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1.0    CHEMISTRY OF CARBOHYDRATES (SECTION ONE) 

This section gives a simple treatment of the Chemistry of Carbohydrates. It provides concise 

information on this class of Chemistry and suitable for beginners.  

Carbohydrates are natural products with general a formula Cn(H2O)n.  Other names for 

carbohydrates are also saccharides.  This very large family includes monomers - called simple 

sugars or monosaccharides up to very large molecules (complex) called polymers which are 

made up of these simple sugars. The polymers are also called polysaccharides such as starch, 

cellulose, dextrin and glycogen. 

1.1    Classification and nomenclature of monosaccharide 

1.1.1 Monosaccharides 

Monosaccharides are chiral polyhydroxyalkanals or polyhydroxyalkanones which are the cylic 

hemiacetal forms of these sugars. This class of saccharide is divided into two major groups 

depending on whether their acyclic forms contain an aldehyde functional group or a keto 

functional group which are aldoses or ketoses, respectively. 

Aldoses and Ketoses: All monosaccharides have their names end with “ose” hence, they are 

divided into aldoses that is aldehyde plus ose) and ketoses (ketone plus ose).  For example, 

glucose is an, aldose while fructose is a ketose (Figures 1.0 a & b). 
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The above structures are the Fischer projections of these monosaccharides. The aldehyde 

functional group (carboxaldehyde carbon) of an aldose is assigned number 1 and the primary 

alcohol group (-CH2OH) assigned the last number. 

The simple sugars can also be classified according to the number of carbons that they contain.  

Both glucose and fructose given in Figure 1.1 a & b above contain six carbons each, hence they 

are both hexoses. If both classifications (functional groups and number of carbons) are 

combined, then glucose will become an aldohexose and fructose a ketohexose.   

 

1.2    Glyceraldehyde and dihydroxyacetone 

The simplest carbohydrates - glyceraldehyde and dihydroxyacetone, which are aldotriose and a 

ketotriose, respectively (Figure 1.2 a & b). All series of aldoses and ketoses are built from 

glyceraldehyde and dihydroxyacetone, respectively. 
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1.3 D - and L - Monosaccharides   

Using Fischer projection, the first carbon is a carbonyl carbon for aldose and the second carbon 

is carbonyl for ketose. If the last chiral carbon has its hydroxyl group on the right, the sugar is 

designated D - sugar but if it is on the left, it is a L - sugar. See Figure 1.3.1 a & b below: 

 

The Figure 1.3 a & b shows that L - Glucose is an enantiomer of D - Glucose. 

The simplest sugar is glyceraldehyde (C3H6O3). Because it contains three carbons, it is a triose, 

and it is an aldotriose because its first carbon is an alkanal. 

Emil Fischer assigned the configuration (-) - glyceraldehyde to glyceraldehyde drawn using 

Fischer projection if the hydroxyl group of the only chiral carbon is on the left which called “L” 

(laevo). When the hydroxyl group is on the right of the chiral carbon, he called it “D” (dextro).  
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These two enantiomers of glyceraldehyde were later assigned “S” (sinister) for L - configuration 

and “R” (recutum) for D - configutation. 

Any molecule that contains n chiral centres will have 2n stereoisomers provided no meso 

compounds are present. For example, if there two chiral centres, hence 22 = 4, which means four 

carbon sugars (aldotetrose). Their structures are given in Figure 1.3.2 a, b, c & d below: 

 

These four aldotetroses were obtained by inserting -HCOH- between carbonyl carbon and the 

next chiral carbon of both L - glyceraldehyde and D - glyceraldehyde and the mirror image of 

each will give the other two compounds to make four aldotetroses given above.        

1.3 Epimers 

An epimer is one of a pair of diastereomers. Epimer occurs when two molecules have different 

configuration at only one chiral centre. That is all other chiral centres in the molecule are the 

same except one chiral centre. Examples are D - Glucose and D - Mannose (Figure 1.4 a & b).  
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Figure 1.4 a & b: D-glucose and D-mannose 

 

Diastereomer 

This term is used to describe two molecules that are stereoisomers with the same formula, 

connectivity but different arrangement of atoms in space but are not enantiomers. That is the two 

molecules are not mirror images of each other or non-identical stereoisomers. They occur when 

two or more stereoisomers of compound for example sugar have different arrangement of atoms 

at one or more chiral centres but not at all centres which makes them not to be superimposable. If 

this different is at only one chiral centre, they are called epimers. 

The simplest ketose, dihydroxyacetone (Figure 1.5) lacks a chiral centre. Insertion of -CH(OH)- 

unit between the carbonyl carbon (carbon number 2) and the third carbon creates erythrulose 

(Figure 1.6). The D isomer of erythrulose is the bases of the D-ketose sugar series. 

 

 

 

 



6 
 

 

 

 

 

 

 

 

 

Figure 1.6: Formation of erythrulose from dihydroxyacetone  

Ring structure of Monosaccharides 

Glucose and other sugars can exist as cyclic hemiacetals or hemiketals. They are formed from 

intra-molecular reaction of a hydroxy group with a carboxyl group. Glucose and other 

aldohexoses form their most stable acetal by using the hydroxy group on carbon number 5, and 

the six-membered ring compound obtained is called the pyranose because it resembles 

tetrahydropyran (Figure 1.7). Hence, the cyclic form of D-glucose is called D-glucopyranose. 

