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To compare the phospholipid conteﬁt of the milk fat in
the standérdization period to that during the experimen-
tal period. |

To determine the total fatty acid composition of the
milk fat in the standardization and experimental periods.
To determine the fatty acid composition of the polar
lipid fraction.

To measure gross changes in the polar lipid components.



REVIEW OF LITERATURE

The effect of variations in the diet of lactating cows on the
compbsition of milk has been studied since the early 1930's. Early
work evaluated the effect of various types and amounts of vegetable
oils and animal fats in the rations on the composition of milk fat
and the propertiés of butter. Investigators (19, 27, 61) found that
feeding soybean o0il, linseed oil, tallow, or corn o0il had an influ-
ence on the physical properties and chemical constants of the butter
and butterfat. Results showed changes in the hardness of the butter.
Linseed 0il and corn oil decreased the hardness while the remaining
fats and oils increased the hardness of the butter. It appeared that
an increase in the quantity of unsaturated qglvcerides may have l
an important role in the changes that occurred in the hardness of the
butter.

Animal tallow added to the ration has been studied (1, 2, 54, 56,
58) to determine the effect on milk production and milk composition.
The more saturated fats tend to increase milk fat production. Brown
et al. (8) found that feeding tallow, although significantly increas-
ing milk fat percentage, resulted in a decrease of the fatty acids
caproic acid through myristic acid, and a general increase in stearic,
oleic, and linoleic acids (Cl18 acids). It was noted that only lauric
acid had a significant decrease caused by feeding tallow.

Unsaturated oils have the opposite effect by causing a depression
in milk fat production (8, 31, 58). When feeding cottonseed oil in a

low roughage diet, Brown et al. (8) found there was no change in



palmitic or palmitoleic acids (C16 acids) éf the milk fat. The fatty
acids from caproic acid through myristic acid decreased and the Cl8

" acids increased. They concluded that the o0il need not be present in
high amounts to affect the milk fat. Williams et al. (61) indicated
an increased milk production but decreased butterfat production and
fat percentage while feeding soybean oil. They concluded that the
method of feeding fat affects the nature of fat metabolism since the
total unsaturation in the butterfat was greater when the soybean oil
was fed than when cracked soybeans were fed. |

Cod iiver 0il fed to dairy cows has also been shown to markedly
reduce the fat percentage of milk (15, 35, 43, 48, 60). Hilditch (18),
postulated that the depressing effect of cod liver oil is due to the-
unsaturated fatty acids of the arachidonic and behenic series exerting
a poisoning effect on mammary enzyme systems. Beitz and Davis (5) in
1964 compiled data which also indicated the depressing effect of cod
liver oil. They concluded thét this depression in milk fat synthesis
occurs somewhere beyond the rumen. They also found a significant de-
crease in stearic acid, and a significant increase in palmitoleic and
linolenic acids in the milk fat, with linolenic acid increasing
200 per cent.

Contiary to earlier reports, the effect of oils on milk fat
depression appear to have no influence on the enzyme system. Baldwin
et al. (4) in 1969 stated there were no significant enzymatic changes
which occurred in mammary tissue when milk fat percentage was de-

pressed. An alteration in mammary gland metabolism may occur. When



they_compared the concentrate diet'to a ha& diet, the concentrate diet
caused increases in oleic and linoleic acid with the remaining fatty
" acids being slightly decreased. Their observations suggested that a
part of the severe milk fat depression is due to a decrease in the
availability of long-chain fatty acids for milk synthesis.

Tove and Mochrie (56) compared the effect of dietary soybean
concentrate and an intravenously infused cottonseed o0il emulsion on
the composition of depot fat and milk fat. The addition of soybeans to
the diet altered the fatty acid composition of both the depot'fat and
the ﬁilk fat. The milk fat produced had increases in stearic aﬁd oleic
acids with a corresponding decrease in myristic and palmitic acids.
The percentage of linoleic acid slightly increased. The changes in the
depot fat of stearic and linoleic acid paralleled those observed in the
milk fat, but myristic, palmitic, palmitoleic, and oleic acids in the
depot fat behaved quite differently from thése of the milk fat. Pal-
mitic and myristic acids in the depot fat remained constant throughout
the experiment. There was a significant decrease in palmitoleic acid
and a lesser decrease in oleic acid in the depot fat. In the cotton-
seed 0il emulsion infusion experiment, only the milk fat was analyzed.
Iﬁmediately after the infusion there was a decrease in milk production
which returned to normal by 24 hours after the infusion. There was no
significant effect of the infusion on the milk fat percentage. Linol-
eic acid increased by 11.3 per cent and 19.8 per cent when intravenously
infused with 450 grams or 900 grams (respectively) of a cottonseed oil

emulsion. The linoleic acid level returned to normal after one day



with the 450 gram infusion, but the increaged level of linoleic acid
was maintained for several days with a 900 gram infusion. There was

" no change in the oleic acid level while all the remaining fatty acids
analyzed decreased slightly. They concluded that these observations
are indicative of the efficiency and completeness of hydrogenation by~
the rumen microorganisms.

