
 
CAUSES OF MILK FAT DEPRESSION IN DAIRY COWS 

 
Mustafa Selcuk ALATAS1, O Baris CITIL2, Oguzhan KAHRAMAN1, Abdullah OZBILGIN1 

 

 
1Department of Animal Nutrition and Nutritional Disorders, Faculty of Veterinary Medicine,  

Selcuk University, Konya 42100, Turkey 
2Department of Veterinary, KarapinarAydoganlar Vocational School of Higher Education,  

Selcuk University, Karapinar/Konya, Turkey 
 
 

Corresponding author email: selcukalatas@gmail.com 
 
Abstract 
 
Fat is typically the most variable component in milk, and is affected by many physiological and environmental factors. 
In dairy cattle, both the concentration and composition of milk fat are influenced by the diet. Concentration is reduced 
by feeding diets that contain large proportions of readily-fermentable carbohydrates (starch) and unsaturated fat. 
Conversely, the percentage of fat in milk can be increased by feeding rumen-inert fats. 
Milk fat depression is due to changes in rumen biohydrogenation of unsaturated fatty acids and the passage of specific 
intermediates of biohydrogenation out of the rumen (e.g. trans-10, cis-12 conjugated linoleic acid) that subsequently 
reduce milk fat synthesis in the mammary gland. Low milk fat tests typically occur as a result of several concurrent diet 
or management factors rather than as a result of a single factor. Low rumen pH is a key change in the rumen 
environment that may lead to flux of fatty acids through alternate pathways of ruminalbiohydrogenation. In this 
situation, high concentrate/low forage diets or dietary supplements of plant oils or fish oils cause a dramatic decline in 
milk fat secretion, whereas yields of milk and other milk components remain unchanged. If the feeding of unsaturated 
fats reduces the numbers or activity of fiber-digesting bacteria in the rumen, then feed intake can decrease, milk 
production can decrease, and milk fat concentration can decrease.  
This review contains the information about  the milk fat depression which is caused by improper feeding. And also its 
huge economic losses in farm animals. 
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1. INTRODUCTION  
 
Fat is the major energy component in milk and 
accounts for many of the physical properties, 
manufacturing characteristics, and organoleptic 
qualities of milk and milk products. Dairy 
producers have long been interested in milk fat 
in ruminants because of its economic value, 
and research has been directed toward 
understanding the biosynthesis of milk fat and 
the factors that influence its quantity and fatty 
acid composition.  
Several factors can contribute to change the 
proportion and total amount of fat in the milk. 
The most common include genetic makeup, 
environment, health, season of the year, and 
physiological state; but fat content and 
composition of milk can be markedly affected 
by diet. The fat content in milk can be altered 
positively or negatively by dietary changes. 
Synthesis of milk fat is an energy demanding 

process, but also represents a significant 
portion of the economic and nutritional value of 
dairy products.  
Milk fat depression (MFD) is classically 
observed in ruminants fed highly fermentable 
diets or diets high in plant oils. Varying levels 
of MFD are commonly experienced today in 
both intensively and extensively managed dairy 
herds, and this represents a level of milk fat 
production below the genetic potential of the 
cow. Milk fat depression is also a useful 
variable for evaluating herd management. In 
many cases onset of diet-induced MFD is an 
indication of modified ruminal fermentation 
and in more pronounced cases this can be 
associated with ruminal acidosis and reduced 
efficiency. Therefore, maintaining optimal milk 
fat synthesis has value beyond the milk fat sold. 
Although we know extensively the cause of 
MFD we continue to experience MFD because 
of the high-energy requirements of cows and 
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the desire to maintain optimal milk production. 
Numerous dietary factors commonly interact to 
cause MFD, making prediction difficult. 
 
