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Making feed for dairy cattle is all about timing.  To get feed made, we need to work with factors including moisture levels, plant maturity, equipment availability, and weather.  When these factors all align, it’s a quick rush to get the feed made.  Once made and stored, there are some feeds, like hay and haylage, that can be fed immediately.  However, feeds like corn silage or high moisture corn still need more time before they are ready to feed. It starts with the physiology of the corn kernel and changing rates of starch digestion. This is why feeding new-crop legume or grass silage soon after harvest is not a concern. The digestion issue revolves around starch rather than fiber, and legume/grass crops are essentially devoid of starch.

For corn silage, more than half of the digested energy comes from the starch and sugar, and these come primarily from the corn kernel.

Starch digestibility is important.  We don’t want a lot of undigested kernels passing through the manure.  If feed is not digested, it is not benefiting the animals. 


Starch Digestibility
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(Dr. James Ferguson, 2003)
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Just how important is starch digestibility?

A great way to measure starch digestibility is through fecal starch analysis.  Dr. James Ferguson from the University of Pennsylvania School of Veterinary Medicine recommends that fecal starch be less than five percent (DM basis).  Dr. Ferguson has estimated that for each one percentage unit increase in fecal starch above five percent (DM basis), a decline in milk yield of about one pound per cow per day can be expected.




Starch Digestibility



Presenter
Presentation Notes
So, how long does a farm need to wait to feed this year’s corn silage or high moisture corn? After two to four weeks in storage, bacteria have converted the sugars to primarily lactic acid and the pH decline is nearly complete.  At that point, the ensiled feeds are ready to be fed to cattle.   However, research indicates that the digestibility of starch in these feeds continues to increase even after several months in the silo.  For this reason, the general recommendation for farms is to wait until Thanksgiving or Christmas time to begin feeding new corn silage.

A group of UW-Extension agents were discussing this concept, and we were curious to learn if starch digestibility would continue to improve if feed was kept in storage even longer than the recommended few months after harvest.  To explore this question, we enlisted the help of Dr. Randy Shaver, a UW-Extension/UW-Madison Dairy Nutrition Specialist, and some Wisconsin farms. 


The Manure Starch
Analysis Project

= Goal: To leamn if starch [

digestibility improves
with extended time in
storage

= Funding
— UW-Extension Dairy Team

— UW-Extension Eastern
District Dairy Team

— Dr. Randy Shaver
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Last fall, we started the Manure Starch Analysis Project.  Our goal was to learn if starch digestibility in fermented feeds would improve with an extended stay in storage.  To complete this project, we utilized funds provided by the UW-Extension Dairy Team, the UW-Extension Eastern District Dairy Team, and Dr. Randy Shaver.
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We wanted to include farms of any shape and size in this project.  The main criteria was that they needed to be feeding new (2011) corn silage in the fall of 2011 and still feeding that silage in the spring of 2012.  With the help of a dozen county agricultural agents, we were able to include 30 farms from 13 counties across the state of Wisconsin in the project.

We appreciated the willingness of the farms to work with us on this project, and we are excited to share with them and others what we learned from this field research study.


Herd Summary
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Image Source Page: http://www.stackyard.com/news/2006/10/veterinary/03_herd planner.html
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Farms participating in the study had an average herd size of 223.  Farm size ranged from 38 to 1,000 cows.  Average milk per cow per day, based on bulk tank averages, was 72.2 pounds per cow.  The range was 45 to 93 pounds of milk per cow per day.  Starch digestibility is a factor that can affect a farm of any size, and we wanted to reflect that in the farms that provided data for the survey.

http://www.stackyard.com/news/2006/10/veterinary/03_herd_planner.html

The Process
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= Sample Collection

— Feed Samples
= Corn Silage
= High Moisture Corn
= Dry Corn

— Manure

= The manure from ten cows in the herd 45 to
120 days fresh was comingled into one
sample

— Farm/Herd Data

Image Source: http://teawithfriends.blogspot.com/2010/07/visit-to-dairy-farm.html
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County agriculture agents worked with each farm to collect the needed data.  

A corn silage sample was collected from each farm.  When applicable, a high moisture corn and dry corn sample was also collected.

Manure samples were collected for each farm as well.  To get a good snapshot of the high producing cows in the herd, farms randomly selected cows 45 to 120 days in milk to be part of the study.  Manure was collected from each of these cows through a rectal grab.  This was done by either the farmer, the Extension Agent, or the veterinarian.  The ten handfuls of manure were mixed together and sent in as one sample.

Feed and manure samples were collected in November of 2011 and again in April of 2012.