O O

H2

catalyst

- pyran tetrahydropyran  

Figure 1.7: Terahydropyran from hydrogenation of γ-pyran 
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The hemiacetal formation or anomeric reaction creates a new chiral centre called anomeric 

carbon or anomeric centre that is carbon number one (Figure 1.8). This reaction results in two 

diastereomeric products that differed in configuration on the anomeric carbon. The two products 

are also called Anomers. These anomers are designated – α or - β depending upon the relative 

configuration of the anomeric carbon (Figure 1.9 a and b).  

 

Figure 1.8: Anomeric reaction in D-Glucose (anomerization reaction) 
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Figure 1.9: The α-form and the β-form of the glucose in ring forms 

 

The structures in the Figure 1.9 above resemble the hydrogenated γ-Pyran (Figure 1.7) above, 

hence, D-glucose in ring form is named after pyran that is α- or β- D – glucopyranose (Figure 

1.10 a and b).  

  

Figure 1.10 a & b: α- D – glucopyranose and β- D – glucopyranose   

Ketohexoses also undergo the same intramolecular reaction described above for aldohexose 

using hydroxy on carbon number 5 (Figure 1.11). This anomeric reaction leads to the formation 
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of five membered ring compound named after tetrahydrofuran because it resemblances 

hydrogenated Furan (Figure 1.12). The reaction leads to the formation of two products which are 

also called Anomers. These anomers like glucopyranose are designated - α or - β depending 

upon the relative configuration of the anomeric carbon. The ring forms of D-Fructose resemble 

hydrogenated Furan (Figure 1.12), hence, the ring structure of D-Fructose is named after Furan 

that is α - or – β- D-Fructofuranose (Figure 1.13 a and b). 

 

Figure 1.11: Anomeric reaction in D-Fructose (anomerization reaction) 

O O
2 H2

Furan Tetrahydrofuran  

Figure 1.12: Hydrogenation of Furan 
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Figure 1.13 a and b: α - or – β- D-Fructofuranose 

The ratio of the α - D- glucopyranose to β - D- glucopyranose is 36 : 64%  in nature. This is 

because the beta form is more stable than the alpha anomer.  This stability can be explained 

using the anomeric effect.  

This effect arises from the orbital interaction between oxygen (heteroatom) and the anomeric 

carbon that is the CO bond. This reaction occurs when the anomeric hydroxy is in the axial 

position (Figure 1.14) that is α-form but this destabilizing reaction is not possible with the OH 

group in the equatorial position (Figure 1.15) that is β-form.     

 

Figure 1.14: Figure showing OH group drawn in the axial position  

 

Figure 1.15: Figure showing OH group drawn in the equatorial position  

Any ring substituents that are drawn perpendicularly to this axis of symmetry are called 

equatorial while those drawn parallel are referred to as axial. For example, the OH group and 

other substituents on the β - D - glucopyranose are perpendicular to this axis. This reduces steric 

α - D-Fructofuranose (a)                β – Fructofuranose (b) 
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hindrance, hence, the β - form is more stable than the α - form. This is another explanation for 

the reason why β - and α - forms are 64 and 36 % in nature, respectively.       

 Deoxy and Amino Sugars 

In nature, sugars can have one or more of their OH group(s) replaced by some substituents. Of 

these, substituents, H and -NH2 are the most common. A Deoxy sugar has - CH2 - group is place 

of a - CH(OH) - group. The most common deoxy sugar in nature is 2-deoxy—D—ribose (Figure 

1.16) which is the sugar moiety of deoxyribonucleic acid (DNA). 

CHO

CH2

C

C

CH2OH

H OH

OHH

1

2

5

3

4

2 - deoxy - D - ribose  

Figure 1.16: 2–deoxy-D-ribose  

Amino sugar on the other hand has a – CH(NH2) – group replacing a  - CH (OH) - group.  

Examples of important amino sugars are D - galactosamine and D - glucosamine (Figure 1.17 a 

& b).  
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D - glucosamine
(2 - amino - 2 - deoxy - D - glucose) D - galactosamine

(2 - amino - 2 - deoxy - D - galactose)  

Figure 1.17 a & b: D-glucosamine and D-galactosamine  

1.3 SOME REACTIONS OF MONOSACCARIDES     

1.3.1 Reduction to glucitols  

Aldose monosaccharides such as D-glucose can be reduced glycitols. For example, D-glucose 

can be reduced to D-glucitol (Sorbitol) using a reducing agent such as Sodium borohydride  in 

water (NaBH4/H2O) (Figure 1.18). 
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Figure 1.18: Reduction of D-glucose to D-Glucitol
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1.3.2 Oxidation to gluconic acids 

Aldoses are oxidized to glyconic acids using mild oxidants such as bromine water. For example, 

D-glucose is oxidized to D-gluconic acid (Figure 1.19). 

