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Experiment 6: 

Isolation of casein from milk and its evaluation 
 

Introduction:  

 

Milk is the most nutritionally complete food found in nature. All kinds of milk, human 

or animal, contain vitamins (principally thiamine, riboflavin, pantothenic acid, and 

vitamins A, B12, and D), minerals (calcium, potassium, sodium, phosphorus, and trace 

metals), proteins (mostly casein), carbohydrates (principally lactose), and lipids (fats). 

The amounts of these nutrients present in different types of milk differ greatly, however. 

Cows' milk and goats' milk are almost identical in every respect. Human milk contains 

less than half of the proteins and minerals of cows' or goats' milk, but almost 1.5 times 

as much sugar. 

Casein, the main protein in mammalian milk, is a phosphoprotein, meaning that 

phosphate groups are attached to the hydroxyl groups of some of the amino acid side-

chains. Casein exists in milk as the calcium salt, calcium caseinate. 

➢ The negatively charged phosphate groups are balanced by positive calcium ions and 

are responsible for the high nutritional calcium content in milk. 

 

➢ Almost all essential amino acids are found in casein protein in high proportion.  

➢ It contains a fairly high number of proline residues, which do not 

interact. There are also no disulfide bridges. As a result, it has 

relatively little tertiary structure. 

➢ Amino group of proline is found in a ring (immino group) 

preventing free rotation and thus limiting the formation of tertiary 

structure.  

 

Calcium caseinate is actually a mixture of at least three similar proteins which differ 

primarily in molecular weight and the amount of phosphorus groups they contain.  

- Alpha- and beta-casein have molecular weights in the 25,000 range and possess 

about 9 and 4-5 phosphate groups per molecule, respectively. They are both 

insoluble in water.  
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- Kappa-casein has a molecular weight of about 8,000 and possesses 1-2 phosphate 

groups per molecule. It is responsible for solubilizing the other two caseins in water 

by promoting the formation of micelles. 

 

Casein micelles show only limited resemblance with surfactant-type micelle in a sense 

that the hydrophilic parts reside at the surface and they are spherical. However, in sharp 

contrast to surfactant micelles, the interior of a casein micelle is highly hydrated. The 

caseins in the micelles are held together by calcium ions and hydrophobic interactions.  

 

Casein micelles are considered as colloidal particles formed by casein aggregates 

wrapped up in soluble κ-casein molecules. The outer surface of the micelle are rich with 

ҡ-casein, has protruding hairs of negative charges which induce a steric repulsion 

between micelles, thus preventing them to coagulate and hence stabilizes the milk. 

 

 
 

Casein and pH: 

 

At high pH, casein will have a net negative charge due to ionization of its acidic side 

chains (-COO-). Because casein is ionized at high pH values, it is soluble in dilute 

sodium hydroxide solution. 

   

* Casein is readily dispersible in dilute alkalis and in salt      solutions such as sodium 

oxalate and sodium acetate 

 

 

 

 

 

 

 

 

At low pH, casein will have a net positive charge due to protonation of its basic side 

chains (-NH3
+). Because casein is ionized at low pH values, casein is also soluble in 

strongly acidic solutions. 
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At intermediate pH values, casein will contain an equal number of positively and 

negatively charged groups and the protein will have a net charge of zero. Casein is 

insoluble in neutral solutions because it is not charged under these conditions.  

 

 

The solubility of a protein is usually at a minimum at its isoelectric point (IP). The 

isoelectric point is defined as the pH at which a protein has a net charge of zero. For 

casein, due to the attached phosphate groups, the isoelectric point is close to pH = 4 

(ranges from 4.6-4.8). 

 

Casein isolation: 

 

Since milk's pH is 6.6 (which is higher than the isoelectric point of casein), so casein 

has a negative charge in milk; which induce a steric repulsion between micelles, thus 

preventing them from coagulation and hence stabilizes the milk. 

To precipitate the casein → acetic acid is added dropwise until the isoelectric point is 

reached. 

Note: if excess CH3COOH is added the precipitate redissolves. 

 

 

 

Casein is insoluble in ethanol which is a property used to isolate it from the unwanted 

fat. 

Unlike many proteins, casein is not coagulated by heat  
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Casein has many uses including:  

 

1. Paint  

 

Casein paint is a fast-drying, water-soluble medium used by artists since ancient 

Egyptian times as a form of tempera paint, and was widely used by commercial 

illustrators as the material of choice until the late 1960s when, with the advent of acrylic 

paint, casein became less popular.  

 

 

 

2. Glue  

 

Casein-based glues, formulated from casein, water, hydrated lime and sodium 

hydroxide were popular for woodworking, including for aircraft.  

 

3. Cheese making:  

 

Cheese consists of proteins and fat from milk, usually the milk of cows, buffalo, goats, 

or sheep. It is produced by coagulation of casein. Typically, the milk is acidified and 

then coagulated by the addition of rennet, containing a proteolytic enzyme, typically 

obtained from the stomachs of calves. The solids are separated and pressed into final 

form.  