2. MILK FAT SYNTHESIS 
 
Milk fat is a major component in milk, which is 
played an important role in supplying energy 
and accounts for many physical properties and 
manufacturing characteristics of milk and milk 
products (Bauman and Griinari, 2001). The 
content of lipid present in cow milk is usually 
about 4% (Garton, 1963). In milk fat, the most 
predominant lipid class (more than 95%) is 
TAG, followed by approximately 2% of 
diacylglycerol (DAG), while other lipids 
include small amounts of phospholipids and 
cholesterol, about 1 and 0.5%, respectively, and 
a very small fraction of free FA (about 0.1%) 
(Jensen and Newberg, 1995). In addition, trace 
amounts of ether lipids, hydrocarbons, fat-
soluble vitamins, flavor compounds and 
compounds introduced by the feed are present 
in milk fat (Parodi, 2004). 
Milk fat is mainly composed of triacylglycerol 
(TAG) with 3 fatty acids (FA) esterified into 
the glycerol-3-phosphate backbone. Fatty acids 
are classified according to carbon chain length 
and saturation. Based on chain length, FA are 
grouped as short-chain FA (4-8 carbons), 
medium-chain FA (10-14 carbons), and long-
chain FA (16 and more carbons). Fatty acids 
are also classified by desaturation, including 
saturated FA (no double bond), 
monounsaturated FA (one double bond), and 
polyunsaturated FA (more than one double 
bond).  
There are two sources of FA for milk fat 
synthesis, the de novo FA synthesis in 
mammary epithelial cells and preformed FA 
uptake from blood circulation derived from 
either diet or mobilized body fat (Barber et al., 
1997). To synthesize milk fat, many enzymatic 
activities are involved in the pathways, 
including FA activation, transport, desaturation, 
TAG synthesis, milk fat globule formation and 
secretion (Clegg et al., 2001). 
 
3. THE MILK FAT SYNDROME 
 
Most of these theories postulated that 
limitations in substrate supply for milk fat 

synthesis caused MFD, generally based on 
changes in absorbed metabolites as a 
consequence of alterations in ruminal 
fermentation. For example, the alterations in 
the ruminal environment typically include 
decreased pH and decreased acetate to 
propionate molar ratio (Bauman and Griinari, 
2001). This formed the basis for one of the 
most widely known substrate supply limitation 
theories that proposed that acetate supply was 
limiting milk fat synthesis. However, the 
reduced ratio of acetate to propionate with 
highly fermentable diets is predominantly due 
to increased ruminal production of propionate 
(Bauman and Griinari, 2001, 2003), and 
ruminal infusion of acetate to cows during 
MFD has only a marginal impact on milk fat 
yield (Davis and Brown, 1970). Overall, 
several decades of research has tested 
numerous theories based on substrate 
limitations and found little to no evidence in 
their support (Bauman and Griinari, 2003; 
Bauman et al., 2011; Shingfield and Griinari, 
2007). 
Davis and Brown (1970) recognized that trans-
C18:1 fatty acids (FA) were increased in milk 
fat of cows with low-milk fat syndrome. They 
suggested that these trans-FA originated from 
incomplete ruminalbiohydrogenation of 
unsaturated FA and might contribute to the 
development of MFD. Subsequent studies have 
demonstrated a clear relationship between 
trans-FA and MFD (Bauman and Griinari, 
2003; Bauman et al., 2011; Shingfield and 
Griinari, 2007). Investigations over the past 
dozen years have clearly established that diet-
induced MFD is associated with rumen 
production of unique FA from ruminal 
metabolism of dietary polyunsaturated fatty 
acids (PUFA). Referred to as the 
biohydrogenation theory, the basis for diet-
induced MFD relates to an inhibition of 
mammary lipid synthesis by specific FA that 
are intermediates in the biohydrogenation of 
dietary PUFA, and these are only produced 
under certain conditions of altered ruminal 
fermentation (Bauman and Griinari, 2003). 
Trans-10, cis-12 conjugated linoleic acid 
(CLA) was the first of these to be recognized 
and it has been extensively investigated at the 
whole animal and molecular level (Bauman et 
al., 2011). 
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4. DIETARY RISK FACTORS FOR MILK 
FAT DEPRESSION 
 
