
DIGESTION OF LIPIDS, DETERMINATION OF LIPASE ACTIVITY 
 

In the human body dietary triglycerides are hydrolyzed mainly by pancreatic lipase, which is 
synthetized in the pancreas and secreted into the duodenum. The main products of the reaction 
are free fatty acids and 2-monoacyl-glycerol. Since triglycerides are nonpolar molecules, which do 
not mix well with water, the rate of their hydrolysis is strongly dependent on the area of the lipid-
water interface. Bile acids containing both nonpolar and polar portions facilitate the formation of 
an emulsion that is the formation of a large number of small lipid droplets in the duodenum 
resulting in a high overall lipid surface area. Pancreatic lipase, unlike pancreatic serine-proteases, 
does not require proteolytic activation. Its secreted form, however, is conformationally inactive, 
and the enzyme will switch into its active conformation on the surface of bile acid-micelles in the 
presence of co-lipase, a polypeptide cofactor. Since co-lipase is produced in the pancreas as an 
inactive pro-co-lipase, which requires trypsinolytic activation to yield the functional co-lipase, 
pancreatic lipase is fully functional in the duodenum, on the surface of bile acid-micelles, in the 
presence of co-lipase. Bile acids, hence, have a dual effect on triglyceride digestion: (i) increased 
overall surface area in the lipid emulsion increases the rate of reaction; (ii) conformational 
changes in the lipase on the surface of bile acid-micelles enhance its enzymatic activity. This latter 
effect will be studied in the lab by using a triglyceride substrate, which does not require bile for its 
further emulsification. Triglycerides in commercial homogenized milk are already emulsified; 
hence increased triglyceride hydrolysis in the presence of by bile would indicate an effect on the 
enzyme, itself.   
 
The determination of lipase activity is based on the alkalimetric titration of the liberated fatty 
acids (weak acids) with NaOH (a strong base). Since weak acids and strong bases form salts that 
hydrolyze yielding basic pH values, the indicator called phenolphthalein is applied. 
Phenolphthalein changes its color at mildly basic pH values, and hence, is able to show the point 
of equivalence. 
 
 
Experimental protocol 
 
 
Materials 
 
 milk, pH 7.2 
 10 % formaldehyde solution 
 pancreatic extract containing both lipase and co-lipase, labeled as lipase 
 phenolphthalein indicator 
 bile 
 0.1 N NaOH 

 
 



Pipet into two Hagedorn tubes the following solutions 
 
 

Materials Tube#1 Tube#2 
Milk (ml) (measure with a cylinder) 50 50 
Bile (ml) - 2 
Distilled water (ml) 2 - 
Lipase (ml) 2 2 
 
 
The reactions are started with the addition of lipase, and the Hagedorn tubes are incubated at 
40oC.  Aliquots of 10 ml are withdrawn from the tubes at 0, 10, 20 and 30 minutes of incubation 
and added to an Erlenmeyer flask already containing 10 ml formaldehyde, which stops the 
enzymatic reaction.  For the determination of the products 2-3 drops of phenolphthalein are 
added to each mixture and fatty acids are titrated using 0.1 N NaOH. For the presentation of the 
results plot the volumes of consumed 0.1 N NaOH solution against the incubation time and discuss 
the curves for the two incubation mixtures. 
 
 
Note:  
In the case of occlusion or necrosis of the pancreas, part of the lipase enters the bloodstream. 
Therefore measuring lipase activity in the plasma is an important tool in the diagnosis of 
pancreatic disorders.  
 


