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Introduction 
 

Dairymen are largely paid for the pounds of milk fat and protein shipped.  Milk fat 
is the most variable of milk’s components and provides an opportunity to increase farm 
income. Milk fat concentration and yield is responsive to multiple dietary, genetic, and 
environmental factors. Diet-induced milk fat depression explains large decreases in milk 
fat that occur during disrupted rumen fermentation and was the predominant focus of 
milk fat research for many decades, especially after the discovery of bioactive 
conjugated linoleic acid isomers just over twenty years ago.  A large number of dietary 
and environmental factors contribute to the risk for diet-induced milk fat depression 
including large contributions from dietary unsaturated fatty acids and fermentability.  
More recently, research has focused on other dietary and non-nutritional factors that 
impact milk fat yield. Importantly, these factors have broad application to allow small, 
but very economically significant increases in milk fat yield and profitability. For 
example, extensive work has been done demonstrating the efficacy of fat supplements 
and specifically characterizing the ability of palmitic acid to increase milk fat yield.  
Increasing acetate supply also increases milk fat yield.  The seasonal variation in milk 
component concentration and yield has also been characterized and is important to 
setting goals and expectations. Milk fat is a highly heritable trait and large variation 
exists in genetic potential between cows within a herd. Although there does not appear 
to be much variation between herds, the average genetic potential has increased in 
recent years.  Maximizing milk fat yield required a holistic approach that spans from 
nutrition to management and continues to evolve as we gain a better understanding of 
the impact of each factor. 

 
What is “Milk Fat Depression (MFD)” 

 
The term “milk fat depression” is a common term used by nutritionists and 

producers and has slightly different definitions between individuals.  The classic reviews 
by Bauman and coworkers specifically discussed “classic diet-induced milk fat 
depression” that was defined as a decrease in milk fat associated with disrupted rumen 
fermentation (Griinari et al., 1998, Bauman and Griinari, 2003).  It is important to note 
that this is a specific condition and not simply any change in milk fat yield.  
Phenotypically, up to a 50% reduction in milk fat concentration and yield can be 
observed with no decrease in milk or milk protein yield.  Extensive work over the past 20 
years has demonstrated that diet-induced MFD is caused by unique bioactive 
conjugated linoleic acid (CLA) isomers that are made during rumen biohydrogenation of 
unsaturated fatty acids (FA) by an altered rumen microbial community.  Since diet-
induced MFD is caused by these bioactive FA it can be most accurately called 



biohydrogenation-induced MFD (BH-induced MFD).   Investigating this condition has 
provided insight into the regulation of milk fat synthesis and management strategies to 
reduce inhibition of milk fat synthesis (Reviewed by Harvatine et al., 2009).   Large 
decreases in milk fat (>15%) is almost undoubtably BH-induced MFD, but this 
mechanism does not explain many other smaller changes in milk fat synthesis.  The 
occurrence of BH-induced MFD is best diagnosed by milk fat concentration of trans-10 
C18:1, although this requires analysis by gas chromatography. 
 

Variation in Milk Fat Between and Within Herds 
 

Milk fat concentration and yield is variable between farms because of differences 
in diet, management practices, and herd genetics among other factors and 
demonstrates both challenges and opportunities.  Milk fat averaged 3.73% [standard 
deviation (SD) = 0.33], but the 10th and 90th percentile were 3.34 to 4.12% in a database 
of Dairy Herd Improvement Association (DHIA) test days of Holstein herds in MN, PA, 
TX, and FL from 2004 to 2016 from the Dairy Records Management Database 
(http://www.drms.org/; Unpublished).  There is also substantial variation in milk fat 
concentration and yield between cows within a farm. 

 
The variation between cows and herds highlights the opportunity to increase milk 

fat.  It is important to keep in mind that average milk fat can be increased by two 
different approaches.  You can increase all cows a small amount, but it is probably 
difficult to increase cows who are already high in the distribution as they are at their 
genetic and physiological potential.  Alternatively, the cows in the lower part of the 
distribution are likely below their genetic and physiological potential and interventions 
may be able to result in substantial increases (25+%). Large increases in these cows 
can result in an increase in the herd average.   
 