Considering the possible relationships that oils have on the
fatty acid composition of milk fat, it is important to study the ef-
fect of feeding cows high grain-limited roughage diets. It is‘known
[5y 11 16, 25, 26) that feeding high levels of concentrate witﬁ a
‘restricted amount of roughage causes a depression in the fat content
of the milk in addition to a decrease in total milk fat yield. Opstvedt
and Ronning (40) found that a reduced outpﬁt of milk fat was due to a
reduction in the amounts of all major fatty acids synthesized. The
most pronounced decrease was in the long-chained saturated acids. Of
the few acids that showed a significant increase, linoleic showed the
greatest increase. King and Hemken (28) reported very similar results
but did not analyze any fatty acidé shorter than lauric acid. They al-
so found a marked decrease in palmitic and stearic acids with a smaller
decrease in myristic acid. Lauric acid showed an increase with lino-
lenic acid showing a slight increase. Kunsman and Keeney (30) found
decreases in long-chain saturated acids and compensatory increases in
oleic and linoleic acids. Beitz and Davis (5) found no significant
difference between the control ration and the high grain ration for the

fatty acids from caproic acid through myristic acid. They found a



significant decrease in palmitic and stearic acids with a significant
increase in palmitoleic, oleic, and linoleic acids of which linoleic
had the greatest increase. Jorgenson et al. (26), using a similar
ratién as those above,. found a decrease in the short-chain fatty acids
which included butyric, caproic, caprylic, and capric acids. Except
for palmitic and stearic acids, which decreased in content, the re-
maining fatty acids analyzed increased during the experimental period
compared to a standardization period. Linoleic acid had the greatest
increase and stearic acid had the greatest decrease on a percentage
basis.

Van Soest (58) reviewed the theories proposed as explanations for
the depression of milk fat from feeding high levels of concentrate.
Three precursors in the blood are mainly responsible tor fatty acidg
-0f the milk lipids. These precursors are the chylomicrons and low
density lipoproteins which give rise to various long-chain fatty acids,
acetate, and beta-hydroxybutyrate. Milk fat depressing conditions have
reduced outputs possibly due to a shortage of each of the precursors.
One widely claimed theory is a deficiency of rumen acetic acid for
milk fat synthesis in the mammary gland. Investiéators (8, 24, 26, 28,
45) have found lowered molar proportions of acetate in the rumen liquor
from cows fed high grain-limited roughage rations. Tyznik and Allen
(57) showed that feeding sodium acetate to cows producing low-fat milk
on a high concentrate-low roughage diet increased the milk fat to the
normal level within 24 hours. The acetate feeding was then discontin-

ued and the fat test immediately decreased to the sub-normal low



roughage level. Again, the acetate was fed and the milk fat had a
sustained increase. This indicates the necessity of rumen acetic acid
~ for sustained milk fat production.

The second theory involves observed increases of propionate in
the rumen liquor and a reduction in the blood concentration of beta-
hydroxybutyric acid (8, 24-26, 28, 29, 49). The antiketogenic activity
of propionate provoked a shortage of beta-hydroxybutyrate which is
believed responsible for the reduced fat test (47, B3).

The last theory discussed involved fat mobilization due to con-
trol'fromvthe endocrine system. McClymont and Vallance (32) suégested
that increased blood glucose levels depressed the release of free
fatty acids from adipose tissue, thus reducing the plasma lipids avail-
able for milk fat synthesis. Reduced levels of blood lipids (26, 32,
40, 53) have been observed which supports this theory. There have been
observations in support of all the theories; but conclusive evidence
for any one theory has been lacking.