Milk fat depression has been associated with a 
reduction in the acetate to propionate ratio and 
increased insülin (Byers and Schelling, 1988; 
Bauman and Griinari, 2003), and the 
production of trans-octadecenoic acids in the 
rumen (Griinari et al., 1998; Bauman and 
Griinari, 2003). Induction of SARA by adding 
grain pellets or by adding alfalfa pellets to the 
diet reduced both milk fat and the acetate to 
propionate ratio in the rumen fluid, but the 
decrease in this ration was due to an increase in 
propionate and not due to a decrease in acetate 
(Gozho et al., 2006; Fairfield et al., 2007; 
Khafipoor et al., 2007). Griinari et al. (1997) 
found that a hyperinsulinemic–euglycemic 
clamp did not depress milk fat. An increase in 
insulin decreases lipolysis (Bauman and 
Griinari, 2003). This might explain why stage 
of lactation and energy balance could affect the 
milk fat depression, as the contribution that 
body fat makes to milk fat is much greater in 
cows in a negative energy balance compared to 
cows in a positive energy balance. The results 
obtained by Griinari et al. (1998) support the 
theory that a low rumen pH caused by feeding a 
low fiber diet results in incomplete 
biohydrogenation of fatty acids and increases in 
trans-octadecenoic acids, and especially the 
trans-10 isomer of transoctadecenoic acid, that 
cause milk fat depression. It is not yet 
understood why experimentally induced SARA 
increases milk protein, but an increase in rumen 
digestible organic matter, which increases 
microbial protein synthesis in the rumen (NRC, 
2001) might play a role. 
 
4.1. Diet Fermentability 
 
The microbial population is driven by the 
substrate available and by the rumen 
environment and is directly dependent on the 
concentration of starch and NDF and the rates 
and extent of ruminal digestion. Maximizing 
fermentablity is important for energy intake, 
but care should be given to minimizing 
subacuteruminal acidosis. Milk fat depression 
more commonly occurs with corn silage 
compared to haylage based rations and with 
more rapidly digested starch sources such as 

high moisture corn compared to dry ground 
corn. Providing multiple sources of starch and 
fiber with overlapping rates of digestion is the 
safest approach. Additionally, sugar substituted 
for dietary starch reduces risk without loss of 
digestibility (Mullins and Bradford, 2010).  
Low milk fat is commonly associated with 
subacute and acute ruminal acidosis, but MFD 
is frequently observed without a reduction in 
rumen pH (Harvatine and Allen, 2006a). 
Rumen pH is dependent on the VFA profile, 
rate of production, and rate of absorption; 
buffer secretion; and presence of dietary 
buffers and varies by approximately 1 to 1.2 pH 
units over the day (Allen, 1997). It appears that 
the microbial shift causing MFD occurs before 
changes in rumen pH are apparent, but may be 
related to more subtle changes such as the 
timing of low pH. 
 
4.2. Diet Polyunsaturated Fatty Acids 
 
Unsaturated FA have a dual impact on 
ruminalbiohydrogenation in that they modify 
the microbial population and increase the 
amount of substrate that must be 
biohydrogenated. It is important to know the 
total amount of unsaturated fat and also the 
source, since this dictates the FA profile and 
rate of ruminal availability. Fish oil has the 
greatest impact, but is not commonly found in 
excessive amounts in diets. Cotton, soy, corn, 
and many other plant oils are high in linoleic 
acid and incorporation of these grains, oils, and 
their byproducts increases the risk of MFD. 
The concept of Rumen Unsaturated Fatty Acid 
Load (RUFAL; Jenkins, 2011) is a simple and 
insightful calculation that is complemented by 
consideration of the fat source. There are 
significant differences in the rate of ruminal 
availability, for instance cottonseed and whole 
roasted soybeans are expected to have a much 
slower release of FA in rumen than distillers 
grains, ground sources, or oil supplements. Fat 
is commonly supplemented to increase diet 
energy density and many protected fat 
supplements are available. Supplements that 
are high in saturated fat (palmitic and stearic) 
do not increase the risk of MFD; however 
calcium salts of FA are available in the rumen 
and can reduce milk fat (Harvatine and Allen, 
2006b; Lundy et al., 2004). The calcium salt 
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slows the release of unsaturated fat in the 
rumen and does reduce the impact of these oils 
compared to free oil, but does not provide a 
high level of rumen inertness. The impact of 
calcium salts depends on the profile of the fat 
supplement and interaction with other factors. 
For instance, we have observed in two 
experiments that calcium salts of palm FA 
reduced milk fat in high producing cows, but 
not in low producing cows; presumably 
because of differences in intake, passage rate, 
and rumen environment (Harvatine and Allen, 
2006a; Rico and Harvatine, 2011). 
 