 

 

1.3.3 Oxidation to glucaric acids 

The oxidation of aldoses to glucaric acids can only be carried out using strong oxidants such as 

HNO3. If D-glucose is oxidized with strong oxidant, it will give D-glucaric acid (Figure 1.20).   
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1.3.4 (i) Reaction with Tollens’ reagent 

The Tollens’ reagent is prepared according the chemical equations (1 & 2) given below:  

2 AgNO3 + 2 NaOH                         Ag2O (s) +   2 NaNO3   + H2O             ---------- (1)                       

The brown Silver (I) oxide precipitate formed is then dissolved in excess aqueous ammonia to 

give a clear solution of diammoniasilver (I) complex according to equation 2 given below: 

Ag2O (s) + 4 NH3  +  2 NaNO3  +  H2O                     2[Ag(NH3)2]NO3  +  2 NaOH  -----. (2) 

The reaction between D-glucose and Tollens’ reagent is given in equation 3 below: 

Ag(NH3)2
+    + D-glucose                        D-gluconic acid   +   Ag (s)  

This reaction is the popular mirror image test used for the confirmation of alkanal.  

 

1.3.4 (ii) Reaction with Fehling’s and Benedict’s Solutions 

Fehling’s solution is made up of the following reagents: copper (II) ions complexed with tartrate 

ions. Both reagents are prepared in NaOH solution. On the other hand, Benedict’s solution 

contains copper (II) ions with citrate ions instead of tartrate ions. It is prepared with Na2CO3 

solution as against NaOH solution used for the Fehling’s solution. 

Both Fehling’s and Benedict’s solutions provide hydroxy ions that reacts with Cu2+ in complex 

form (equation 1). These hydroxy ions are provide by the NaOH and Na2CO3 used in the 

preparation Fehling’s and Benedict’s solutions, respectively. In the case of Benedict’s solution, 

OH- is obtained when CO3
2- reversibly reacts with H2O as follows: 

����� + ��� → ����� + ���  

2���� + 2��� + 2�� 	→ ���� + ���              ………………………….. (1) 

���� + 3��� → ����� + 2��� + 2��         …………………………… (2) 

(1) + (2) gives the overall chemical equation for the oxidation of the alkanal 



15 
 

���� + 5��� + 2���� → ����� + 3��� + ����	(���	���)  

Only reducing sugars (aldoses) like D-glucose can be positive to Tollens’, Fehling’s and 

Benedict’s tests. But it was observed that Fructose, a non-reducing sugar gives positive Tollens’ 

test. This was made possible because a base catalyzed equilibrium takes place between glucose, 

mannose and fructose. The alkaline nature of this reagent provides this base catalyst and the 

rearrangement is called Lobry de Bruyn-Van Ekenstein rearrangment. The mechanism for the 

conversation is given by the following chemical equations (Figure 1.21).  

CHOH

C

C

C

C

O

HHO

OHH

CH2OH

OHH

D - fructose

H
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C
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OHH

O H
CHO

CHOH

C

C

C

HHO

OHH

CH2OH

OHH

enediol
intermediate

D - glucose

- D - manose  

Figure 1.21: The base catalyzed equilibrium between glucose, mannose and fructose   

 

1.3.5 Reaction with hydrogen cyanide (HCN)  

Hydrogen cyanide reacts with reducing sugars the same way it reacts with alkanals (aldehydes) 

by attacking the carbonyl carbon to give a hydroxynitrile compound. An example of this reaction 

is given below (Figure 1.22):   
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It should be noted that hydrogen cyanide is extremely poisonous gas; hence, it is not used 

directly. The aldehyde / ketone is reacted with a solution of sodium or potassium salt of  cyanide 

in water along with little sulphuric acid to give a solution with a pH of between 4 and 5. 

The Mechanisms of the Reaction 

The mechanism is through nucleophilic addition. The mechanism is given below (Figure 1.23): 

 

 

A typical example of this reaction is the reaction of D-arabinose with the solution of sodium 

cyanide given below. The reaction is called cyanohydrin. This reaction is also used in 
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carbohydrate synthesis for increasing the chain length of a sugar by one carbon for example the 

mixture of D-glucose and D-mannose from D-arabonise (Figure 1.24).    

 

 

 

 

 

 

 

 

 

 

Figure 1.24: Synthesis of D-glucose and D-mannose from D-arabinose 

 

1.3.6 Ruff Degradation 

Ruff degradation is a method used for reducing the chain length of a carbohydrate by one carbon. 

