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Abstract

In the past few years, there has been a notable rise in global demand for milk and dairy products. Milk fat represents an
important component of milk, playing a crucial role in energy provision and contributing to numerous physical
characteristics and manufacturing qualities of both milk and dairy products. The fatty acids found in milk fat are regarded
as important nutritional components in the human diet. Generating milk with an increased concentration of
polyunsaturated fatty acids (PUFAs), particularly from the n3 category, is advantageous because dietary patterns
containing more n3 fatty acids and fewer n6 fatty acids are considered healthier for humans. There are numerous factors
that influence the fatty acid in the milk profile, with nutrition being the most critical aspect among them. Primary dietary
factors, including the type and quantity of either forages or concentrates within the dietary regimen, extensive research
has been conducted on the balance between forage and concentrate ratios, as well as the inclusion of fat or oil
supplements in diets.
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INTRODUCTION There are numerous factors that impact the fatty
acid (FA) composition of milk, nutrition playing

In recent times, there has been a worldwide 3 pivotal role. Key dietary factors, such as the

inclination towards a heightened request for type and amount of forages or concentrates

milk and dairy items (OECD/FAO, 2020; EC,  consumed, the balance between forages and

2020). Milk fat represents a significant  concentrates, and the incorporation of fat or oil

constituent of milk, playing a pivotal role in  supplements into diets, have been thoroughly

energy provision and contributing to numerous investigated (Hanus et al., 2018).

physical attributes and manufacturing qualities

of both milk and dairy products (Bauman & MATERIALS AND METHODS

Griinari, 2001; Alatas et al., 2015).

Fatty acids (FAs) present in milk fat are deemed ~ For the completion of this study, a systematic

significant nutritional elements in the human search of other relevant scientific articles on the

diet (Hanus et al., 2018). From a nutritional =~ chosen subject was conducted in the Google

standpoint, it is desirable to produce dairy with Scholar, PubMed, and MDPI databases.

a larger amount of polyunsaturated fatty acids  Relevant articles published in recent years were

(PUFAS), particularly those from the n3 group, examined, and the references of included studies

because diets containing more n3 and less n6 were also consulted to obtain additional

fatty acids are considered healthier for humans  bibliographic sources.

(Simopoulos, 2002; Moallem, 2018). Fatty acids

can be classified into several -categories, RESULTS AND DISCUSSIONS

including saturated, monounsaturated,

polyunsaturated, and acetylenic fatty acids.  Exploring the role of milk fatty acids in

Additionally, there are fatty acids with unique  nutrition and human health

structural features, such as branched, cyclic, Fatt}./. acids foupd in milk fat. are crucial
epoxy, hydroxyl, and those containing a ketone nutritional constituents in the diets of many
group (Pece et al., 2007; Danila et al., 2022). people, with significant implications for human
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health. While historically associated with
adverse effects, recent scientific understanding
has led to a more favorable perception of milk
fat's influence on human health (Nicolosi et al.,
1997; Parodi, 1997; Parodi, 1999; Dhiman et al.,
2005; German et al., 2009; Parodi, 2009; Chung
et al., 2018; Hadrova et al., 2021).

Historically, there has been an association
between fatty acids and adverse health effects.
However, over the past decade, this perception
has been significantly reassessed.

Milk fat contains numerous compounds with
potential anticarcinogenic properties, including
conjugated linoleic acid, sphingomyelin, other
sphingolipids, butyric acid, 13-
methyltetradecanoic acid, ether lipids, as well as
vitamins A and D. Research suggests that milk
fat provides protection against various types of
cancer, including breast, skin, stomach, prostate,
and colon cancer (Parody, 2004; Danila et al.,
2022).

Dairy products serve as significant sources of
conjugated linoleic acid (CLA), particularly the
cis-9, trans-11 isomer. The level of CLA found
in milk fat typically ranges from 3 to 5 mg/g,
with the cis-9, trans-11 CLA isomer comprising
approximately 80-90% of this concentration
(Parody, 1997; Sehat et al., 1998; Danila et al.,
2022). The dietary composition of ruminants,
particularly dairy cows, significantly influences
alterations in milk FAs, indicating the potential
for targeted dietary adjustments to yield milk
with a favorable fatty acid profile, aligning with
human nutritional guidelines (Shingfield et al.,
2008).

