil seeds are natural sources of fat and protein in diets for 

lactating cows, and are usually fed as whole or crushed. Fat 

supplements such as oilseeds are commonly added to 

ruminant diets to increase caloric density and to enhance the 

proportions of desirable unsaturated fatty acids in edible 
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products.The oil of some seeds including soybean, rapeseed, 

cottonseed and sunflower seeds etc. are good sources of 

unsaturated fatty acids. The addition of oilseeds and vegetable 

oils or their combination to diets of dairy cows can influence 

the composition of milk, especially the milk fat composition. 

The fat and linoleic acid contents were higher in the group fed 

soybean seeds whereas 16:1 (trans-9), 16:1 (cis-9), 17:0, 17:1 

(cis-9) FA were higher in the group fed sunflower seeds 

[9].CLA and unsaturated fatty acids were increased in group 

supplemented with soybean oil [28]. When diet containing 

whole or ground flaxseed with or without monensin was fed 

to dairy cows, the functional FA(trans-11, 18:1, PUFA, 

MUFA) were higher in the group fed ground flaxseed with 

monensin than other groups. However, SFA level was higher 

in the milk of cows fed whole flaxseed without monensin [7].  

Dai et al. (2011) assigned the animals to four dietary 

treatments and supplemented with no oil (control), 2% 

rapeseed oil (RSO), 2% peanut oil (PNO) and 2% sunflower 

seed oil (SFO) to investigate the effects of supplementing 

different plant oils to the basal diet on milk yield and milk 

composition in mid lactating dairy cows. Their result 

indicated that feeding plant oils increased monounsaturated 

and polyunsaturated fatty acids and decreased saturated fatty 

acids in milk fat as shown in Table 4 below. 

 
Table 4: Effect of oil source on fatty acid composition in milk (% total milk FA measured) 

 

Fatty acids Control RSO PNO SFO 

SFA 63.04a 53.59b 53.70b 53.68b 

MUFA 27.22b 36.77a 35.06a 34.78a 

PUFA 4.25c 4.61ab 5.14a 5.73a 

UFA 31.47b 41.38a 40.20a 40.51a 

 

d.) Combination of fish oil and vegetable oil 

Marine oils derived from fish oil or algae are a rich source of 

omega-3 like eicosapentaenoic acid (EPA) and 

docosahexaenoic acid (DHA) fatty acids. DHA is an omega-3 

FA essential for the structural development of the brain and 

eyes in the infants and maintenance of normal vision and 

neural functions in adults. DHA is also important for heart 

and vascular system and is helpful in relieving inflammatory 

conditions as well as arthritis pain. Combinations of fish oil 

with vegetable oils were tested as supplement in the diet of 

dairy animals by several workers and their results showed that 

fish oil modified fatty acid profile of milk fat and increased 

the proportion of beneficial fatty acids (especially, omega-3, 

omega-6 and omega-3/omega- 6 ratios) for human health.  

Fatahnia et al. (2008) determine the effect of feeding fish oil, 

soybean oil, or their combination on milk production and 

composition of Holstein cows. Experimental diets consisted 

of: 1) control diet; 2) a diet with 3% (DM basis) added fat 

from menhaden fish oil; 3) a diet with 3% added fat from 

soybean oil; and 4) a diet with 1.5% added fat from fish oil 

and 1.5% fat from soybean oil (Table 5). Concentrations of 

total omega-3 fatty acids in milk fat were higher for cows that 

consumed either fish oil containing diet, especially the 3% 

fish oil diet.  

 
Table 5: Fatty acid composition of raw milk from cows fed control (C), fish oil (FO), fish oil with soybean oil (FO+SO), or soybean oil (SO) 

diets (g/100 g of fatty acids) 
 

Fatty acid 
Control (No 

supplemental fat) 
3% FO 3% SO 

1.5% FO + 

1.5% SO 

20:5 (n-3)(EPA) 0.07c 0.24a 0.09c 0.16b 

22:6 (n-3)(DHA) 0.04c 0.22a 0.08bc 0.15ab 

Total n-3 FA 0.87b 1.28a 0.96b 1.18ab 

 

e) Supplementation of bypass fat / rumen protected fat or 

inert fat 

Role of the bypass fat in the rations of the high producing 

dairy animals is very crucial for enhancing the energy density 

of ration. Dietary fat, that resists lipolysis and 

biohydrogenation in rumen by rumen microorganisms, but 

gets digested in lower digestive tract, is known as bypass fat 

or rumen protected fat or inert fat. Moreover, prevention of 

biohydrogenation of polyunsaturated essential fatty acids in 

the rumen subsequently increases their absorption from the 

small intestine potentially increasing the supply of 

polyunsaturated fatty acids to the mammary gland. Such milk 

will be beneficial to those milk consumers who have heart 

problems [27]. 