In this method, the sugar to be shortened is first converted to gluconic acid using bromine water 

followed by decarboxylation (removal of CO2) using ferric salt. Example is the conversion of D-

glucose to D-arabinose (Figure 1.25) 

Questions 

1. Show using a suitable chemical equations how D-fructose forms hemiacetal. 

2. Draw the structures of the following sugars: (a) D-ribose, (b) D–arabinose  

 (c) D-mannose and (d) D-galactose. 
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Figure: 1.25: Ruff degradation reaction for converting D-glucose to D-arabinose 

1.3.7 Periodic acid oxidation 

This is another method for determining the ring size of glycosides. It proceeds stoichiometrically 

and is a measure of the number of adjacent free hydroxyl groups.  In this method, the moles of 

periodic acid (or sodium metaperiodate) consumed and the moles of formaldehyde and formic 

acid produced during the oxidation of a known weight of the saccharide under investigation are 

determined. One mole of the oxidant is reduced (consumed when two adjacent OH groups are 

oxidized with cleavage of the C-C bond joining them to yield two aldehyde groups. Terminal 

hydroxyl group yields formaldehyde while secondary hydroxyl group yields another aldehyde or 

form C acid if the 20- hydroxyl group is flanked on both sides by hydroxy groups (i.e. is oxidized 

twice). From the results, it is possible to determine the number and type (10
 or  Z

0) of adjacent 
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hydroxyl groups present in a molecule. The general reactions are given below (Figures 2.6 A to 

F) 
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Figure 2.6 E  

 

 

 

When all the steps are added up glucose will produce five times as much methanoic acid as 

methanal.   

This type of degradation has played a vital role in understanding the structures of many 

carbohydrates. The degradation of α-D-glucopyranose by periodic acid is given below (Figure 

2.7).  
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1.4 Disaccharides 

According to the name, they all consist of two simple sugars held together by a glycosidic bond. 

Like monosaccharides, disaccharides are also simple sugars which are water soluble. Some 

typical examples of disaccharide are maltose, sucrose, lactose, cellobiose, getiobiose etc.  

They have two simple sugars held together by a glycosidic bond. The most common involves the 

anomeric carbon of one sugar and non – anomeric carbon of the other (Compound Y).. 

O H

O

H
O OH

H

OH

H

CH2OH

H
CH2OH

H

H

OHOH

HH

OH H

OH
Y  

MALTOSE 

β – Maltose carries the impressive systematic name O – α – glucopyranosyl – (1,4) – β – D – 

glucopyranose. The disaccharide contains two latent carbonyl carbons. The one in the ring at the 

upper left is tied up in the glycosidic linkage. The other is in the ring at the lower right and is still 

a hemiacetal. The position of the free hemiacetal hydroxy group determines if it is β or α, which 

must appear in any name of the compound. 

See the structure given in the class  

Note, the structure of maltose is compound Y above. 

 

Cellobiose and Gentiobiose 

 These are disaccharides that contains β – D glucopyranose bonded to a second β – D 

glucopyranose residue via a glycosidic bond. Cellobiose possesses a glycosidic bond between C1 

and C4 of two simple sugars, while gentiobiose has a glycosidic between C1 and C6 of two 

simple sugars.  
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SUCROSE 

The alternative names of sucrose are cane sugar or beet sugar. It is the common table sugar, o – α 

– D – glucopyranosyl – (1,2) – β – D – fructofuranoside. This sugar is different from other 

disaccharides, thus, far studied because its glycoside linkage involves the anomeric centre of 

both sugars. 

 

 

 

 

 

 

 

 

Sucrose, unlike maltose, Lactose, Cellobiose, and gentiobiose, doesn’t exist as readily – inter – 

converted α and β – forms. 

The fructose position of the name ends in “oside” in order to indicate that C2 of fructose is 

involved in the glycoside bond, 

Because both anomeric carbons are involved in acetal formation, sucrose is a non-reducing 

sugar. It is negative to Tollen’s reagent and Fehling’s solution or Benedict’s solution. Moreover, 

sucrose does not form an osazone, does not exist on anomeric forms and does not show 

mutarotation in solution. All these facts indicate that sucrose does not contain a “free” aldehyde 

or ketone group. When sucrose is hydrolysed by dilute aqueous acid or enzyme invertase (from 

yeast), equal amounts of α – D glucopyranose and β - D – fructofuranose are produced.  
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POLYSACCHARIDES 

Polysaccharides are polymers containing as many as several thousands monosaccharide unit per 

molecule. As with other saccharides, it is important to know the following: 

(a) Which specific monomer are involved in the polymer formation 

(b) The method of linkage between the monomer 

(c) The gross structure of the polymer.  

If the polymer contains more than one type of monosaccharides, then the sequence of the 

sugars is also important. 

Of all the naturally occurring polysaccharides, starch and cellulose are the most important. 

Both are products of photosynthesis. Cellulose play a tremendous role in our society. As 

wood, cellulose provides shelter, as pulp, it is the major constituent of cotton which is a 

natural fibre. Starch is the mainstay of many diets since it is the major compound in rice, 

potatoes, wheat and corn. 

STARCH 

This is the major source of energy in plant cells. When intact, starch granules are insoluble in 

cold water; if the outer membrane has been broken by grinding, the granules swell in cold 

water and for a gel. When the intact granule is treated with warm water, a soluble portion of 

the starch diffuse through the granule wall, in hot water the granules swell and then burst 

Starch contains two major fractions: amylose (≈ 20%) and amylopectin (≈ 80%). Both can 

be hydrolysed in acidic medium to give on D – glucose, since both polymer contains the 

same monomer, the important differences between them must exist in the bonding within 

these polymers. 

