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Using milk fatty acid data to improve bulk tank milk

fat and protein content and production
D. M. Barbanol, H. M. Dannz, and R. J. Grant’

Researchers at Cornell University* and Miner Institute® have identified a positive correlation between

LABORATORIES

groups of fatty acids and bulk tank and milk fat and protein content and a rapid method to measure it.

Milk fat is made up of 3 groups of fatty acids: de novo, mixed origin and preformed fatty acids. The de
novo and a portion of the mixed origin fatty acids are synthesized in the cow’s udder using the end
products of rumen fermentation of forage. Factors that affect digestion of forage in the rumen drive de
novo and mixed origin fatty acid synthesis in the udder. Preformed fatty acids come from mobilization of
body fat (particularly in early lactation) and fat in the feed. The identification of the specific fatty acids in
each group and their relative proportions is provided in the figure below.
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St Albans Cooperative started providing fatty acid data to producer members, along with their fat,
protein and MUN test results in February 2016. Since that time we have gained experience in using the
data. There are two possible methods of reporting of milk fatty acid results: one reporting each of the 3
groups of fatty acids as a relative percentage of the total fatty acids (i.e., they will equal 100%) and the
other reporting each group as grams of fatty acid per 100 grams of milk (like the fat and protein test).

We have been using the first method of reporting since February 2016 and guidelines that less than 23.5%
de novo was low and higher than 24.5% was high. We have gained experience with both methods of
expression of the results and with that experience, we are recommending a change the unit of expression
to g/100 g of milk and to add an additional fatty acid parameter that provides an index of milk fatty acid
unsaturation that seems to relate to milk fat depression. How to interpret the milk fatty acid data is
provided below. The red lines in the graphs represent the cut-points to achieve a 3.75% bulk tank fat test.



Field Observations

As de novo and mixed origin fatty acids increase in concentration in milk bulk tank milk fat and
protein concentration will increase as shown in the 3 figures below.
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Fatty acids also different in structure by the number of double bonds per fatty acid (unsaturation). There is
a high level of unsaturated fatty acids in feeds such as corn, soybean, and cottonseed products. The level
or load of unsaturated fatty acids in the diet is often called the rumen unsaturated fatty acid load (RUFAL).
When the RUFAL level in the ration is too high, or if the quality of the feed is such that too much of these
fatty acids are released in the rumen, then there can be a negative impact on the rumen fermentation and
the cows go into milk fat depression. In the last 3 years of measuring the fatty acid content of milk from
many dairy herds, we find that as the unsaturation of milk fatty acids increases (i.e., double bonds per
fatty acid), the milk fat and protein percent will decrease. It appears that the double bonds per fatty acid
in bulk tank milk is correlated with the degree of milk fat depression, as shown in the graph below.
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What fatty acid values are needed for a Holstein herd to achieve a 3.75% fat test?

If a Holstein farm is going to achieve a 3.75% fat and 3.10% protein test or higher, then that farm
will need to achieve the following fatty acid metrics , expressed as grams / 100 gram milk on their bulk
tank milk. The de novo fatty acid level will need to be 0.85 g/100 g milk or higher, the mixed origin fatty
acids will need to 1.40 g/100 g milk or higher, and the double bonds per fatty acid will need to be 0.31
double bonds per fatty acid or lower. These bench marks are for Holstein milk, bench marks for Jersey



farms will be different and we are working on that currently. As the body condition score of the cows
decreases (energy intake too low), it is expected that the preformed fatty acids will decrease in the milk
from about 1.40 g/100 g of milk to about 1.1 g/100 g of milk. The sum of the de novo, mixed origin, and
performed fatty acids in grams per 100 g of milk will be equal to about 94.5% of the bulk tank fat test. The
reason that the sum of the fatty acids is lower than the fat test is because about 5.5% of the structure of
milk fat is the glycerol backbone that the fatty acids are attached to.

Milk Fat Depression

Milk fatty acid composition is expected to do the following as bulk tank milk fat test decreases:
mixed origin fatty acid concentration will decrease first, with additional time and further decrease in fat
test de novo fatty acid concentration will decrease. If milk protein test also decreases and double bonds
per fatty acid decrease, this is an indication that the cows are going into milk fat depression.

Some factors related to milk fat depression are: over-crowding that causes slug feeding, slug
feeding caused by lack of access of the cows to feed for several hours, RUFAL content of the feed that is
too high, poor quality of forages that contribute unsaturated fat in the diet causing them to release too
much unstaturated fat in the rumen. Slug feeding causes variation in rumen pH through the day and
causes the rumen fermentation to favor production of trans fatty acids that cause milk fat depression.
Lower physically effective fiber is also correlated with lower de novo fatty acid and lower fat test.

