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In recent years, there has been a trend towards increasing and/or maintaining the milk fat content in
dairy production. The main reasons for this include the fact that milk pricing is based on milk fat
content, the increased demand for dairy products such as cheese and butter, and the obligation to
maintain milk fat at certain levels to ensure profitability in dairy farming. Milk fat is the most
variable component of milk and can be influenced by numerous nutritional and non-nutritional
factors. The nutritional factors affecting milk fat content can be listed primarily as the forage to
concentrate ratio, the balance between dietary starch and fiber, the level and type of lipid
supplementation, the type of dietary forage, access to pasture, ruminal biohydrogenation, and
dietary amino acid composition. Non-nutritional factors affecting milk fat composition include
genetics, lactation stage, parity, season, health, stress, breed and management. The aim of this
review is to identify the nutritional factors affecting milk fat in dairy cattle, to explain and discuss
current/novel nutritional strategies, to clarify the effects of certain dietary manipulations on milk
fat in the light of literature, and to facilitate an understanding of the mechanisms of milk fat

production.
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Introduction

In recent decades, the fat content of cow’s milk has
shown a steady upward trend. One reason for this increase
is the rising demand for cheese and butter produced from
milk or milk fat. Furthermore, the fact that there is
currently a payment system in place whereby dairy farmers
are rewarded or penalized based on milk fat content when
selling their milk makes the milk fat content economically
significant. As a result, dairy farmers and nutritionists have
employed genetic and nutrition to reach higher milk fat
contents (USDA, 2021). Milk fat production can vary
considerably among animals and herds. Comprehending
this can sometimes prove challenging for both animal
nutritionists and dairy farmers (Daley et al., 2022). Milk
fat is the most variable component of milk and can be
influenced by numerous nutritional and non-nutritional
factors (Heffernan et al., 2025). Non-nutritional factors
affecting milk fat composition include genetics, lactation
stage, parity, season, health, stress, breed and management
(Samkova et al., 2012; Hanus et al.,, 2018; Rico and
Razzaghi, 2023). In addition, the nutritional factors
affecting milk fat content can be listed primarily as the
forage to concentrate ratio, the balance between dietary
starch and fiber, the level and type of lipid
supplementation, the type of dietary forage, access to
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pasture, ruminal biohydrogenation, and dietary amino acid
composition (Palmquist et al., 1993; Jenkins and McGuire,
2006; Daley et al., 2022; Gallardo et al., 2023; Rodriguez-
Bermudez et al., 2023; Heffernan et al., 2025).

Milk fat, which is directly related to milk quality, serves
as a primary source of fatty acids (FA), energy, and
bioactive lipids (Bauman and Griinari, 2003; Wiking et al.,
2004; Daley et al., 2022), and consists of 98%
triacylglycerol (TAG; formed by the esterification of three
FAs with one glycerol molecule; Pacheco-Pappenheim et
al., 2022) is a critically important for dairy cattle farmers.
More than 400 FAs are involved in the synthesis of
triacylglycerol in milk fat, making it the most complex of
all natural fats (Rodriguez-Bermudez et al., 2023). Milk fat
originates from two sources: FAs synthesized in the
mammary gland from acetate and beta-hydroxybutyrate,
and FA precursors in blood derived from body reserves and
the diet (Neville et al., 1997; Bauman and Griinari, 2003;
Osorio et al., 2016). The FAs, which are the main sources
of milk fat, differ in their structure. While the FAs
synthesized in the mammary gland are generally short-and
medium-chain FAs ranging from C4:0 to C16:0, C18:0 and
longer, and a portion of C16:0 is incorporated into the milk
fat via blood (MacGibbon and Taylor, 2006). Furthermore,
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there is recent evidence to suggest that certain amino acids
can stimulate milk fat synthesis in the mammary glands via
the protein kinase signaling pathway, which regulates cell
growth and protein translation, and via a transcription
factor that regulates the metabolism of FAs and
triglycerides (Che et al., 2019).