4.3. Rumen Modifiers 
 
Many supplements have a large impact on the 
rumen microbial population. Monensin is the 
most common rumen modifier associated with 
MFD (Jenkins, 2011). However, it is only a 
risk factor and can be safely used in many 
diets. Other rumen modifiers may reduce risk, 
although their effectiveness generally has not 
been specifically tested. For example, there 
may be some potential for 2-hydroxy-4 
(methylthio) butanoic acid (HMB) to modify 
milk fat yield (St-Pierre and Sylvester, 2005); 
although its role in rumen biohydrogenation 
has not been specifically investigated. 
Additionally, a direct fed microbial product 
was shown to stabilize rumen biohydrogenation 
during a high diet fermentability challenge 
(Longuski et al., 2009). 
 
4.4. Feeding Strategies 
 
Slug feeding grain is commonly associated 
with sub-clinical rumen acidosis and MFD. 
Many assume that TMR feeding eliminates this 
issue since every bite has the same nutrient 
composition. However, the rate of intake of 
fermentable organic matter is very variable 
over the day due to sorting and variable rates of 
intake. Generally, cows sort for more 
fermentable feed particles early in the day, but 
also consume feed at approximately a three 
times higher rate after delivery of fresh feed. 
We recently compared feeding cows once per 
day or in four equal meals every six hours 
(Rottman et al., 2011). The frequent feeding 
treatment decreased the concentration of 

alternate biohydrogenation FA and increased 
milk fat yield and concentration. This 
experimental treatment highlights the potential 
to increase milk fat through management of 
feed delivery. 
 
5. HOW TO PREDICT THE OCCURENCE 
OF MILK FAT DEPRESSION 
 
The complexity of predicting dietary 
fermentability and associative effects makes 
prediction of MFD difficult. It is arguably 
impossible to balance a diet that maximizes 
milk yield and energy intake without 
incorporation of numerous risk factors. 
Ruminant nutrition is best practiced as a 
continuous experiment that monitors cow 
response to diet modification (Allen, 2011). It 
is important to monitor nutrient concentrations 
and model predicted benchmarks that are 
applicable to your region and logical based on 
previous experience with similar diets. 
However, even with the best feed analysis, 
software, and experience the interaction of diet 
ingredients and effectiveness of the diet is best 
determined by the cow and observed by 
titration and observation.  
Diet fermentability is much more extensively 
handled by feed analysis and software 
prediction than dietary fat. Dietary FA have 
typically been consolidated in ration balancing 
and simply reported as total ether extract or fat 
concentration. More recently the FA profile of 
feedstuffs has been included in feed libraries 
and a more detailed approach of FA nutrition 
has been taken (Moate et al., 2004). Effectively 
utilizing this information in diet formulation 
represents a challenge because of rumen 
alterations of dietary FA and the fact that 
individual FA isomers differ in their biological 
effect. Thus, based on the current 
understanding of bioactive FA, effective 
models must predict ruminal outflow of 
individual FA, including specific trans-FA 
isomers. Secondly, the metabolism of FA by 
rumen bacteria is extremely dynamic and 
difficult to integrate into prediction algorithms. 
Ruminal FA models must account for dietary 
associative effects that modify the predominant 
pathways and rates of 
ruminalbiohydrogenation; thereby altering the 
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pattern of FA outflow. This may require a 
mechanistic rather than empirical approach to 
adequately model. Book values are expected to 
accurately represent the FA profile of forages 
and grains and testing of individual lots should 
not be required for most feedstuffs. However, 
more variability exists in byproducts, which 
may require frequent testing of FA 
concentration and profile depending on the 
byproduct and source. An understanding and 
quantification of all factors that induce altered 
ruminal fermentation is not currently available 
and development of prediction equations that 
consider dietary risk factors will require further 
experimentation and more advanced modeling. 
 
6. CONCLUSIONS 
 
Milk fat depression results from an interaction 
between ruminal fermentation processes and 
mammary tissue metabolism. MFD continues 
to be a real-world condition that reduces the 
efficiency and productivity of dairy cows, but 
understanding its fundamental basis will allow 
for effective management and intervention 
strategies. Management of the risk factors 
associated with MFD is required to reach both 
milk and milk fat yield goals. The time course 
of induction and recovery can be utilized to 
both identify contributing factors and set 
expectations for recovery. Lastly, the seasonal 
and circadian pattern of milk fat synthesis 
explains variation observed between summer 
and winter and between milkings and should be 
considered in monitoring and setting 
production goal. 
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