Supplementation of bypass fats in the diet of lactating cows 

generally decreases the proportions of short and medium 

chain saturated fatty acids (C6:0 to C16:0) of milk fat due to 

reduction in de novo FA synthesis in mammary gland and 

increase in proportions of LCFA (C18:1, C18:2, C18:3) due 

to increased uptake of preformed LCFA from blood [17]. 

During the total lactation (early, mid and late) period, there 

was increase in the total USFA (32.01 to 39.22), LCFA (75.61 

to 77.17) and MUFA (29.68 to 33.53) and decrease in the 

total SFA (63.28 to 54.02) as percentage of the total fatty 

acids of milk due to supplementation of bypass fat in the diet 

of dairy cows [26]. 
[18] Reported that supplementation of calcium salts of palm oil 

fatty acid reduced the proportion of caproic, caprylic and 

capric acids and significantly increased the concentration of 

palmitic, oleic, stearic, linoleic and linolenic acids in milk fat 

with increase in level of bypass fat supplementation in 

lactating crossbred cows.[19]evaluated the utilization of 

different sources of unsaturated long-chain fatty acids in diets 

that is soybean oil (SO) and calcium salts of long chain 

unsaturated fatty acids (CS)for dairy cows during early 

lactation on the milk fatty acid profile. They reported that 

there was a decrease in concentration of medium chain fatty 

acids C12-C16and anincrease in concentrations of long-chain 

fatty acids in milk fat for the animals fed the diets CS and SO 

when compared with diet control.  

 

B) Dietary manipulations to increase conjugated linoleic 

acid (CLA) level in milk 

Conjugated linoleic acids (CLA), a mixture of positional and 

geometric isomers of octadecadienoic acid with conjugated 

double bonds, have a range of potent health effects, including 

suppression of carcinogenesis, antiobese effect, modulation of 

the immune system, reduction in atherosclerosis, diabetes and 
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decreased body fat mass in humans. 

Animal products from ruminants, particularly dairy products 

are the main dietary source of CLA. It is accepted that CLA 

are intermediates in the biohydrogenation of linoleic acid, 

which originate from the incomplete biohydrogenation of 

unsaturated fat by rumen function. 

Plant oils and oil seeds rich in linoleic acid have been shown 

to increase CLA in milk fat of cows[4] and rumen-protected 

(RP)-CLA also showed a similar trend. The following 

strategies can help improving CLA content of milk fat. 

 

a) Pasture grazing and CLA 

Diets based on pasture and grass silage can improve the 

nutritional quality of milk by changing their FA composition 

toward less saturated FA and more polyunsaturated FA. [10] 

Conducted a study in which cows consumed either 1/3, 2/3, or 

all of their daily feed from pasture. They showed that CLA 

concentration in the milk fat was highest for cows on 100% 

pasture (22.1 mg/g of FA), intermediate for cows on 2/3 

pasture (14.3 mg/g of FA), and least for cows receiving 1/3 

pasture (8.9 mg/g of FA) (Fig.1 

 

 
 

Fig 1: Effect of pasture feeding on CLA content in milk 

 

b) Feeding of sunflower seed 
Supplementation of cow and goat diets with vegetable oils 

rich in either linoleic acid (e.g., sunflower or soybean oils) or 

α-linoleic acid (e.g., linseed or rapeseed oils) proved to be an 

effective mean to enhance the cis-9, trans-11-CLA content of 

milk fat, as well as to decrease milk fat SFA.  

He et al. (2004) reported that CLA cis-9, trans-11 

concentration in milk from cows fed diets containing 

sunflower seeds (SS) @ 7% was increased to 7.89 mg g–1 fatty 

acids as compared to non-supplemented cows of control 

group (3.88 mg g–1 fatty acids) as indicated in Table 6. 

 

Table 6: CLA composition (mg g–1 detected FA) of milk in 

cows fed sunflower seed supplemented diet 
 

Fatty acid Control SS 

CLA (c9-t11) 3.88b 7.89a 

 

c) Feeding of soybean oil 

Suksombat and Chullanandana (2008) studied the effects of 

soybean oil supplementation (150 g/day) on accumulation of 

conjugated linoleic acid in dairy cows. Soybean oil (SBO) 

supplementation reduced saturated fatty acids but increased 

CLA concentration in milk fat as shown in Table 7. 