Animal nutritionists have been conducting research for
decades into milk, a source of animal protein that plays an
extremely important role in human nutrition, and how its
fat content and FA composition change in response to
nutrition of dairy cows. The aim of this review is to discuss
the synthesis mechanism of milk fat, the relationship
between rumen fermentation and milk fat, and the effects
of rumen biohydrogenation, dietary carbohydrate sources,
forage characteristics, dietary fat supplementation, protein
and amino acid nutrition, vitamins and minerals, and feed
additives on milk fat. Furthermore, it aims to outline future
perspectives regarding milk fat in the nutrition of dairy
cattle.

Milk Fat Synthesis Mechanism

Milk fat synthesis involves de novo lipogenesis, the
uptake of FAs from the blood and the synthesis of
triglycerides in mammary epithelial cells. Milk fat
synthesis in ruminants is a multi-stage process in the
mammary gland, in which short- and medium-chain FA are
produced de novo (from scratch), long-chain FAs are
derived from the blood, and both are combined into

Acetate

triglycerides and secreted as lipid droplets (Guo et al.,
2024; Figure 1). Most of the milk fat consists of
triglycerides, and this synthesis occurs largely within
mammary epithelial cells and the endoplasmic reticulum
prior to secretion into milk fat globules (Mu et al., 2021;
Yu et al., 2024). De novo synthesis in cows is primarily fed
by acetate and PB-hydroxybutyrate; acetate serves as the
primary short-chain precursor for FA synthesis in
mammary tissue (Zhao et al.,, 2021). Acetate provides
carbon for the formation of malonyl-CoA and supports the
production of nicotinamide adenine dinucleotide
phosphate (NADPH) for lipogenesis (Lin et al., 2022).
Whilst short- and medium-chain FAs are produced in
mammary cells primarily via ACSS2, ACACA and FASN,
long-chain FAs are largely supplied by unesterified and
lipoproteins in the circulation (Guo et al., 2024). The
uptake of preformed FAs from the blood depends on
lipoprotein lipase (LPL)/very low-density lipoprotein
receptor (VLDLR) hydrolysis, membrane transport and
intracellular activation (Mu et al., 2021). During lactation,
in line with the coordinated uptake of long-chain
substrates, the expression in mammary tissue of genes
involved in FA uptake and transport, including LPL,
CD36, FABP3 and ACSLlincreases. Indeed, milk fat
synthesis is not a process that can be explained by the
activity of a single enzyme; rather, it is a collaborative
mechanism, involving hundreds of genes, that have not yet
been fully elucidated.
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Figure 1. Mammary synthesis of milk fat
Adapted from Leroux et al., (2003) and Chilliard et al., (2000). ACC, Acetyl-CoA Carboxylase; FAS, Fatty Acid Synthase; LPL, Lipoprotein Lipase;
NEFA, Non-Esterified FA; PUFA, Poly Unsaturated FA; SCD, Stearoyl-CoA Desaturase; TG, Triglycerides.

The Relationship between Rumen Fermentation and
Milk Fat

Rumen fermentation influences milk fat primarily
through the balance of volatile fatty acids (VFAs) and the
ruminal biohydrogenation. When fermentation supports
fiber digestion, acetate and butyrate promote de novo FA
synthesis in the mammary gland; acetate increases milk fat,
whilst propionate reduces it. When rations are high in
rapidly fermentable carbohydrates, low in physically
effective fiber or rich in unsaturated fats, rumen pH tends
to fall and biohydrogenation shifts towards the trans-10
pathway. This shift leads to the formation of intermediates
such as trans-10, cis-12 conjugated linoleic acid (CLA),
which inhibit milk fat synthesis and result in a reduction in

milk fat content (Dewanckele et al., 2020). The trans-10
pathway is a modified microbial process in which
unsaturated FAs in the diet undergo biohydrogenation
within the rumen. Unlike the standard process by which
trans-11 FAs are produced, this modification promotes the
formation of trans-10, cis-12 CLA and trans-10 18:1
(Vahmani et al., 2024). This is frequently observed in
animals fed high-starch or low-roughage rations.
Moreover, in a study, which examined milk fat and other
components alongside the composition of rumen VFAs,
the researchers found rumen acetate, propionate and
butyrate contents to be 69.46, 17.48 and 9.47%
respectively, and reported that these values reflected ideal
rumen fermentation (Mikolajczyk et al., 2019).

