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The composition of milk
The composition of cow’s milk can vary widely between different cow breeds and during
different stages of lactation. Generally, milk consists of fat, protein, carbohydrates, minerals, and vitamins but the main component in milk is water accumulating to approximately
87% (Table 1). Water dilutes the milk and thus allows its secretion from the mammary
gland. Typically, milk contains around 3.9% fat and these fats represent a concentrated
energy source. Protein contents of milk are around 3.4% and these proteins contain all
of the essential amino acids. Milk protein itself consists of approximately 80% casein and
20% whey protein. The major carbohydrate occurs in the form of lactose and accounts
for around 4.6% of milk. Minerals in cow’s milk include calcium, sodium, potassium,
magnesium, selenium, iodine, phosphorus, zinc, and iron. Vitamins include vitamin A, B
(types B1, B2, B3, B5, B6, B12), C, D and E.

Table 1. Typical composition of cow’s milk
Component

%

Fat

3.9

Protein

3.3

Lactose

4.6

Solids non-fat

8.8

Minerals

0.9

Water

87.3

Milk fat and fatty acids
Fat in milk mainly appears in form of a complex combination of lipids called triglycerides.
These triglycerides in turn consist of esters of three different fatty acids with one molecule
of glycerol each (Figure 1). Milk fat globules are consisting of multiple triglycerides. The
diameter of the globules ranges from <1 to about 10 µm, with most of the globules at 1
µm, but those of 4 µm account for most of the mass.
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Figure 1. Molecular structure of triglyceride [esterified glycerol in combination with 3 different fatty acids,
specifically palmitic acid (C16:0), oleic acid (C18:1) and linolenic acid (C18:3)]

In total, more than 400 different fatty acids have been described in cow’s milk (Jensen,
2002). Generally, the fatty acids are categorised into minor and major fatty acids according to their content. While minor fatty acids occur at very low concentrations, major fatty
acids represent the majority of milk fat (Table 2).

Table 2. Composition of the major fatty acids in milk fat
Fatty acid –
Carbon number

Fatty acid –
Common name

4:0
6:0
8:0
10:0
12:0
14:0
15:0
16:0
16:1
17:0
18:0
18:1
18:2
18:3

Butyric
Caproic
Caprylic
Cepric
Lauric
Myristic
Pentadecanoic
Palmitic
Palmitoleic
Margaric
Stearic
Oleic
Linoleic
Linolenic

Average range
(weight %)
2-5
1-5
1-3
2-4
2-5
8-14
1-2
22-35
1-3
0.5-1.5
9-14
20-30
1-3
0.5-2

(Adapted from Jensen, 2002)

Fatty acids can also be categorised into saturated or unsaturated depending on the
number of double bonds in the carbon chain of the molecule (i.e. amount of hydrogen).
Unsaturated fatty acids may be further classified as monounsaturated and polyunsaturated
based on one or more than one double bonds, respectively. Generally, around 65% of
fatty acids in cow’s milk are saturated, 29% monounsaturated and 6% polyunsaturated.
Given the public interest in, and concern for, the role of fat in the human diet, some milk
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processors started offering dairy products with elevated concentrations of unsaturated fatty
acids. In this context, bulk tank samples are routinely analysed for contents of saturated
and unsaturated fatty acids using FOSS FTIR technology and prediction models. Moreover,
prediction models for determination of fatty acid chain length (i.e., short-chain, mediumchain, long-chain fatty acids) and major fatty acids (i.e. C14:0, C16:1, C18:0, and C18:1)
are available and used in practise since many years.
Besides the fatty acids described above, milk fat consists to a small extent of phospholipids
and other fats such as fat-soluble vitamins (e.g. Jensen, 2002).
Milk fat is the most variable component in milk, both in concentration and composition.
The total fat content as well as the fatty acid composition are mainly associated with animal related factors as well as the management and feeding of the animal as summarised
in Table 3 and described in detail elsewhere (Jensen, 2002; Palmquist 2006).

Table 3. Factors affecting milk fat content as well as fatty acid composition
Animal

Feeding

Genetics

Grain intake

Stage of lactation

Amount and composition of dietary fat

Ruminal Fermentations

Dietary protein intake

Mastitis

Energy intake. Seasonal and regional effects

(Adapted from Jensen et al., 2002)

The content of fat in milk evidently determines the milk’s nutritional and financial value
and thus milk fat is a commonly used parameter (among others) for payment of milk.

