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Structure and Role of Carbohydrates: A Studyi YH UewoM 

*Dr.Devadas Chetty, Assistant Professor of Zoology, HKE'S Smt V.G. Degree for womens and 
P.G.Centre, Kalaburgi. 

Abstract 

This paper attempts to study how to distinguish between monosaccharides, disaccharides, and 

polysaccharides; ldentify several major functions and Structure of carbohydrates.. Carbohydrates serve 
as the main source of energy in diets fed to pigs. Carbohydrates may be classified according to their degree 
of polymerization: monosaccharides, disaccharides, oligosaccharides, and polysaccharides. Digestible 
carbohydrates include sugars, digestible starch, and glycogen that may be digested by enzymes secreted in 

the gastrointestinal tract of the pig. Non-digestible carbohydrates, also known as fiber, may be femented 

by mierobial populations along the gastrointestinal tract to synthesize short-chain fatty acids that may be 

absorbed and metabolized by the pig. These non-digestible carbohydrates include two disaccharides, 

oligosaccharides, resistant starch, and non-starch polysaccharides. The concentration and structure of non-

digestible carbohydrates in diets fed to pigs depend on the type of feed ingredients that are included in the 

mixed diet. 

Cellulose, arabinoxylans, and mixed linked B-(1,3) (1,4)-D-glucans are the main cell wall 

polysaccharides in cereal grains, but vary in proportion and structure depending on the grain and tissue 

within the grain. Cell walls of oilseeds, oilseed meals, and pulse crops contain cellulose, pectic 

polysaccharides, lignin, and xyloglucans. Pulse crops and legumes also contain significant quantities of 

galacto-oligosaccharides including raffinose, stachyose, and verbascose. Overal, understanding the 

structure, characteristics and measurable chemical properties of fiber in feed ingredients may result in more 

accurate diet formulations, resulting in an improvement in the utilization of energy from less expensive 

high-fiber ingredients and a reduction in reliance on energy from more costly cereal grains. Carbohydrates, 

which are made up of carbon, hydrogen, and oxygen, are organic compounds that serve as a source of 

energy for animals and humans The main monosaccharide is glucose, which is utilized as an energy 

source by animals. Glucose can be derived from starch and sugars in the diet, from glycogen that is stored 

in the body, or synthesized from the carbon skeleton of amino acids, lactate, glycerol, or propionate via 

gluconeogenesis . The brain preferentially uses glucose as its main source of energy, and glucose is the 

required energy source for red blood cells and other cells with few or no mitochondria 

wss 

PRINCTPAL 
Smt. Veeramma Sangasijo: 148 

College for Women 
Kalaburagi - 585102 

5.Gondaliy 
VOLUMIIOAC Goordinator 

Smt. Veeratima Gangasiri 

College for Women 

Kalaburagi -585 102 

gasiri 



Gang eeranma |869-9391 SCNCE lOURNAT 
s 

Kalaburagi 
585 102 

'yH 
Key words: Carbohydrates; Sugars: Monosaccharides; Disaccharides, cells, ere UawoM 

Introduction 

Carbohydrates are widely distributed molecules in plant and animal tissues, In plants and arthropods, 

carbohydrates from the skeletal struetures, they also serve as food reserves in plants and animals. They are 

important energy source required for various metabolic activities, the energy is derived by OXIdation. 

Biology 

Carbohydrate 
Carbohydrate is polymer, made from monosaccharide 

glucose fructose galactose 

Monosaccharide Iink together by condensation to form polysaccharide 

CH OH CHOH CH,OH CH,OH CHOH 

H H 
X 

9lytoside kond 

Formation and function of polysaccharide 

Glycogen Cellulose Starch 

tnergy_storaje 
Fignt 

Some of their major functions include: 

Living organisms use carbohydrates as accessible energy to fuel cellular reactions. They are the 

most abundant dietary source of energy (4kcal/gram) for all living beings. 

Carbohydrates along with being the chief energy source, in many animals, are instant sources of 

energy. Glucose is broken down by glycolysis/ Kreb's cycle to yield ATP. 

