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What does manure have 
to do with forage?

Presenter
Presentation Notes
Just because we are used to seeing something doesn’t mean that it’s right or normal, or that it will help us get to our goals for production and health for the herd.  What we need to decide what is normal or good, are objective measures of what is really going on in the herd.



Physical Form

Alfalfa silage

Byproducts Sugar beet pulp

Corn silage Wheat straw

Ground corn



 Enhances rumen function
 Increases rumination
 Rumen retention & passage
 Reduces digestive upset risk
 Allows rations to work

Fine Medium Coarse

Physically Effective Form



Gas space

Rumen 
mat

Digesta

The larger forage 
particles can make 
a mat that holds 
feeds in the 
rumen. 

Longer time in the rumen gives more time for rumination 
and fermentation to digest feeds and break down particles. 
This affects the size of particles we see in manure.

Physical Form In The Rumen

Presenter
Presentation Notes
How can manure tell you what’s going on in the rumen?  The length of time feed is retained in the rumen affects how well or completely it’s digested, and how fine the particles are in the feces.  The better the cows are ruminating, the better the feed is being fermented in the rumen, and the longer it’s retained in the rumen, the finer the particle size in the manure.  The more effective fiber you feed, the finer the particle size in the manure.  If feed is passing out of the rumen too quickly (not enough effective fiber), or if ruminal pH is too low (acidosis) feed will not be well digested.  Granted, that with high producing cows, they eat more and feed will pass more quickly so more undigested feed or slightly longer particles will show up in the manure, but do not use this as an excuse for accepting poor rumen function due to other causes.  Dry cows will tend to have the finest particle size because they tend to get higher forage rations, they eat less, and will tend to have a slower rate of passage.



Rumen (Fermentation)

Cecum & Large Intestine
(Fermentation)

Where Does Feed Digest?

Crude Protein
Carbohydrates 
(NDF & NFC) Small Intestine (Enzymic)

True Protein
Starch
Lipids

Crude Protein
Carbohydrates 
(NDF & NFC)

Presenter
Presentation Notes
One of the reasons manure looks the way it looks is because of where it digests.  Some nutrients can be digested in the rumen, some in the small intestine, and some in the hindgut (cecum and large intestine).  The extent to which feed ferments in the large intestine alters the way manure looks.



Fermentation
Products

Fates of Fermentation Products

Rumen Hindgut

FecesRecycled  
Absorbed

Absorbed Absorbed

Belch/Bloat Feces

Organic acids

Microbial 
protein

Gas (CO2 & 
methane)

Presenter
Presentation Notes
The reason for this is that fermentation in the rumen or hindgut gives us the same products.  The amount of yield of these products in the hindgut will usually be related to how much undigested feed reached the hindgut, and will alter how manure looks.For example, organic acids (acetate, propionate, butyrate, etc.), microbial protein, and gases are produced from fermentation in either part of the gut.  In the rumen, the acids can be absorbed, but are also buffered by the saliva if enough effective fiber is fed, otherwise the cow gets acidosis.  These acids can also be absorbed out of the hindgut, however, the buffering system is not nearly so extensive in the hindgut as in the rumen.  This can create problems, as we shall see.Microbial protein formed in the hindgut is not available to the cow to meet her nutrient requirements.  If we were predicting that a feed was going to ferment in the rumen, when in fact it fermented in the hindgut, we would be overpredicting the amount of microbial protein she received.Since a cow can’t belch away gases produced in the hindgut, they show up in the manure.



A shift in the site of digestion     
changes nutrient supply & causes 
some of the symptoms of ruminal 
acidosis and digestive upset.

Rumen
Large 
Intestine 
& Cecum

Where Does The Feed Ferment?

Presenter
Presentation Notes
Have you ever wondered why we would look at manure as an indicator of ruminal acidosis, considering that they are pretty far away from each other in the gut?  It’s a shift in the site of fermentation that makes for the change in manure appearance.



