CARBOHYDRATES
I. Introduction

Carbohydrates or saccharides are compound composed of polyhdroxy aldehydes or ketones. Carbohydrates are the most abundant biological molecules, and fill numerous roles in living things, such as the storage and transport of energy and structural components. Additionally, carbohydrates and their derivatives play major roles in the working process of the immune system, fertilization, pathogenesis, blood clotting, and development.

The basic carbohydrate units are called monosaccharides, such as glucose, galactose, and fructose. Monosaccharides can be linked together in almost limitless ways. Two linked monosaccharides are called disaccharides, such as sucrose and lactose. Carbohydrates containing three to six monosaccharide units are called oligosaccharides; anything larger than this is a polysaccharide. Polysaccharides, such as starch, glycogen, or cellulose, can reach many thousands of units in length. Many carbohydrates contain one or more modified monosaccharide units that have had one or more groups replaced or removed. For example, deoxyribose, a component of DNA, is a modified version of ribose; chitin is composed of repeating units of N-acetylglucosamine, a nitrogen-containing form of glucose.

II. Chemical reactions of Carbohydrates

Molisch Test

Shows positive test for all carbohydrates. Monosaccharides give a rapid positive test. Disaccharides and polysaccharides react slower. A positive test is indicated by the formation of a purple product at the interface of the two layers.


Reactions: 
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The test reagent dehydrates pentoses to form furfural (reaction below) and dehydrates hexoses to form 5-hydroxymethyl furfural (next page). The furfurals further react with [image: image6.png]


-naphthol present in the test reagent to produce a purple product (reaction not shown). 

Bial’s Test

Shows positive test for Pentoses. A positive test is indicated by the formation of a bluish product. All other colors indicate a negative result for pentoses. Note that hexoses generally react to form green, red, or brown products.


Reactions: 

The test reagent dehydrates pentoses to form furfural. Furfural further reacts with orcinol and the iron ion present in the test reagent to produce a bluish product (reaction not shown). 
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Benedict’s Test

Shows positive test for reducing sugars.  A positive test is indicated by the formation of a reddish precipitate within three minutes.


Reactions: 

Reducing sugars are oxidized by the copper ion in solution to form a carboxylic acid and a reddish precipitate of copper (I) oxide. 
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Barfoed’s Test
Shows positive test for reducing monosaccharides. A positive test is indicated by the formation of a reddish precipitate within three minutes.
Reactions: 

Reducing monosaccharides are oxidized by the copper ion in solution to form a carboxylic acid and a reddish precipitate of copper (I) oxide within three minutes. Reducing disaccharides undergo the same reaction, but do so at a slower rate. 
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Galacataric acid test

This test is one in which concentrated HNO3 is heated along with an aldose sugar to give a dicarboxylic acid. Nitric acid is able to oxidize the terminal groups of aldoses, but leaves the secondary hydroxyl groups unchanged. The dicarboxylic acid formed from galactose is called mucic acid and is insoluble in cold aqueous solution. Those acids formed from the other common sugars are soluble in H20. Thus the formation of the insoluble precipitate is an indication of the presence of galactose.

Seliwanoff’s Test

Shows positive test for Ketoses. A positive test is indicated by the formation of a red product. 


Reactions: 

The test reagent dehydrates ketohexoses to form 5-hydroxymethylfurfural. 5-hydroxymethylfurfural further reacts with resorcinol present in the test reagent to produce a red product within two minutes (reaction not shown). Aldohexoses react to form the same product, but do so more slowly. 
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Iodine Test 

Shows positive test for starch.  A positive test is indicated by the formation of a blue-black complex.


Reactions: 

Iodine complexes with starch to form a blue-black product. Note that other polysaccharides may give other colors including blue or red. 

Fermentation Test
It can be used to differentiate maltose from lactose (maltose gives positive result). Positive result is indicated by the evolution of gases (usually in the form of bubbles).

III. Objectives:

1. To identify common carbohydrates in nature

2. To classify the different carbohydrates

3. To perform simple qualitative tests for carbohydrates

IV. Procedure
Molisch Test


1. In eight (8) test tubes, pipette 1 ml of the following

	Test tube no.
	Sugar Solutions

	1
	5% fructose

	2
	5% galactose

	3
	5% arabinose

	4
	5% glucose

	5
	5% maltose

	6
	5% sucrose

	7
	5% lactose

	8
	5% starch


2. Add three drops of Molisch reagent and mix thoroughly 
3. Incline each test tube and add 1 ml of concentrated sulfuric acid down the side of the tubes 
4. Do not shake to avoid mixing of layers.
Bial (Orcinol) Test
1. In four (4) test tubes, pipette 1 ml of the following

	Test tube no.
	