Serve as energy stores, fuels, and metabolic intermediates. It is stored as glycogen in animals and 

starch in plants. 
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.Stored carbohydrates act as an energy source instead of proteins. 

They form structural and protective components, like in the cell wall of plants and microorganisas 

UewoM 
3H 

Structural elements in the cell walls of bacteria (peptidoglycan or murein), plants (cellulose) and 

animals (chitin). 

Carbohydrates are intermediates in the biosynthesis of fats and proteins. 

Carbohydrates aid in the regulation of nerve tissue and is the energy source for the brain. 

Carbohydrates get associated with lipids and proteins to form surface antigens, receptor molecules, 

Vitamins, and antibioticS. 

Formation of the structural framework of RNA and DNA (ribonucleic acid and deoxyribonucleic 

acid) 

They are linked to many proteins and lipids. Such linked carbohydrates are important in cell-cell 

communication and in interactions between cells and other elements in the cellular environment. 

In animals, they are an important constituent of connective tissues. 

Carbohydrates that are rich in fiber content help to prevent constipation. 

Also, they help in the modulation of the immune system. 

The fate of ingested carbohydrates in an animal is determined by the monomeric composition of the 

carbohydrate, the types of linkages among monomers, and the degree of polymerization (DP) . Digestible 

carbohydrates include monosaccharides, disaccharides, starch, and glycogen. Only monosaccharides can 

be absorbed from the small intestine, but glycosidic linkages in disaccharides, starch, and glycogen may be 
hydrolyzed by endogenous enzymes in the small intestine, resulting in release of their constituent 

monosaccharides. However, these enzymes show high specificity to their target sugar units, which 
consequently results in only a limited number of carbohydrates in the feed that can be digested by the 

animal. Non-digestible carbohydrates that reach the large intestine may be digested by microbial enzymes 
because intestinal microorganisms secrete glycoside hydrolases and polysaccharide lyases that humans and 
pigs do not express 

Non-digestible carbohydrates include oligosaccharides, resistant starch, and non-starch polysaccharides 
and are collectively known as fiber . The large differences in the physical properties of carbohydrates make 
it difficult to analyze fiber and non-digestible carbohydrates . Dietary fiber may be divided according to 
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solubility. Soluble dietary fiber (SDF) may be partially or completely fermented by the microbiga \in th 

large intestine.producing short-chain fatty acids (SCFA), which include acetate, propionate, and boitye 
uBwoN 

Insoluble dietary fiber (IDF) may also be fermented, but to a lesser extent than SDF . Fermentation of 

dietary fiber is a major source of energy in numinants and hindgut fermenters, but only to a lesser extentin 

pigs and poultry The relationship betwcen the host and the gut microbiota is symbiotic. As 

microorganisms ferment non-digestible carbohydrates, endogenous mucosal secretions, and exfoliated 

epithelial cells to utilize the carbon and N to sustain themselves, SCFA and lactate are produced and 

absorbed by the animal The prefemed energy source of intestinal microbiota is carbohydrates, but 

microbes also ferment protein in the absence of carbohydrates, producing branched-chain fatty acids and 

nitrogenous metabolites such as amines, ammonia, skatole, and indoles 

The objective of this contribution is to review the structure and chemical composition of digestible 

carbohydrates and fiber components in common feed ingredients used in swine diets. The chemical 

composition of monosaccharides and the monosaccharide composition of dietary fiber in cereal grains, 

cereal grain co-products, oilseeds and oilseed meals, and in pulse crops are highlighted. It is outside the 

scope of this review to discuss physical characteristics of fiber or effects of fiber on nutrient digestibility, 

fermentability, intestinal health, and intestinal microbial activity although it is recognized that these topics 

also contribute to the overall nutritional value of dietary fiber. 

Objective: 

This paper intends to explore and analyze structures and uses of the simple carbohydrates; glucose, 

fructose, and galactose. Also their important role in energy transfer. 

