Testing for Lipids, Proteins and Carbohydrates
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All living things contain organic macromolecules: Lipids, proteins, carbohydrates and nucleic acids. Characteristic for these organic molecules is that they are made up of only a small number of elements: carbon, hydrogen, oxygen, and to smaller amounts nitrogen, phosphorus and sulphur. They are called "macromolecules" because they are very large, containing long chains of carbon and hydrogen atoms and often consist of repeating smaller molecules bonded together in a repeating pattern (polymers).

Macromolecule    building block
protein                   amino acids
carbohydrates         monosaccharide’s
lipids                      glycerol + fatty acids
1. Carbohydrates
Carbohydrates are better known to students as sugars and starches. They make up only 5% of the mass of our body. However they are the body’s main “fuel” supply of energy.
Monosaccharide’s or simple sugars such as glucose, lactose and fructose (C6H12O6) function as energy source in cells during cellular respiration and are also used to build cell structures and other organic molecules within the cells.
Disaccharides are composed of two monosaccharides joined together. Sucrose (table sugar) is a disaccharide composed of one glucose and one fructose molecule.
Polysaccharides: Are long chains of monosaccharide’s bond together. Plants store excess glucose in the form of starch, a polysaccharide composed of long chains of glucose. Starches can be found in potatoes, rice, wheat, corn, bananas, peas, beans, lentils, and other tubers, seeds and fruits of plants. Animals (and humans) store excess glucose in the form of glycogen in the liver and muscles. Between meals the liver breaks down glycogen to glucose and releases it into the blood stream to supply glucose to cells in need. Other important polysaccharides are cellulose and chitin. Cellulose makes up the cell wall of plants whereas chitin provides structure to fungi and the exoskeleton of arthropods. Cellulose provides the important dietary fibre or roughage.
2. Lipids (fats and oils)
Lipids contain the same three elements as carbohydrates – carbon, hydrogen and oxygen. However the proportion of oxygen is much lower. Lipids function as long-term energy storage. One gram of fat stores more than twice as much energy as one gram of carbohydrates. Lipids are also an important component of the cell membrane. Lipids consist of glycerol and fatty acids "tails". The fatty acid "tails" are long chains of carbon and hydrogen that contribute to the non-polar behaviour of fats - they don't mix with (polar) water. The fatty acid chains can be saturated, with all carbons saturated with hydrogen atoms forming a straight chain without double bonds. Saturated lips are more common in animal sources, such as meat and dairy. These are an important part of your diet; however, too much is unhealthy. An excess amount of the lipid compound cholesterol can results in heart disease.  Unsaturated fatty acids contain double bonds within the carbon chain, which results in a bend of the chain.  Unsaturated lipids are common in plant oils. These are healthier for you. 
3. Proteins
Proteins are complex, specialized molecules composed of carbon, oxygen, hydrogen, nitrogen and sometimes sulphur. They make up about 18% of you body mass. This is the second largest fraction after water. Proteins are needed for growth and repair of tissue as well as the formation of enzymes. The building blocks of proteins are amino acids. There are 20 different amino acids that combine to form polypeptides (proteins). The different amino acids are similar in structure: at the centre of the molecule is the alpha carbon that is connected to an amino group, a carboxyl group, a hydrogen atom and the R group (the side chain). The different amino acids have different side chain, but are otherwise identical. Proteins have many important roles in organisms. Structural proteins such as collagen or elastin, provide support. Regulatory proteins such as enzymes control cell processes. Proteins also play an important part in the immune system (antibodies), oxygen transport (haemoglobin), movement (muscles) etc. 
Testing for macromolecules 

1. Testing for carbohydrates 

· Testing for the presence of starch (complex sugar)
Lugol's reagent (iodine solution) changes from yellowish-brown to dark purple/black. 

· Testing for simple carbohydrates (monosaccharide’s and some disaccharides)
Benedict's solution is used to test for simple carbohydrates. Benedict's solution is a blue colour liquid that contains copper ions. When Benedict's solution and simple carbohydrates are heated, the solution changes to orange red/ brick red. This reaction is caused by the reducing property of simple carbohydrates. The copper (II) ions in the Benedict's solution are reduced to Copper (I) ions, which causes the colour change. Sometimes a brick red solid, copper oxide, precipitates out of the solution and collects at the bottom of the test tube. Complex carbohydrates such as starches DO NOT react positive with the Benedict's test unless they are broken down through heating or digestion (try chewing crackers and then doing the test). Table sugar (disaccharide) is a non-reducing sugar and does also not react with the iodine or with the Benedict Reagent. Sugar needs to be decomposed into its components glucose and fructose then the glucose test would be positive but the starch test would still be negative. 

2. Testing for lipids 

· Grease spot test/Brown paper test
As we all know from experience, lipids leave translucent spots (grease spots) on unglazed brown paper bags. 