Non-Nutritional Factors Impacting Milk Fat Yield 
 
Genetics of Milk Fat Concentration and Yield 
 

Milk fat concentration and yield are highly heritable [0.45 and 0.29, respectively; 
(Welper and Freeman, 1992)] and milk fat is unique in that the genetic variation is due 
to a limited number of single nucleotide polymorphisms (SNPs) with large individual 
effects (Hayes et al., 2010). The largest effect is a K232A SNP in diacylglycerol 
acyltransferase [DGAT1; (Grisart et al., 2002)] followed by the F279Y SNP in the growth 
hormone receptor [GHR; milk fat allele substitution effect 0.46 percentage units; 
(Signorelli et al., 2009)]. Wang et al. (2012) identified four quantitative trait loci that 
explained over 46% of the genetic variation in milk fat concentration including 34% 
explained by DGAT1 and 12% by GHR. We recently characterized the variation in 
predicted transmitting ability for fat production between nearly 6,000 herds available in 
the Dairy Records Management System database. Very little variation was observed 
between herds, although larger variation is commonly observed between cows within a 
herd.  Importantly, average genetic potential has increased considerably over the past 

http://www.drms.org/


decade due to changes in selection indexes and genomic selection and should be 
considered when evaluating if a farm is reaching its potential. 

 
Annual Rhythms in the Dairy Cow 

 
Rather than simply responding to a change in the environment after it occurs, 

time keeping mechanisms in the hypothalamus allow the animal to anticipate yearly 
environmental changes before they occur.  Yearly patterns of milk production have been 
recognized for over 40 years (Wood, 1970).  When examining average monthly bulk 
tank records from the United States Federal Milk Marketing Orders, the presence of an 
annual rhythm is apparent. These yearly patterns fit a robust cosine function, 
suggesting that they represent a biological rhythm (Salfer et al., 2019).  The variation in 
milk fat concentration due to the annual rhythm is between 0.15 and 0.30 percentage 
units, depending on the region with a lower amplitude in southern regions of the United 
States.  The presence of yearly production rhythms was confirmed using ten years of 
DHIA data from individual herds in Minnesota, Pennsylvania, Texas and Florida (Salfer 
et al., 2017).  Although fat and protein concentration both peak near the first of the year, 
the annual rhythm of milk yield peaks between late March and early April, right around 
the vernal equinox (Salfer et al., 2017).  Fat and protein yield peak between late 
February and early March.  Contrary to the rhythms of fat and protein concentration, 
amplitudes of annual milk yield rhythms are greater in the southern U.S. compared to 
the north.  Fat and protein yield also oscillated more in the southern U.S. than the 
northern U.S.  Producers and nutritionists should change their goal for milk fat 
concentration and yield across the year and future work may provide insight into how to 
reduce the impact of the cycle on production. 
 
Circadian Patterns of Milk Fat 
 

Circadian rhythms are daily patterns and the dairy cow has a daily pattern of milk 
synthesis that impacts milk yield and composition.  Generally, milk yield is highest in the 
morning, but milk fat concentration is higher in the evening (Gilbert et al., 1972, Quist et 
al., 2008).  We have also observed milk yield and milk composition vary across the day 
while milking every 6 h in multiple experiments. The first consideration is that care 
needs to be taken in interpreting milk composition of a single milking.  We have also 
observed the daily rhythms are dependent on the timing of feed intake and length of 
time without feed each day demonstrating the importance of feed management, 
including selecting feeding times and frequency, on milk production 

 
Energy Balance and Stage of Lactation 
 

Milk fat is very high at the initiation of lactation and rapidly decreases to a nadir at 
peak milk yield, and then gradually increases over the course of lactation. In early 
lactation, cows are in a negative energy balance and have high levels of fat being 
mobilized from adipose tissue.  Mass action kinetics increase uptake of these fatty acids 
by the mammary gland as plasma non-esterified FA (NEFA) increase due to 
mobilization.  It is not uncommon for milk fat concentrations to be above 5% in early 



lactation cows, and very high levels are a poor indication of transition cow health.  The 
increase in milk fat after peak is indicative of a shift in the ratio of milk fat to lactose 
synthesis and is expected to be partly due to endocrine regulation.  Later lactation cows 
are also less susceptible to diet-induced MFD.  It is important to consider days in milk 
when evaluating milk fat concentration of individual cows and groups. 
 