Definition of carbohydrates 

Classification according to molecular size or DP groups carbohydrates into monosaccharides, 

disaccharides, oligosaccharides, and polysaccharides Monosaccharides are chiral, polyhydroxylated 

aldoses or ketoses that cannot be hydrolyzed into smaller carbohydrate units. They can be classified 

according to the number of carbon atoms in their structure, which range from three to nine carbon atoms 

(i.e.. triose, tetrose, pentose, hexose, heptose, octose, and nonose), by the type of carbonyl group they 

contain (i.e., aldose or ketose), and by their stereochemistry (i.e., D or 1), and they have the general 

chemical formula (CH:0), . Aldoses are referred to as reducing sugars because of their reducing effect on 

certain ions or compounds, oxidizing their aldehyde group to a carbonyl group 

OLUME S. ISSUE 8, 2021 PAGE NO: 1490 
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Carbohyd ra tes USwoN 

Monosaccharides Disaccharides Oligosaccharides Polysaccharides 
one tro to ten 

Sugat moPCUP BuGar TIOe cuie s) 

Glucose Sucrose Raffinose Starch 

Fructose Lactose Stachyose Gycogen 

Galactose Maltose Cellulose 

The simplest aldose sugar with a chiral atom is glyceraldehyde, with its second C molecule attached to four 

different groups. giving the ability for this C to have two spatial configurations, and glyceraldehyde 

therefore exist in both the D- and the L- forms Chiral carbon atoms have each of their four tetrahedral 

bonds connected to a different group The chirality of sugars and AA are commonly designated by 

the D/L system and is named in relation to the structure of glyceraldehyde 

Monosaccharides 

The most common monosaccharides are the 6-C aldohexoses, which include the aldohexose D-glucose, and 

are usually present in their ring structures called a pyranose ring rather than in open-chain structures 

(Fig. 1) .n oligo- and polysaccharides, aldopentoses can occur as a 5-C ring structure known as a furanose 

ring . D-Glucose, considering all of its combined forms, is the most abundant monosaccharide that naturally 

occurs in nature . The most abundant ketose is D-arabino-hexulose, known more commonly by its trivial 

name, D-fructose . The three trioses include ketose dihydroxyacetone and both enantiomeric forms of 

glyceraldehyde . Erythrose and threose are examples of tetroses, and pentoses include ribose, arabinose, 

xylose, and apiose . 

Sugars, such as glucose, galactose, mannose, and fructose, which have different structures, but have the 

same chemical formula, CcH,20s, are called isomers . Sugars that differ in configuration around only one 

carbon atom are called epimers, such as D-glucose and D-mannose, which vary in their structures around 

C-2.A pair of enantiomers is a special type of isomerism where the two members of the pair are mirror 

images of each other and are designated as being in the D- or i- structure (i.e., D-glucose or L-glucose), 

PAGE NO: 1491 
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depending on the position of the -OH group linked to the asymmetric carbon farthest from the afhonyl 

group 

Other types of monosaccharides include alditols, or polyols, which are aldoses or ketoses that had their 

carbonyl groups reduced to an alcohol An example of a naturally occurring alditol in plants and other 

organisms is D-glucitol, known commonly as sorbitol, which is the product of the reduction of D-glucose 

Absorption and metabolism of polyols vary among types, but most are fermented in the large intestine 

Deoxy sugars are missing one or more hydroxyl groups attached to their carbon atoms, such as 6-deoxy-

mannose(1-rhamnose), which is commonly associated with pectin, 2-deoxy-D-ribose, the sugar 

component of DNA, and 6-deoxy-1-galactose (1-fucose), a component of glycoproteins and glycolipids in 

cell walls and mammalian cells 

Uronic acids are sugar acids in which the terminal-CH:0H group undergoes oxidation to yield a carboxylic 

acid. Uronic acids that contribute to dietary fiber include constituents of non-digestible polysaccharides 

of plants and algae, such as D-glucuronic acid, D-galacturonic acid, D-mannuronic acid, and -guluronic 

acids . Sugar from the activated form of glucuronic acid is used in the synthesis of glycosaminoglycans in 

mammals, and L-iduronic acid is synthesized from D-glucuronic acid after it has been incorporated into the 

carbohydrate chain . 