 

 
 

During the process of clotting, milk-clotting proteases act on the soluble portion of the 

caseins, κ-casein, thus originating an unstable micellar state that results in clot 

formation. When coagulated with chymosin, casein is sometimes called paracasein.  

Chymosin is an aspartic protease that specifically hydrolyzes the peptide bond in 

Phe105-Met106 of κ-casein, and is considered to be the most efficient protease for the 

cheese-making industry. Calf rennet, which consists of over 90% chymosin, is 

commonly used in cheese industries for the curdling of milk.  
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British terminology, on the other hand, uses the term caseinogen for the uncoagulated 

protein and casein for the coagulated protein. As it exists in milk, it is a salt of calcium. 

 

Cow’s milk contains several proteins. Casein is one of the major proteins -around 80%. 

When casein is removed from milk, the remaining proteins are known as whey proteins 

(20%). Whey is a watery substance (milk serum). It consists of several globular proteins 

(beta lactoglobulin, alpha lactalbumin). Casein doesn’t have a good tertiary structure. 

Further whey contains lactose, vitamins and minerals in contrast to casein. 

 

4. Protein supplement  

 

An attractive property of the casein molecule is its ability to form a gel or clot in the 

stomach, which makes it very efficient in nutrient supply. The clot is able to provide a 

sustained slow release of amino acids into the blood stream, sometimes lasting for 

several hours. Often casein is available as hydrolyzed casein, whereby it is hydrolysed 

by a protease such as trypsin. Hydrolysed forms are noted to taste bitter and such 

supplements are often refused by infants and lab animals in favour of intact casein 
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Procedure:  

 

Material:  

1. 100 mL of Milk (10% w/v) 

2. Acetic acid (CH3COOH) (10% v/v), dropper. 

3. Ethanol (95%v/v) (flammable)  

4. Diethyl ether (highly flammable)  

5. Thermometer 100oC (ethanol or mercury thermometer). 

6. Hot plate. 

7. Graduated cylinder. 

8. Beaker. 

9. Volumetric flask. 

10. funnel 

11. Spatula. 

12. Glass rod. 

13. Muslin cloth 

14. Filter paper 

15. Watch glass.  

 

YouTube link: 

https://www.youtube.com/watch?v=Agc4S5hTb6g 

 

Method:  

1. Weigh an empty 250 ml beaker,then place 100 ml of milk and weigh the milk  

2. warm the milk to 40°C on a hot plate. 

 

https://www.youtube.com/watch?v=Agc4S5hTb6g
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3. Once temperature is reached, remove the beaker containing milk from the hot 

plate and start adding acetic acid slowly (drop by drop) to the milk while stirring 

with a stirring rod. Mixing should be performed slowly, rapid mixing will 

dissolve the precipitate. 

Note: never transfer the acetic acid all at once.  

4. keep adding acetic acid drop by drop until milk clots starts to form and the 

casein in precipitated (~2 ml CH3COOH). This point means that you have 

reached a pH of 4.6-4.8.  

 

 

 

 

 

 

 

You result from step 4 should look like image 1. If you got a result that looks 

like image 2, this means you have passed the isoelectric point and need to repeat 

the experiment again. Ask your instructor to provide you with milk to repeat the 

experiment again. 

 

5. Leave to stand for 5 min and filter/decant through muslin cloth (you may need 

to wait for 10-15 minutes for the filtration to be completed). 

6. Collect the casein precipitate and transfer into a beaker using spatula. And 

suspend the precipitate in 50 ml mixture of equal volume of ethanol and ether 

(1:1), mix by glass rod so that the extra fat may come down to the solvent 

system. Note: Be very careful not to spill the precipitate. 

Important Notes 

When using Ethanol: ether AVOID INHALATION! Perform all 

operations in a certified chemical fume hood, and a ventilated area. AVOID 

CONTACT! Make sure to wear goggles and protective gloves and a face 

mask. 
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7. filter the precipitate again using filter paper. Wait until the solution is totally 

filtered. 

8. Once all the solvent has been removed from casein. Remove the powder and 

spread out on a watch glass (or petri dish, weighing boat) until it is completely 

dry (usually overnight). 

Note: label your watch glass/weighing boat with your group name and section 

number. 

9. Weigh your sample and calculate the percent yield you obtained  

%𝑐𝑎𝑠𝑒𝑖𝑛 =
𝑔𝑟𝑎𝑚 𝑐𝑎𝑠𝑖𝑒𝑛

𝑔𝑟𝑎𝑚𝑠 𝑜𝑓 𝑚𝑖𝑙𝑘
 𝑋 100 

 

%𝑐𝑎𝑠𝑒𝑖𝑛 =
5

105
 𝑋 100 

                                 % casein= 4.7% 

 

Normal Range 3-5 %, depending on the type of milk: 

 

 

 

 

 

 

 

 

 

 

 

 

 


