
FIGURE 1 Ranges of starch and starch digestibility across crop years for corn grain (C, D) and corn silage (A, B)
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The variability nesting dolls
Katie Raver for Progressive Dairy

Trying to understand how much 
starch and the amount of energy a 
cow receives from it can be equated 
to nesting dolls, uncovering and 
calculating each layer as we go. 
Starch can be quite variable in 
feeds, and frankly, trying to capture 
this variability can be a lofty task. 
However, when putting pen to paper, 
the value of this variability can be 
quite substantial. Most of us realize 
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the importance of accurate starch 
values. After all, each pound of 
digested starch equates to roughly 
3.5 pounds of milk. As such, over 
the years much time and thought 
has been devoted to devising how Continued on page 34

to best represent this starch – both 
from a digestibility and variability 
perspective.

Each crop year has something 
unique in store, and 2024 was no 
different. It also highlighted the 

importance of closely monitoring 
starch. Not only have we seen frequent 
silage swings of +10% starch, but we’ve 
also seen huge changes in the starch 
content of corn grain, with individual 
dairies bouncing anywhere from 67% 
to 75% starch. These percentages alone 
are quite striking, but when we apply 
them to common ration inclusions, it 
highlights the importance.

Penciling it out
For instance, consider a high-forage 

diet consisting of 20 pounds of dry 
matter (DM) corn silage and 9 pounds 
of ground corn. On the low end of 
starch content, we may be providing 
6 pounds of starch from corn silage 
and 6 pounds of starch from grain. 
Looking at the upper end of starch 
content, this ration would contain 8 
pounds of starch from corn silage and 
6.75 pounds of starch from corn grain.

When considering a low-forage diet 
consisting of 12 pounds of corn silage 
DM and 11 pounds of corn grain, 
corn silage may provide anywhere 
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New Product Release
By Michael Rothe

When thinking of simplicity, what comes to mind? 
Low cost, low maintenance, ease of operation, and 
not having to leave the comfort of an air-controlled 
environment. All these attributes can be identified 
from the products being made at a manufacturing 
company in Texas which has just released a 
revolutionary patented pump tank designed to 
prepare the U.S. dairy and agricultural industry for 
the next generation. This Pump Tank can be used 
for simple transport of waste in 3 easy steps and the 
operator will never have to leave their seat. Step 1: 
From the cab of the tractor and a click of a button, 
using a wireless remote control, the operator can 
simply lower the Boom+Turbo into a tank or lagoon 
and fill the tank and never have to deal with  
bacteria-covered covered hoses again. Once the 
tank has reached its maximum capacity, the operator 
retracts the hydraulic boom back into the top of the 

tank. By placing the pump back into the tank itself, 
the operator no longer worries about waste spillage 
on private or public roads since all drainage will drain 
back into the tank. Step 2: Once the boom is back 
in the tank, the pump is now an agitator, which is 
used during transportation to eliminate solidification 
of the waste while on the way to the field or disposal 
location. Step 3:  As soon as the operator has 
reached the disposal location, the operator opens 
the rear valve of the tank and closes the agitation 
valve and within seconds the operator can simply 
unload the tank straight out or fan spray over the 
fields (soil injection option available).  
     They also took into consideration the comfort of 
the operator and the equipment, by providing the 
larger Pump Tanks with a cushion tongue frame 
system for smooth transportation and adjustable 
pressure on the tractor. 

     So, when you’re ready to streamline your 
workflow, improve productivity, increase efficiency, 
save money, and do not want to be concerned about 
risking durability and quality, look no further than 
APM Manufacturing. This exceptional manufacturing 
facility started in 1979 and has had a lot of 
successful inventions in their name like the Hay Jaw 
in the 90’s, Robo Barn™, Pivot Tank and many more. 
For a short video of the Pump Tank in action, scan 
the QR Code below.
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FIGURE 2
Differences in delivered starch between low starch and 
starch digestibility corn grain and corn silage and high 
starch and starch digestibility corn grain and corn silage

40% Starch CS
75% Starch grain

=13.5 lbs of starch fed

88% isSD7 CS
65% isSD7 corn grain
=10.1 lbs in rumen at 7

hours

99% TTSD

13.3 lbs
available
to cow

32% Starch CS
68% Starch grain

=11.6 lbs of starch fed

78% isSD7 CS
55% isSD7 corn grain
=7.5 lbs in rumen at 7

hours

95% TTSD

11.0 lbs
available
to cow

2.3 lbs difference in starch
available to cow

3.7 lbs difference
in 7-hour rumen
available starch

1.9 lbs difference
in lbs of starch

fed

4-unit
difference

TTSD

A

B

C

from 3.6 to 4.8 pounds of starch, and 
grain may provide anywhere from 7.3 
to 8.3 pounds of starch. This equates 
to a total dietary starch range of 2.75 
pounds for the high-forage ration and 
2.1 pounds for the low-forage ration.

