
CARBOHYDRATES 
Carbohydrates have the job of providing all the cells in the body with the energy they 
need. When carbohydrates are consumed, the body turns them into glucose, which 
provides sufficient energy for everyday tasks and physical activity. If the body produces 
too much glucose, it will be stored in the liver and muscle cells as glycogen, to be used 
for when the body needs an extra burst of energy. Any leftover glycogen that isn't stored 
in liver and muscle cells is turned into fat.  

The body needs a certain amount of carbohydrates to function properly, and an 
insufficient supply can cause such things as fatigue, muscle cramps, and poor mental 
function. So "low-carb" doesn't mean "no-carb." 

SIMPLE CARBOHYDRATES: These are found in fruits and are easily digested by the 
body. They are also often found in processed foods and anything with refined sugar 
added. 

COMPLEX CARBOHYDRATES: These are found in nearly all plant-based foods, and 
usually take longer for the body to digest.  

There are three types of carbohydrates - sugars, starches and fiber.  

CHEMISTRY 

No matter how big they are, all carbohydrates are made up of carbon, hydrogen and 
oxygen with the general formula of Cm(H2O)n. For example, a simple little sugar 
molecule like glucose is made up of six carbon atoms, 12 hydrogen atoms and 6 oxygen 
atoms. It is shaped like a hexagon and has the formula C6(H2O)6. A large starch molecule 
can be made out of many little sugar molecules attached together, which forms a long 
chain.  
 
The little m and n in our general formula, Cm(H2O)n, can run into the hundreds.  

SIMPLE CARBOHYDRATES, OR SUGARS 

Simple sugars are little molecules made up of one or two sugar units. In nutrition, the 
most basic simple sugar is glucose, C6(H2O)6, and it is the type of sugar our bodies and 
brains use for energy every day. Glucose is called a monosaccharide, which means 
"single sugar.” Other monosaccharides include fructose, galactose, and ribose. Fructose is 
found in fruits and in vegetables, galactose is found in milk and ribose is best known as a 
component in ribonucleic acid, which is a part of genetic transcription and is found in the 
cells in our bodies.  

The single sugars glucose, fructose and galactose can form different combinations to 
become disaccharides, a term that means "two sugars.” These sugars include:  



• LACTOSE (milk sugar) is made up of glucose and galactose molecules.  
• SUCROSE (table sugar) is made up of glucose and fructose molecules. This is 

the white powdery or granular substance we typically refer to as "sugar" when we 
are cooking or baking.  

• MALTOSE (malt sugar) is produced during the malting of cereals such as barley.  

 

COMPLEX CARBOHYDRATES 

Complex carbohydrates are long chains of the single sugar units. For example, the 
complex carbohydrate we know as starch is made up of many glucose units. These 
complex carbohydrates can be in the shape of long chains, or the chains can form 
branches. The complex carbohydrates include: 

• STARCH is the energy storage form of carbohydrates found in plants, especially 
in the seeds and roots. Starch is made up of many glucose units linked together. 
Starches are not water-soluble and require digestive enzymes to break them apart. 
Because starches are insoluble in water and thus can serve as storage depots of 
glucose. Plants convert excess glucose into starch for storage. 

• GLYCOGEN is the energy storage form of glucose found in the muscles and 
livers of animals. Glycogen is broken back down into glucose when energy is 
needed (a process called glycogenolysis). 

• CELLULOSE is the structural component of plants. Cellulose helps plants keep 
their shape so in a way, cellulose acts like a plant skeleton. Cellulose is one of the 
important components of fiber, along with lignin, chitin, pectin, beta-glucan, 
inulin and oligosaccharides. Humans are unable to digest cellulose because the 
appropriate enzymes to breakdown the beta acetal linkages are lacking. 
Undigestible cellulose is the fiber which aids in the smooth working of the 
intestinal tract. Animals such as cows, horses, sheep, goats, and termites have 
symbiotic bacteria in the intestinal tract. These symbiotic bacteria possess the 
necessary enzymes to digest cellulose in the GI tract. They have the required 
enzymes for the breakdown or hydrolysis of the cellulose; the animals do not, not 
even termites, have the correct enzymes. No vertebrate can digest cellulose 
directly. 

 
FIBER 

Fiber is the primary carbohydrate providing energy to the horse. The digestive system of 
the horse was designed primarily for the continual, slow intake of fiber such as grass hay 
and pasture. Consequently, the horse has a relatively large and highly developed hindgut 
(cecum and colon) containing a vast microbial population for the fermentation or 
breakdown of large amounts of fiber. Unfortunately, energy obtained from fiber 
fermentation alone may not be adequate to maintain weight in performance horses or 
horses with high-energy metabolisms.  



Feeding horses non-fiber carbohydrates (starch, sugar) will provide the additional fuel 
needed for performance or weight gain and will be metabolically more efficient in energy 
production than fiber fermentation. However, the horse’s digestive tract, which is better 
geared for processing fiber, is limited in its ability to process large amounts of starch. In 
other words, feeding diets high in starch or sugar may present a potential risk of 
metabolic and digestive disorders such as colic, founder, and “tying-up.”  