Fatty acid composition and feeding
Numerous studies are available focused on feeding effects on the composition of milk fat.
Evident changes in both milk fatty acid composition and total fat content occur depending on the cows diet (Table 4).
Specifically, the composition of the milk fatty acids changes to less fatty acids with up to
14 carbons and more fatty acids with 18 or more carbons when the roughage levels in the
diet increases (Table 4). This is explainable by the fact that rumen fermentation processes
affect the endocrine status in a manner that ultimately partitions nutrients towards adipose
tissue (Grummer, 1991). In detail, the cows start to use nutrients for generating and filling
body fat depots (i.e. adipose de novo fatty synthesis). This results in a reduction of the
availability of precursors (i.e. volatile fatty acids such as acetate and butyrate produced
by microbes in the rumen) for de novo fat synthesis in the mammary gland and thus less
fatty acids with up to 14 carbons in milk. The subsequent result is a reduced fat content
in milk as indicated in Table 4.
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Table 4. Milk fatty acid composition depending on feeding different diets
Diet

Fatty acids
(g/100 g, fat basis)

TMR¹

CS based TMR²

CS based TMR³

C4:0-C14:1

22.26

19.98

18.59

C16:0

36.14

33.09

34.08

C16:1

1.25

1.11

1.36

C18:0

11.84

13.34

13.12

C18:1

22.52

25.99

27.22

C18:2

2.72

3.08

2.76

C18:3

0.47

0.58

0.63

Total fat (%)

4.26

3.71

4.03

(adapted from Liu et al., 2016)
¹TMR mainly consisting of hay, alfalfa hay, maize silage, soybean meal, ground corn grain, and whole cottonseed
²TMR consisting of 35% (DM) corn stalk (CS), soybean meal, ground corn, and whole cottonseed
³TMR consisting of 54% (DM) corn stalk (CS), soybean meal, ground corn, and whole cottonseed

The supplementation of dietary fat may also influence milk fatty acid composition by directly providing substrate for fatty acids with 18 or more carbon in milk and thus possibly
increase total fat content (e.g., Palmquist, 2006).

Fatty acid origin
The milk fatty acids are mainly derived from two sources: the feed and the products of
the microbial activity in the rumen of the cow. Specifically, during fermentation of feed
components (i.e. mainly starch and cellulose) in the rumen so called volatile fatty acids
[i.e. acetate (C2:0), propionate (C3:0) and butyrate (C4:0)] are generated by the microbes.
These volatile fatty acids serve as basis for the de novo synthesis of fatty acids with 4-14
carbons in the mammary gland. Milk fatty acids with 18 or more carbons originate either
directly from the feed (i.e. dietary fats) and/or from lipolysis of adipose tissue (i.e. body
fat mobilisation). The two fatty acids pentadecanoic (C15:0) and margaric (C17:0) are
synthesised by the bacterial flora in the rumen (Dewhurst et al., 2000; Vlaemick et al.,
2006). It is well known that fatty acids with 16 carbons originate partly from de novo
synthesis and partly from dietary fats or lipolysis (e.g. Jensen, 2002; Palmquist, 2006).
Hence, fatty acids can be categorised into the following three groups according to their
origin: de novo, mixed, preformed (Table 5).
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Table 5. Fatty acid origin grouping
Fatty acid group

Fatty acids

de novo

C4:0

C12:0

C6:0

C14:0

C8:0

C14:1

C10:0
mixed

C16:0

C16:1

preformed

C15:0

C20:0

C17:0

C20:2

C18:0

C20:4

C18:1

C22:0

C18:2

C24:0

C18:3

Concept and meaning of working with fatty acid origin profiling
As described above and illustrated in Table 4, the milk fatty acid composition is clearly associated with the diet of dairy cows. This, in turn, opens up the possibility to use the milk
fatty acid profile for evaluating the feeding of dairy cows as well as rumen fermentation
and functionality. Specifically, the milk fatty acid origin profile of bulk tank samples allows
effective evaluation of the feeding status of the entire lactating herd [or bulk samples
of groups of cows (e.g. pen samples) to evaluate their feeding status for that purpose].
Ultimately, the fatty acid origin profile can be used to optimise fat and protein production
on a dairy farm.
In general, high fat percent results in bulk tank samples are associated with high contents
of de novo fatty acids (Figure 2a). A possible explanation for this relationship might be
that an increased function of the rumen as well as the microbes in the rumen result in an
increase of the availability of precursors for de novo fat synthesis in the mammary gland.
High true protein results are also associated with high contents of de novo fatty acids
(Figure 2b). This might be due to increased microbial fermentation as well as increased
microbial protein synthesis in the rumen.
The main factors affecting rumen functionality identified are related to farm and feeding
management (e.g. Woolpert et al., 2017). In terms of farm management, overstocking or
reduced bunk space per cow leads to modification of the eating behaviour of cows and
thus reduced de novo milk fat synthesis. In terms of feeding and feeding management,
proper feeding of fat and fibre as well as frequency of feeding mainly determine the de
novo milk fat synthesis.
An example for utilising fatty acid origin profiling information could be: The fibre content
in the cows diet increases due to change of, e.g. the grass silage from first to second cut
or even within a cut and naturally the cows rumen would adjust to this change. Specifically, the cows will start mobilising body fat to compensate for the reduced amount of
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feed energy available (e.g. lower digestibility) and, consequently, the composition of the
milk fatty acid profile changes to lower concentrations of de novo fatty acids and higher
concentrations of preformed fatty acids.
a.
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Figure 2. Relationship between fat percentage and de novo fatty acids (a) as well as true protein percentage
and de novo fatty acids (b) in 200 bulk tank milk samples. Each symbol represents the result for one farm,
overlapping is possible.

