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Milk fatty acid composition can be influenced by several
factors, many of which are interactive. These include stage of
lactation, seasonal variation, low milk fat syndrome, feeding,
genetic variation, and changes in the energy status of the cow due
to administration of bovine somatotropin. Utilization of feeding,
genetic variation, and bovine somatotropin should produce a milk
fat lower in saturated and higher in unsaturated fatty acids. This
may be beneficial to consumers, as many health professionals are
recommending diets lower in saturated fatty acids. Giving consumers the option of purchasing low saturated fatty acid dairy
products may also assist in alleviating the current milk fat surplus
in the dairy industry.

Milk from dairy cows, being a biological fluid, varies
considerably in many of its constituents. Fat content of
milk is the constituent exhibiting the most variation in its
percentage. Milk fat is one of the most complex of all
common fats, composed of about 98% triglycerides (38).
It contains numerous fatty acids (39), mainly saturated
(66%), but also monosaturated (30%) and polyunsaturated
(4%) (75). All short-chain (4:0 to 10:0) and half of the
medium-chain (12:0 to 17:0) fatty acids in milk fat are
synthesized from acetate and B-hydroxybutyrate in the
mammary gland epithelial cells. The other half of mediumchain and almost all long-chain (18:0 and longer) fatty
acids are derived from blood plasma fatty acids of dietary
origin or from mobilization of body fat stores (28,44).
FACTORS AFFECTING MILK FATTY ACID COMPOSITION

Several factors, many of which are interactive, are known to
cause variation in milk fatty acid composition (21,44). These
include stage of lactation, seasonal variation, low milk fat syndrome, feeding (57), genetic variation (27), and changes in the
energy status of the cow due to administration of bovine somatotropin (7,13,28).
Stage of lactation
Stage of lactation is known to affect milk fat percentages.
Milk fat percentages are highest in colostrum, then decline during
the next 8 weeks of lactation, followed by a slow increase until
the end of lactation (44). It has been reported that colostral milk
fat secreted during the first day of lactation contained lower levels
of short-chain fatty acids, while over the next 15 d palmitic acid
(16:0) levels increased (66). There is some disagreement as to the
nature of changes that may occur after the first week of lactation

