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Abstract

Milk fat contains a large number of fatty acids (FA) and other liposoluble components that exhibit various effects on human

health. The present article reviews some of the factors affecting FA, vitamin A and cholesterol concentrations in milk from dairy

cow and goat. Milk fat composition is linked to many factors, both intrinsic (animal species, breed, lactation stage) and extrinsic

(environmental). The effect of animal species on milk fat composition is important, as reflected by higher concentrations of short-

and medium-chain FA, vitamin A and cholesterol in goat than in cow milk. In a given ruminant species, the effects linked to breed

are significant but limited and they can only be achieved over long periods of time. The lactation stage has an important effect on

milk FA composition, mainly linked to body fat mobilisation in carly lactation, but it only lasts a few weeks each year. Furthermore,

changes in feeding have a marked influence on milk fat composition. Changing the forages in the diet of ruminants, pasture in

particular, or supplementing lipids to the diet, represent an efficient mean to modify milk fac composition by decreasing saturated

FA and cholesterol, and increasing cis-9,trans-11-CLA and vitamin A. Nutrition therefore constitutes a natural strategy to rapidly

modulate milk FA, vitamin A and cholesterol composition, with the overall aim of improving the long-term health of consumers.
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Introduction

Globally, recent decades have witnessed an increase in
milk consumption, due to growing interest in the
nutritional value of this animal-derived food (Kliem and
Givens, 2011). Besides an important demand for cow milk,
there is also an increasing interest in goat milk, considered to
have higher digestibility and lower allergenic reactions than
cow milk (Bernard ez 4/., 2009).

Fat is one of the most important components of milk,
containing a large number of fatty acids (FA) and other
liposoluble components that exhibit various effects on
human health (Micinski ez al., 2012). Butyric acid (4:0),
branched-chain FA and cis-9,trans-11-conjugated linoleic
acid (CLA) in milk fat have been shown to exhibit
anticarcinogenic properties in a number of human cell line
cultures and animal models (Cai ez 4/, 2013; Mills ez 4l.,
2011). Caproic (6:0), caprylic (8:0) and capric (10:0) acids

may reduce the risk of developing features of metabolic

syndrome (Nagao and Yanagita, 2010). Oleic acid (cis-9-
18:1) and n-3 polyunsaturated FA (PUFA) together with an
optimal n-6/n-3 ratio are considered to be beneficial for
cardiovascular health, whereas vitamin A exhibits an
important role in vision and immunity (Chévez-Servin ¢ 4l.,
2008; Haug ez al., 2007). On the contrast, medium-chain
saturated FA (SFA) (12:0, 14:0, 16:0), trans-18:1 FA and
cholesterol may contribute to an increase in cardiovascular
risk (Baum ez al., 2012; Mozaffarian ez 4l., 2009; Viturro et
al,,2010).

Furthermore, fat is the most variable component of milk,
depending on intrinsic (animal species, breed, genotype,
lactation stage) or extrinsic (gnvironmcntal) factors
(Chilliard et al., 2007). These data need to be deepened, in
order to know what type of milk has more benefits for the
health of consumers from the perspective of milk fat
composition. Therefore, the aim of this article was to review
some of the factors affecting FA, vitamin A and cholesterol
concentrations in milk from cow and goat.
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Influence of breed

Within a given ruminant species, the differences in milk
FA composition linked to breed are significant, but
restricted, and they can only be achieved over long periods
of time (Chilliard ez /., 2007). Moreover, breed difterences
in milk FA composition are generally minor when
compared with the effects of dietary modulation or
variations among individual animals (Ferlay ez a/., 2011).

Under identical feeding conditions, milk fat from
Holstein cows had a lower content of 16:0 and a higher
content of cis-9-18:1 than milk fat from Jersey cows
(Drackley ez al., 2001; Palladino ez 4l., 2010). Cis-9,trans-
11-CLA milk fat concentration was higher in Holstein
cows than in Jersey cows (+0.11 g/100g of total FA) (White
et al., 2001) and Brown Swiss cows (+0.03 g/100g of total
FA) (Kelsey et 4l.,2003). In contrast, milk fat from Holstein
cows had lower cis-9,trans-11-CLA concentration (-0.33
g/100g of total FA) than that from Salers cows (Cozma ez
al., 2013). Milk fat from Holstein cows was also poorer in
odd- and branched-chain FA (OBCFA), but richer in 4:0
and 18:3 n-3 than that from Montbéliarde cows (Ferlay ez
al., 2010). Moreover, the Tarentaise cows had higher milk
percentages of 18:0 (+1.86 g/100g of total FA) and 18:3 n-3
(+0.30 g/100g of total FA) and lower percentages of 16:0 (-
3.41 g/100g of total FA) than the Montbéliarde cows
(Ferlay et al., 2006).