There are severai measures which can be taken to alleviate the
situation when depressions in milk fat occur. Jorgenson and Schultz
(25) noted only slight decreases in milk fat depression when pelleted
hay and corn were fed in conjunction with baled hay. Limiting the hay
fed and Supplementing pelleted forage, O'Dell et al. (39) found no
correction in the depressed milk fat tests but did prevent a further
decline in milk fat test. They also found that, although feeding
pelleted forages four times daily, only a partial correction of a

decreased milk fat test was achieved. Chalupa et al. (9) alleviated



the milk fat depression caused by feeding bellets as the sole forage
with the addition of supplemental conventional forages. They also

" showed a higher proportion of unsaturated fatty acids in the milk fat.
The short-chain fatty écids, caproic acid through lauric acid, were
significantly decreased as were myristic, palmitic and stearic acids.
All the unsaturated fatty acids analyzed, with the exception of my-
ristoleic acid, were found in significantly higher amounts.

Another measure to control depression in milk fat from high grain
rations has been the addition of minerals or whey products to the
ration. Studies since 1961 (12-14, 34, 55) have shown that usiﬁg
sodium or potassium bicarbonate and magnesium oxide, partially delac-
tosed whey, and whey, have partially corrected milk fat depression
occurring from feeding high concentrate-low roughage rations. Hazzard
et al. (17) reported a greater decrease in milk fat f;om cows fed a
high-nitrogen whey product at a 10 per cent level than from the con-
trol high concentrate ration. The feed was partially refused by the
cows due to an unpalatable nature of the whey product. They believed
that the porticn of feedstuff actuélly consumed was well utilized.
More recent research, 1967, by Huber et al. (22) found that the ad-
difion of varying amounts of dried whole whey or partially delactosed
whey to the concentrate ration tended to maintain fat tests while a
depression in milk fat occurred on the control concentrate ration.
Partially delactosed whey at the 20 per cent level gave some increase
in fat test but no further response could be shown with a 30 per cent

level. Both whey products gave a slightly decreased milk yield when















14

Separation of the Lipid Extract into Neutrél and Phospholipid Fractions

A modification of the silicic acid column procedure developed by
"Hirsch and Ahrens (20) was used for the separation of the milk fat
samples. Mallinckrodt silicic acid, 100 mesh, labeled "suitable for
chromatographic analysis by the method of Ramsey and Patterson" was
used in the procedure. Approximately 300 grams of silicic acid and
700 ml of methanol were agitated together to create a suspension. The
mixture was allowed to set until a definite layer of silicic acid could
be seen. The methanol and finer particles were decanted off and dis-
cardéd. The procedure was repeated with methanol, acetone, and
diethyl ether. The washings remove the fine particles which could be
washed from the column by the eluting solvents. The washed silicic
acid was spread out in.a glass dish and allowed to air dry for a few
hours, then placed in an oven over night to complete the drying. Ten
grams of washed silicic acid were slurried With diethyl ether into a
glass column (2 cm x 42 cm) containing a glass wool plug. The column
was washed with an additional 40 ml of diethyl ether.

Twenty five lipid samples were selected for separation into neu-
tral and phospholipid fractions. For each ration, two samples during
thé standardization period and three samples during the experimental
period were selected for analysis. These five samples were produced
by one cow, whose performance during the experiment was judged to be
representative of the six cows on the ration.

The selected samples 1.2-2.8 grams of milk fat were placed on the

column with a disposable pipette and the sides of the column washed
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Less myristic and palmitic acids occqrred ffom feeding lactose than
from feeding a control ration containing no whey products. In compar-
iing the rations containing whey products, the whey molasses ration
produced more capric, léuric, and myristic acids and less oleic and
linoleic acids, 33.10 per cent énd 6.55 per cent respectively, than
the other three rations. Feeding the demineralized whey ration pro-
duced 29.76 per cent palmitic and 9.86 per cent stearic acids which
represents more palmitic acid but less stearic acid than the other
three whey rations. Linoleic acid increased 50 per cent from the
standardizétion to the experimental period on all but the whey mélas-
ses ration (ration 3). The degree of unsaturation increased for all
rations except the whey molasses rations which gave a decrease in un-
saturation from the standardization period to the experimental period.
The demineralized whey ration had the largest increase of unsaturation.
The lactose ration results are unusual because of the presence of two
unknown peaks. This could be due to the fact that only one cow's milk
was analyzed for each ration so it may have been that particular cow

which produced unusual milk fat.

Thin-Layer Chromatography

Figure 2 represents a typical separation of the phospholipid com-
ponents of milk fat. As shown in Figure 2, no visible differences
between the major phospholipid components can be seen when comparing

the standardization period to the experimental period.
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decrease in oxidative stability of the milk from these cows. The high-
er phospholipid content would also indicate oxidative susceptibility.
‘Results show that adding certain whey products to the high concentrate
ration helps maintain fat production and produce milk fat which is more

nearly like normal milk.
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