The following are different carbohydrate fractions and their importance in equine dietary 
evaluation:  

• NEUTRAL DETERGENT FIBER (NDF) is a measurement of the Insoluble 
Fiber in a ration. NDF includes hemicellulose, cellulose, ligno-cellulose, and 
lignin. These components of NDF are resistant to digestion by enzymatic 
hydrolysis but may be fermented to varying degrees by the microorganisms in the 
hindgut of the horse. NDF is an indicator of the total bulk in the ration and can 
thus be used as an indicator of intake potential.  

• ACID DETERGENT FIBER (ADF) is a sub-component of NDF containing the 
cellulose, ligno-cellulose, and lignin portions. Acid Detergent Fiber is less 
digestible (fermentable) than NDF. Because of the relationship between 
digestibility and available energy in a feedstuff, the ADF percentage of forages or 
other fiber sources is often used to predict energy content. The lower the ADF the 
higher the energy potential of the feed. 

• NEUTRAL DETERGENT SOLUBLE FIBER (NDSF) is not a sub-component 
of either ADF or NDF. In laboratory procedures the NDSF is a sub-component of 
Non-Fiber Carbohydrates (discussed below). This fiber fraction, however, is 
rapidly fermented in the hindgut of the horses and does not result in excessive 
acid production or subsequent digestive disturbances, as does the fermentation of 
non-fibrous carbohydrates (starch, sugar). Therefore, feedstuffs high in NDSF 
(i.e., soy hulls, beet pulp, rice bran) can be incorporated into equine rations to 
compensate for low energy, poor quality forages while providing additional 
energy in the form of fiber. Additionally, feedstuffs high in NDSF have been used 
in situations where forage inventories are limited, and can help maintain a healthy 
fermentation environment.  

• NON-FIBER CARBOHYDRATE (NFC) is a calculated (rather than analyzed) 
carbohydrate component. The most common equation to calculate NFC is: NFC 
(% of DM) = 100 – Crude Protein (% of DM) – NDF (% of DM) - Ether Extract 
(% of DM) – Ash (% of DM). Included in the NFC portion of a feedstuff are 
starch, sugars, and NDSF. As previously discussed, the starch and sugar portions 
are readily digestible in the stomach of the horse while the NDSF is rapidly 
fermented primarily in the hindgut. Although the amount of starch and sugar in a 
feed relative to NDSF can be quite variable depending on type of feed (i.e., hay, 
pasture, grain-mix), the NFC value is often used as an indicator of the level of 
starches and sugar in an equine grain ration. This value, however, should be 
interpreted with caution when a feed contains a high level of NDSF (ex. soyhulls, 
beet pulp, rice bran). 



• NON-STRUCTURAL CARBOHYDRATE (NSC) is an analyzed carbohydrate 
component consisting of starch and sugars. The NSC percentage has been the 
source of much confusion in interpreting analysis results and evaluating 
carbohydrates in feeds. In the past, the term NSC has been used interchangeably 
with NFC. More recently, the term NSC has been used interchangeably with 
starch. Thus, when interpreting laboratory results, it is important to know whether 
the NSC refers to a calculated “by difference” analysis (NFC) or an analyzed by 
hydrolytic methods (NSC). Since some horses can be very sensitive to dietary 
starch and sugar, the NSC level can be helpful in selecting an optimal feeding 
program. 

• STARCH is a sub-component of the NSC. Starch is determined using laboratory 
procedures that are not well standardized. The lack of a standard approach to 
analyze starch increases the variability of starch values within a feedstuff; this 
problem is most apparent when analyzing commodity ingredients that can contain 
a number of components that interfere with the starch assay. The variability 
becomes greater when analyzing a complete feed with various ingredients. 
Despite this variability, a starch analysis can provide an idea or estimate of the 
amount of starch in a feed, but can be expensive and is not a routine procedure.  

 
In general, carbohydrate analysis of an equine ration can be very useful in helping to 
select a suitable feed for horses, especially those that show sensitivity to starch or require 
a specific balance of the carbohydrate fractions. The key to interpreting carbohydrate 
analysis of feed is to realize that the assays used for feed analysis are not perfect, 
especially in how they relate to what goes on inside the animal. Certain ingredients, 
especially those that contain a high level of soluble fiber (NDSF), often contain 
carbohydrates that end up in various analytical fractions depending on the assay 
procedure used, resulting in contamination. Caution should be used when evaluating 
carbohydrate assay values of different ingredients or products from different laboratories. 
 
 
 
ADDITIONAL READING 
 
CARBOHYDRATES AND METABOLISM 
http://www.ivis.org/advances/Ralston/hoffman/IVIS.pdf 
 
EXCESS CARBOHYDRATES 
http://www.safergrass.org/ExcessCarbs.htm 
 
NOT ALL CARBS CREATED EQUAL 
http://www.safergrass.org/CarbIneq.htm 
 
THERE IS SUGAR IN GRASS AND HAY 
http://www.safergrass.org/SugarInHay.htm 

http://www.ivis.org/advances/Ralston/hoffman/IVIS.pdf
http://www.safergrass.org/ExcessCarbs.htm
http://www.safergrass.org/CarbIneq.htm
http://www.safergrass.org/SugarInHay.htm
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