CH,OH 

glhucose 
OH 

ON 

ÇH,OHo 
rucise 

CH,OH 
OR 

Disaccharides 

Two monosaccharide units joined by an acetal or ketal linkage is referred to as a disaccharide . A glycosidic 

bond joins 2 monosaccharide units and it can either be an a-glycosidic bond if the anomeric hydroxyl group 

of the sugar is in the a configuration or a B-glycosidic bond if it is in the ß configuration A glycosidic 

bond is named according to the position of the carbon atom being linked, for example, an a-glycosidic bond 

connecting C-1 of a glucose molecule and C4 of another glucose molecule in maltose is called an a-1,4) 

glyeosidie bond (Fig. 2). 
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Carbohydrates- definition, classification with structure and functions 
anomer 

OR carbon 9'yces d OH Dond 

OH 
.***** OH HO CH, OH 

HO OH 
CH 

OH 
OH 

Monosaccharides Disaccharides Polysaccharides 

HO 
sacuts 

'ach OOH HOOH 

-
a- Maltos içhcoa guct ej 

9-0-iactose içucose '9*la:1cx 

The three most common disaccharides are maltose, lactose, and sucrose . Maltose is a reducing sugar that 

is a product of the hydrolysis of starch by the enzyme a-amylase . Lactose is a reducing sugar that consists 

of a D-glucosyl unit and an a-D-galactopyranosyl unit linked by a B-(1,4) glycosidic bond and is present in 

milk and milk products such as skim milk and whey . Sucrose is made up of a glucose and a fructose linked 

by an a-(1,2) glycosidic bond Contrary to the general head-to-tail linkage (anomeric carbon atom to 

carbon atom containing a hydroxyl group) in the structure of oligo- and polysaccharides, in sucrose the 

glycosidic bond linking an a-D-glucopyranosyl unit and a p-D-fructofuranosyl unit is in a head-to-head 

fashion (anomeric carbon atom to anomeric carbon atom) making it a non-reducing sugar . Sucroseis 

synthesized through the process of photosynthesis to provide energy and carbon atoms for the synthesis of 

other compounds in the plant 

Maltose, lactose, and sucrose are hydrolyzed into their constituent monosaccharide units by the enzymes 

maltase, lactase, and sucrase, respectively . The a-glucosidases maltase-glucoamylase and sucrase-

isomaltase complexes that are present in the brush border of the small intestine cleave the glycosidic bonds 

in maltose and sucrose, respectively, with most of the maltase activity coming from the sucrase-isomaltase 

complex The monosaccharides that result from the digestion of these disaccharides are readily absorbed 

in the small intestine . Lactase, a P-galactosidase, also is expressed by young mammals that digest lactose 

into its constituent monosaccharides that are subsequently absorbed in the small intestine. 

Other disaccharides that are present in nature include trehalose, cellobiose, and gentiobiose . Trehalose is 

a nonreducing disaccharide made up of two a-D-glucopyranosyl units linked together by an a-(1,1) 

glycosidic bond . Trehalose is found in small amounts in mushrooms, yeasts, honey, certain seaweeds, and 

invertebrates such as insects, shrimps, and lobsters . Trehalose is digested by the a-glucosidase enzyme 

iWomen 



trehalase, which is expresscd in the small intestine of humans and most animals . Two glufodeAholecules 
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pigs lack respectively, and these disaccharides can be utilized only after microbial fermentation bc ayse 

the enzymes capable of digesting these bonds . Cellobiose is a product of ecllulose degradaio,whercas, 
gentiobiose is believed to play a role in the initiation of ripening of tomato fruits. 