Generally, there is a health-oriented preference
for increasing the levels of n3 fatty acids in milk
and dairy products, while concurrently reducing
the presence of specific saturated fatty acids
(SFAs) due to their association with heightened
atherosclerotic risks (Lock & Garnsworthy,
2001; Socha et al., 2007). The content of PUFA
and SFA in milk fat can be altered by adjusting
the proportion of fresh grass, hay and maize
silage in the dietary intake.

Additionally, the consumption of fresh grass
boosts the level of CLA, a biologically active
compound known for its anticarcinogenic
effects (Ip et al., 2003; Bargo et al., 2006). The
reaction in milk production and composition
exhibits more variability when fat supplements
are added to the diet compared to diets based on
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corn silage as forage. Conversely, diets with
higher concentrate contents can potentially
cause milk fat depression and alterations in the
milk fatty acid profile (Reno et al., 2013; Liu et
al., 2008; Bauman & Griinari, 2003).
Supplementation of dairy cow diets with linseed
oil, sunflower oil, or fish oil can influence the
PUFA content in milk, particularly ALA and
CLA isomers. Controlling the ruminal
biohydrogenation  process can enhance
improving the health profile of cow milk by
augmenting the levels of CLA and n-3 fatty
acids (Mach et al., 2013; AbuGhazaleh, 2008;
Thanh & Suksombat, 2015; Silvia et al., 2015).
Dairy cows primarily acquire fatty acids for
milk fat synthesis from various sources,
including the diet itself, rumen microorganisms,
adipose tissues, and biosynthesis occurring
anew in the mammary gland (Walker et al.,
2004). The proportion of fatty acids from each
source in milk fat production varies significantly
based on factors such as feed intake, diet
composition, and lactation stage (Shingfield et
al., 2008). Increased starch intake is linked to
enhanced de novo synthesis, resulting in a
higher proportion of saturated milk fat, whereas
higher intake of polyunsaturated fatty acids from
pasture leads to elevated concentrations of
specific fatty acids in milk fat (Parodi, 2009).

Milk fat content typically rises with the
increasing fiber content of various forages.
Incorporating forage, especially fresh grass,
increases the ratio of unsaturated fatty acids to
saturated fatty acids in cow milk fat (Bauman &
Griinari, 2001; Lock & Garnsworthy, 2001;
Elgersma et al., 2013; Dewhurst et al., 2006).
Additionally, the intake of fresh grass elevates
the concentration of specific fatty acids with
beneficial effects on human health (Parodi,
2009). When fat supplements are introduced
into the diet, the reaction in both milk production
and composition varies in comparison to diets
primarily reliant on corn silage as the main
forage source. Diets with higher concentrate
contents can potentially cause alterations in the
milk fatty acid profile, highlighting the
importance of balanced dietary compositions
(Bauman &  Griinari, 2001; Lock &
Garnsworthy, 2001). Supplementation with
linseed oil, sunflower, and fish oil can impact
the fatty acid composition of milk, presenting
opportunities to enhance its healthiness



(Shingfield et al., 2008; Parodi, 2009). Fish oil,
rich in EPA and DHA, modulates the
biohydrogenation process, influencing the
synthesis of specific fatty acid isomers with
potential health benefits (Simopoulos, 2002).
The consumption of certain fatty acids has been
associated with several health advantages, such
as lowered cardiovascular risks and enhanced
neurological function (Rizos et al., 2012;
Simopoulos, 2002). Continued research in this
field is essential to comprehend fully the effects
of animal diets on milk composition and human
health (Griinari & Bauman, 1999). This could
lead to the development of more effective
dietary strategies and the promotion of healthier
lifestyles (Parodi, 2009; Rizos et al., 2012).
Dairy products with an optimal fatty acid
composition could positively impact consumer
health and well-being (Simopoulos, 2002).