· Sudan Red test
Sudan red is a fat-soluble dye that stains lipids red. Using Sudan red can show the amount and the location of lipids. 

3. Testing for proteins 
· Buiret test
Buiret solution is a blue liquid that changes to purple when proteins are present and to pink in the presence of short chains of polypeptides. The copper atom of the biuret solution reacts with the peptide bonds to cause the colour change.
Reactions which undergo a colour change are called COLORIMETRIC ASSAY
Methods

Materials:

· Benedict’s Solution 
-Various foods to test

-Iodine Solution 


· Sugar solution

- Eye droppers 

-Brown paper bags
· Distilled water 

-Sudan Red III


- Test tube clamps
· Beakers 


-Spatula 


Toothpicks
· Biuret Reagent

-Test tubes 



Procedures

Part One: Testing Sugars

1. Put 30 drops of distilled water in a test tube.
2. Add 10 drops of Benedict’s Solution to the test tube.
3. Use the test tube clamp to place the test tube in the hot water bath for 1 minute.
4. Let the test tube cool.
5. Observe the colour of the solution and record.
6. Rinse the test tube & eyedropper.
7. Put 1 small piece of marshmallow and 40 drops of distilled water in a beaker.
8. Mix with a stirring rod to dissolve part of the marshmallow.
9. Pour the water / marshmallow solution into a test tube.
10. Add 10 drops of Benedict’s Solution to the test tube.
11. Use the test tube clamp to place the test tube in the hot water bath for 1 minute.
12. Let the test tube cool.
13. Observe the colour of the solution and record.
14. Rinse the test tube & eyedropper.
15. Repeat the procedure using, 
10 drops of sugar water
¼ scoop of potato buds & 40 drops of distilled water

10 drops of egg white & 40 drops of distilled water

¼ scoop of corn starch & 40 drops of distilled water 
10 drops of oil & 40 drops of distilled water
	Amount of sugar in food
	0

None
	+

Trace
	++

Little Sugar
	+++

Some Sugar
	++++

Much Sugar

	Colour
	Blue
	Blue/Green
	Green
	Yellow
	Orange/Red


	Food
	0

None
	+

Trace
	++

Little Sugar
	+++

Some Sugar
	++++

Much Sugar

	Water
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


Part 2: Testing for starch:

1. Using the same foods from part 1, put a small amount in a 50mL beaker

2. Put 3 drops of Iodine Solution onto the food sample. Observe. Look for a colour change in the food, not the distilled water.

3. Record your observations.

	Amount of starch in food
	0

None
	+

Trace
	++

Little Starch
	+++

Some Starch
	++++

Much Starch

	Colour
	Reddish-brown
	Dark Reddish-brown
	Light Blue/black
	Blue/black
	Dark Blue/black


	Food
	0

None
	+

Trace
	++

Little Starch
	+++

Some Starch
	++++

Much Starch

	Water
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


Part 3: Testing for Proteins
CAUTION: BIURET SOLUTION IS AN IRRITANT. WASH IT OFF IMMEDIATELY

1. Use the same foods used in part 1

2. Put a small piece in a test tube.

3. Add 10 drops of Biuret solution. 
4. Use the test tube clamp to place the test tube in the hot water bath for 1 minute.
5. Let the test tube cool.
6. Observe the colour of the solution and record.
7. Rinse the test tube & eyedropper.
Look for a colour change in the food, not the distilled water.

	Amount of protein in food
	0

None
	++

Little Protein
	+++

Some Protein
	++++

Much Protein

	Colour
	Blue
	Dark blue
	Pink
	Purple


	Food
	0

None
	++

Little Protein
	+++

Some Protein
	++++

Much Protein

	Water
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


Part 4: Testing for Lipids
Procedure:

Use the same foods used in part 1
Grease spot test/Brown paper test
As we all know from experience, lipids leave translucent spots (grease spots) on unglazed brown paper bags.  Rub each food type on the brown paper bag.

Sudan Red test
1. To a test tube, add equal parts of test liquid and water to fill about half full. 

2. Label each test tube with a marker. 

3. Add 3 drops of Sudan III stain to each test tube. Shake gently to mix. 

4. A red-stained oil layer will separate out and float on the water surface if fat is present
	Food
	Grease spot

positive/negative
	+

Red Stain

	Water
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Conclusions:

1. Using the data you have collected and the background information, which solutions contain sugar? Explain your answer

2. Using the data you have collected and the background information, which solutions contain starch? Explain the reason for your answer.

3. Which foods tested would your body use for a quick burst of energy? Explain your answer.

4. Which foods tested would be best for an athlete competing in an endurance sport? Explain your answer.

6. In the test for sugar, why do some test tubes show a green colour while other shows a red colour?
7. What is the practical value of food testing by a scientist or nutritionist?

8. Explain why all sugar containing materials do not show a positive test for sugar when Benedict’s solution is used.
9. Why did we test water?