(21). In a stage of lactation study (55), butyric acid (4:0) was
highest during the first month of lactation, while caproic (6:0) to
myristic (14:0) acids all increased during the first 4 to 8 weeks of
lactation, remained constant to the fifth or sixth month, then
decreased toward the end of lactation. The longer chain fatty
acids, stearic (18:0) and linoleic (18:1), were highest in early
lactation, decreased until mid-lactation, then increased toward the
end of lactation. To summarize, most studies agree that shortchain fatty acids, with the possible exception of butyric (4:0),
increase for the first 8 to 10 weeks of lactation, while palmitic
acid (16:0) remains unchanged and stearic (18:0) and oleic (18:1)
acids decrease. Changes occurring after the tenth week of lactation tend to be relatively minor (21).
Season
The effect of seasonal variation on fatty acid composition of
milk fat has been extensively evaluated (14,34, 40,57). Milk fat in
winter contained more palmitic acid (16:0) and lower levels of
stearic (18:0) and oleic (18:1) acids than milk fat of summer
months. Many other factors interact with seasonal variation, and
it has been proposed that seasonal changes in milk fatty acid
composition are ultimately due to dietary effects (39). Dietary
changes from hay-concentrate mixtures to fresh pasture grasses
containing higher proportions of linoleic acid (18:2) probably
have the greatest influence on seasonal differences in milk fatty
acid composition (21) .
Low milk fat syndrome
Cows fed diets low in roughage produced milk which was
below the normal range in percentage of fat (20,64). Levels of fat
may be as low as 1 to 2% fat; this is known as low milk fat
syndrome (21). Milk fatty acid composition was also altered in
that short-chain fatty acids decreased and unsaturated fatty acids,
particularly oleic acid (18:1), increased (21,38). Cows fed diets
deficient in hay produced milk fat with increased levels of transmonounsaturated fatty acids (71).
Feeding
Considerable resesearch has been reported on the feeding of
fats, oils, and oilseeds to dairy cows (54). There is ample evidence
that feeding cows various fat sources can affect milk fatty acid
composition (21). Fat sources fed to dairy cows included whole
sunflower seeds (50,60), rolled sunflower seeds (29,52), soybean
oil (8,43,47,69,70), soybean oil meal (45), safflower oil (56),
tallow (53,68), cottonseed oil (25,68), marine oils (3), coconut oil
(1), menhaden oil (33), and oleic acid (63). In virtually all experiments where cows were fed fats high in long-chain unsaturated fatty acids, the milk fat contained increased amounts of
stearic (18:0) and oleic (18:1) acids, whereas amounts of mediumchain fatty acids decreased (21).
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Genetic variation
Genetic factors can cause variation in milk fatty acid composition. In a study involving Ayrshire twin cows, comparisons
between the variation within pairs of one- and two-egg twins
showed that proportions of different fatty acids were subject to a
high degree of genetic control. It was concluded that due to the
small size of genetic variances for individual fatty acids, manipulation would be a long-term undertaking (27).
Bovine somatotropin
Administration of bovine somatotropin (bST) to lactating
dairy cows increased milk production (19,28,51,58). Bovine somatotropin (51.5 mg/day) treated cows, in a short-term 14-d trial,
produced milk fat with 6% less short- (caproic, 6:0; caprylic, 8:0;
capric, 10:0) and medium- (lauric, 12:0; myristic, 14:0;
myristoleic, 14:1; pentadecylic, 15:0; palmitic, 16:0) chain fatty
acids and 6% more long-chain (oleic, 18:1) fatty acids (13). In
another short-term 10-d trial, milk fat from cows treated with bST
(50 and 100 IU/d) contained more palmitoleic (16:1) and oleic
(18:1) acids (28).
In a complete lactation study where cows were given biweekly
treatments of bST (500 mg), the fatty acid composition of milk fat
was not significantly altered (46). In another complete lactation
study (7) in which mid-lactation cows were treated with bST (30.9
mg/day), reductions in short- and medium-chain fatty acids and
increases in long-chain fatty acids were reported for bST milk fat.
Milk fat from cows treated with bST was more unsaturated,
mainly due to higher amounts of oleic acid (18:1). Long-chain and
unsaturated fatty acids increased the most during the first 8 weeks
of bST treatment, when cows were in a negative energy balance.
Unsaturated fatty acid levels remained slightly higher in the bST
milk fat throughout the treatment period (7). This may indicate
that high producing cows produce milk fat with a higher percentage
of unsaturated fatty acids, or it may indicate an effect of bST.
Additional research needs to be done to establish possible interaction between bST and high producing cows.
Dairy cows in early lactation (about the first 2 months) are
normally in a negative energy balance (10). Increased energy needs
are met by mobilization of body fat stores (13,76). Therefore,
changes in fatty acid composition of milk fat from cows treated
with bST are related to the energy status of the cow (7,10,13,28)
and not likely a direct effect of bST.

EFFECT OF MILK FATTY ACID COMPOSITION
ON DAIRY PRODUCTS

The type of fatty acids present in milk fat can influence the
flavor and physical properties of dairy products, as well as results
of analytical tests for determination of milk fat (9). Milk fat
contains substantial amounts of short-chain fatty acids, making it
unique compared to other fats. These short-chain fatty acids,
particularly butyric acid (4:0), are important for flavor development in some cheeses and fermented dairy products (9).
It is well documented that spring and summer milk fat from
cows on pasture contains more unsaturated fatty acids; hence,
butter manufactured from this milk fat will be softer (77). The ratio
of saturated to unsaturated fatty acids and the ratio of short- to
long-chain fatty acids can affect the melting and spreadabihty of
butter (9,16,22,35,52,74,78,79). As indicated in Table 1, mediumchain saturated fatty acids such as myristic (14:0), palmitic (16:0),
and long-chain saturated fatty acids such as stearic (18:0) acid
have the greatest influence on butter hardness, since they have the
highest melting points.
TABLE

