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Experiment 8 

Qualitative determination of Carbohydrates 

This experiment is intended to introduce you to one of the three major classes of 

macronutrients found in food, carbohydrates. To identify carbohydrates (sugars) as being 

polyhydroxylated aldehydes and ketones. Mono or di- or polysaccharides and their 

chemical characteristics. You will also learn a variety of ways to categorize carbohydrates 

and several tests used in the analysis of carbohydrates. 

Introduction of Carbohydrate  

Carbohydrate is the primary source of energy for brain, retina and erythrocytes and so 

the glucose concentration requires precise regulation that is accomplished by many 

metabolic processes and interrelated with several glands and organs. If any disturbance 

occurs to the glands or organs, a loss of glycemic control will occur which results in the 

formation of a pathological state. However, the diabetes mellitus is the result of glucose 

metabolism abnormality, and is often has different causes, which include genetic, 

autoimmune and other causes.  

All carbohydrates consist of carbon, hydrogen, and oxygen atoms and are polyhydroxy 

aldehydes or polyhydroxyketones or are compounds that can be broken down to form 

such compounds. Examples of carbohydrates include glucose, ribose, fructose (fruit 

sugar), sucrose (table sugar), lactose (milk sugar), maltose (malt sugar), galactose, starch, 

and structural materials such as cellulose. The molecular formula for a carbohydrate can 

be considered as Cn (H2O) n, where n is the number of carbon atoms. Example, because 

its formula is C6H12O6, glucose was once thought to be a “carbon hydrate” with the 

structure C6(H2O)6.  

 

 

 

 

 

 

 

Fructose has a ketone group, so it is considered a polyhydroxy ketone. 
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Classification according to Molecular size or Complexity: 

A- Simple Carbohydrates. often referred to as simple sugars or monosaccharides, 

contain one unit of saccharide and cannot be broken down into smaller 

carbohydrates. such as glucose, fructose, galactose, and mannose. 

 

Monosaccharide can be also classified according to different factors as follow: 

 

a. Classification according to Number of carbon atoms 

1. Triose C3 sugars, example: dihydroxyacetone and glyceraldehydes. 

2. Tetrose C4 sugars, example: D-erythrose, D-threose, and D-erythrulose. 

3. Pentose C5 sugars, example: nucleic acids and coenzymes NAD, Ribose that is a 

structural element of ATP and flavor proteins: Arabinose, ribulose, and xylose. 

4. Hexose C6 sugars, example: glucose, fructose. 

 

b. Classification according to Functional group 

1. Aldose: sugars having an aldehyde functional group R-HC=O, example: glucose 

2. Ketose: sugars having a ketone functional group R2-C=O, example: fructose. 

 

c. Classification according to Reactivity in Redox Reactions 

1. Reducing sugars oxidized by Tollens' reagent or Benedict's or Fehling's reagents).  

Examples are glucose, fructose, glyceraldehydes, lactose, arabinose and maltose 

2. Non-reducing sugars not oxidized by Tollens' reagent or Benedict's or Fehling's 

reagents. Example: sucrose, starch. 

for example, glucose is an aldose (it contains an aldehyde functional group) and 

glucose is also a hexose (it contains six carbon atoms. Therefore, glucose is considered 

as an aldohexose.  

 

 Glucose is classified as an aldohexose, because it contains six carbon atoms and an 

aldehyde functional group. 
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Complex Carbohydrates. Those containing more than one group of saccharides are 

complex carbohydrates. Through a process known as hydrolysis, complex carbohydrates 

can be broken down into smaller carbohydrate units. 

1. Disaccharides contain two units of monosaccharide., Hydrolysis can break 

disaccharides into two monosaccharide units and lose one molecule of 

water.such as: 

- Maltose: two glucose residues in 1, 4 linkages. 

- Lactose can be found in milk. On hydrolysis, it produces D-galactose and 

D-glucose.it is a reducing disaccharide 

- Sucrose: Cane sugar (table sugar) or sucrose is a disaccharide of fructose 

and glucose. 