Additionally, some data regarding differences in milk
FA composition linked to breed are reported also for dairy
%oats. A study on two goat breeds from Pakistan showed
ower milk concentrations of total SFA (-5.3 g/100 g of
total FA) and higher milk concentrations of cis-9,trans-11-
CLA (+0.12 g/100g of total FA) for Kamori goats than for
Pateri goats (Talpur ez 4l., 2009).

It has been suggested that breed differences in milk FA
composition could be due, in part, to the variation of the
delta-9 desaturase activity, as reflected by the values of
specific product to substrate ratios (cis-9-14:1/14:0, cis-9-
16:1/16:0, and cis-9-18:1/18:0) (Arnould and Soyeurt,
2009).

Regarding vitamin A, the concentration of this
liposoluble component in milk does not show marked
variations among dairy breeds. In this respect, studies on
dairy cows reported similar milk vitamin A concentrations
for Holstein, Montbéliarde and Tarentaise breeds (Noziére
et al., 2006a,b). Nevertheless, slightly higher vitamin A
concentrations in the milk fat of Holstein cows (11.8 pg/g
fat) than of Jersey cows (8.0 pg/g fat) were observed, with
Brown Swiss cows (9.5 pg/g fat) having intermediate
concentrations (Noziére ¢t al., 2006b).

For milk cholesterol concentration, the differences
observed between dairy breeds are minor or even absent.
Thus, no significant differences in milk cholesterol
concentration were found between White Thari cows and
Red Sindhi cows (Talpur ez 4l., 2006), whereas the average
cholesterol concentration in milk fat from Black and White
Schleswig-Holsteins cows (246 mg/100 g fat) was reported
to be slightly higher than in milk fat from Angler cows (231
mg/100 g fat) (Precht, 2001).

Influence of lactation stage
The effect of lactation stage on milk FA composition is

marked and mainly linked to body fat mobilisation during
early lactation stage (Chilliard ez 4/, 2007). At the initiation
of lactation, ruminants are in negative energy balance,
causing mobilisation of FA from adipose tissue and
incorporation of these FA into milk fat (Palmquist ez 4/,
1993). Since the main FA stored in adipose tissue are 18:0
and cis-9-18:1, body lipid mobilisation in early lactation
stage induces a sharp increase of these FA concentrations in
milk (Chilliard ez 4/., 2003). Thus, milk from the first week
of lactation can contain up to 50% more 18:0 and cis-9-18:1
than the milk from mid-lactation interval (Palmquist ez 4/,
1993). Nevertheless, the lactation stage effect on milk FA
composition is transient, lasting only a few wecks (6 to 8
weeks) each year (Chilliard and Ferlay, 2004).

Changes in milk vitamin A and cholesterol
concentrations in relation to the stage of lactation are poorly
documented. Vitamin A has been reported to have much
higher concentrations in colostrum than in milk, but these
concentrations decrease rapidly during the first week after
parturition (Nozitre ez al., 2006b). Moreover, a study in
dairy cows indicated only a slight variation in milk vitamin
A concentration during the first 24 weeks of lactation
(Jensen et al., 1999).

Immediately after parturition, milk was reported to
contain also a high concentration of cholesterol (600 mg/g
fat), which then showed a rapid decline during the first ten
days post partum (Precht, 2001). Nevertheless, milk
cholesterol concentration was shown to increase with the
progress of lactation stage in dairy cows, from 3.74 mg/g fat
at stage I (6-60 days of lactation) to 4.35 mg/g fat at stage II
(61-210 days of lactation), and then to 4.66 m%/g fat at
stage III (between day 211 and end of lactation)
(Strzatkowska ez al., 2009).

Influence of diet

Changes in feeding have a marked influence on
ruminant milk fat composition (Chilliard ez 4/, 2007). The
most important alterations can be seen either by changing
the forages in the diets of ruminants, pasture in particular,
or by supplementing lipids to the diet (Chilliard ez 4/., 2007;
Ferlay et al.,2013; Nalecz-Tarwacka ez 4l., 2008).

Influence of the nature of forage

Despite having a relative low content of lipids, forages
represent often the major source of unsaturated FA in
ruminant diet (Dewhurst ez 4l., 2006). Fresh grass is a rich
source of 18:3 n-3 and compared to mixed winter diets,
results in increased milk fat concentrations of 18:0 (+2
g/100 g of total FA), cis-9-18:1 (+8 g/100 g of total FA),
18:3 n-3 (+1 g/100 g of total FA) and cis-9,trans-11-CLA
(+0.6 g/100 g of total FA), and decreased 10:0-16:0
concentrations (-13 g/100 g of total FA) (Chilliard ez 4L,
2007).

