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The subject of depressed milk fat
level in cow’s milk has been through a
number of findings: the earliest in 1845
from beets fed to dairy cows, in 1824
from feeding fish oil, in 1924 and 1926
from feeding cod liver oil, in 1939 from
grinding forage and in more recent find-
ings from conjugated linoleic acid
(CLA). These and more findings are all
chronicled in the most recent review of
this subject by Bauman and Griinari
(2001).

Since milk fat content accounts for
about 50% of the energy in milk, and
since dairy producers are paid for milk
at least partly on the basis of milk fat
level, this topic is still very timely.

There have been a number of prior
key reviews of this topic: Van Soest
(1963), Davis and Brown (1970),
Erdman (1988) and Sutton (1989). A
number of these are interconnected
through scientific and/or personal re-
lationships. At an international confer-
ence in 1979, Clive Balch told me he
was inspired and did his graduate and
later series of work (Balch et al., 1955)
on rumination and saliva production
based on reading the classical studies
of Powell. Also, Bauman was a gradu-
ate student under the tutelage of both
Davis and Brown.

The balance of this report will attempt
to develop a synopsis of this subject
based on the latest review of Bauman
and Griinari (2001).

Two groupings of dietary-caused
milk fat depression (MFD) are: (1) large
amounts of readily digested carbohy-
drates and reduced amounts of fibrous
components such as in high grain/low
roughage (HG/LR) diets and reduced
particle size with apparent adequate
roughage levels and (2) dietary levels
of highly unsaturated oils or fats. Ad-
ditionally, these two groupings are of-
ten not independent as feeding pro-
grams may contain elements of both.

Some ofthe main consequences of this
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1. Summary of effects
______________________________________________________________________________________________________________________________

---------Diet---------
Variable Control HG/LR

_______________________________________________________________

Milk fat yield, g per day 683 363
Rumen VFA, molar %

Acetate 67 46
Propionate 21 46
Butyrate 11 19
Acetate:propionate ratio 3.2 1.0

Rumen production, mol per day
Acetate 29.4 28.1
Propionate 13.3 31.0

Whole body entry, mg/min./kg0.75

BHB 3.40 4.43

TABLEMFD are:
• Reduced milk fat yield by 50% or

more;
• Little change in yields of lactose or

protein;
• Reduced yield of most fatty acids;
• Greatest reduction for de novo syn-

thesized fatty acids;
• Rumen fermentation changes lower

pH and alter ratios of volatile fatty ac-
ids (VFA), and

• Altered biohydrogenation of unsat-
urated fatty acids by rumen microbes.

Figure 1 illustrates milk fatty acid
changes due to MFD induced by diet
and various treatments. Note especially
the dramatic shifts for HG/LR diets and
plant oil supplements.

Among the early theories of MFD
were those that considered the reduc-
tion in milk fat yield to be due to an
inadequate supply of lipid precursors
for mammary gland synthesis of milk
fat and a direct inhibition of one or
more steps in the mammary gland syn-
thesis of milk fat. Theories in the former
category include acetate deficiency,
beta-hydroxybutyrate (BHB) defi-
ciency and the glucogenic-insulin
theory, while examples of the latter cat-
egory include vitamin B

12
/methyl-ma-

lonate and trans fatty acids.
The acetate deficiency theory was

elaborated in the early 1950s and is
based on the importance of acetate as a
carbon source for milk fat synthesis and
the observed shift in rumen VFA pat-
tern with a HG/LR diet. This shift was
most noticeable with HG/LR diets but
less consistent with plant or fish oil
supplemented diets.

Davis and Brown (1970) found that
providing supplemental acetate could
not adequately explain the reduction
in milk fat as effects were too variable,
molar proportion shifts could not be
equated with actual production, espe-
cially across diets, and the reduction in
molar proportions of acetate is mainly
due to an increase in propionate con-
centration rather than a reduction in
acetate production as summarized from
several studies in Table 1.

