CARBOHYDRATES
In general, carbohydrates are neutral chemical compounds containing the elements carbon, hydrogen and oxygen and have the empirical formula (CH2O)n, where n is 3 or more. 
In the plant cell, carbohydrates could be present in the cell content as sugar or starch, or they could be associated with the cell wall structure (e.g., cellulose). When animals eat plant materials (e.g., cereal grains, grass, fodder), energy in the feed’s carbohydrates is made available through metabolic processes in the animal cell. 


CLASSIFICATION OF CARBOHYDRATES
The simplest sugars are the monosaccharides, which are divided into subgroups – trioses (C3H6O3), tetroses (C4H8O4), pentoses (C5H10O5), hexoses (C6H12O6) and heptoses (C7H14O7) depending upon the number of carbon atoms present in the molecule. The term sugar is generally restricted to those carbohydrates containing fewer than ten monosaccharide residues, while the name oligosaccharides (from the Greek oligos, a few) is frequently used to include all sugars other than the monosaccharides.
Polysaccharides, also called glycans, are polymers of monosaccharide units. They are classified into two groups, the homoglycans, which contain only a single type of monosaccharide unit, and the heteroglycans, which on hydrolysis yield mixtures of monosaccharides and derived products. 


[image: ]
MONOSACCHARIDES
A. Monosaccharides are often referred to as simple sugars (e.g., glucose) and cannot be hydrolyzed into simpler compounds.
Monosaccharides can be subdivided based on the number of carbon (C) atoms. The following list shows the prefixes for numbers of carbons in a sugar.
Triose (3 C)
Tetrose (4 C)
Pentose (5 C; e.g., Xylose and Ribose)
[image: ]Hexose (6 C; e.g., glucose, fructose, galactose, and mannose)





Biologically the D-forms are the more important.
POLYSACCHARIDES
A. Homopolysaccharide: Contains only one type of saccharide unit. Examples of homopolysaccharides that are important in animal nutrition include starch, glycogen (animal form), and cellulose (plant structural form).
B. Heteroglycans: A component of plant cell walls with a mix of 5 C and 6 C sugars (e.g., hemicellulose and pectin, a mixture of pentose and hexose units).


[bookmark: _GoBack]Carbohydrates digest in the ruminant

The diet of the ruminant contains considerable quantities of cellulose, hemicelluloses, starch and water-soluble carbohydrates that are mainly in the form of fructans. The breakdown of carbohydrates in the rumen may be divided into two stages, 
the first of which is the digestion of complex carbohydrates to simple sugars. Cellulose is decomposed by one or more _- 1,4-glucosidases to  cellobiose, which is then converted either to glucose or, through the action of a phosphorylase, to glucose-1-phosphate. Starch and dextrins are first converted by amylases to maltose and isomaltose and then by maltases, maltose phosphorylases or 1,6-glucosidases to glucose or glucose-1-phosphate. The simple sugars produced in the first stage of carbohydrate digestion in the rumen are rarely detectable in the rumen liquor because they are immediately taken up and metabolised intracellularly by the microorganism. And the end up product of first stage is Pyruvate.

The second stage of digestion is started from converting Pyruvate from first stage into Acetate, Butyrate, and Propionate which are called together (VFA –volatile fatty acids). Pathways that link pyruvate with the major end products of rumen carbohydrate digestion, which are acetic, propionic and butyric acids, carbon dioxide and methane. Additional fatty acids are also formed in the rumen, generally in small quantities, by deamination of amino acids; these are isobutyric acid from valine, valeric acid from proline, 2-methyl butyric acid from isoleucine and 3-methyl butyric acid from leucine. 

The relative concentrations of VFAs are often assumed to represent their relative rates of production, their total concentration varies widely according to the animal’s diet and the time that has elapsed since the previous meal, but it is normally in the range of 70–150 mmol/l (equivalent to approximately 5–10 g/l).



The breakdown of cellulose and other resistant polysaccharides is undoubtedly the most important digestive process taking place in the rumen. Besides contributing to the energy supply of the ruminant, it ensures that other nutrients that might escape digestion are exposed to enzyme action. Although the main factor in the process is the presence of microorganisms in the rumen, there are other factors of importance. The great size of the rumen allows food to accumulate and ensures that sufficient time is available for the rather slow breakdown of cellulose. In addition, the movements of the reticulo-rumen and the act of rumination play a part by breaking up the food and exposing it to attack by microorganism.
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Carbohydrate digestion: ruminants vs monogastrics
	
	Ruminants
	Non-ruminants

	Salivary amylase
	Zero
	· Different with species
· Low in carnivores

	Pre-gastric fermentation
	Very high
	Zero

	Gastric digestion
	Very low
	Very low

	Pancreatic amylase
	low
	Very high

	Intestinal glucose absorption
	Zero
	high



Carbohydrate metabolism
Terminology:
1. Catabolism: Nutrient or tissue breakdown
2. Anabolism: Nutrient or tissue synthesis/creation
3. Glycolysis: Breakdown of glucose into pyruvate
4. Gluconeogenesis: Glucose synthesis from non-carbohydrate precursors. Occurs primarily in the liver 
5. Glycogen: Storage form of glucose (animal version of starch). Found in the liver and muscle. Glycogenesis → glycogen synthesis
Glycogenolysis →glycogen breakdown
6. TCA cycle: to generate ATP
Carbohydrate metabolism
•CHO metabolism occurs primarily via glucose. Fructose and galactose also ether pathways at several points. Glucose uptake to cells from blood usually mediated by insulin and glucose transporters. The liver is the central site for glucose metabolism. Glycogen breakdown in the liver

Sources of glucose
· Carbohydrate digestion
· Non-ruminants → glucose from small intestines
· Ruminants →propionate from the rumen

Glucose use
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Fig. 8.6 Conversion of carbohydrates to pyruvate in the rumen.
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Fig. 8.7 Conversion of pyruvate to volatile fatty acids in the rumen.