AMYLOSE 

Maltose is the only disaccharide produced upon hydrolysis of amylose. The absence of 

cellobiose suggests that amylose is a linear polymer of D – glucose molecule, each bonded 

by an α – glycosidic linkage to C 4 of the adjacent glucose unit. If cellobiose had been 

produced, the β – glycosidic linkage would have been produced. 

Amylose then is believed to be made up of long chains, each containing 1000 or more α – D 

glucopyranose units joined together by α – linkage as in maltose. 
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 α – Amylose is the fraction of starch that gives the intense blue colour with iodine. X – ray 

analysis shows that the chain coiled in the form of helix (spiral staircase) inside which is just 

enough to accommodate iodine molecule; the blue colour is due to entrapped iodine 

molecules. 

 
 

AMYLOPECTIN 

Amylopectin is a branched polymer containing about 1000 D – glucose units. The main chain 

consists of an α – 1, 4 – D glycosidic linkage while branching occurs with an α – 1, 6 – D 

glycosidic bond. Branching is moderate with perhaps twenty five α – D glucopyranose units 

occurring between branching points. 

The partial hydrolysis of amylopectin produces large molecules called dextrins. Dextrins are 

used to prepare mucilage, pastes and fabric sizing. (sizes are materials used to fill pores in 

cloth, paper; etc.). printing inks is often thickened by the addition of dextrins. 

The major disaccharide produced by the hydrolysis of amylopectin is maltose, the glucose 

unit at each point has C – 1 and C – 6 – OH groups involved in glycosidic linkages. This 

leads to small amount of isomaltose upon hydrolysis. 
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Structure of amylopectin 

Amylopectin is hydrolysed to a single disaccharide maltose; the sequence of methylation and 

hydrolysis yields chiefly 2,3,6 – tri – o – methyl – D – glucose. Like amylose, amylopectin is 

made up of chains of α – D glucopyranose units, each unit joined  by alpha – glucosidic 

linkage to C – 4 of the next one. However, its structure is more complex than that of 

amylose. 

 

 

 

 

 

 

 

 

 

 

 

CELLULOSE 

Cellulose is an unbranched polymer of β – D – glucose which occurs in most plants. Most 

animals, including man and cattle, cannot hydrolyse the β – glycosidic link in cellulose 
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Cotton which is the most important natural fibre, is about 98% cellulose. Acetal linkage in 

cellulose are hydrolysed by acids but not by bases. 
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PROTEIN STRUCTURES 

Protein primary structure is the linear sequence of amino acids in a peptide or protein. By 

convention, the primary structure of a protein is reported starting from the amino-terminal (N) 

end to the carboxyl-terminal (C) end. Protein biosynthesis is most commonly performed 

by ribosomes in cells. Peptides can also be synthesized in the laboratory. 

Isomerisation 

The chiral centers of a polypeptide chain can undergo racemization. Although it does not change 

the sequence, it does affect the chemical properties of the sequence. In particular, the L-amino 

acids normally found in proteins can spontaneously isomerize at the atom to form D-amino 

acids, which cannot be cleaved by most proteases. Additionally, proline can form stable trans-

isomers at the peptide bond. 

Secondary structure 

 
An α-helix with hydrogen bonds (yellow dots) 

Secondary structure refers to highly regular local sub-structures on the actual polypeptide 

backbone chain. Two main types of secondary structure, the α-helix and the β-strand or β-sheets, 

were suggested in 1951 by Linus Pauling. These secondary structures are defined by patterns 

of hydrogen bonds between the main-chain peptide groups. 

Secondary structure of protein refers to local folded structures that form within a polypeptide 

due to interactions between atoms of the backbone. 

 The proteins do not exist in just simple chains of polypeptides. 
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 These polypeptide chains usually fold due to the interaction between the amine and 

carboxyl group of the peptide link. 

 The structure refers to the shape in which a long polypeptide chain can exist. 

 They are found to exist in two different types of structures α – helix and β – pleated sheet 

structures. 

 This structure arises due to the regular folding of the backbone of the polypeptide chain 

due to hydrogen bonding between -CO group and -NH groups of the peptide bond. 

 However, segments of the protein chain may acquire their own local fold, which is much 

simpler and usually takes the shape of a spiral an extended shape or a loop. These local 

folds are termed secondary elements and form the proteins secondary structure. 
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Three-dimensional structure of parts of a beta sheet in green fluorescent protein  

Tertiary Structure of Protein 

 This structure arises from further folding of the secondary structure of the protein. 

 H-bonds, electrostatic forces, disulphide linkages, and Vander Waals forces stabilize this 

structure. 

 The tertiary structure of proteins represents overall folding of the polypeptide chains, 

further folding of the secondary structure. 

 It gives rise to two major molecular shapes called fibrous and globular. 

 The main forces which stabilize the secondary and tertiary structures of proteins are 

hydrogen bonds, disulphide linkages, van der Waals and electrostatic forces of attraction. 

The three-dimensional arrangement of all the atoms of a single polypeptide chain in space, held 

together by stabilizing interactions between groups on the side chains and between the side chain 

groups and the backbone groups is called the tertiary structure of proteins. 