We also collected other information from the herds to help provide background information in case the there were any quirky results we wanted to investigate or questions from individual farms.

http://teawithfriends.blogspot.com/2010/07/visit-to-dairy-farm.html

Laboratory Analysis

_|_
= Rock River Laboratory, Inc

— Watertown, Wisconsin

= Courtney Heuer
— Graduate Student
— UW-Madison
Department of Dairy Science
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Laboratory work for this project was done at Rock River Laboratory, Inc. in Watertown, Wisconsin.  They also provided the feed and manure sampling kits.  Randy Shaver’s graduate student, Courtney Heuer, spent a great deal of time setting up the analysis and running the samples.  We genuinely thank Rock River Laboratory for working with us on this project.


Feed Sampling
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All corn silage samples were tested for dry matter percent, corn silage processing score, starch percent, and 7-hour starch digestibility.




Feed Sampling
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The high moisture corn and dry corn samples were tested for dry matter percent, kernel processing score, starch percent, and 7-hour starch digestibility.


Manure Samples
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m Starch Content
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The manure samples were analyzed for starch content and total tract digestibility.

Each participating farm received their results from the feed and manure samples.




The Results

= What can be done on farms to improve
starch digestibility?
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Once all the samples were analyzed, it was time to dig into the results.  Our goal was to find recommendations or reaffirm some current practices in regards to feeding dairy cattle and improving starch digestibility.  


Corn Silage Results-
Fall & Spring

Fall 2011

n Average | Standard Range

Deviation

Dry Matter % | 30 35.0 4.5 28.8-49.5
Corn Silage |30 57.0 11.1 34.9-74.4
Processing
Score %
Starch % 16.0- 44.1
7-hour 58.1- 93.9
Starch
Digestibility

%

Spring 2012

n Average | Standard Range

Deviation

Dry Matter % | 35 36.2 51 28.1- 50.5
Corn Silage |35 61.1 12.4 38.6- 88.7
Processing
Score %
Starch % 23.9-41.9
7-hour 82.5-96.2
Starch

Digestibility
%
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These are the results from the corn silage sampling.  (NOTE:  The number of samples changed slightly between sample periods because some farms were feeding two kinds of corn silage at one time- in case anyone asks.)

Summarize briefly.  


Corn Silage 7-hr Starch
Digestibility, Fall vs. Spring
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Our results showed that corn silage digestibility did improve with extended time in storage.  Corn silage ivStarchD was about 7 percentage units greater on average for the spring compared to the fall sampling period. While this was not a controlled experiment evaluating exactly the same corn silages after short and long ensiling periods, these field trial results suggest that the digestibility of starch in corn silage fed on dairy farms in Wisconsin does increase as we go from fall to spring feed-out from silos. This observation is in agreement with the results of controlled experiments that evaluated length of silo fermentation effects on starch digestibility for corn silage and high-moisture corn. Pat Hoffman from the UW Marshfield Research Station reported that ensiling for 240 days reduced zein protein subunits that cross-link starch granules and suggested that the starch-protein matrix was degraded by proteolysis over an extended ensiling period. This would explain observations of increased starch digestibility with increasing silo fermentation time.  
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Recommendation #1 is to leave feed in storage longer.  Starch digestibility improved 7 percentage units on average in our field study when feed was left in storage from November to April.


Corn Silage Dry Matter Percent,
Fall & Spring
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The average corn silage DM and starch contents were very similar for the fall and spring collected samples. This is a distribution chart for the corn silage dry matter percentages of fall and spring combined. The range in corn silage DM content was above 20 percentage units for both sampling periods, which suggests that better control of maturity at harvest could be an opportunity for improvement of starch digestibility among these farms. Specifically, harvest of corn silage with 40 percent or greater DM content can reduce starch digestibility, and about 20 percent of the samples were at or above 40 percent DM.
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Recommendation #2 is to harvest corn silage at a lower dry matter content.  Less than 40% is the goal.

http://meyerdairy.files.wordpress.com/2012/08/023.jpg

Corn Silage Kernel Processing
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The kernel processing score (KPS) was also similar for the fall and spring collected samples. Ferreira and Mertens (2005) reported on the KPS procedure for determining degree of kernel damage in corn silage (percent of starch passing through a 4.75 mm screen) which they found was related to ruminal in vitro starch digestibility. Values for corn silage KPS of equal to or greater than 70 percent, 50 to 69 percent, and less than 50 percent are thought to be indicative of excellent, adequate and poor kernel processing, respectively.  Even though average corn silage KPS measurements for the trial were in the adequate category at 57 percent for the fall samples and 61percent for samples collected in spring, about 25 percent of the samples fell in the poorly processed category.
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Recommendation #3 is to increase kernel processing at harvest. Corn silage kernel processing is evaluated on a scale, where 70 percent or greater is excellent, 50 to 69 percent is adequate, and less than 50 percent is poorly processed feed.  On average, the samples fell in the adequately processed category, but almost a quarter of the samples were considered poorly processed.