All that affects what 
we see here.

Presenter
Presentation Notes
Manure evaluation is a good way of looking at the interaction of the cow and her ration.  In context with the other things we evaluate, it can give you an idea of how well the rumen is functioning, and where and how well feeds are being digested.  There’s a sound, biological basis for why manure looks the way it looks.



For lactating cows, soft, but forms up.

Consistency: The Good Stuff

Presenter
Presentation Notes
Have you ever wondered why we would look at manure as an indicator of ruminal acidosis, considering that they are pretty far away from each other in the gut?  It’s a shift in the site of fermentation that makes for the change in manure appearance.



Excess fermentation in the hindgut created acid & gas.

Feed didn’t digest where it should have.

Not Normal: Foamy

Presenter
Presentation Notes
This very foamy manure with the tiny pieces of grain in it shows what manure looks like from gas production from much hindgut fermentation.  The manure is very low density from the amount of gas bubbles trapped.  Often, manure like this comes out of cows in a solid stream (that’s not normal!).  If any of you have ever tapped a cow for bloat, you’ve seen the gassy rumen contents come out in a solid stream -- that’s essentially what the foamy manure looks like.  This is not normal.



Not Normal: Diarrhea
A sign of ruminal acidosis/digestive upset or 
eating spoilage.
Can be caused by disease, as well.

Presenter
Presentation Notes
When diarrhea is due to a ration problem and not disease, we typically associate it with irritation to the hindgut, probably from the excess production of acid where it can’t be buffered.  This is not normal.Moldy, spoiled feeds, like this clump of bad silage that wasn’t cleaned off of the silo can also cause diarrhea to appear sporadically across the herd.  Check for feeds gone bad that are being fed to see about finding explanations for why the manure looks the way it does.



Eaten does not mean digested.
Need a finer grind?
Is forage feeding / particle size adequate?

Not Normal: Undigested Feed

Presenter
Presentation Notes
“Lots” of undigested feed coming through in the manure suggests something wrong with rumen function, feed processing or feeding management.  When you can recognize a feed as it comes out of the back end of the cow, question whether you can fix it.  This undigested feed represents feed that never had a chance to be converted to milk.  Grass that comes through green, orange citrus pulp -- something’s wrong with the rumen (usually not enough effective fiber/too much starch).  If cows are slug feeding you can see this kind of thing, as well.  When corn is not finely ground enough, it is much more likely to come through.  It needs to be ground more finely, but then you really have to make sure you have enough effective fiber so that the cows aren’t tipped over into ruminal acidosis from the more digestible starch.  The inset picture is from a sample of ground corn sieved through official engineering screens.  The ones retained on screens 4 and 8 are too coarsely ground and are what I usually see in manure.  Again, for high producers eating a lot of feed, you may see a bit more grain come through, but see if it’s “reasonable”.  Evaluating feed efficiency (Milk weight / dry matter intake weight) may help with this.



You’re not supposed to be able to ID feed that’s in 
the manure…whole linted cottonseed, citrus pulp, 
….

Not Normal: Undigested Feed

Presenter
Presentation Notes
“Lots” of undigested feed coming through in the manure suggests something wrong with rumen function, feed processing or feeding management.  When you can recognize a feed as it comes out of the back end of the cow, question whether you can fix it.  This undigested feed represents feed that never had a chance to be converted to milk.  Grass that comes through green, orange citrus pulp -- something’s wrong with the rumen (usually not enough effective fiber/too much starch).  If cows are slug feeding you can see this kind of thing, as well.  When corn is not finely ground enough, it is much more likely to come through.  It needs to be ground more finely, but then you really have to make sure you have enough effective fiber so that the cows aren’t tipped over into ruminal acidosis from the more digestible starch.  The inset picture is from a sample of ground corn sieved through official engineering screens.  The ones retained on screens 4 and 8 are too coarsely ground and are what I usually see in manure.  Again, for high producers eating a lot of feed, you may see a bit more grain come through, but see if it’s “reasonable”.  Evaluating feed efficiency (Milk weight / dry matter intake weight) may help with this.