The stabilizing interactions involved in stabilizing the tertiary structure include disulfide linkage, 

salt bridge, coordinate bonds with metal ions, hydrogen bonding, and hydrophobic interaction, as 

shown in Fig. and explained below. 
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This figure  illustration of disulfide linkage, salt bridge, coordinate bonds with metal ions, 

hydrogen bonding, and hydrophobic interaction that stabilize the tertiary structure of proteins.  



Chemical reactions and interactions of Amino acids and proteins 

Reactions of various functional groups of amino acids and proteins are used for the chemical 

estimations. 

(i) Reaction with ninhydrin(2,2,-D, hydroxyl-13-indasdione 

The reaction leads to the formation of coloured complex which is used for quantitative 

determination of amino acids. 

 

(ii) Reaction with 1,2- Benzene dicarbonal: 1,2- Benzene dicarbonal reacts with  amino acids 

to give highly fluorescent isoindole derivatives. 

 

 

(iii) Reaction with phenylisothiocyanate 



 
(iv) Reaction with Dansyl chloride (1, 1-Dimethy-aminonaphthalene-5-sulfonyl chloride) 

 

  



The following reactions are used for the N-terminal analysis of proteins:  

A. Sanger's reagent, FDNB (fluorodinitrobenzene), modifies N-terminus for determination 
via amino acid analysis. 
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Acylglycerols 

Neutral fats are mono -, di -, and triesters of glycerol with fatty acids, and are termed 

monoacylglycerol, diacylglycerol and triacylglycerols respectively. The use of old 

terms is discouraged 

 

 

It can be named any of the following: 

Tristearoylglycerol, glyceroltristearate, tristearin or St St St. 

 

Stereospecific Number 

The sn – system was proposed by Hiroschmann. The usual Fischer planar projection 

of glycerol is utilized with the middle hydroxyl group positioned on the left side of the 

central carbon. The carbon atoms are numbered 1 – 3 in the conventional top – to – 

bottom sequence.  

 
For example, if stearic acid is esterified at sn – 1, oleic at sn – 2, and myristic at sn – 

3, the acylglycerol would be  

CH3(CH2)7CH=CH(CH2)7COO CH
CH2OOC(CH2)16CH3

CH2OOC(CH2)12CH3  
And would be designated: 1 – stearoyl – 2 – oleoyl – 3 – myristoyl – sn – glycerol; sn 

– glycerol – 1 – stearate – 2 – oleate – 3 – myristate, ‘sn – STOM, or sn – 18:0. 

18:1.14:0 

The following prefixes are now widely used: 

sn: if used immediately preceding the term “glycerol” indicates that sn – 1, sn – 2, and 

sn – 3 positions are linked in that order. 
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rac: racemic mixture of two enantiomers. The middle acid in the abbreviation is 

attached at the sn – 2 position, but the remaining two acids are equally divided 

between sn – 1 and sn – 3 ( e.g. rac. StOM indicates equal amounts of sn – StOM and 

sn – MOst) 

 

CLASSSIFICATION 

Lipids are classified based on their structural components. Such a classification, 

however, may be rigid for a group of compounds so diverse as lipids and their 

classification should be used only as a guide 

(a) Simple lipids 

Examples of this class are neutral fat (i.e esters of fatty acids and glycerol) and 

waxes (esters of monohydric alcohols and fatty acid). 

In neutral simple lipids, if the triglycerides (triacylglycerols) are liquid at room 

temperature, they are called oil, but if solid they are called fat. 

 
(b) Compound or Complex lipids 

This consists of esters of fatty acids with alcohols (glycerol) in addition to other 

groups. They are further divided as follows: 

(i) Phospholipids: They contain in addition to fatty acids and an alcohol, a 

phosphoric acid residue. They may or may not contain nitrogen – containing bases 

and other substituents, e.g. in glycerophospholipids with glycerol as the alcohol 

and sphingophospholipids whose alcohol is sphingosine. 

(ii) Glycolipids: These are lipids containing a fatty acid, sphingosine, and 

carbohydrate. They are also called cerebrosides 

(iii) Sulphatides: These are lipids that contain sulphate residue. 

(c) Precursor and derived lipids: This class is derived from both simple and 

compound lipids which still possesses lipid – like characteristics. They include 
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long – chain fatty acids, aldehydes and ketones bodies, hydrocarbons, lipid – 

soluble vitamins (D, E and K) and hormones. 

 

CHEMICAL REACTIONS OF LIPIDS 

(i) Lipolysis:  

Hydrolysis of ester bonds in lipids (Lipolysis) may occur by enzyme action or heat and 

moisture resulting in the liberation of free fatty acids. Free fatty acids are virtually absent 

in the fat of living animal tissue. They can be formed, however, by enzyme action after the 

animal is killed; hence rendering processes are necessary to inactivate the enzymes by heat 

treatment. 

Base – catalyzed hydrolysis 

Saponification is the term used to designate base – catalysed ester hydrolysis. This 

reaction results in acyl – oxygen fission and involves an addition – elimination sequence. 

Net reaction: 

 
MECHANISM 

 

The mechanism for the saponification is designated as BAC 2 (Based catalysed; Acyl – 

fission; bimolecular). 