Milk Flow 
 
 Milk fat concentration is top of mind for producers and nutritionists, but milk fat 
yield is what is economically important.  Fat yield is influenced both by milk fat 
concentration and milk yield.  First, care needs to be taken to not decrease milk yield 
when attempting to increase milk fat concentration.  This is especially important 
considering that decreases in milk yield likely also decrease milk protein yield.  
Secondly, maximizing milk fat yield requires optimal production.  Milk yield is under 
complex regulation with major influence from endocrine mechanisms and can be limited 
by nutritional, health, or environmental stressors. With this in mind, all good 
management practices that increase reproductive efficiency, cow health, cow comfort, 
etc. and increase level of milk production likely also increase milk fat yield. 
 

Nutritional Factors Impacting Milk Fat Yield 
 
Biohydrogenation Induced Milk Fat Depression 
 
  Diet-induced, or BH-induced MFD, is caused by disrupted rumen fermentation 
that results in a shift in the rumen microbial population.  The specific causative microbes 
is not clear, but a decrease in microbial diversity is apparent in microbiome analysis 
(Pitta et al., 2018, Pitta et al., 2020).  Prediction of the occurrence of BH-induced MFD 
is complex because it is not directly caused by a single dietary factor; rather it is the 
result of the interaction of numerous factors that reduce the rate of biohydrogenation 
and shift biohydrogenation to the alternate pathway.  It is preferable to think of dietary 
risk factors that move a diet along a continuum from low to high risk.  Extensive work 
has highlighted dietary factors that increase and decrease risk.  Briefly, risk is increased 
by increasing diet fermentability and unsaturated fatty acids, decreasing effective fiber, 
ionophores, poorly fermented silages, slug feeding and other factors that decrease 
rumen pH or disturb normal rumen fermentation.  Risk is decreased by increasing 
dietary cation-anion difference and feeding 2-hydroxy-4 (methylthio) butanoic acid 
(HMTBA) (Baldin et al., 2018, Baldin et al., 2019).   Less direct data is available for 
direct fed microbial products, but good mechanisms exist to support their efficacy. 
 
Interaction of Milk Production Level and Response to Diet 
 
 In several experiments, we have observed variation in individual cow response to 
a MFD induction diet and that high-producing cows were more susceptible to MFD risk 
factors. For example, Harvatine and Allen (2006) compared saturated (highly saturated 
prilled free FA; Energy Booster 100) and unsaturated (calcium salts of FA; Megalac R) 
FA supplements to a no supplemental fat control in low and high producing blocks of 



cows (control 39.4 vs 47.0 kg/d, respectively).  When fed the same control diet in the 
same barn, the low producing cows averaged 3.45% milk fat while the high producing 
cows averaged 3.05%.  Additionally, the response to treatment differed with low 
producing cows having a non-significant 6% decrease in milk fat when fed the calcium 
salt of unsaturated FA, while the high producing cows decreased milk fat over 20%.  A 
similar response was observed by Rico et al. (2014) when comparing a high palmitic 
acid supplement (87% C16:0; Berga-Fat F100) to calcium salts of palm FA (Megalac) 
where low producing cows numerically increased milk fat with both treatments, but high 
producing cows decreased milk fat and increased trans-10 C18:1 in milk fat when fed 
the unsaturated palm FA.  Collectively, these studies demonstrate that there is a strong 
correlation between the level of milk production and diet-induced MFD. The exact 
mechanism is unclear, but high producing cows also have higher intakes.  Increased 
intake is expected to increase rumen passage rate, which may modify the microbial 
population and increase ruminal outflow of trans intermediates before complete 
biohydrogenation has occurred.  Additionally, high producing cows may differ in feeding 
and ruminating behavior and increased meal size or higher amount of intake after feed 
delivery may result in rumen acidosis.  
 
Increasing Milk Fat Synthesis 
 
 The work around BH-induced MFD provides insight into increasing milk fat by 
decreasing occurrence of its inhibition.  More recently, work with supplementing palmitic 
acid and sodium acetate has highlighted dietary methods to increase milk fat yield. 
 