Alternative feeding resources for dairy cows

When it comes to dietary characteristics,
substituting forage with oilseed brings about
notable shifts in certain fatty acid (FA) profile
outcomes. Meta-regression findings indicate
that as the difference in forage inclusion
increases (supplemented minus control values),
there's a reduction in CLA content (B =—0.09; p
< 0.05) and ¥ omega-6 (p = —0.11; p < 0.05).
Moreover, there's an observed increase in
unsaturated fatty acid (UFA) milk content with
a rise in NDF difference (f = 0.19; p < 0.001).
Elevated levels of linoleic acid (LA) in the
supplemented group are significantly associated
with decreased values of lactose (f = 0.005; p <
0.001), linolenic acid (LNA) (B = —0.13; p <
0.001), oleic acid (OA) (B = —0.23; p < 0.001),
and vaccenic acid (VA) in milk (B =—-0.04; p <
0.05). Additionally, there's a negative
correlation between the difference in LNA and
OA effect size (p = —0.15; p <0.001) (Vargas-
Bello-Perez et al., 2020).

Incorporating oilseeds into the diet doesn't
impact remains unaffected by the isoenergetic
balance between diets observed in most trials,
thus not influencing the productive behavior of
ruminants (Vargas-Bello-Perez et al., 2020).
Similarly, Rabiee et al. in 2012 didn't find a
statistical difference when using oilseeds;
nevertheless, it can improve milk production
with the utilization of an alternative lipid source,

182

where the variation is linked to the dry matter
intake and energy content of the diet.
Sunflower, cottonseed, and soybeans
significantly contribute to a decrease in milk fat,
possibly linked to the quantity of LA (greater
than 50 g 100 g! FA), although this remains
unclear. Nevertheless, LA is believed to serve as
a substrate in the formation of trans isomers,
which have been associated with milk fat
depression syndrome. Conversely,
supplementation with flaxseed and rapeseed has
a has a lesser impact on LA content, possibly
due to saturation by alternative pathways of their
main fatty acids, resulting in fewer intermediate
isomers inhibiting de novo synthesis of FA in
milk fat (Bauman & Griinari, 2003; Leduc et al.,
2017).

Oilseed use in diets for ruminants can elevate
propionic acid production and decrease acetic
acid production proportionally. This occurs as a
result of glycerol release from triglycerides
during lipolysis. At this shift in the rumen, the
ratio of acetic to propionic acids does not impact
milk yield but promotes conditions (primarily
rumen pH and/or microbial population) for
increased unsaturated fatty acid (UFA) content.
Long-chain polyunsaturated fatty acids (PUFA)
escaping biohydrogenation are absorbed by the
intestine, increasing the UFA ratio in milk at the
expense of saturated fatty acids, possibly due to
an inhibitory effect of acetyl-CoA carboxylase
and fatty acid synthetase enzymes at the
mammary gland level (Martinez et al., 2013;
Kholifet al., 2018; Pi et al., 2019; Vargas-Bello-
Perez et al., 2020).

The significance of enhancing the PUFA
proportion in milk lies in its potential
to decrease obesity and mortality from
cardiovascular issues by as much as 30% and
decrease diabetes incidence by up to 50%.
Omega-3 PUFA exhibited a 20% decrease in
mortality among patients with cardiac issues
(Livingstone et al., 2013; Maki et al., 2018).
The abundant presence of linoleic acid (LA) in
sunflower seeds, comprising 60.4% of fatty
acids (FA), has a significant impact on the fat
content of milk. Introducing polyunsaturated
fatty acid (PUFA)-rich sources as supplements
leads to a reduction in acetic and butyric
fermentation in  the rumen, thereby
leading to a reduction in the synthesis of new
fats within the mammary gland and the



inhibition of lipogenic enzymes (Ueda et al.,
2003). In contrast, the incorporation of
sunflower into the diets of cows has a beneficial
effect on the content of oleic acid (OA), likely
attributable to the potential escape of fatty acids
from ruminal biohydrogenation and their
subsequent absorption by the small intestine for
secretion in milk, or through the activity of the
delta-9 desaturase enzyme in the mammary
gland (Rabiee et al., 2012). Moreover, the
inclusion of rapeseed and soybean in the rations
of dairy cows shows a positive correlation with
OA content, presumably due to the elevated
concentration of this fatty acid in these types of
oilseeds.

