Ruminant Physiology 
I
n nature, plants have the amazing ability to directly turn the sun’s energy into a storable form.  Plants combine water and carbon dioxide in the air to trap the sun’s energy in the molecular bonds of sugar, a very simple but very powerful molecule.

[image: image1.emf]We animals lack this ability because we do not have chloroplast organelles inside our cells.  Furthermore, we don't have roots to take in minerals, and can't produce all the vitamins we need on our own.  To acquire these life-giving nutrients, we have to consume plants and (sometimes) other animals.  Non-ruminants (monogastrics like ourselves) cannot consume many plant sources of food because we lack the ability to break down their tough cell walls.  Ruminants are able to break down these fibrous walls made of cellulose because of microbial fermentation and an enzyme called cellulase.  Ruminants have a stomach with multiple compartments.  These compartments are the rumen, the reticulum, the omasum, and the abomasum.  Each compartment performs a specific job that enables a ruminant to obtain nutrition from sources that other animals like ourselves cannot.  

M

icrobial Furnaces and Volatile Fatty Acids.  Ruminant comes from rumen, the first stomach compartment of cows, sheep, and goats.  This is a “microbial furnace” where the feed a cow ingests is fermented.  Millions of bacteria, protozoa, and fungi live in the rumen and break down plants parts that are high in energy but are hard to digest.  These microbes break down the cellulose in plant matter for their own energy needs, and in the process create Volatile Fatty Acids, or VFA’s.  VFA’s can be used by ruminants for up to 75% of their energy needs and will enter the blood stream directly from rumen wall projections.  The side-effect of this fermentation is that it produces enormous quantities of gas.  A ruminant must belch often, or the gas will build up.  The consumed plant matter will be digested partly in the rumen (and reticulum), will be regurgitated for further break down by the teeth, and then will be re-swallowed back through the rumen.  

T

he Digestive Filters - the Reticulum and Omasum, and the "True Stomach", the Abomasum.  After leaving the rumen, the remaining plant matter is now broken into smaller pieces and can enter the reticulum and omasum.  The reticulum has a tough, honeycomb structure and can trap foreign objects such as hardware. Magnets are often placed in the reticulum to prevent hardware from migrating further.  The reticulum is often linked with the rumen as the rumen-reticulum, or forestomach.
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[image: image4.emf]After the rumen-reticulum, plant matter will enter the omasum.  The omasum is sort of like a filter; with many folds of tissue like the pages in a book, it absorbs water and some nutrients.  After the omasum, plant matter will enter the abomasum, or “true stomach”.  This stomach is like a monogastric’s stomach (like ours).  Here, gastric juices, hydrochloric acid, and digestive enzymes break plant matter down into its most basic molecular components so that the walls of the intestines can absorb them.  

A

fter the Stomachs - Absorption and Expulsion.  After the abomasum, plant matter will enter the small intestine where it is exposed to enzymes from the pancreas and intestinal walls, and bile from the liver.  Dietary protein, starch, sugars, and fats are all completely digested here and from this structure, they will enter the bloodstream.  Any fiber or cellulose-based materials that make it this far without being digested will not be absorbed into the blood stream and will be expelled with feces.  

Following the small intestine and absorption into the blood stream, any remaining plant matter will pass into the large intestine.   This is the second site of fermentation (after the rumen) with limited VFA production, and where excess water is reabsorbed.  Enzymatic breakdown of plant matter requires water as a universal solvent, and this water must be reabsorbed after digestion in order to keep the body of the ruminant hydrated.  Inflammation of the walls of the large intestine can quickly lead to dehydration and possible death.  

The large intestine is the final site of the gastrointestinal tract (GIT), and will hold feces until it is expelled through the anus.  