Melting points of the major fatty acids in milk fat1.
Fatty acid2

Melting point
("C)

4:0
6:0
8:0
10:0
12:0
14:0
16:0
18:0

-8
10
16

18:1

18:2

31.5
44

58
64
69
13
-5

'Refs. (6,24,38).
Expressed as number of carbons: number of double bonds.

2

It is possible that increased amounts of unsaturated fatty
acids in milk fat may increase susceptibility to oxidation (41).
Feeding protected unsaturated fat sources to cows gave no oxidative
instability or off-flavors to milk or butter (17); similar results were
reported for butter when cows were fed unprotected unsaturated
fat sources (29,52). Milk flavor and susceptibility of milk to
oxidized or rancid off-flavors were not affected by treating cows
with bST, even though the milk was more unsaturated (7).
POSSIBLE HLMAN HEALTH IMPLICATIONS

Although little research has been reported on effects of
monounsaturated fatty acids on human blood cholesterol levels,
two recent studies have shown possible beneficial effects (31,67).
In one of these studies, the consumption of raw almonds and
almond oil as the only free fat source resulted in reductions of
serum cholesterol (67). In the other study, safflower oil high in
oleic acid (18:1) was consumed and resulted in lower plasma
cholesterol levels (31).
Research has also shown that myristic (14:0) and palmitic
(16:0) acids raise human serum cholesterol levels (36), while
caprylic (8:0), capric (10:0), and stearic (18:0) acids have no
effect (15). It is therefore incorrect to designate all saturated fatty
acids as human blood cholesterol-raising substances (32).
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In the early 1970's, reseachers in Australia developed a
method for protecting polyunsaturated lipids from hydrogenation
in the rumen (23,61,62). Polyunsaturated oils were coated with a
protein and treated with formaldehyde for protection from hydrogenation by rumen microorganisms. Feeding of protected lipids
elevated the amount of polyunsaturated fatty acids, particularly
linoleic acid (18:2), in milk fat. Some formaldehyde was also
transferred into the milk (82); therefore, formaldehyde protected
lipid supplements have not been approved by FDA for commercial use in the U.S. Protected fats, oils, and oilseeds evaluated as
fat supplements in dairy cow rations included coconut, safflower,
cottonseed, and/or soybean oils (1,4,5,1 J,J2,30,49,59,72,81,82),
rapeseed oil (2), cod-liver oil (73), tallow (12,26,42,48,65,80), and
canola (18). In summary, feeding protected lipids had a greater
influence on fatty acid composition of milk fat than feeding
unprotected lipids. Milk fat containing lower amounts of polyunsaturated fatty acids was produced from cows fed diets of
unprotected lipids. Increased amounts of monounsaturated fatty
acids, particularly oleic acid (18:1), were reported in milk fat from
cows fed unprotected lipids (8,50,56,60,68).

ALTERATION OF MILK FAT
CONCLUSION

Changes in fatty acid composition of milk from cows
fed protected or unprotected polyunsaturated lipids or treated
with bST seem to be advantageous, as many health professionals are recommending diets lower in saturated fatty
acids. It may be possible to utilize the influence that
feeding, genetic variation, and bST (or a combination of
these factors) has on milk fatty acid composition in a
beneficial manner. Therefore, the dairy industry should be
able to produce milk and dairy products with increased
amounts of unsaturated fatty acids, which may be more
desirable to the consumer.

The author acknowledges the Minnesota-South Dakota Dairy Foods
Research Center for partial funding of this project.
Published with approval of the Director of the South Dakota Agricultural Experiment Station as Publication Number 2521 of the Journal
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