For the acid catalyzed  

The mechanism of the acid – catalyzed hydrolysis of an ester is exactly the reverse of the 

mechanism of the formation of the ester by the Fischer esterification.  
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The general mechanism for the acid catalyzed hydrolysis of esters is given below: 

The reaction between fat or oil and NaOH or KOH leads to hydrolysis of the former 

leading to the formation of soap and glycerol. 

 
Transesterification of fats 
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Fats can be converted by transesterication into methyl esters of carboxylic acids by 

allowing triacylglycerol to react with methanol in the presence of a basic or acidic catalyst. 

The mixture of the methylesters formed can be separated by fractional distillation which 

can be hydrolysed to individual carboxylic acids of high purity. 

This is thus, the source of straight chain acids of even carbon number ranging from six to 

18 carbons.  

 

(ii) Lipid oxidation 

(a) Autoxidation 

Lipid oxidation is one of the major causes of food spoilage. It is of a great concern 

because it makes edible oils and fat containing food to develop various off – flavour and 

off – odours called rancid. In addition, it can also decrease the nutritional quality of food 

while some oxidation products are potentially toxic. On the other hand, some oxidation 

reactions are desirable because they lead to the production of aromas in some fried foods. 

In foods, the lipids can be oxidized by both enzyme and nonenzymic mechanisms.  

Hydroperoxides which are the primary initial products of lipid auto-oxidation are 

relatively unstable. They enter into numerous and complex breakdown and interaction 

mechanism responsible for the production of compounds which are of biological 

significant as well as impartation of flavour. 

Decomposition of Hydroperoxides 

Hydroperoxides break down in several steps leading to the production of varieties of 

decomposition products. 



6 
 

The products of decomposition themselves can undergo further oxidation and decomposition, 

thus, contributing to a large and varied free radical pool. 

The first step in hydroperoxide decomposition is scission at the oxygen – oxygen bond of the 

hydroperoxide group, leading to an alkoxy radical and a hydroxyl radical. 

 
The second step is the carbon – carbon cleavage on either side of the alkoxy group. 

 

NOTE 

- Cleavage on the side (i.e carboxyl or ester side) gives an aldehyde and acid (or 

ester) 

- On the hydrocarbon (or methyl) side, hydrocarbon and an oxo acid (or oxo ester) 

are formed 

- If a vinylic radical is formed, an aldehydic functional group is formed: 

 

For example: (8 – hydroperoxide) of methyl oleate 

Cleavage about (a) side produces decanal and methyl – 8 – oxooctanoate while 

cleavage on the ester side (b) gives 2 - undecenal and methyl heptanoate 

 
In the same manner, each of the remaining three oleate hydroperoxides would be 

expected to produce four typical products; for example, the 9 – hydroperoxide. 

 
Would give nonanal, methyl – 9 – oxononanoate, 2 – decenal and octanoate; 
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For 10 – hydroperoxide 

 
Gives octane, methyl – 10 – oxo – 8 – decanoate, nonanal and methyl – 9 – 

oxononanoate 

 

For 11 – hydroperoxide 

 
Gives heptane, methyl – 11 - oxo – 9 – undecanoate, octanal and methyl – 10 – 

oxodecanoate. 

 

On 10 – hydroperoxide of oleate 

 



8 
 

 
It should be noted that apart from all these compounds, other compounds can be 

formed like short chain aldehydes, epoxide, dimers etc. 

Unsaturated aldehydes can undergo classic autoxidation with oxygen attack at a 

methylenic position giving rise to short – chain hydrocarbons, aldehydes and dialdehydes. 
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Formation of malonaldehyde is the basis for the well-known TBA method used for 

measuring lipid oxidation. The formation of this compound is an indication that the 

vegetable oil has reached an advanced stage of deterioration.  
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 Factors influencing the rate of Lipid oxidation in foods 

(1) Fatty Acid Composition: The number, position and geometry of double bond affect the 

rate of oxidation. For example, the oxidation for arachidonic, linolenic, linoleic, and 

oleic are approximately 40: 20: 10: 1, respectively. Cis acids oxidize more readily than 

their trans isomers, and conjugated double bonds are more reactive than non-

conjugated. Oxidation of saturated fatty acids is extremely slow, at room temperature.  

(2) Free fatty acids versus the corresponding acyl glycerol:  

Fatty acids oxidize at a slightly greater rate than in triacylglycerol. Randomizing the 

fatty acid distribution of a natural fat reduces the rate of oxidation. 
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(3) Oxygen concentration:  When the supply of oxygen is unlimited, the rate of lipid 

oxidation is independent of oxygen pressure, but in limited quantity, the higher the 

pressure, the higher the rate of oxidation i.e. rate of oxidation is directly proportional 

to oxygen pressure. The effect of oxygen pressure on the rate is influenced by other 

factors, such as temperature and surface area. 

(4) Temperature: The rate of oxidation increases with increase in temperature. As 

temperature increases, the increase in rate with increasing oxygen concentration is 

insignificant, because oxygen becomes less soluble as the temperature is raised. 

(5) Surface Area:  The rate also increases with increase in the surface area of the lipid that 

is exposed to the air. However, as the surface – volume ratio increases, reducing the 

oxygen partial pressure because less effective in decreasing the rate of oxidation. 