2. Oligosaccharides have 3-6 units of monosaccharides, Oligosaccharides can be 

broken by hydrolysis into 3-6 monosaccharide units and lose one or more water 

molecules. 

3. Polysaccharides (hundreds or thousands of units), Polysaccharides can be 

broken into 7 or more units of monosaccharides by hydrolysis and one or more 

molecules of water can be lost. Such as:  

-Starch is a storage form of energy in plants. It contains two polymers 

composed of glucose units: amylose (linear) and amylopectin (branched). The 

complete hydrolysis of starch yields, in successive stages, glucose: 

starch → dextrins → maltose → glucose 

In the human body, several enzymes known collectively as amylases degrade 

starch sequentially into usable glucose units. 

 

-Glycogen is a storage form of energy in human and animals. It is a branched 

polymer composed of glucose units. It is more highly branched than 

amylopectin. glycogen is found as granules in liver and muscle cells. When 

fasting, animals draw on these glycogen reserves during the first day without 

food to obtain the glucose needed to maintain metabolic balance.  

 

-Cellulose is a structural polymer of glucose units found in plants. It is a linear 

polymer with the glucose units linked through β-1,4-glycosidic bonds. 

 

 

 

 



 

82 

Qualitative tests for carbohydrates: 

There are several difficulties in their qualitative as well as quantitative analysis when 

analyzing a sample containing a mixture of carbohydrates, particularly sugar. These 

problems are attributed to their structural and chemical resemblance, as well as their 

stereoisomerism. It is therefore necessary to determine, during biochemical 

investigations, whether or not a given sample contains carbohydrates. In order to establish 

the presence or absence of a sugar or a carbohydrate in a sample, several rapid tests are 

available. Such tests are based on specific typical color reactions for their group. The 

sensitivity of these tests can be confirmed by using different concentrations of sugar 

solutions (0.1- 1 percent ). 

 

A. General tests for carbohydrates: 

 For all carbohydrates, whether free or in combined form, it is a group test. It is routinely 

used to detect the presence of carbohydrates, despite its limitations. 

In order to detect the presence of carbohydrates in a solution, the most common tests used 

are: 

 

Molisch's Test:  

The response is based on the fact that H2SO4 concentrated catalyzes the dehydration of 

sugars to form furfural (from pentoses) or hydroxymethyl furfural (from hexoses). These 

furfurals then condense to give a purple or violet colored product with sulfonated alpha-

naphthol. A+ve reaction is also provided by polysaccharides and glycoproteins. The acid 

first hydrolyses it into monosaccharides, which are then dehydrated to form furfural or its 

derivatives, in the case of the carbohydrate being a poly or disaccharide. 

 

 

 

 

 

 

 

Molisch test give a positive result with all carbohydrates. 
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 B. Differentiation test of Carbohydrates 

1. Benedict's Test 

Benedict's test determines whether a monosaccharide or disaccharide is a reducing sugar. 

To give a positive test, the carbohydrate must contain either a free aldehyde group or a 

ketone group. Benedict's reagent is an alkaline solution containing cupric ions, which 

oxidize the aldehyde to a carboxylic acid. In turn, the cupric ions are reduced to cuprous 

oxide, which forms a red precipitate. 

Give positive result with all reducing sugar as glucose, fructose, lactose, maltose, 

galactose, except for sucrose and starch. 

 

 

 

 

2.Barfoed's Test: 

Consist of cupric ion in acidic solution (acetic acid). This test is performed to differentiate 

between mono- and disaccharide reduction. Monosaccharides are more reactive 

reducing agents than disaccharides and thus react in about 1-2 minutes, while it takes 7-

12 minutes for the reducing disaccharides to get hydrolysed and then react in the acidic 

solution. Therefore, it is possible to detect the difference in property reductions. 

It gives positive red pricipitate result with glucose and fructose and other 

monosaccharides. 