Oligosaccharides 

galacto-oligosaccharides, fructo-oligosaccharides, and mannan-Oligosaccharides consist of 

oligosacharides that cannot be digested by pancreatic or intestinal enzymes, but are soluble in 80% 

ethanol. Galacto-oligosaccharides, or a-galactosides, that are present in large amounts in legumes, are 

comprised of raffinose, stachyose, and verbascose, which have a structure consisting of a unit of sucrose 

linked to one, two, or three units of D-galactose, respectively (Fig. 2) . These oligosaccharides cause 

flatulence in pigs and humans due to the lack of an enzyme, a-galactosidase, that hydrolyzes the glycosidic 
bonds linking the monosaccharides that constitute these a-galactosides and are, therefore, utilized by 
bacteria in the large intestine In raffinose, D-galactose is linked to sucrose by an a-(1,6) bond, whereas 

two units and three units of D-galactose are linked to sucrose, also via a-(1,6) glycosidic bonds, in stachyose 
and verbascose, respectively . Transgalacto-oligosaccharides are another type of galacto-oligosaccharides 
that may have prebiotic effects in young pigs and are commercially synthesized from the transglycosylation 
actions of B-glycosidases on lactose, creating B-(I,6) polymers of galactose linked to a terminal glucose 
unit via an a-(1,4) glycosidic bond. However, transgalacto-oligosaccharides are not naturally synthesized. 

Fructo-oligosaccharides, or fructans, are chains of fructose monosaccharides with a terminal glucose unit 

and are classified as inulins or levans . Inulin is mostly found in dicotyledons, whereas levans are mainly 
found in monocotyledons Fructo-oligosaccharides are not hydrolyzed in the small intestine due to the B-

linkages between their monomers, but can be fermented to lactic acid and SCFA in the large intestine 
Inulin occurs naturally in onions, garlic, asparagus, bananas, Jerusalem artichoke, wheat, and chicory as a 

storage carbohydrate Inulin is made up of B-D-fructofuranosyl units linked by B-(2,1) glycosidic linkages 
and have a DP that ranges from 2 to 60 . The polymer is composed of fructose residucs present in the 
furanose ring form and often have a terminal sucrose unit at the reducing end . Levans are fructans that 
have an average length of 10 to 12 fructose units linked by B-(2,6) linkages, but can have a DP of more than 
100,000 fructose units and are found in bacterial fructans and in many monocotyledons . Levans are derived 
from the transglycosylation reactions catalyzed by the enzyme levansucrase that is secreted by certain bacteria and fungi that preferentially use the D-glycosyl unit of sucrose, thercby converting sucrose to levans with B-(2,1) linked side-chains . Polysaccharides containing a significant number of B-(2,1) linkages also can be referred to as "levan" . A third type of fructans, called graminan-type fructans, contain a 
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ON 

due to their beneficial health effects on the host by stimulating the growth or activity of certain bacteria in 
the large intestine 

. It has been suggested that mannan-oligosaccharides regulate the response to immunological challenges by pigs and may prevent overstimulation of the host animal's immune system following an infection 

Polysaccharides 

Polysaccharides are high-molecular-weight carbohydrates that are polymers of monosaccharides Polysaccharides are made up of sugar polymers that vary in size and may either be linear or branched . The DP varies with the type of polysaccharide and may range from 7,000 to 15,000 in cellulose and up to more than 90,000 in amylopectin . Polysaccharides can be classified as homopolysaccharides if they contain 
only one type of sugar residue (e.g., starch, glycogen, and cellulose) or as heteropolysaccharides if they contain two or more different kinds of sugar residues in their structure (e.g., arabinoxylans, glucomannans, 
and hyaluronic acid; 2). Polysaccharides are present in large quantities in pig diets, and are divided into 
starch and glycogen and non-starch polysaccharides (NSP) 

Starch can be linear or branched and is the storage form of carbohydrates in plants, whereas glycogen is 