Furthermore, grass conservation through hay making or
ensiling leads to decreases in 18:3 n-3 concentrations, with
hay having lower 18:3 n-3 concentrations than grass silage
(Dewhurst e al., 2006; Morand-Fehr and Tran, 2001).
Nevertheless, milk from hay diets can often be richer in 18:3
n-3 than milk from silage diets, due to higher transfer
efficiency from diet to milk with hay than with grass silage
(Shingfield ez al., 2005).
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In contrast to grass, concentrates and soybean meal are
rich in 18:2 n-6 (Morand-Fehr and Tran, 2001). Milk FA
composition varies widely according to the range of
concentrate in the diet. In a pasture-based diet, increasing
the concentrate from 3 to 35% resulted in increased levels of
milk 4:0-14:0, trans-18:1 isomers (except trans-11-18:1)
and 18:2 n-6, and decreased cis-9-18:1, trans-11-18:1, cis-
9,trans-11-CLA and 18:3 n-3 contents (Bargo ez al., 2002;
Bargo et al., 2006). By contrast, when the concentrate
exceeded 60% in a pasture based diet, an increase in milk fat
concentrations of all trans-18:1 isomers (especially trans-10-
18:1), cis-9,trans-11-CLA and 18:2 n-6, and a decrease in
14:0, 16:0 and 18:0 were observed (Dewhurst ¢z 4/., 2003).
Similar studies conducted on goats showed that changes in
milk FA linked to the type of forage and forage/concentrate
ratio are consistent with the results reportedg in dairy cows
studies (Chilliard ez 4/, 2007).

Vitamin A in milk derives mainly from ruminant diet,
the nature of forage having therefore an important influence
also on milk vitamin A concentration (Ferlay ez al., 2013;
Plozza et al., 2012). Moreover, since a part of milk vitamin
A is synthesized from B-carotene, an association between
dietary B-carotene and the concentration of vitamin A in
milk has been suggested (Noziere ez al., 2006b).

Fresh grass is one of the richest sources of B-carotene
(ca. 360 mg/kg DM) (Ferlay ez al., 2013). Nevertheless, B-
carotene content of grass depends on the grass stage of
development and decreases during drying and preservation,
due to B-carotene UV-sensitivity (Graulet ez al., 2012;
Nozi¢re et al., 2006b). In a study upon dairy cows grazing
on a middle mountain prairie composed of low diversified
grass, found in a leafy stage, milk concentrations reached 7-8
ug/g fat for B-carotene and vitamin A (Graulet ez 4., 2012).
In contrast, B-carotene and vitamin A concentrations in
milk were reported to be lower (2.5-2.8 ug/g fat) for diets
based on grass silage, hay or maize silage, which are poorer in
B-carotene (Ferlay ez al., 2013).

Likewise, concentrates are typically poor sources of
carotenoides (Nozitre ez 4l., 2006b). In agreement with the
aforementioned data, the average milk fat concentrations of
vitamin A and B-carotene were reported to be 1.2- and 1.6-
fold higher, respectively, when milk from dairy cows was
produced during the grazing vs. the winter feeding period
(Agabriel ez al., 2004). Similarly, in dairy goats, vitamin A
concentration in milk was higher during the grazing period
(650 ug/100 DM) than during the indoor feeding period
(499 ug/100 DM) (Fedele et 4l., 2004).

With respect to milk cholesterol, although it is mainly
synthesised through processes independent of the ruminant
diet, feed chemical composition is shown to affect the
concentration of this liposoluble component in milk
(Strzatkowska ez al., 2010). In this respect, cholesterol
concentration was reported to be higher in milk from cows
fed fresh grass (261 mg/100 g fat) compared to milk from
cows fed hay (236 mg/100 g fat) (Aii ez 4l., 1989).

Influence of diet supplementation with lipids

Over the last decades, dietary lipid supplementation has
been used to increase energy intake and/or modify milk FA
composition in ruminants (Chilliard ez 4, 2007).
Supplementation of cow and goat diets with vegetable oils
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rich in either LA (e.g, sunflower or soybean oils) or ALA
(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, particularly 12:0, 14:0 and
16:0 (Bernard et 4l., 2009; Bouattour et al., 2008; Rego et
al., 2009). Furthermore, increases in LA or ALA in milk by
vegetable oils supplementation are small or absent, as these
PUFA are largely hydrogenated in the rumen (Chilliard ez
al.,2003; Luna ez al.,2008; Rego ez al., 2009).