2739



Akdag / Turkish Journal of Agriculture - Food Science and Technology, 14(9): 2738-2744, 2026

Furthermore, the acetate: propionate ratio was found to
be around 4 in the present study. Since rumen fermentation
dynamics directly influence the quantity of precursor
substances reaching the mammary gland via the blood for
use in milk fat synthesis, they constitute a critical factor to
consider regarding milk fat production in the nutrition of
dairy cattle.

Effects of Dietary Carbohydrate Sources on Milk Fat

Due to climate change, drought and several other
factors, access to high-quality forage is diminishing or
becoming more difficult with each passing day (Rojas-
Downing et al., 2017). The difficulty in accessing high-
quality forages is forcing animal nutritionists and dairy
farmers to devise different feeding strategies. After all, it is
an industry that aims to maintain and improve milk
production and quality. This strategy is generally based on
increasing the proportion of concentrate feed and reducing
that of forages in diets (Moussiaux et al., 2026). Given that
forages are richer in structural carbohydrates, neutral
detergent fiber (NDF), than concentrate feeds, this strategy
may also lead to an increase in dry matter intake (DMI) and
milk yield (Olijhoek et al., 2018). As previously stated,
while forages/fibers are associated with acetate production
in the rumen, concentrates and especially starch is related
with propionate (Golder and Lean, 2024) and causes a drop
in rumen pH which can induce subacute ruminal acidosis
(SARA) (Plazier et al., 2008), and reduced fiber digestion
in rumen (Krajcarski-Hunt et al., 2002). Reduced fiber
digestion negatively affects rumen acetate production,
disrupts the optimal rumen fermentation dynamics, thereby
altering the rumen acetate: propionate ratio, creates a cycle
that suppresses milk fat production. To reduce the risk of
SARA, diets of dairy cows should be formulated with
sufficient fiber and physically effective NDF (peNDF)
(Akdag et al., 2026). The peNDF is a diet trait related to
the particle size of dietary fiber, which supports rumen pH
stability via chewing, rumination time and saliva
production (Beauchemin, 2018; Akdag et al., 2026).

The other carbohydrate source in the diets of dairy cows
is sugars. The use of sugar in place of starch in dairy cow
diets, even though sugars are fermented more rapidly than
starch, does not increase the risk of a drop in rumen pH or
suppression of milk fat production; on the contrary, it can
increase NDF digestibility and lead to higher DMI. The
addition of sugar alters the rumen microbial population,
promoting the proliferation of lactate-consuming bacteria and,
consequently, an increase in butyrate production.
Consequently, the concentration of milk fat generally
increases when the cows are fed sugar; however, milk fat yield
may vary depending on changes in milk yield (Eastridge,
2020). This finding suggests that sugars present in or added to
dairy cow diets do not pose arisk of adversely affecting rumen
pH and milk fat content, in the same way as starch does. As a
conclusion, to maintain and sustain rumen fermentation
dynamics, rumen health, milk yield, and milk fat content in
dairy cattle nutrition, the recommended levels for NDF,
peNDF, starch, and sugar (all % of dry matter (DM)) are
25-33% (NASEM, 2021), 18-22% (Mertens, 1997;
Kroger et al., 2019), 26-28% (NASEM, 2021), and 5%
(Broderick and Radloff, 2004), respectively.

