
TRADITIONALLY, milk has
been paid for on the basis of vol-
ume and fat percentage. The price
differential for fat percentage has
gone through some real cyclical
patterns in recent years as fluid
milk consumption and the per-
centage of fat in it has declined.

But, ironically, consumption of
premium dairy products with high-
er fat levels has gone up, provid-
ing impetus for higher or stabilized
milkfat differentials. As milk has
become more valued for its protein
content, especially with the growth
in cheese consumption, most milk
now is paid for with a milk protein
component as well.

Let’s review what is known
about factors influencing the lev-
els of fat and protein in milk. For
several days right after calving,
when cows lose body weight
rapidly, fat level in milk can be
as high as 6 to 8 percent. As milk
production goes up, the percent-
age of fat drops, being largely in-
verse in relation to the amount of
milk produced.

The classical milkfat depression,
defined as a 20 to 25 percent drop

from normal, has been related to
several dietary factors. Some of
these are: large amounts of readi-
ly digested carbohydrates with re-
duced amounts of fiber, reduced for-
age particle size, wet rations or oth-
ers which reduce rumination and
saliva production, feeding practices
which “slug” cows with concentrate,
and high levels of highly unsatu-
rated oils or fats.

The effects are that milkfat
yield can be reduced by as much
as 50 percent, with little change
in lactose or protein, reduced
yields of most fatty acids espe-
cially those which the cow syn-
thesizes herself, and altered
rumen fermentation.

There have been a number of
theories to explain these changes.
The most recent has to do with
dietary conditions that alter the
pathways of rumen biohydro-
genation to produce unique fatty
acid intermediates that are po-
tent inhibitors of milkfat synthe-
sis. This “biohydrogenation theo-
ry” can explain how dietary un-
saturated oils and fats result in
milkfat depression and even why
low-fiber/high-starch diets can
contribute to the problem.

The percent protein in milk is
not as variable as the fat content.
It has a similar, but less pro-
nounced, change with the amount
of milk produced. A diet low in
protein will reduce milk protein
percentage.

Dietary factors that limit rumen
fermentation, in particular mi-
crobial protein synthesis, will
limit or reduce milk protein per-
centage. So, if rumen fermenta-

tion is limited by the fermentable
energy of the diet, this will limit
milk protein percentage. Also, if
unsaturated dietary oils or fats
disturb rumen fermentation, this
will limit or reduce milk protein
percentage.

The challenge can be that, in
boosting the fermentable energy
of the diet to maximize milk pro-
tein percentage, low forage/high
concentrate diets may result
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Table 3. Breed association averages, 2000
Percent Percent true Fat/protein

fat protein ratio

Holstein 3.67 2.98 1.23
Jersey 4.56 3.50 1.30
Brown Swiss 3.98 3.23 1.23
Guernsey 4.48 3.27 1.37
Ayrshire 3.88 3.12 1.24
Milking Shorthorn 3.51 3.11 1.13

Table 2. Normal fat-to-protein ratios
versus inverted*

Normal Inverted

Milk, lbs./day          55.2 56.5
ME milk, lbs./day    17,779 17,685
PTA milk, $        119.68 124.20
Milkfat %            3.82 2.82
Milk protein %*        3.21 3.27
Ratio (fat to protein) 1.19 .86
*Based on 167,000 Holstein records. Total protein
basis.

Table 1. Milk and component levels
for 167,000 Holstein records

Standard
Mean deviation

Milk, lbs./day          55.5       18.2
Milkfat %            3.59        .71
Milk protein %*        3.23        .34
Ratio (fat:protein) 1.12        .20
Proportion greater

than or equal to 1.0       .77        .42
*Crude protein basis, true protein level would be
about 3.04.

Used by permission from the February 10, 2002 Hoard’s Dairyman. Copyright 2002.



which also reduce milkfat per-
centage. For example, let’s say that
milk normally had 3.5 percent fat
and 3.1 percent protein, but that
was changed to 3.0 percent fat and
3.1 percent protein. The result is
an inversion in which the milkfat
percent is now lower than the milk
protein percentage.

Herd or cow problem?
This leads to determining

whether an inversion has occurred
in an entire herd or in a group of
cows or in specific cows as an in-
dicator that the diet is fostering
milkfat depression and perhaps is
on the verge of creating acidosis.
And yet, milkfat percentages can
be quite variable within a cow
from day to day. So how good is
the inversion approach to diag-
nosing this situation?

The University of Missouri con-
ducted a study over a five-year pe-
riod using 167,460 Holstein DHI
records. The results were segre-
gated by season of the year. To
prevent very unusual values for
milkfat and protein, such as in
fresh cows, from influencing re-
sults, milkfat and protein values
used were limited to those equal
to or greater than 2.0 and less
than 10.0 percent.

Table 1 shows the variation ob-
served. Notice the wide range in
milk and component values and
fat:protein ratios.

I included the statistical mea-
sure “standard deviation” to show
how variable component levels can
be, especially milkfat. Roughly two-
thirds of all the milkfat tests were
within one standard deviation
(plus or minus 0.71) from the mean
or average which was 3.59. That
means that 66 percent of the fat
tests were between 2.88 and 4.3
percent. Or, conversely, one-third
of the tests were either below 2.88
or higher than 4.3.

By contrast, the standard devi-
ation for milk protein (total pro-
tein basis) was 0.34. This means
that only one-third of the milk
protein tests were below 2.89 or
above 3.57 percent.

So you can see there is much
more variation in milkfat levels.
The important point is that in-
versions tell us much more about
changes in milkfat levels than
they do milk protein levels.

In Table 2, the records from
cows with normal fat-to-protein
ratio (1.0 or higher) are summa-
rized separately from those with
inverted levels (higher total pro-
tein than fat). About 75 percent
of all the cow records were nor-
mal. But, for the 25 percent of
records which were inverted, the
only real difference was the lower
milkfat . . . by one full percentage
unit. This resulted in an average
ratio of 0.86 for inverted records
versus 1.19 for normal.

A further analysis by the au-
thors of all records divided into
four groups by milk production.
They found virtually the same

overall fat-to-protein ratio of 1.12
and the same percentage of cow
records with normal ratio (about
75 percent) in each group.

Further grouping by season of
year found that milkfat percent
varied the most with the highest
to lowest milkfat percent being
winter, fall, spring, and summer,
as would be expected. Milk pro-
tein percent showed a similar, but
reduced, pattern with winter and
fall being nearly identical.

Consequently, winter had the

lowest inversion percent of all
records at about 18 percent except
for being lower in early lactation
and higher in late lactation. The
other three seasons had a similar
inversion percent . . . about 25
percent of all records except for
fall being lower in the first four
months of lactation.

Data above used total milk pro-
tein content whereas now milk
protein is reported as true pro-
tein — about 6 percent less than
total protein. In Table 3 are the

breed association averages in
2000 for percent fat, true protein,
and the fat/protein ratio.

In summary, milkfat inversions
may not have much more value than
simply looking at the percent milkfat
since this is the most variable part
of calculating an inversion. Fur-
thermore, the above study indicated
that about 25 percent of DHI test
day records may have inverted ra-
tios of milkfat/milk protein (total pro-
tein) at any one time with seasonal-
ity being the major variable.
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