In this respect, it has been assumed that giving lipids in
the form of oilseeds or rumen-protected oi%sl, rather than
free oils, would limit rumen biohydrogenation of PUFA by
restricting microbial access to lipids fChilliard and Ferlay,
2004; Jensen, 2002). Nevertheless, in goats fed a low forage
diet, supplemented with either free oil or whole crude
oilseeds, from either sunflower or linseed, PUFA were more
significantly increased by free oil than by oilseeds (Chilliard
et al., 2003). This result was attributed to a slower release of
lipids from seeds, thus increasing their rumen
biohydrogenation (Chilliard and Ferlay, 2004).

With regard to rumen-protected lipids, encapsulation of
plant oils in a formaldehyde-treated casein layer, proved to
be one of the most effective protection processes in
achieving ruminal protection of PUFA (Woods and
Fearon, 2009). Thus, feeding protected canola/soybean
oilseed (70/30 w/w) and protected soybean oilseed/linseed
oil (70/30 w/w) to dairy cows at pasture increased the
concentration of ALA in milk fat from <1% to 2.49% and
8.45%, respectively (Gulati ez al., 2002). Although effective,
such a dietary practice has its limitations, because it is
expensive and it uses controversial formaldehyde (Chilliard
and Ferlay, 2004).

Likewise, diet supplementation with marine lipids, rich
in long-chain FA of the n-3 series, is considered a good
nutritional strategy for enhancing cis-9,trans-11-CLA, 20:5
n-3 and 22:6 n-3 in milk fat of ruminants (Toral e# 4L,
2010a). When equally added to the ration, marine oils seem
more effective than plant oils at increasing milk cis-9,trans-
11-CLA content, as a result of the potent inhibitory effect
of long-chain FA on the ruminal reduction of trans-18:1 to
18:0 (Chilliard and Ferlay, 2004; Toral e al, 2010b).
Despite the fact that marine oils are rich in 20:5 n-3 and
22:6 n-3, the transfer rates of these FA from diet to milk are
low and typically account for 3-4% in cows and 4-5% in
goats (Chilliard e 4/, 2003, Sanz Sampelayo ez al., 2007).
Low transfers from diet to milk could be caused by the
extensive rumen biohydrogenation of these FA and by their
preferential incorporation into plasma phospholipids and
cholesterol esters (Chilliard ez /., 2007).

Supplementation of ruminant diet with lipids has been
shown to alter also milk vitamin A and cholesterol
concentrations. In dairy cows, supplementation of diet for
21 days with different lipid sources (300g/d of fish oil,
500g/d of Opal linseed, 500g/d of Szafir linseed, 150 g/d of
fish oil or 250 g/d of Opal linseed, 150 g/d of fish oil and
250 g/d Szafir linseed) increased milk vitamin A
concentration in all dietary treatments by 23 to 183%
(Puppel ez al, 2013). Likewise, 28 days of dietary
supplementation with linseed (200 g/d) in dairy cows,
caused an important increase in milk vitamin A
concentration (+0.147 mg/L), as well as a decrease in milk
cholesterol concentration (-0.205 g/100 g fat) (Nalecz-
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Tarwacka et 4., 2008).

Moreover, cholesterol concentration in milk of cows fed
a partial mixed ration supplemented with 5.2% soybean oil
for 120 days was decreased by 0.17 mmol/L between the
beginning and the end of the feeding period (Altenhofer ez
al., 2014). Similarly, cholesterol concentration in milk of
cows fed a total mixed ration supplemented with linseed (21
g/day) for seven weeks was reported to be 32% lower than
in milk of controls (Reklewska e# 4l., 2002). Also, gradual
addition of 275 g or 550 g rapeseed oil, or corresponding
quantities of wholemeal from rapeseed, decreased milk
cholesterol concentration by 8-13% (Precht, 2001).

Conclusions

An overview of the most recent studies regarding the
factors that affect milk fat composition has been presented.
Milk fat composition is closely linked to factors related to
the animal (species, breed, lactation stage), but mainly to
nutritional factors. Milk FA, vitamin A and cholesterol
concentrations are strongly influenced by the nature of
forage (preserved vs. grazed grass) in ruminant diet.
Important changes in milk fat composition can also be
obtained by supplementing plant lipids to the ruminant
diet, leading to a decrease in milk SFA and cholesterol, and
an increase in milk cis-9,trans-11-CLA and vitamin A.
Overall, it seems clear that diet can constitute a natural
strategy to rapidly modulate milk FA, vitamin A and
cholesterol composition with the overall aim of improving
the long-term health of consumers.
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