This way the cows attempt to keep up total fat production but eventually a drop in both
milk fat and protein content can be expected. Hence, based on the fatty acid origin profile
information a dairy farmer could intervene by adding more grain to the cows' ration and
thus compensate for the lack of energy caused by lower digestibility of the grass silage.
As a result, the de novo fat synthesis would increase again and a drop in fat and protein
production could be prevented.
The possible differences in fatty acid origin profiles as well as the performance of dairy
cows depending on feeding are illustrated in Table 6. Specifically, three groups of cows
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were defined and fed different diets [i.e. group 1: normal Total mixed ration (TMR), group
2: medium high roughage TMR, group 3: very high roughage TMR] (Liu et al., 2016).
However, these diets were experimental and thus the differences in routine operations
on a dairy farm might not be as evident as described in Table 6.

Table 6. Effect of feeding different diets on the fatty acid origin profile and dairy cow performance
Diet

Fatty acid origin profile
(g/100 g, fat basis)

TMR¹

CS based TMR²

CS based TMR³

De novo

22.26

19.98

18.59

Mixed

37.39

34.2

35.44

Preformed

39.36

44.65

45.42

Milk yield, kg/d

26.43

22.62

17.41

DMI4, kg/d

16.75

16.71

16.19

Fat, %

4.26

3.71

4.03

Fat yield, g/d

1110

830

700

Dairy cow performance

Protein, %

3.2

3.1

3

Protein yield, g/d

840

700

530

(Adapted from Liu et al., 2016)
¹TMR (total mixed ration) mainly consisting of hay, alfalfa hay, maize silage, soybean meal, ground corn grain,
and whole cottonseed
²TMR consisting of 35% (DM) corn stalk (CS), soybean meal, ground corn, and whole cottonseed
³TMR consisting of 54% (DM) corn stalk (CS), soybean meal, ground corn, and whole cottonseed
4
DMI = Dry matter intake

FOSS’s new fatty acid origin package
FOSS has developed new global prediction models allowing the analysis of fatty acids
according to their origin. Specifically, the new fatty acid origin package consists of three
prediction models: 1) de novo fatty acids, 2) mixed fatty acids, and 3) preformed fatty
acids. The specific fatty acids included in each prediction model are listed in Table 5. The
new models were developed based on full spectra data and gas chromatography reference data from multiple countries on three continents (i.e. Europe, North America, Asia).
All data used originated from raw milk samples only (both bulk tank and individual cow
milk samples) to reflect routine conditions in milk-testing laboratories.
It is well-known that total fat and the composition of fatty acids are interrelated with each
other (Eskildsen et al., 2014). For example, the higher the total fat content, the higher
the content of specific fatty acids. In this context, the milk fatty acid composition can be
determined using different units: a) Milk basis – g fatty acid per 100 g of milk and b) Fat
basis – g fatty acid per 100 g of total fatty acids. The key difference between the two
units is that the fat content of a milk samples is taken into account using the unit fat basis
(Figure 3). This way the natural interrelation between total fat and fatty acid composition
is considered and the actual composition of fatty acids can be seen. Consequently, this is
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a key aspect to consider in the development of FOSS's fatty acid prediction models. More
specifically, samples included in the development of the new prediction models have been
selected based on covering the full range of variation of results on a fat basis. Nevertheless,
the instrument is predicting fatty acids on a milk basis and results are displayed on a milk
basis by default (it is, however, possible to convert results to fat basis in Foss Integrator).

Figure 3. Equation for conversion between milk basis and fat basis (according to IDF Bulletin 447:2010)
g specific Fatty Acid
		
100g Milk
total Fat%∙0.95)

∙100 =

g specific Fatty Acid
		
100g Total Fatty Acids

In terms of performance of the new fatty acid origin prediction models, the accuracy is
at 0.018 to 0.116 on a milk basis, meaning predicted fatty acid results ± 0.018 to 0.116.
The validation confirmed the good accuracy of the models because of a strong positive
correlation between results generated by MilkoScan instruments and gas chromatography
(R2 = 0.82 to 0.99). The development of the new models as well as their performance are
described in detail elsewhere (Schwarz et al., 2018).

Conclusions
The milk fatty acid profile has been of interest to the dairy industry for many years for
optimising the nutritional aspect of dairy products. However, milk fatty acids are closely
related to the feeding of dairy cows and thus provide a lot of information on the nutritional status of dairy cows. Working with fatty acid origin profiling, data obtained from
bulk tank milk samples provide insights to optimise management and feeding of dairy
cows. The overall objective is to optimise the gross income of a dairy farm by increasing
milk fat and protein concentration at the same (or higher) level of milk production. Various practical applications for fatty acid origin profiling are currently under development.
Besides utilising the fatty acid origin profile information of bulk tank samples for herd
level evaluations, doing such profiling on the level of individual cows offers the possibility
to further fine-tune feeding and potentially to screen for feeding disorders.
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