Pasty

Not Normal

Splattered

Dry

Presenter
Presentation Notes
Have you ever wondered why we would look at manure as an indicator of ruminal acidosis, considering that they are pretty far away from each other in the gut?  It’s a shift in the site of fermentation that makes for the change in manure appearance.



Except for 
maybe 5% of the 
cows, cows 
eating the same 
diet should have 
similar manure. 
If not, are they 
sorting their 
feed?
Go look.

Not Normal: Lots of Variation

Presenter
Presentation Notes
If a group of cows is all on the same ration, about 5% of them will have manure different from the rest of the group.  However, by and large, if a group is all eating the same ration, their manure should be similar (good, bad or indifferent).  If there is lots of variation in the manure in a group, figure that the cows are not eating the same ration.  This is usually due to cows sorting their feed, or different feeds being offered separately so cows can choose what they eat.



Cows have very few hobbies, so 
they sort their feed.

Presenter
Presentation Notes
Come up with rations that cows can’t sort.  Lou Armentano (University of Wisconsin) has suggested that if a particle is longer than a cow’s mouth is wide, she can sort it.  So, that means all the feed that’s mixed in a TMR needs to be chopped 1 to 2 inches long, and mixed in a moist TMR that can’t be sorted.  If you see cows putting their noses down, nudging the feed around, and then diving for the bottom of the bunk to eat the grain that sifted out, they are sorting.  If you are feeding feeds separately, unless you find some way to restrict what amount of choice the cows have, they will eat what they want, and cows are really very poor nutritionists.



Presenter
Presentation Notes
We shouldn’t help cows in their search to find ways to sort….  This means mixing the TMR right in the first place.  But make sure you don’t grind the forage so that there’s no effective fiber value left.



Not Normal: Mucin Casts

3.5 inches 
(9 cm)

Sign of a past injury 
to the large intestine.
Can be brown, gray, 
or almost black.

Presenter
Presentation Notes
Mucin casts are used in feedlots as an indication of ruminal acidosis.  They are shed out of the large intestine.  If you drag the tip of your boot across a cow pie, and something moves after your boot has passed, it may be a mucin cast.  They can be found in manure of any consistency.



Henrikson et al., 1989. Laboratory Investigation 60:72-87

Damaging the 
lining of the 
large intestine 
creates mucin 
casts. 

This can 
happen due to 
too much 
hindgut 
fermentation.

Figure reproduced with permission, ©Nature, http://www.nature.com/

Presenter
Presentation Notes
So, where do these mucin casts come from?  Some really neat work from North Carolina gives us an idea.  If too much acid is formed in the hindgut, the normal gut lining (A), can be damaged or destroyed (E, F).  When this damage occurs, the cow lays down mucin or fibrin over the damage.  This mucin or fibrin is shed out later; I can’t tell you in what time frame.  Bottom line is that mucin casts are indication of abnormal damage to the gut.



These are a lot tougher 
in texture than mucin 
casts, and rarer.

Still a sign of past 
damage to the large 
intestine.

Not Normal: Fibrin Casts

Courtesy of Dr. Sheila McGuirk, 
UW School of Vet. Med.

Presenter
Presentation Notes
This is what they look like if they are cleaned up in water.  They look like sausage casings.  They can be anywhere from just small scraps to ones that are a foot or more long.  They can be brownish like this to grayish, to darker.



Looking at Particle Size

Presenter
Presentation Notes
To look at particle size:  completely transfer the contents of a sample cup to the screen.  Rinse the cup and lid completely, and you can put the rinsed sample back into the cup for later comparison against the other samples.



Presenter
Presentation Notes
Not with massive force of water, rinse the sample until the water runs clear.  You may need to scrape your hand along the inside of the screen to clear it if it plugs.  Sometimes, you get these clay-like balls of manure (not real normal), that plug things.  Note them, but see if you can rinse them through.  Associated with the gut not working well, maybe come from the cecum, don’t contain much fiber.