Type and characteristics of dietary carbohydrates
fundamentally influence rumen pH as well as the quantities
and ratios of VFAs produced during fermentation. A cycle
arises in which MFD becomes inevitable once the shifts in
microbial fermentation, driven by changes in rumen pH,
begin to adversely affect ruminal fiber digestibility and the
production of acetate and butyrate.

Effects of Dietary Forage Traits on Milk Fat

Forage-based nutrition directly shapes the FA profile of
milk fat. Dairy cow diets high in pasture and forage
increase beneficial and healthy fats, such as Omega-3s,
CLA, and vaccenic acid, while simultaneously reducing
saturated FAs compared to grain-heavy, concentrate-based
diets (Kalac and Samkova, 2010; Davis et al., 2020).
Grazing fresh forages or legumes naturally increases the
ratio of unsaturated fats to saturated fats of the milk. It also
raises the concentration of alpha-linolenic acid a precursor
to Omega-3 FAs (Davis et al., 2020; Jaakamo et al., 2024).
Diets containing red clover silage specifically increase
PUFA and trans-11 vaccenic acid in the milk lipid profile
(Jaakamo et al., 2024). Corn silage, which is the most
common forage employed in dairy nutrition, tends to
decrease milk fat with a slightly different FA profile
compared to ryegrass and legume silages (Kalac and
Samkova, 2010). In addition, nutrition programs high in
forage increase the average size of milk fat globules, milk
fat composition and support healthier FA synthesis;
however, compared to diets dominated by energy-dense
concentrates, they may slightly reduce total milk volume
and protein percentage (Sanh et al., 2002). While feeding
high in concentrate may increase milk yield, feeding high
grain relative to forage can lead to milk fat depression
(MFD; Angeles-Hernandez et al., 2020). In addition to all,
the impact of fiber characteristics, such as NDF and
peNDF, of the forages used in the diet of dairy cattle has
also been discussed above. As is known, acetate and
butyrate are directly involved in milk fat production. In
dairy cattle diets, factors such as forage type, particle size,
silage-to-hay balance, total NDF content, and forage-
derived NDF content are characteristics that exert limiting
and determining effects on milk fat synthesis.

Dietary Fat/Oil
Synthesis

Supplementation and Milk Fat

Dietary oil supplementation generally reduces total
milk fat synthesis but significantly alters the FA profile.
Although supplementing dairy cow diets with oils
increases energy density and raises the levels of healthy
PUFAs in the milk, it often leads to MFD (He and
Armentano, 2011). While fat supplements can increase the
energy density of a diet, unprotected vegetable oils often
lead to MFD. Indeed, rumen microorganisms convert
dietary unsaturated oils into stable, saturated oils via
biohydrogenation. When free oils fall into rumen,
biohydrogenation pathways are triggered, causing
production of some specific CLA isomers which can act as
an anti-lipogenic signal when they pass through the blood
and arrive at the mammary tissue (Baumgard et al., 2002;
Adeniji et al., 2025).
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However, saturated fat supplements to dairy cow diets
increased 5.1% milk fat concentration when compared to
non-fat supplemented diets (Schroeder et al., 2004).

Dairy cows have been fed both protected and
unprotected fats and oils. Some of the sources of
unprotected fats or oils reported in the literature include
tallow, yellow grease, vegetable oils, animal-vegetable fat
blends, and whole oilseeds (soybeans, sunflower, cottonseed,
and rapeseed). Widely used protected fat sources, which
include tallow and vegetable oils, are designated as such
because they do not break down in the rumen and,
consequently, do not affect rumen fermentation.