S

[image: image5.emf]ummary.  The path of feed in the digestive tract of a ruminant is summarized as follows: 1) plant matter enters the mouth, where it is first broken down by mechanical chewing and enzymes in the saliva; 2) it travels down the esophagus into the rumen-reticulum where microbes break down the tough cellulose walls with cellulase. Here it is held until it can be returned to the 3) mouth for final complete chewing.  4) It is swallowed again and passes through the forestomach to the 5) omasum, where water and some digestive products are absorbed by folds of tissue, and enters the 6) abomasum, or “true stomach” where plant matter is broken down into its most basic components.  7) The small intestines absorb the nutrients, and the large intestine absorbs any remaining water and VFA’s.  Anything remaining in the GIT after this is expelled as feces.  

R

uminants have several advantages over monogastrics.  Ruminants can acquire almost all of their dietary needs from a small range of sources.  Except for A, D, and E, all the vitamins needed by a ruminant are synthesized by the microbes in their rumen.  Vitamins A and E are found in hay and pasture, and vitamin D is created via exposure to sunlight.  

With the help of rumen microbes, energy and nutrients are gained from the pasture grasses.  So, we have two of the three components of nutrition.  So then, where do the cellular building blocks (amino acids) come from?  Meat and legumes like soybeans are the source of amino acids in a monogastric diet, but ruminants lack the enzymes to consume meat and legumes are only a small part of their diet.  How do ruminants acquire their amino acids?

The answer can be found with a little organic chemistry.  As the rumen microbes break down the plant matter, they give off ammonia, which is a nitrogen-based molecule.  Nitrogen is the key element of amino acids, and from this ammonia, ruminant microbes can synthesize their amino acid requirements.  Any leftover ammonia will be turned into urea to be expelled with urine.  When microbes die, they are passed on to the abomasum, where they are broken down to be used by the ruminant for further protein in addition to their dietary sources.  Simply put, when ruminants break down plant matter, not only do they get energy and vitamins, but the ammonia produced by this process and the microbes that do this can both be used to make amino acids, the building material for making cells.  This bacterial protein, along with dietary sources of protein, supply a ruminant with all their amino acid requirements.  


To review, the microbes in a rumen perform four key functions: 

1. They produce the cellulase enzyme which is needed to break down the tough fibrous cell walls of grassy plants.

2. Their consumption of this plant matter gives off a molecularly simpler product (volatile fatty acids) which a ruminant will consume for energy. 

3. They synthesize all the needed vitamins except for A, D, and E (which are found in plant matter and sunlight)

4. They produce ammonia as they perform these functions. This is used to make amino acids for creating protein.  When the microbes die, they pass on to the abomasum, where the ruminant also obtains protein.
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1. Why can't animals utilize the sun's energy in the same way that plants do?

































2. How do we acquire the energy of the sun, as well as nutrients?


































3. What is the function of the rumen?  How does it perform this function?

































4. What is a VFA?  Where does it come from and what is it used for?

































5. Why does the reticulum have to have a tough wall? How does this relate to its function?

































6. Why would a producer place a magnet in the reticulum?

































7. The omasum has folds of tissue. Why?

































8. What is another term for the abomasum?  What happens here?

































9. True or false: digestion is completely done by the time food reaches the small intestine, where absorption occurs.  Explain your answer.

































10. The large intestine has three functions; what are they?

































11. What is the major advantage of being a ruminant?

































12. Where do ruminants acquire their amino acids for making proteins - the building material for cells?  There are two sources - list both!

































13. What are the four functions of rumen microbes?

































































14. What would happen if a cow consumed feed that was too acidic for the rumen microbes to function properly?

































15. What would happen if a cow couldn't' belch?  
















The Reticulum (above) and the Omasum (right)





When Grazing:


Plant material is chewed a little before being swallowed.�


Partly digested food is stored in the rumen where it is broken down into cud by bacterial action 





When Ruminating


Cud is regurgitated and chewed again while the ruminant is lying down.�


Food is swallowed for the second time � 


Food is finally processed by acids and digestive enzymes in other stomach chambers.