Feed Availability

Another milk composition metric is milk urea nitrogen (MUN). MUN reflects the efficiency of the
use of nitrogen sources in the rumen. If MUN is too high, it is an indication that nitrogen (dietary protein)
may be higher than needed. It has been our experience from monitoring variation in MUN from day-to-
day in bulk tank milk within each farm, that variation in MUN within a farm tells us information about farm
management practices on the farm related to access to feed. When cows have no access to feed, MUN
will decrease very rapidly. We have observed on farms where the cows that lack of access to feed for 5
hours in the night. This will cause the bulk tank MUN to decrease from 13 to 9, while milk fat will decrease
by about 0.5%. The decrease in milk fat is primarily due to lower de novo and mixed origin fatty acids.
When this pattern of variable feed availability happens day after day, it results in slug feeding when feed is
provided and daily cycling of rumen pH. Under these conditions the overall fat and protein test achieved
by the herd will be lower than it should be due to lower conversion efficiency of feed to milk.

Energy Density of the Ration

Finally, when sources of forage and concentrates are changed, or the quality characteristics (e.g.,
starch availability) of a forage source (e.g., corn silage) changes with time, the milk fat and protein can
change. When a ration change is made and the energy density of the ration decreases, it is expected that
the cows will start to lose weight. A lower energy intake shifts the cows in the direction of negative
energy balance. When this happens, the mixed origin fatty acids will decrease in the milk and the cows
will start losing weight because they are mobilizing body fat. This may cause the concentration of
preformed fatty acids to increase in the milk, but as the cows continue to mobilize fat they will lose body
condition score and ultimately the concentration of all 3 groups of fatty acids will decrease along with fat
and protein content of milk and pounds of milk per day.

Examples of Milk Composition for Complete Holstein Herd Milk



1) A Holstein Herd When Everything is Working Right

Fat 3.89%, protein 3.13%, lactose 4.59%, MUN 10.9, de novo 0.87 g/100 g milk, mixed origin
1.41 g/100 g milk, preformed 1.46 g/100 g milk, and double bonds per fatty acid of 0.279 that are
producing 92 pounds of milk per day with a milk SCC of 160,000 cells per mL. This herd is doing well.

2) A Holstein Herd With Milk Fat Depression

Fat 3.46%, protein 3.10%, lactose 4.61%, MUN 11.2, de novo 0.72 g/100 g milk, mixed origin
1.20 g/100 g milk, preformed 1.31 g/100 g milk and a double bonds per fatty acid of 0.342 that are
producing 91 pounds of milk per day with a milk SCC of 200,000 cells per mL. This herd has milk fat
depression (that was confirmed by trans fatty acid analysis by gas chromatography), but the volume of
milk is good and the protein had held. This herd appears to have a trans fatty acid induced milk fat
depression due to excessive availability (level and rate of release) of unsaturated fatty acids in the rumen.

3) A Holstein Herd that has Multiple Problems

Fat 3.09%, protein 2.88%, lactose 4.53%, MUN 8.9, de novo 0.65 g/100 g milk, mixed origin 1.08
g/100 g milk, preformed 1.16 g/100 g milk and a double bonds per fatty acid of 0.340 that are producing
79 pounds of milk per day with a milk SCC of 160,000 cells per mL. The high double bonds per fatty acid
and low de novo and mixed origin fatty acids indicate this herd is in milk fat depression due to release of
too much unsaturated fat in the rumen. This has suppressed rumen fermentation and decreased
microbial biomass that has limited the supply of essential amino acids and milk protein production. The
low volume of milk seems to be related to lower than normal lactose production. The body condition
score of cows in this herd was low and this is consistent with the low preformed fatty acids in the milk.

Caution when looking at milk composition data from individual groups of cows.

The guidelines above are for a herd with an average days in milk of 150 to 200 days in milk. If milk
sample are collected for pens where the days in milk are much lower or higher than this the bench marks
are different because there is a large effect of stage of lactation. This is particularly true for early lactation
cows. Stage of lactation curves for milk fatty acids will be available soon.

Conclusion

The new milk fatty acid parameters (de novo, mixed origin, and preformed fatty acids, and
double bonds per fatty acid) provide additional information produced from the infrared milk testing of
bulk tank milk at the same time the payment test is done with the same instrument. This data combined
with the fat and protein test, MUN and average milk produced per cow provides a farm with a barometer
of the combined impact of farm management practices and changes in feed on the revenue produced
from milk and information that will help identify changes in feeding or management that will improve
herd and business performance. This data needs to cross referenced with the feed composition data and
make up of the ration along with data for milk weight per cow.
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