Starch is one of 
highly branched and is present only in animal tissue, primarily in the muscle and liver 

the most abundant carbohydrates in nature . It is synthesized to store energy for plant growth and is stored 
in seeds, tubers, roots, stems, leaves, and some fruits . Starch is a polymer of D-glucose that is comprised 
of two types of molecules, amylose and amylopectin (Fig. 3) . Amylose is a short linear polymer of glucose 
with an average DP of 1,000 glucose units linked via a-(1,4) bonds. Amylopectin contains larger chains of 

glucose with DP of 10,000 to 100,000 with branch points at the a-(1,6) linkages for every 20 to 25 glucose 
units . The total number of a-(1,6) linkages are only about four to five % of the total glycosidic bonds in 

amylopectin . Native starch contains both forms as semi-crystalline granules of varying proportions of 

Starch granules have varying structural and amylose and amylopectin, depending on the plant source 

chemical compositions depending on the plant species and the part of the plant where it is located . The 

Size of the starch granules influences the surface-to-volume ratio, and the smaller the granule, the larger the 

surface-to-volume ratio resulting in more surface area for enzyme hydrolysis in the digestive tract 

Digestion of starch begins in the mouth where salivary a-amylase is secreted, which acts only on the a-

(1,4) linked linear chains of amylose and amylopectin, until this enzyme is deactivated by the low pH in 

the stomach . Large quantities of pancreatic a-amylase specific only to a-(1,4) linkages are secreted into 



ISSN NO1869-9391 

the duodenal lumen, producing maltose and maltotriose as the products of luminal amylose ah aylopKC 

eeramma 

Gangasir 
102 digestion, along with the branched oligosaccharide a-dextrin resulting from the partial yrdysis of amylopectin due to the inability of a-amylase to cleave a-(1,6) 1inkages . Starch digestion is comgtéked hy oligosaccharidases (i.e., a-glucosidases) expressed by glands in the small intestine. These a-glucosidases 
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include sucrose-isomaltase and maltase-glucoamylase complexes . Both complexes have differences in 
their degree of specificity for the products of a-amylase digestion and cleave the a-(1,4) and a-(1,6) bonds 
in a-dextrins in a complementary manner, producing free glucose that is transported into the enterocytes. 
Starch can be divided into three types: Type A starch has an open structure and is present in cereals; Type 
B starch 1s present in tubers and appears to be more compact; and Type C starch is a combination of types 
A and B starch and is present in legumes .Starch granules in raw potatoes and green bananas that have 

high amylose content result in more tightly packed granules that are more insoluble and resistantto 

digestion compared with amylopectin-cotaining granules that are more branched and less tightly packed . 
n corn, whcat, and potato, starch may contain approximately 20% amylose and 80% amylopectin 
However, waxy corn may have starch containing nearly 100% amylopectin, whereas high amylose corn 

may contain up to 75% amylose . Therefore, starch may not always be digested by a-amylase unless the 

cereal grains are altered by physical processing (e.g., grinding or roller milling) and heating (e.g., pelleting 
expansion, or extrusion) . 

A proportion of the starch is not digested by a-amylase or the enzymes of the brush border and may undergo 

microbial fermentation in the large intestine; this is referred to as resistant starch (RS) 

Conclusion 

Living organisms use carbohydrates as accessible energy to fuel cellular reactions. Stored 

carbohydrates act as an energy source instead of proteins. They form structural and protective components, 

like in the cell wall of plants and microorganisms. Pulse crops contain considerable quantities of galacto-

oligosaccharides (raffinose, stachyose, and verbascose). Lupins do not contain starch, but have greater 

concentrations of cellulose, raffinose, and stachyose than the other pulse crops, which may stimulate more 

microbial fermentation in the hindgut. Verbascose is present in pulse crops in amounts greater than in 

oilsecds. Carbohydrate digestion begins in the mouth where salivary amylase starts the breakdown. After 

breaking down throughout the digestive system, monosaccharides are absorbed into the bloodstream. As 

carbohydrates are consumed, the blood sugar levels increase, stimulating the pancreas to secrete insulin. 

Insulin signals the body's cells to absorb the glucose for energy or storage. If blood glucose falls, the 

pancreas makes glucagon, stimulating the liver to release stored glucose. 
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