3. Seliwanoff’s Test 

This test is a keto hexose-specific timed colour reaction. It is therefore used for the 

differentiation of aldoses from ketoses. Dehydration is carried out in the presence of 

concentrated HCl or H2SO4 with resorcinol, ketohexoses to yield 4-hydroxy methyl 

furfural more rapidly than aldohexoses. In addition, these furfural derivatives condense 

to form a red coloured complex with resorcinol. 

It gives positive result with fructose. And in prolong heating it will give a positive result 

with sucrose also due to hydrolysis to fructose and glucose, while other sugar gives a 

negative result. 

4. Iodine test:  

Iodine forms color complex with starch, glycogen and dextrins. The color varies 

according to the chain length and the size of the molecule. Starch gives blue color, 

glycogen gives purple while dextrines forms red to colorless complexes. The 

complexes with iodine are very unstable. The iodine is readily removed from these 

compounds by alcohol, NaOH, Na2S2O3 or heating. This indicates the weak interaction 

between iodine and these compounds. 
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Practical part: 

1. Molisch’s test:  

Procedure 

1. In a test tube, add 2 ml of test solution ( unknown)  

2. Add 2 drops of Molisch’s reagent and mix by gentle 

shaking  

3. Tilt the tube and carefully pour 1 ml conc. H2SO4 along 

the side of the tube (no mixing)  

4. Violet ring at the junction of the two liquids indicates a 

positive result.  

Note: The appearance of purple or violet ring confirms the presence of 

carbohydrate. 

Interpretation: The formation at the junction of two layers of a purple or violet ring or 

zone indicates the presence of carbohydrates. 

Precautions: 

(i) The solution of alpha-naphthol is unstable and should be made fresh. 

(ii) Conc.H2SO4 should be carefully added along the sides of the test tube, causing the 

contents of the tube to be minimally disturbed. 

 

2. Iodine test: 

1. To two ml of your test solution ( unknown), add few drops of diluted HCl  

2. Add 2 drops of iodine solution  

3. A blue color indicates positive result  

4. Heat the colored solution and observe the disappearance of the color 

Iodine test give A+e result ( blue color complex) with starch as a polysaccharides. 
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3. Benedect’s test 

1. In a tube add 5 ml of benedict reagent  

2. Add 8 drops of your test solution (unknown) and mix  

3. Heat the tube in boiling water bath for 5 min  

4. Positive result is indicated by the change in color or the formation of a 

precipitate yellow to brick red color, depending upon the conc. of the 

glucose or reduced sugar in the solution. 

 

 

Note: The appearance of red precipitate confirms the presence of 

carbohydrates. 

 

 

4. Barfoed’s test 

1. Add 1 mL of the test solution (unknown) to a test tube. 

2. Add 5 ml Barfoed’s reagents to test tube and mix  

3. Place the test tubes in a water bath and observe the time when a 

precipitate appears. 

Thin red precipitates indicate the presence of a reduction of monosaccharide at the 

bottom or sides of the tube. 

Positive Barfoed’s test for monosaccharides: glucose, fructose. 

Note:The boiling should not be prolonged beyond 1-2min, otherwise the disaccharide 

reduction will respond to this test as well. 
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5. Seliwanoff’s test  

1. Add 1 mL of the test solution (unkown) to about 2 mL of the 

Seliwanoff reagent  

2. Heat the test tube in boiling water bath for 10-20 min or just 

heat to boiling.  

A positive reaction is indicated by a deep red color and formation of 

brown precipitate.  

(The presence of ketohexose indicates the appearance of a red colour 

(fructose). 

 

------------------------------------------------------------------------------------------------------------ 
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 Summary  

Biochemical  

test 

Glucose  Fructose  Maltose  Lactose  Sucrose  Starch  

Molisch  Positive  Positive  Positive  Positive  Positive Positive   

Benedict  Positive  Positive  Positive  Positive  Negative  Negative  

Barfoed  Positive  Positive  Negative  Negative  Negative  Negative  

Seliwanoff  Negative  Positive  Negative  Negative  Positive Negative  

Iodine  Negative  Negative  Negative  Negative  Negative  Positive 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