Similarly, the BHB theory has not
held up through studies showing no

effects on its turnover rate, even when
milk fat yield was substantially de-
creased. Additionally, BHB only con-
tributes a maximum of 8% of milk fatty
acid carbon. While studies did show that
ruminal production of vitamin B

12
 was

reduced on HG/LR diets, several differ-
ent approaches, including vitamin B

12
treatment, did not support this theory
as the basis for diet-induced MFD.

The glucogenic-insulin theory has
been evaluated by several approaches.
Examples are:

• Thirteen trials with propionate in-
fusion variably reduced milk fat yield
from zero to -14%.

• Twenty-four studies with glucose
infusion variably reduced milk fat yield
from +4 to -16%.

• Three studies using the hyperin-
sulinemic-euglycemic clamp resulted
in minimal effects on milk fat synthe-
ses. Furthermore, the effects on milk
fatty acid composition were the oppo-
site of dietary-induced MFD, as seen in
Figure 1.

These results provide little support
for the glucogenic-insulin theory as the
basis for diet-induced MFD.

Davis and Brown (1970) first pro-
posed direct inhibition of milk fat syn-
thesis by trans fatty acids. Aspects of
this theory are:

• Trans fatty acids are formed as inter-
mediates by the biohydrogenation of un-
saturated fatty acids by rumen bacteria.

• Trans-C18:1 is the predominant
trans isomer produced by the biohy-
drogenation of linoleic acid.

• This process was most often initially
associated with diets containing plant
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or fish oils but has since been shown
with low-fiber/high-cottonseed oil di-
ets, with HG/LR diets and with diets
that cause MFD.

More recent studies have shown that
the pattern of trans fatty acids rather
than total trans fatty acids is the key to
development of MFD. More specifi-
cally, it appeared that microbial pro-
cesses that increase trans-10 C18:1 re-
sult in MFD across a variety of diets.
This response is curvilinear across a
range of diets, as seen in Figure 2.

Authors proposed that this theory be
called the “biohydrogenation theory”
rather than the trans-theory. Their ratio-
nale was that under certain dietary con-
ditions, the pathways of rumen
biohydrogenation are altered to produce
unique fatty acid intermediates that are
potent inhibitors of milk fat synthesis.

For instance, their work has shown
that trans-10, cis-12 CLA is inhibitory
and that cis-8, trans-10 CLA may also
be inhibitory under certain conditions.
Thus, partially hydrogenated vegetable
oils may provide quantities of trans-
C18:1 to inhibit milk fatty acid syn-
thesis or small amounts of other unique
fatty acid intermediates that also can
inhibit milk fatty acid synthesis. In sup-
port of this, they cited that abomasal
infusion of trans-10, cis-12 CLA pro-
duces a milk fatty acid composition
consistent with that from diet-induced
MFD (Figure 1).

Yet, they also cited two paradoxes
against biohydrogenation as the unify-
ing theory of MFD. Diet-induced MFD
often results in increased body fat depo-
sition, while some CLA isomers may
inhibit body fat synthesis, at least in
growing animals. The second paradox
relates to the inhibitory effect of trans-
10, cis-12 CLA on the delta9-desaturase
enzyme, which is not the same shift in
desaturase-related fatty acid pairs in milk
fat observed during MFD. The authors
speculated that this could be related to
the ability of the mammary gland to vary
the fatty acid pattern of milk fat triglyc-
erides so as to maintain the required flu-
idity characteristics of milk fat.

CLA in dairy products has received
considerable attention for its effects on
lipid metabolism and as an anti-carcino-
gen in a rat mammary gland cancer model.

Trans-10, cis-12 CLA that increased in
milk fat from cows with diet-induced
MFD is also a very potent inhibitor of
milk fat synthesis. Cis-9, trans-11 CLA,
which is a natural component of milk fat,
is the anti-carcinogen in the cancer
model. Thus, there is a need to even bet-
ter understand CLA effects in dairy cattle
metabolism and production while also
recognizing and realizing its value in
dairy products for animal health.

Conclusion
Milk fat depression is often multi-fac-

torial in its etiology. This issue has eco-
nomic value to dairy producers. An in-
creased understanding of its component
causes and metabolic impact in dairy
cattle hold promise of controlling its con-
sequences and of enhancing the value of

diary products for animal health.
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