Higher levels of oilseed supplementation exhibit
a positive linear impact on unsaturated fatty acid
content when linseed, rapeseed, and soybean are
utilized. The forage level in the diet strongly
correlates with saturated fatty acid contents in
milk. Interestingly, experimental washout
periods impact unsaturated fatty acid contents,
specifically rumenic (CLA), vaccenic, linolenic,
and oleic fatty acids (Plata-Perez et al., 2022).
Marine algae encompass a wide array of
valuable, biologically active compounds,
including polysaccharides, proteins, PUFAs,
various pigments, and antioxidants, divided into
macroalgae and microalgae based on size.
Genera and species like Ascophyllum nodosum,
Laminaria sp., and others hold potential for use
as animal feeds. Despite low lipid content,
macroalgae are rich in PUFAs, particularly
EPAs and AAs, found primarily in brown and
red seaweeds. Scientific data on the effect of
macroalgae supplementation in ruminant diets
on milk yield and composition are limited but
indicate increased milk fat yields with
supplementation of certain species like
Lithothamnion calcareum. Microalgae produce
a variety of bioactive compounds, rendering
them suitable supplements not just in human
diets but also in animal diets. Chlorella and
Spirulina, among others, are notable for their
high protein content and are rich sources of
various fatty acids. Their supplementation in
cow diets can influence milk FA profiles,
impacting rumenic acid, n3 FAs, and DHA
transfer efficiency into milk fat. (Dawczynski et
al., 2007; Cruywagen et al., 2015; Makkar et al.,
2016; Khan et al., 2018; Neville et al., 2019;
Morais et al., 2020).
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Oilseeds, rich in PUFA, can be provided to dairy
animals to alter milk fatty acid profiles,
producing nutritionally  beneficial — milk.
Flaxseed decreases short- and medium-chain FA
concentrations while increasing long-chain FA
content in milk fat. Fish oil addition has been
suggested to increase long-chain n-3 FA
contents in milk. Clover in organic forage may
reduce rumen biohydrogenation of unsaturated
FA (Chilliard et al., 2001; Dewhurst et al.,
2003). Linseed supplementation elevates
nutritionally desirable FA content in milk,
which could be important for human nutrition
(Butler et al., 2011). Although oilseed
supplementation reduces SFA concentrations
and increases desirable FA, it may not
completely offset the absence of fresh forage in
the diets of housed cows. Rapeseed is inferior to
linseed in improving milk fat composition.
Proposed dietary combinations can maximize
positive impacts on milk FA profiles without
compromising milk production and solids
content (Stergiadis et al., 2014).

Linseed supplementation reduces C16:0
proportion while increasing omega-3 fatty acids
and conjugated linolenic acid concentrations,
improving milk quality. Additionally, linseed
supplementation affects gene expression related
to metabolism and immune response in the liver
and mammary gland, providing insight for
improving milk quality and animal health (Mach
etal.,, 2013).

CONCLUSIONS

The understanding of the role of fatty acids
found in milk fat has evolved significantly over
time, with recent research highlighting their
potential benefits for human health. While
historically associated with adverse effects,
scientific advancements have led to a more
favorable perception of milk fat's influence on
human well-being.

Milk fat contains compounds with potential
anticarcinogenic properties, providing
protection against various types of cancer. Dairy
products, particularly those rich in conjugated
linoleic acid (CLA), offer significant health
benefits. The composition of fatty acids in milk
can be influenced by dietary adjustments, with
targeted strategies yielding milk with a
favorable fatty acid profile. Increasing levels of



certain fatty acids, such as n3 fatty acids, while
reducing specific saturated fatty acids, align
with health-oriented dietary preferences.
Furthermore, supplementation with oilseeds and
other dietary modifications can enhance the
healthiness of milk by altering its fatty acid
composition. Continued research in this field is
crucial for developing effective dietary
strategies and promoting healthier lifestyles, as
dairy products with optimal fatty acid profiles
could positively impact consumer health and
well-being.
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