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Strategies to mitigate high feed costs 
by optimising microbial fermentation 

and lower tract digestion

Feed costs can represent 50 to 70% 
of the total costs to produce milk. 
As world supplies of cereal grains 
and protein supplements are 
limited, feed prices have increased 

by 45 to 120% depending on the location 
and sources of feed ingredients.

While 2023 might see a decline in feed 
costs, the goal is to maintain milk yield and 
milk components to optimise potential 
returns. In this regard, there are a number 
of strategies that can be considered to 
remain profitable.

Optimising rumen fermentation
Dairy cattle have the ability to convert feed 
ingredients, by-product feeds and forages 
into high-quality nutritional sources which 
meet the animal’s requirements. Microbial 
protein has an ideal amino acid (AA) 
balance to produce milk and body tissue 
(Table 1).

Over 60% of lactating cows’ AA 
requirements can be met by microbial 
synthesis. The ability of rumen microbes 
to convert low-quality forage protein 
sources, including urea, is unique to 
ruminants. Maintaining an optimal 
rumen environment (pH of 5,9 to 6,2) can 
provide over 70% of the energy needs of 
cows in the form of rumen volatile fatty 
acids (VFAs), such as acetic, propionic 
and butyric acids. Under optimal rumen 
conditions, the ratio of rumen acetate 
(source of energy and milk fat) to rumen 
propionate (source of glucose for milk 
lactose, immune system and oocyte 
maturation) can range from 2,2 to 3. 

The rate of feed passage impacts 
the flow of dry matter for microbial 
fermentation and nutrients to be digested 
in the lower tract. Forages remain in the 
rumen for 12 (high-quality pasture) to 
30 hours (lower-quality pasture such as 
legumes and grass). If the rate of feed 
passage is slow, it can limit dry matter 
intake and microbial growth; if the rate 
is fast, fibre fermentation into VFAs is 
reduced with less acetic acid produced. 

Forage particle size and quality are 
factors that improve rumen fermentation. 
The Penn State Particle Separator unit is 
an excellent on-farm device to measure 
forage particle size. The following are 
suggested fractions (expressed on an as-is 
or wet basis using the three-box unit):
•	 Top box (19mm opening) – less than 

5%.
•	 Middle box (8mm opening) – over 

50%.
•	 Bottom box (pan) – less than 45%.

Neutral detergent fibre digestibility 
(NDFD) can be used to evaluate forage 
quality as it reflects the extent of rumen 
degradation. Maize silage has an NDFD 
value of 60% or higher; low lignin maize 
silages (BMR) can have NDFD values of 
over 65 to 70%; and legume, grass and 
small cereal grain forages have an NDFD 

value ranging from 40 to 60%. NDFD 
fermentation leads to higher levels of 
acetic acid. 

Another important dietary factor 
related to rumen fermentation is 
undigested neutral detergent fibre (uNDF). 
The total amount of forage uNDF is 2 to 
2,8kg (Holstein cows) or 0,35 to 0,40% of 
the animal’s bodyweight. If uNDF levels are 
low, subacute rumen acidosis (SARA) can 
occur. In contrast, high uNDF can lead to 
reduced dry matter intake and slower rates 
of feed passage. 

Lower tract digestion 
Once the feed has moved from the 
ruminant stomach, nutrients can be 
digested and absorbed in the small 
intestine (VFA absorption in the 
large intestine can also occur due to 
fermentation). Enzymes break down feed 
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nutrients, such as amino acids, glucose, 
fatty acids and minerals, into smaller 
units for absorption. Particle size plays a 
role during exposure to enzymatic action 
and absorption. Cereal grain starch not 
fermented in the rumen must be exposed 
to enzymatic digestion. For optimal 
maize grain starch utilisation, the average 
particle size for dry, shelled maize should 
ideally range from 400 to 800 microns. 

Heat damage (heating stored forages) 
and excessive heat when drying wet 
feed ingredients can reduce protein 
digestibility. Mallard chemical reactions 
due to heat damage can reduce protein 
and carbohydrate digestibility and 
availability. Forages should contain less 
than 10% of total crude protein measured 
as unavailable and available protein. For 
example, available protein should be 
greater than 18% (20% crude protein times 
90% available protein) in a legume forage 
containing 20% crude protein on a dry 
matter basis. 