Presenter
Presentation Notes
Finally, after rinsing, you can see the particles buried in the manure.



Presenter
Presentation Notes
Best way to clean the screen is to rinse it backwards.



Fecal Particle Size

Reduced ruminal 
retention = less digestion, 
larger particles

Good ruminal retention 
= better digestion, 
smaller particles



33.5% roughage:
19% corn silage
5.5% ctsd hulls
9% alfalfa hay

Coarse, undigested feed 1

Presenter
Presentation Notes
Not normal.  You can see whole cottonseed with the lint still on it that has passed through (arrow).  Seeing black cottonseed with the lint fermented off is not so much of an issue -- at least it stayed in the rumen long enough for that fermentation to occur.  The particle size was rather coarse.  Cows not only weren’t getting enough effective fiber, they were also sorting their feed.  No, neither this animal nor the ones that contributed manure for the following slides were getting a dietary excess of copper or zinc...



Coarse, undigested feed 2

Found in a 
pool of 
bubbly 
diarrhea.

Presenter
Presentation Notes
Sick cow.  This came from a pool of bubbly, greenish diarrhea.  I never would have guessed that this coarse material was hidden in it.  The very coarse forage in the manure indicates very poor rumen function.  You may be able to make out a 6 inch (15 cm) long greenish piece of bermudagrass hay that managed to make its way through the gut (near the penny).



Coarse, undigested feed 3

Before corn 
processors 
were 
popular…..
Milk 
production 
increased 
when ground 
corn was 
added to the 
ration.

Presenter
Presentation Notes
A good reason to process corn silage.  This grain still had its contents -- starch and protein that wasn’t available to the cow.  We had to add more corn meal to the herd’s ration to make up for the corn from the silage that wasn’t available to them.



Walking the cows

 Get an idea of the variation

 In groups

 Between groups

 Between rations

 Sample 4-6 pies/group for 
particle size

 ~5% of manure will not look 
like the rest.

Presenter
Presentation Notes
So, when you are walking a herd, keep your eyes open to evaluate rumination, body condition score, etc., as well as manure.  Get an idea of the variation within and among groups.  When taking samples for particle size evaluation, take samples that give fair representation of the variation in the group.



Qualitative Not Quantitative

Manure probably varies somewhat over 24 h.

 No way to know amount produced to precisely 
quantify what you sampled.

Presenter
Presentation Notes
I would strongly suggest that you not try to make manure evaluation quantitative.  You have no way to know how much the cow produced, so you can’t know precisely how what you sampled relates to what came out from the ration.  Manure may also vary across the day.  I strongly recommend that you use manure evaluation as a qualitative measure in context with the other things you evaluate.



Cows will eat more “dirt”, salt, or 
bicarbonate when they have 
digestive upset.



Uterine infection or 
gut irritation?



Heat Stress 
causes 
digestive 
upset.

 Panting

 Decreased rumination

 Drooling

 Slug feeding

 Sorting

Presenter
Presentation Notes
Heat stress causes ruminal acidosis, and can lead to seeing signs in the manure that the gut is not working well.  



In Context

 Manure appearance

 Fecal particle size

 Undigested feed

 % Rumination

 Eating behavior

 Animal health

 Production

 Environment

 Management

……….

 Use these together to build a case as to what ration 
or management changes are needed.

Presenter
Presentation Notes
So, look at all the things you can with a herd and bring them together to figure out what’s going on.  You can’t look at one thing and figure you’ve got all the answers.  If something looks out of place, but everything else appears to be fine, keep your eye on the situation, and ask yourself what you haven’t properly evaluated.  To repeat, things have got to fit together and make sense.  And maybe we have to rethink what we consider “normal”.



Questions?

U. S. Dairy Forage Research Center
www.ars.usda.gov/mwa/madison/dfrc
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