Greater processing of kernels could improve starch digestibility on some farms.
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High Moisture Corn-
Fall & Spring

Fall 2011

n Average | Standard Range

Deviation

Dry Matter % | 19 72.0 7.2 51.4-81.4
Particle Size, | 19 1725 562 780- 2710
microns
Starch % 19 72.1 6.2 56.9- 81.8
7-hour 19 75.7 8.2 65.4- 89.6
Starch
Digestibility

%

Spring 2012

n Average | Standard Minimum

Deviation

Dry Matter % | 23 74.8 5.9 60.1- 86.6
Particle Size, | 23 1548 626 539- 26.84
microns
Starch % 23 68.3 9.3 48.3-79.1
7-hour 23 74.5 7.2 61.6- 85.8
Starch

Digestibility
%
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Summarize briefly.

Unlike corn silage, the ivStarchD measurements were similar for the fall and spring collected samples. This was unexpected based on controlled research trials that have been done in the past.  However, in a field trial setting, the silo fermentation for high moisture corn may be slowed by cold ambient temperatures at harvest and during storage, and the fermentation process may not speed up until ambient temperatures rise in later spring to early summer.  Between November and April, when our samples were collected, silo fermentation may have been insufficient to result in an increase in starch digestibility.   Therefore, we would assume that high moisture corn starch digestibility would increase similar to what we saw in corn silage if we allowed it to further ferment in to the spring and summer.


High Moisture Corn Dry Matter
Content, Fall & Spring
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The high moisture corn samples, on average, were relatively dry at 72 percent for fall samples and 75 percent DM for spring collected samples. High DM content can limit the extent of silo fermentation. It is possible that with greater moisture contents, warmer ambient temperatures at harvest, and sampling later in the spring or early summer, increases in starch digestibility may have been detected. Approximately 45 percent of the high moisture corn samples contained more than 74 percent DM. Starch digestibility is reduced with increasing DM content in high moisture corn. 
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Recommendation #4 is to improve control of moisture levels at the time of high moisture corn harvest.  Obviously, HMC should be not put into storage when it is too wet, but letting DM content creep higher than 75 percent will negatively affect fermentation and starch digestibility.



High Moisture Corn Particle Size,
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Approximately 35 percent of the high moisture corn samples were found to have a mean particle size greater than 2000 microns.  Starch digestibility is reduced with increased corn particle size, so more kernel processing could also be a way to improve starch digestibility among these farms. 
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This takes us back to Recommendation #3, which is to increase kernel processing at harvest.  This would benefit starch digestibility in both corn silage and high moisture corn.  For corn silage, we wanted the KPS to be more than 70%.  For high moisture corn, we want the average particle size to be less than 2,000 microns.



Dry Corn- Fall & Spring

Fall 2011 & Spring 2012

Average Standard Range
Deviation

Dry Matter % 84.1 4.0 76.4- 90.0
Particle Size, 550 61 461- 635
microns
Starch % 74.9 2.4 70.6- 76.5
7-hour Starch 73.5 4.1 68.6- 81.5
Digestibility %
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Summarize briefly.
 
Only a few farms had dry corn available for sampling and analysis. These results are presented in Table 3. As recommended (Hoffman et al., 2012), the dry corn was fine ground to improve starch digestibility (550 ± 61 micron mean particle size). 


Improving Starch Digestibility
_|_

Recommendation #5
Grind dry corn to a fine
particle size
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Recommendation #5 is to finely grind dry corn in the ration.


Fecal Samples-
Fall & Spring

Fall 2011
n Average |Standard |[Minimum
Deviation
Starch % 29 3.3 3.0 0.4- 15.2
Total Tract 29 95.9 3.7 80.9- 99.5
Starch
Digestibility
%
Spring 2012
n Average |Standard |[Minimum
Deviation
Starch % 30 |4.1 4.0 0.6- 19.6
Total Tract 30 94.9 5.0 75.5- 99.2
Starch

Digestibility
%
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Summarize briefly.

Fecal starch contents and calculated total-tract starch digestibilities were similar for fall and spring collected samples. Differences in corn silage ruminal ivStarchD observed between the sampling periods were not likely great enough to be detected through the fecal starch approach. Differences in post-ruminal starch digestion, dry matter intake, and rations may explain the lack of difference in fecal starch between the two sampling periods. 

Many of our farms did not see a great change in starch percent in the manure because they were already doing a pretty good job with starch digestibility.



Fecal Starch Results,
Fall & Spring
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As mentioned earlier, the target is to have less than five percent starch in the manure.  On average, project farms were below this threshold at 3.3 percent and 4.1 percent fecal starch (DM basis) for fall and spring collected samples, respectively. Our results showed us that many farms are already doing a great job with starch digestion.  Most farms achieved high total-tract starch digestibility with an average of 95 percent across farms and sampling periods and maximum of 99 percent. 