Sugar Solutions

	1
	 5% arabinose

	2
	 5% glucose

	3
	 5% maltose

	4
	 water


2. Add 2 ml of the Orcinol reagent. Mix well and immersed the test tubes to a boiling water bath.
3. Observe the color changes during the 15 minutes of boiling.
Benedict’s Test

1. In nine (9) test tubes, place 2 ml of Benedict’s reagent  and add1 ml of the following on each

	Test tube no.
	Sugar Solutions

	1
	5% fructose

	2
	5% galactose

	3
	5% arabinose

	4
	5% glucose

	5
	5% maltose

	6
	5% sucrose

	7
	5% lactose

	8
	5% starch

	9
	Water (control)


2. Place these test tubes with carbohydrates in a boiling water bath.
3. Note the time elapsed before a change in color is observed.

Barfoed’s Test

1. In nine (9) test tubes, place 2 ml of Barfoed’s reagent  and add1 ml of the following on each

	Test tube no.
	Sugar Solutions

	1
	5% fructose

	2
	5% galactose

	3
	5% arabinose

	4
	5% glucose

	5
	5% maltose

	6
	5% sucrose

	7
	5% lactose

	8
	5% starch

	9
	Water (control)


2. Place these test tubes with carbohydrates in a boiling water bath.

3. Note the time elapsed before a change in color is observed.

Galactaric Acid Test

1. In four (4) test tubes, place 1 ml of the following 

	Test tube no.
	Sugar Solutions

	1
	5% galactose

	2
	5% glucose

	3
	5% maltose

	4
	5% lactose


2. Add approximately 8 drops of concentrated nitric acid.

3. Place these test tubes in boiling water for at least 90 minutes.

4. Remove the test tubes from the water bath and allow them to stand overnight.

5. Observe the crystals that will form.

Seliwanoff’s Test

1. In nine (9) test tubes, place 2 ml of Seliwanoff’s reagent  and add1 ml of the following on each

	Test tube no.
	Sugar Solutions

	1
	5% fructose

	2
	5% galactose

	3
	5% arabinose

	4
	5% glucose

	5
	5% maltose

	6
	5% sucrose

	7
	5% lactose

	8
	5% starch

	9
	Water (control)


2. Place these test tubes with carbohydrates in a boiling water bath for 10 minutes.

3. Note the time elapsed before a change in color is observed.

Fermentation Test

1. In seven (7) test tubes, place add10 ml of the following 

	Test tube no.
	Sugar Solutions

	1
	5% fructose

	2
	5% galactose

	3
	5% arabinose

	4
	5% glucose

	5
	5% maltose

	6
	5% sucrose

	7
	5% lactose


2. Add 2 ml of yeast suspension and mix well. Incubate the mixture at 37o 

3. Note the time required to produce a noticeable bubbling or gas fermentation.
4. If no gas has been formed after 3 hours, the test is considered negative

Iodine’s Test

1. In a test tube, pipette 1 ml of 0.01 M I2/KI solution
2. Add 2-3 drops of starch suspension and observe a change in color.

3. Repeat the test using other carbohydrates solutions.
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Laboratory Report
Experiment No. 1 

Carbohydrates

Table 1. Observation for Molisch and Bial’s Test.

	Sugar Solutions
	Molisch Test
	Bial’s Test

	5% fructose
	
	

	5% galactose
	
	

	5% arabinose
	
	

	5% glucose
	
	

	5% maltose
	
	

	5% sucrose
	
	

	5% lactose
	
	

	5% starch
	
	


What sugar solution gives positive result for Molisch Test? What is Molisch test for?
What sugar solution gives positive result for Bial’s Test? What can deduce from the positive result? 

Table 2. Observation for Benedict’s and Barfoed’s Test. 

	Sugar Solutions
	Benedict’s Test
	Barfoed’s Test

	5% fructose
	
	

	5% galactose
	
	

	5% arabinose
	
	

	5% glucose
	
	

	5% maltose
	
	

	5% sucrose
	
	

	5% lactose
	
	

	5% starch
	
	

	water
	
	


Why do some sugar solutions gave positive result to Benedict’s test but gave negative result to Barfoed’s test?
Table 3. Observation for Galactaric acid and Seliwanoff’s Test. 

	Sugar Solutions
	Galactaric acid test
	Seliwanoff’s test

	5% fructose
	
	

	5% galactose
	
	

	5% arabinose
	
	

	5% glucose
	
	

	5% maltose
	
	

	5% sucrose
	
	

	5% lactose
	
	

	5% starch
	
	

	water
	
	


What sugar solution gave positive result to Galactaric acid test? What is this test for?
What functional group is present in a sugar solution if it gave positive result to Seliwanoff’s test?
Table 4. Observation for Fermentation and Iodine Test

	Sugar Solutions
	Fermentation test
	Iodine test

	5% fructose
	
	

	5% galactose
	
	

	5% arabinose
	
	

	5% glucose
	
	

	5% maltose
	
	

	5% sucrose
	
	

	5% lactose
	
	

	5% starch
	
	

	water
	
	


What sugar can be differentiated using Fermentation test? Explain.
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