(6) Moisture:  The rate of oxidation also depends on water activity. In dried foods with 

low moisture content i.e. aw < 0.1, oxidation proceeds at rapid rate. If the aw is about 

0.3, the rate will be reduced to minimum. This also has to do with catalytic activity of 

metal catalyst, by quenching free radicals, by promoting non-enzymic browning which 

in turn produced compounds with antioxidant activities. At higher water activities (aw 

= 0.55 – 0.85), the rate increases again, which was presumed to be due to increase in 

mobilization of the catalyst present. 

(7) Pro – oxidants: The transition metals especially those with two or more valency states 

(e.g. cobalt, copper, iron, manganese and nickel) are major pro – oxidants even as low 

as 0.1ppm concentrations. They can decrease the length of the induction period and 

increase the rate of oxidation.  

(8) Antioxidant: The presence of antioxidant compounds in lipid also affects the rate of 

lipid oxidation. This will be treated in detail. They delay the onset and slow rate of 

oxidation. This is treated in details below. 
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Saturated fatty acids 
Saturated fatty acids have no C=C double bonds. They have the formula CH3(CH2)nCOOH, for 
different n. An important saturated fatty acid is stearic acid (n = 16), which when neutralized 
with sodium hydroxide is the most common form of soap. 

Examples of saturated fatty acids 

Common name Chemical structure C:D 

Caprylic acid CH3(CH2)6COOH 8:0 

Capric acid CH3(CH2)8COOH 10:0 

Lauric acid CH3(CH2)10COOH 12:0 

Myristic acid CH3(CH2)12COOH 14:0 

Palmitic acid CH3(CH2)14COOH 16:0 

Stearic acid CH3(CH2)16COOH 18:0 

Arachidic acid CH3(CH2)18COOH 20:0 

Behenic acid CH3(CH2)20COOH 22:0 

Lignoceric acid CH3(CH2)22COOH 24:0 

Cerotic acid CH3(CH2)24COOH 26:0 

C:D is the ratio of numbers of carbons to double bonds 
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Examples of 
Unsaturated 
Fatty Acids 

Common 
name Chemical structure Δ C:D IUPAC n−x 

Myristoleic 
acid 

CH3(CH2)3CH=CH(CH2)7COOH cis-Δ9 14:1 14:1(9) n−5 

Palmitoleic 
acid 

CH3(CH2)5CH=CH(CH2)7COOH cis-Δ9 16:1 16:1(9) n−7 

Sapienic 
acid 

CH3(CH2)8CH=CH(CH2)4COOH cis-Δ6 16:1 16:1(6) n−1
0 

Oleic acid CH3(CH2)7CH=CH(CH2)7COOH cis-Δ9 18:1 18:1(9) n−9 

Elaidic acid CH3(CH2)7CH=CH(CH2)7COOH trans-Δ9 18:1 18:1(9t) n−9 

Vaccenic 
acid 

CH3(CH2)5CH=CH(CH2)9COOH trans-Δ11 18:1 18:1(11t) n−7 

Linoleic acid 

CH3(CH2)4CH=CHCH2CH=CH(CH2)7C
OOH 

cis,cis-
Δ9,Δ12 18:2 18:2(9,12) n−6 

Linoelaidic 
acid 

CH3(CH2)4CH=CHCH2CH=CH(CH2)7C
OOH 

trans,trans-
Δ9,Δ12 18:2 18:2(9t,12t) n−6 

α-Linolenic 
acid 

CH3CH2CH=CHCH2CH=CHCH2CH=C
H(CH2)7COOH 

cis,cis,cis-
Δ9,Δ12,Δ15 18:3 18:3(9,12,1

5) n−3 

Arachidonic CH3(CH2)4CH=CHCH2CH=CHCH2CH= cis,cis,cis,ci
s-

20:4 20:4(5,8,11, n−6 
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acid CHCH2CH=CH(CH2)3COOH Δ5Δ8,Δ11,Δ14 14) 

Eicosapenta
enoic acid 

CH3CH2CH=CHCH2CH=CHCH2CH=C
HCH2CH=CHCH2CH=CH(CH2)3COOH 

cis,cis,cis,ci
s,cis-
Δ5,Δ8,Δ11,Δ14

,Δ17 

20:5 20:5(5,8,11,
14,17) n−3 

Erucic acid CH3(CH2)7CH=CH(CH2)11COOH cis-Δ13 22:1 22:1(13) n−9 

Docosahex
aenoic acid 

CH3CH3CH=CHCH2CH=CHCH2CH=C
HCH2CH=CHCH2CH=CHCH2CH=CH(
CH2)2COOH 

cis,cis,cis,ci
s,cis,cis-
Δ4,Δ7,Δ10,Δ13

,Δ16,Δ19 

22:6 22:6(4,7,10,
13,16,19) 

 

n−x is the position of double bonds when numbering from the methyl side, the n is also 
referred to as omega (ω)  

“Δ” This is used when numbering from the carboxyl (-COOH) side; cis and trans indicate the 
configuration around the carbons bearing the double bonds that is sp2 carbons.  

 