If rumen-protected nutrients such as 
AA or B vitamins are fed, the nutrients 
must be released and available in the small 
intestine. Companies marketing these 
products will have data on the percentage 
that is not degraded in the rumen (e.g., 
90% rumen protected) and the percentage 
available in the small intestine (e.g., 80%), 
resulting in the estimated amount of 

available nutrients to be absorbed and 
used (e.g., 72%). 

Measuring feed utilisation
Feed efficiency is a calculated value based 
on the kilograms of 3,5% fat-corrected or 
energy-corrected milk (includes milk fat 
and protein levels) per kilogram of dry 
matter consumed (excludes weigh-back 
as cows did not consume this dry matter). 
This tool allows the dairy producer and 
nutritionist to compare current herd 
levels to target levels (Table 2). As feed 
efficiency increases, feed costs decline 
and profitability increases. Several factors 
can impact feed efficiency, including 
feed and forage digestibility, age of cows, 
reproductive status, changes in body 
condition scores, somatic cell count 
(mastitis) and environmental factors.

Milk urea nitrogen (MUN) reflects the 
amount of nitrogen that is not captured 
by microbial fermentation as AA. Excessive 
ammonia is absorbed across the rumen 
wall and the liver converts blood ammonia 
into blood urea nitrogen (BUN), which 
is released into the blood. BUN can be 
recycled to the rumen, removed by the 
kidneys and excreted in urine, and/or 
appear in milk as MUN. 

MUN levels of 8 to 12mg/dl are 
recommended (some counties report 
MUN as meq/dl which is approximately 
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Product Lysine Methionine
Milk 16 5,5
Lean tissue 16,3 5,1
Rumen bacteria 15,8 5,2
Lucerne 11,1 3,8
Maize silage 7,5 4,8
Maize grain 7 5
Soya bean meal 13,7 3,1
Bloodmeal 15,7 2,1
Fishmeal 17 6,3

Table 1: Amino acid levels as a percentage of essential amino acids (Schwab). twice the level of mg/dl). MUN levels are 
measured by milk processing companies 
in each load of milk shipped from the farm. 

 Faecal starch is used to measure the 
amount of starch remaining in faeces (note 
that the test does not consider the total 
amount of starch fed). Levels less than 
3% faecal starch are considered optimal. 
If faecal starch exceeds 5%, the source 
must be determined and corrected via 
processing. All sources of starch (cereal 
grain, maize silage and/or small grain 
forage) can contribute to faecal starch. 
The kernel processing score (over 70% is 
recommended) and processing of cereal 
grains are solutions to lower faecal starch 
losses.

Body condition scores reflect the energy 
status of cows in various stages of 
lactation and gestation: 
•	 Dry cows: 3,0 to 3,25.
•	 Early lactation cows: 2,75 to 3,25.
•	 Late lactation cows: 3 to 3,25.

Management considerations include 
targeting cows at dry off and at the 
optimal body condition score (dry cows 
can be fed a maintenance diet). Early 
lactation cows should not lose excessive 
body reserves, risking ketosis and reduced 
fertility. Cows losing bodyweight in early 
lactation have reduced dry matter intake 
due to metabolic disorders and delayed 
conception rates. Dry and fresh cows 
with higher body condition scores have 
reduced dry matter intake.

In conclusion
•	 Optimising rumen fermentation 

leads to lower feed costs as bacterial 
AAs and rumen VFAs provide key 
nutrients.

•	 Bioavailable nutrients to be absorbed 
in the lower digestive tract allow 
nutrient requirements to be met.

•	 Rumen models can be used to 
predict the digestive responses to 
feed ingredients, which improves 
profitability.

•	 Feed efficiency is an on-farm tool that 
allows comparison of milk yield to 
dry matter intake, which promotes a 
positive economic impact. 

Milk yield
Pounds Kilograms Feed efficiency

55 25 1,25
60 27 1,32
65 30 1,38
70 32 1,44
75 34 1,49
80 36 1,54
85 38 1,58
90 40 1,63

Table 2: Milk yield targets for feed efficiency (Ohio State University).