 
Table 7: CLA composition (mg/g fat) of milk fat in cows fed 

soybean oil supplemented diet 
 

Particulars Control SBO 

Cis-9,trans-11 CLA 5.57b 9.15a 

Trans-10,cis-12 CLA 0.016a 0.044b 

Trans -9, trans -11 CLA 0.22b 0.58a 

Total CLA 5.81b 9.77a 

 

d) Inclusion of flaxseed in diets 

Feeding oilseeds to lactating dairy cows allow changing the 

milk FA profile to obtain a milk rich in UFA, especially in n-

3 PUFA and CLA. Among vegetable fat sources, linseed has a 

very high contents of n-3 linoleic FA (around 30% of total 

FA) and low amounts of SFA. Different studies have shown 

that the milk FA profile can be modified by the dietary 

inclusion of linseed as extruded meal, oil or seeds treated with 

heat or chemical substances [12].  
[28] Studied the effect of dietary inclusion of flaxseed on milk 

composition of dairy cows (Table 8). The flaxseed inclusion 

@ 4-5% of dry matter (DM) resulted in significantly (P<0.01) 

higher proportion of conjugated linoleic acid isomers (CLA) 

in flaxseed included group. 

 
Table 8: Milk composition of cows fed flaxseed containing diet 

 

FA Control diet Flaxseed diet 

CLA c9-t11 0.690b 0.879a 

 

C) Dietary manipulations to decrease cholesterol content 

in milk 

The consumption of fat from animal sources that is high in 

cholesterol has been implicated among the factors that lead to 

high blood cholesterol concentrations in humans leading to 

increased incidence of coronary heart disease. In spite milk 

has exceptional nutritional value, there is resistance to 

consumption of dairy products such as butter, cheese, etc., 

because milk lipid is high in cholesterol (2.73 mg g–1 lipid) 

and saturated fatty acids.  

Consumption of sapogenins, which occur in leguminous 

plants, such as fenugreek, has been shown to decrease 

circulating cholesterol concentrations in many species, 

including humans. Therefore, dietary provision of these 

sapogenins as supplements of fenugreek seeds to cows would 

decrease blood cholesterol concentrations in cows as 

sapogeninsare not destroyed in the rumen and thus, decrease 

cholesterol content of milk.  
[20] Studied the effect of feeding fenugreek seeds to lactating 

Holstein cows, in second lactation. Cows were randomly 

assigned to two diets-control total mixed ration (C-TMR) and 

fenugreek total mixed ration (F-TMR). Feeding fenugreek 

seed improved profile of functional fatty acids (P<0.05) in the 

milk, reduced blood cholesterol concentration (by 4% units 

more than the control diet) and produced lower concentrations 

in milk (1.48 to 1.83 mg g–1 milk lipid) without altering milk 

flavour or taste (Table 9). Therefore, fenugreek seed could be 

used in dairy rations to reduce milk cholesterol.  

 
Table 9: Effect of feeding fenugreek seeds containing diets on milkcholesterol of Holstein cows 

 

Particulars C-TMR F-TMR (fenugreek:20% on DM basis) 

Cholesterol (mg g–1 fat) 1.83a 1.48b 
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4. Conclusion 

Nutritional manipulations of dairy animal’s enables 

enhancement in milk production, alterations in milk fat and 

fatty acid profile. Milk fat is more responsive to dietary 

alterations than protein and can be changed over 3% percent 

unit while protein content less than 1% unit. Milk fat, due to 

its relatively high proportion of saturated fatty acids has been 

associated with human cardiovascular health problems. So, 

increasing specific unsaturated fatty acids in milk would 

increase consumer interest and acceptance of milk due to the 

health benefits associated with these fatty acids. 

Feeding high good quality roughage diets combined with 

dietary fat can be used to modify the FA profile of milk. 

Supplementing oilseeds/vegetable oils/bypass or rumen 

protected fat to ruminant diets can be used to modify the lipid 

metabolism in the mammary gland in modulating the 

secretion of fat and the profile of milk fatty acids. Thus, 

feeding level of fatty acid sources, thennutraceutical 

properties of milk can be enhanced by decreased atherogenic 

saturated FA in milk and increased transvaccenic acid and 

conjugated linoleic acid in milk, which are considered as 

positive for human health.  

Therefore, dietary manipulations in dairy animals have 

several opportunities in improving milk production, 

modifications of milk composition and fatty acid profile and 

enhancing nutraceutical properties of milk.  
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