However, a quarter of the samples were above 5 percent fecal starch, with the highest farm at 15 percent in the fall and 20 percent in the spring.  Farms over the 5 percent fecal starch threshold would have room for improvement in starch digestibility.




Factors Limiting Starch
Digestibility

FARM A DM %
148 cows
70 Ibs/day
Corn Silage Fall 32.5
Spring
HMC Fall
Spring
Fall
Spring
Fecal Fall 15.2

Spring 19.6
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We took a closer look at a few of the farms that had higher fecal starch levels to see if we could pinpoint some potential problems.  

Farm A had the highest fecal starch content, at 15.2 percent in the fall and 19.6 percent in the spring.  Taking a closer look at the feed sample results, a few things jump out as potential barriers to better starch digestion.  One problem is the kernel processing score for corn silage.  A KPS under 50 percent equates to poorly processed corn silage.  The farm was feeding two types of high moisture corn (HMC), and you can see on the chart that one of the HMC had an average particle size of 2292 and 2684 microns- quite a bit more than the ideal average particle size under 2000 microns for HMC.  Lastly, the DM content for both HMC samples was between 76 and 81 percent- higher than the recommended 75% or less DM for HMC.  Any or all of these factors could contribute to the higher fecal starch content in this herd.


Factors Limiting Starch

FARM B
80 cows
45 Ibs/day

Corn Silage

HMC

Fecal

Digestibility

Fall
Spring
Spring

Fall
Spring

DM %

33.67

Starch %
4.7
10.5

KPS
% Oor microns

54.14
60.08
1143
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In farm B, the fall fecal starch content was under 5% and fell into the category of good starch digestion.  However, it jumped up to 10% in the spring.  Taking a closer look at the data and ration, we see that HMC was added into the ration in the spring.  This HMC had a DM percent of 84.48%- 10 percentage units higher than we’d like to see.  This could have contributed to the decrease in starch digestibility.


Factors Limiting Starch

FARM C
173 cows
50 Ibs/day

Corn Silage

HMC

Fecal

Digestibility

Fall
Spring
Fall

Fall
Spring

DM %

40.03
33.14
73.54
Starch %
7.6

10.8

KPS
% Oor microns
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If we take a look at just one more of the farms that ended up on the higher end of fecal starch content, we see that farm C had good HMC DM and small average particle size, but the kernel processing score for corn silage fell well into the poorly processed category (under 50%).  This certainly could be a limitation to great starch digestibility. 

Obviously, other factors could play a role in the overall starch digestibility, and there are many other key elements to a ration that deserve attention besides starch digestibility.  However, we do know that starch in the manure is not digested by the cow, and wasted starch is wasted money and lost milk production.  The recommendations we highlighted in today’s presentation are changes these farms and others could make to improve starch digestibility, and possibly put more milk in the tank and money in the checkbook.


Dollars and Cents...
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= Herd A

— 148 cows
— 70 lbs milk/day
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If fecal starch improved from
15 to 10 percent...

5 Ibs milk per cow per day= 740 |Ibs milk
$18 cwt milk= $133/day
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That leads to our sixth and final recommendation, which is that farms should do their own fecal starch analysis to determine where they stand.   A fecal sample is fairly easy to collect and not that expensive, but it can tell a lot.  It will be especially helpful and economically worthwhile if it can alert you of a problem and allow you to make adjustments to improve starch digestibility.  




Improving Starch Digestibility,
Today and In the Future...
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We went into this field study focusing in on feed fermentation and fecal starch content, but we ended up learning more about what feed characteristics impacted starch digestibility.  We began with the assumption that starch digestibility of corn silage would increase with time.  We learned that was true, but we also ended up finding out more about how dry matter content and particle size really impact starch digestibility as well.  

What can a farm do right now to improve starch digestibility?  Again, taking a fecal starch sample would let you know the current status of the farm.  If dry grain or high moisture corn particle size is too course, you may be able to do some further processing before feedout.  In addition, if possible, waiting to feed that corn silage until this spring could lead to some improved starch digestibility.  Obviously, our recommendations in regards to dry matter content and corn silage processing cannot be changed immediately, but they are factors to seriously consider during next year’s harvest. 
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Thank you for your attention today.  If you would like to read the full white paper on this field study and the results, it is available on-line at the UW-Madison Dairy Nutrition website or by contacting your local UW-Extension agent.  If you have any follow up questions, you please contact Abby Huibregtse or Dr. Randy Shaver (contact info above).


mailto:abby.huibregtse@ces.uwex.edu
mailto:rdshaver@wisc.edu
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