Fat Supplementation 
 
 Approximately 65% of the FA in milk are taken up by from the plasma and a large 
proportion of those originate from the diet.  Thus, it is logical to think that increasing 
dietary fat would increase milk fat, but the response is very dependent on FA profile.  
Dietary unsaturated FA increase the risk for diet-induced MFD and commonly decrease 
milk fat yield.  The second issue with increasing plasma FA supply to the mammary 
gland is that they can decrease mammary de novo FA synthesis resulting in a 
substitution of preformed FA for de novo FA without an increase in milk fat.  Milk fat 
concentration and yield has been reported to be increased in individual studies by a 
wide array of fat supplements with differing FA profile.  However, supplements enriched 
in palmitic acid are most consistent in increasing milk fat.  This appears to be due to 
less inhibition of de novo synthesis by palmitic compared to other FA. 
 
Acetate Supply 
 

Acetate is the main VFA produced from all substrate, but is greater in 
fermentation of fiber than nonstructural carbohydrates (see reviews by Dijkstra, 1994, 
Van Soest, 1994).  Acetate represents ~30% of energy absorbed by the cow and nearly 
40% of milk fat originates from acetate carbon through de novo synthesis of FA in the 
mammary gland.  Acetate is also an important substrate for synthesis of nicotinamide 
adenine dinucleotide phosphate (NADPH) required for de novo lipogenesis through the 



isocitrate pathway, with the remaining NADPH coming from glucose metabolism 
through the pentose phosphate pathway (Bauman et al., 1970).  

 
A meta-analysis based on papers published over 30 years ago (1955 to 1978) 

reported that acetate infusions linearly increased milk fat yield 75.5 g/d  (R2
adj = 0.72) 

and concentration 2.54 g/kg for each kg of additional acetate supplied [R2
adj = 0.71; both 

P < 0.001, n = 24, milk yield = 14.3 kg/d; (Maxin et al., 2011)]. In more recent work, 
Sheperd and Combs (1998) observed a 24% increase in milk fat yield (280 g) and a 
20% increase in milk fat concentration (3.41 to 4.08%) when ruminally infusing 2162 g/d 
of neutralized acetate for 21 d.  

 
We first observed a 20% increase in milk fat yield (177 g/d) when ruminally 

infusing 424 g/d of acetate (neutralized to pH 6.1; <10% of expected acetate supply) for 
4 d during an experiment investigating the effect of nutrients spared during MFD on 
adipose tissue (Urrutia and Harvatine, 2017).  A follow-up dose titration experiment 
testing 0, 300, 600, and 900 g/d of ruminally infused neutralized acetate observed a 
quadratic increase in milk fat yield of 100, 217, and 185 g/d, respectively, compared to a 
sodium chloride control (equal sodium). Apparent transfer of acetate mass to milk fat 
was 33.4, 36.2, and 20.6% with 300, 600, and 900 g/d of acetate, respectively. In our 
experiments, the largest increase was in de novo and 16 carbon FA, but preformed FA 
also increased.  The increase in preformed FA may indicate a stimulation of mammary 
metabolism or an increase in FA available to the mammary gland because of sparing of 
FA from oxidation in other tissues.  We have also observed increased milk fat when 
feeding sodium acetate.  For example, a seven-day sodium acetate supplementation 
increased milk fat 0.2 percentage units and tended to increase milk fat yield 91 g/d 
(Urrutia et al., 2019). 

 
Increasing fiber digestibility and improving rumen function is expected to increase 

acetate supply and milk fat yield.  Importantly, this is not alleviating diet-induced MFD 
and is separate from historical acetate deficiency mechanisms.  We expect that acetate 
is actually upregulating lipogenesis in the mammary gland and have ongoing work to 
investigate the physiological effect of acetate. 
 

Take Home Messages 
 

- Milk fat is impacted by many dietary, genetic, and environmental factors and their 
interactions make it difficult to manage. 

- It is important to consider non-nutritional factors such as genetic potential, 
season of the year, and milking sampled when setting goals and interpreting 
data. 

- Biohydrogenation induced milk fat depression explains large decreases in milk 
fat and is caused by fundamental issues with stable rumen fermentation. 

- Increasing dietary fat can increase milk fat, but is most consistent when feeding 
enriched palmitic acid supplements. 

- Increasing acetate supply by increasing fiber digestibility supports higher milk fat 
yield. 
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