As aresult, adding fat to the diet of dairy cattle is a widely
used strategy to increase energy density and alleviate negative
energy balance (NEB), particularly in high-yielding dairy
cows during early lactation. However, the effect of dietary
lipids on milk fat synthesis and composition varies drastically
depending on the FAs' chain length and degree of
saturation. Unprotected PUFA from vegetable oils and
marine sources exert a toxic effect on cellulolytic (fiber-
digesting) bacteria in the rumen, thereby slowing fiber
digestion; this limits the production of acetate and butyrate,
which are the primary precursors for de novo FA synthesis
in the mammary gland. More importantly, an excessive
influx of free unsaturated FAs into the rumen alters normal
biohydrogenation pathways, triggering the synthesis of
bioactive intermediates such as trans-10, cis-12 CLA. In
conclusion, ensuring that the total lipid content in the ration
dry DM of dairy cattle does not exceed 6%, and the free
unsaturated fat content does not exceed 3%, is a critical
nutritional threshold in herd management for optimizing
milk components and preventing a decline in milk fat
synthesis (NASEM, 2021). The fatty acid composition,
rumen bypass status, extent of biohydrogenation, and type
of fats/oils added to dairy cattle diets to increase total
energy density can directly affect milk fat synthesis.

Dietary Protein and Amino Acids

Dietary proteins and amino acids influence milk fat
synthesis principally by regulating signal transduction in
mammary cells, altering VFA pathways in the rumen, and
mitigating MFD.

Although dietary fats and carbohydrates attend as the
primary substrates for milk lipids, amino acids function as
critical metabolic triggers that synchronize protein and fat
formation within bovine mammary epithelial cells (Walker
et al., 2004; Salfer et al., 2023).

Excessively high crude protein levels in the diet (CP >
18% DM) can negatively affect the cellulolytic (fiber-
digesting) bacterial population in the rumen by displacing
fermentable carbohydrates. High-protein diets can increase
rumen ammonia concentrations and lower the acetate-to-
propionate ratio. Since acetate and butyrate are the primary
building blocks for de novo milk fat synthesis, this
reduction deprives the mammary gland of precursors,
thereby lowering the milk fat percentage (Urrutia et al.,
2025).

More recently, evidence has emerged that certain
amino acids can stimulate milk fat synthesis in the
mammary glands of heifers via the mTOR signaling
pathway, which regulates cell growth and protein
translation, the protein kinase AKT, and the transcription

factor SREBPI, regulating the metabolism of FAs and
triglycerides (Che et al., 2019). Certain amino acids that
stimulate mTOR may also influence milk fat synthesis. For
example, Van Amburgh and Benoit (2025) have reported
that a diet formulated to provide at least 1.19 g of
metabolizable methionine and histidine and 3.2 g of lysine
per 1000 kcal of metabolizable energy ensures adequate
levels of these essential amino acids to promote increased
milk fat synthesis in dairy cows. Consequently, amino
acids regulate milk fat synthesis in dairy cows. Research is
ongoing into aspects such as their use in combination with
branched-chain amino acids, methionine, and lysine, to
fully understand their effects in dairy cow nutrition in
terms of milk fat synthesis.

Vitamins and Minerals

Just as there are macronutrients that affect milk fat
synthesis in dairy cattle, there are also micronutrients.
These are vitamins and minerals. Vitamins and minerals
taken via the diet strongly regulate milk fat synthesis in
dairy cattle by acting as metabolic cofactors, maintaining
rumen pH and protecting cell membranes from oxidative
stress (NASEM, 2021).

Biotin is an essential cofactor for the activation of the
acetyl-Coa carboxylase and FA synthase (FASN) enzyme
genes, which initiate de novo FA synthesis in the mammary
gland and constitute the rate-limiting step in this process
(Chen et al., 2011). Furthermore, although the addition of
nicotinamide to dairy cow diets reduced the amount of
Non-Esterified FA used as a substrate for de novo milk fat
synthesis, there was an interaction with biotin that
influenced milk fat synthesis (Wei et al., 2018). There are
also studies that milk fat concentration was increased by
supplementary vitamin B, (Graulet et al., 2007). It can be
interpreted that adequate vitamin B12 levels accelerate
propionate clearance from the liver, thereby preventing the
accumulation of propionate and metabolic deviations,
which could otherwise stimulate insulin release and lead to
MEFD.