Although starch in corn silage can 
be subject to large on-farm sampling 
variance, research conducted over a 
decade ago from Ohio State University 
found that day-to-day variation in corn 
silage is the main source of variation 
in corn silage and recommended 
sampling and testing two to four 
times per week for large dairies. This 
sampling frequency can help us stay 
on top of large starch changes that 
may otherwise go undetected and 
help us catch these changes faster. 
Additionally, the 1-pound-plus swings 
we frequently see within farms feeding 
corn grain demonstrate the importance 
of including corn grain in a routine 
sampling program.

Where’s the starch?
These aforementioned metrics only 

look at starch content, not total tract 
or rumen starch digestibility. Both of 
these are valuable tools that can help 
us assess the energy content available 
to the cow for things such as milk 
production or body reserves. Rumen 
starch digestibility is an analytic tool 
that can give greater insight into what 
starch will be potentially available in 
the rumen and estimates at what rate 
it digests in the rumen. This will then 
be converted into volatile fatty acids 
(VFA), primarily propionate, which 
is a major driver of milk production. 
Most of the starch that is not digested 
will pass into the hindgut and get 
digested there. The remaining starch 
will pass through the cow unutilized 
and can be estimated using fecal 
starch. Fecal starch analysis can be 
used to predict total tract starch 
digestibility and give a view of the 
whole digestibility picture.

Variability exists in both rumen 
digestibility and total tract digestibility 
due to a multitude of factors, including 
but not limited to maturity at harvest, 
dry matter, growing conditions 
and processing. When looking at 
laboratory-observed ranges, we have 
seen within-farm starch digestion 
standard deviations of up to 7.5% 
for corn grain in a given year. When 
looking at other major starch sources, 
such as corn silage, we routinely see 
greater than 7% starch variability 
in a single pile. This variation is 
particularly substantial when opening 
new corn silage, especially those with 
reduced fermentation times. The range 
in starch and starch digestibility can 
be observed in Figure 1 (page 33).

We know the postruminant 
digestive system has a great ability 
to compensate for lacking rumen 
starch digestibility; however, there is 
still quite the range when looking at 
total tract starch digestibility. Fecal 
starch values can range from upwards 
of 10% to less than 1%. Too much 
postruminal starch can increase the 

risk of hindgut acidosis, which can 
lead to further health issues.

So, what does this variability all 
mean? What is truly at the center of 
all these nesting dolls? When we put 
numbers to each of these layers, we 
can see the true impact that variability 
in starch can have on the energy 
available to the cow from these feeds. 
Figure 2 shows the impact each of 
these can have on the result when 
we couple high-starch and starch 
digestibility feeds (a) or low-starch and 
starch digestibility feeds (b) in a diet 
feeding 15 pounds DM corn silage 
and 10 pounds DM corn grain and the 
difference between them (c).

NASEM starch changes
New changes to the 2021 Nutrient 

Requirements of Dairy Cattle from 
the National Academies of Sciences, 
Engineering and Medicine (NASEM) 
energy equations help nutritionists 
and producers account for differences 
in starch digestibility. They also work 
to show the impacts of total starch 
level and digestibility on the diet as 
a whole. The model has moved away 
from total digestible nutrients (TDN) 
for individual feeds and instead looks 
at TDN only on the whole diet so that 
these interactions can be accounted for.

Ration balancing models can 
help producers assess the impact of 
these starch content and digestibility 
changes on total dietary energy to 
better predict cow response. However, 
having and maintaining the correct 
values in these programs is an 
essential step. For instance, in the 
Cornell net carbohydrate and protein 
system (CNCPS) model, researchers 
found that a one-unit change in the 
standard deviation of corn silage 
starch equated to a 0.29 kilogram 
per day difference in predicted 
metabolizable energy (ME) allowable 
milk production. The digestible 
fraction of the corn grain starch had 
a large impact on both predicted ME 
allowable milk and metabolizable 
protein (MP) allowable milk.

Although managing starch 
digestibility may feel like uncovering 
the center in a never-ending set of 
nesting dolls, there are many tools 
available to help us start to break 
this down. Doing so can help ensure 
that rations meet expected values and 
help farmers make the most out of 
purchased and homegrown feeds. It 
can also shed light on opportunities 
to improve starch digestion and 
ensure we aren’t missing out on 
valuable energy.  

References omitted but are available 
upon request.
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