Dietary cations such as sodium (Na®) and potassium
(K*) determine the Dietary Cation-Anion Difference
(DCAD) (Na + K - CI - S), which directly modulates
systemic and ruminal acid-base balance (NASEM, 2021).
Increasing the DCAD level in dairy cow diets to 0 to +500
mEq/kg has led to an increase in milk fat percentage from
3.30 to 3.80 % (Iwaniuk and Erdman, 2015). Furthermore,
addition of the rumen buffers NaHCO; and MgO, and
increased DCAD value by 165 mEq/kg, raised ruminal pH
(Kalscheur et al., 1997) and reduced the duodenal flow of
biohydrogenation intermediates such as trans-18:1 and
18:2 CLA FAs (Piperova et al., 2002). This finding serves
as clear evidence that DCAD mitigates milk fat depression
by raising rumen pH and reducing the flow of
intermediates released via biohydrogenation. Managing
DCAD, one of the most challenging aspects of dairy cattle
nutrition, is vitally important for managing herd milk fat
yield.

Feed Additives

Nowadays, certain feed additives, such as rumen
buffers, digestion enhancers and/or agents that support the
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microbial colonization of the digestive system, are used in
the nutrition of dairy cows. For example, an enzyme
combination containing protease, cellulase, xylanase, and
B-glucanase, has demonstrated the ability to enhance fiber
and protein breakdown, increase VFA production, and
improve the production performance of Jersey cows; these
improvements include higher protein content and a
superior milk FA profile (Vitt et al., 2025). Furthermore,
live yeast is widely used in the nutrition of dairy cattle to
stabilize rumen pH, stimulate cellulolytic bacteria and
boost immunity (Chaucheyras-Durand et al., 2008). If live
yeast, which is successful in stabilizing rumen pH and,
consequently, rumen fermentation, also exerts a positive
effect on cellulolytic bacteria, this can be interpreted as the
maintaining or enhancement of acetate and butyrate
production, implying that milk fat levels will likewise be
maintained or improved. In an in vitro study, it was
reported  that  potassium carbonate (K2CO3)
supplementation promoted the formation of trans-11 18:1
and cis-9, trans-11 CLA while reducing levels of trans-10
18:1 and trans-10, cis-12 CLA (Jenkins et al., 2014). Such
alterations in ruminal biohydrogenation pathways are
associated with a reduced risk of MFD (Harrison et al.,
2012). Similarly, in a study investigating the effects of
sodium bicarbonate (NaHCO3;) and magnesium oxide
(MgO) on milk fat in the nutrition of dairy cattle, Dhillon
and Pal (2025) reported that the use of NaHCO3 and MgO
at a 3:1 ratio and 1% of concentrate diet improved milk fat
compared to the group they were not used. Among feed
additives used in dairy cattle diets, NaHCO3 and MgO are
primarily employed to manage rumen pH and sustain
desirable rumen fermentation. Optimal rumen environment
and fermentation process also prevent milk fat depression
(MFD) and support optimal milk fat synthesis. In addition,
yeasts are promoters of rumen fermentation and are widely
used in dairy cattle diets to maintain or improve milk fat.

Conclusion

Recently, dairy industry/farming has achieved very
high milk yields via genetics, management and nutrition
strategies. Research has been carried out for quite some
time into how to increase or maintain milk fat content in
proportion to rising milk yield. In the present review, milk
fat production in dairy cattle and the influence of dietary
factors thereon are discussed in detail. Consequently,
meeting the increased dietary energy density, necessitated
by higher milk yields, with concentrate feeds has reached
a level that can affect the rumen function of dairy cattle and
make a decline in milk fat inevitable. As a result, taking the
milk fat synthesis mechanism into account, careful and
scientifically grounded attention must be paid to the
carbohydrate structure of the diets, forage traits,
supplemental oil or fat sources, dietary protein and amino
acid composition, vitamin and mineral content (whether
inherent or supplemented), and feed additives included in
carefully formulated diets.
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