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Saponification number :  

 Is the number of milligrams of  KOH required to saponify one gram of fat. It is an indication of 

the molecular weight of the fat, and is inversely proportional to it. 

Rancidity of Fat : 

    The term rancidity refers to the appearance of an unpleasant smell and taste for fats and oils. 

Hydrolytic rancidity is due to partial hydrolysis of TAG molecules due to traces of hydrolytic 

enzymes present in naturally occurring fats and oils. Oxidative rancidity is the result of partial 

oxidation of unsaturated fatty acids. 

Oxidation of fatty acids with an odd number of carbons 

 

1. In humans, propionyl-CoA arises from β-oxidation of fatty acids with odd number 

carbons, α-oxidation of phytanic acid, methionine and isoleucine catabolism and 

cholesterol catabolism. 

2. However, human colon contains some propionate. 

3. Propionyl-CoA may be used for the synthesis of odd number fatty acids in adipose 

tissue.   
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     4. Propionate and propionyl-CoA are converted to glucose. Alternatively, they are   

oxidized via citric acid cycle to produce energy.  
1- Congenital propionyl-CoA carboxylase deficiency. Symptoms of this condition are 

vomiting and ketosis. This causes depletion of oxaloacetate and impaired acetyl-CoA 

utilization by citric acid cycle. Accumulated acetyl-CoA is converted to ketone bodies, 

which leads to ketosis. 

2- Mutase deficiency. It is characterized by excretion of more methylmalonic acid in 

urine. In the absence of mutase, methyl malonic acid cannot be coverted to succinyl-CoA. 

So, methylmalonic acid accumulates and methylmalonic aciduria occurs. Since vit. B12 is 

the prosthetic group of mutase so methylmalonic aciduria occurs in vit B12 deficiency 

also. However, this methylmalonic aciduria disappears on administration of vit B12. 

 

Oxidation of Unsaturated Fatty Acids: 
      The reactions described above apply to saturated fatty acids. While unsaturated fatty acids 

are also metabolized using the β-oxidation pathway, the oxidation of the unsaturated carbons 

requires additional reactions. Depending on the position of the original double bond, the site of 

unsaturation presents one of two possible problems. 

1- Odd-numbered double bonds: If the original double bond is in an odd numbered 

position, normal β-oxidation will eventually result in the presence of a double bond at 

the 3-position. For example, three β-oxidation spirals for the ∆
9
 fatty acid oleic acid 

will result in ∆
3
-enoyl-CoA. Acyl-CoA dehydrogenase, which normally oxidizes the 

bond between the 2-position and 3-position carbons, cannot use a ∆
3
-enoyl-CoA as a 

substrate. Instead, the double bond needs to be moved to the 2-position, a reaction 

catalyzed by enoyl-CoA isomerase.  

2- Even-numbered double bonds: If the original double bond is in an even numbered 

position, normal β-oxidation will eventually result by 2,4dienoyl-CoA reductase which 

release the conjugation of double bond that occur due to first step of β-oxidation . 

3- Oxidation of poly unsaturated fatty acids: Oxidation of poly unsaturated fatty 

acids differs from mono unsaturated fatty acid oxidation and requires additional 

enzymes apart from enzymes of oxidation of mono unsaturated fatty acids including 

reductase and isomerase . 
 

4- Oxidation of very long chain fatty acids: 

 Peroxisomes contain a modified form of β-oxidation for the oxidation of long and 

very long chain fatty acids. The products of this oxidation of fatty acid are octanoyl-

CoA, acetyl-CoA and H2O2. Further, oxidation of octanoyl-CoA and acetyl-CoA 

occurs in mitochondria. Peroxisomal fatty acid oxidation may boost mitochondrial β-

oxidation by partially oxidizing long chain fatty acids. 

α- oxidation of fatty acid (Branched-Chain Fatty Acids) 

Branched-chain fatty acids are relatively unusual. However, plants contain phytol(the 

long hydrocarbon side-chain of chlorophyll). Phytol is oxidized to phytanic acid in the stomach. 

Note that phytanic acid contains a methyl group attached to the β-carbon. The presence of the β-

methyl group means this compound is not a substrate for β-oxidation. 
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The α-oxidation process involves the addition of a hydroxyl group to the α-carbon by 

phytanic acid α-hydroxylase, followed by an oxidative decarboxylation reaction, catalyzed by 

phytanic acid α-oxidase, while β-oxidation occurs past the branch.      
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Disorders of Fatty Acids Oxidation or Medical importance 
Fatty acid oxidation is impaired in many diseases. 

1. Carnitine deficiency: It occurs in premature infants and in new-borns. It is due to 

inadequate formation or loss in urine due to renal leakage. Lack of carnitine results in 

impaired transport of acyl-CoAs into mitochondria.                                                                                                       

Main symptom is hypoglycemia, muscle weakness and hypoketonemia. Oral 

supplementation of carnitine results in disappearance of symptoms. 

2. Carnitine acyl transferase deficiencies 

a. Hepatic carnitine acyl transferase deficiency. Deficiency of CAT-I in the liver 

leads to impaired fatty acid oxidation. As a result, hypoketonemia and hypoglycemia 

develops. 

b. Muscle carnitine acyl transferase-II deficiency: Muscle weakness and 

myoglobinuria are the main symptoms. 

c. Hypoglycemic agents like sulfonylureas particularly tolbutamide used in diabetics 

inhibit transferases. 

 

 3- Jamaican vomiting sickness. It occurs when unripe fruit of akee tree is consumed. An 

unusual amino acid hypoglycin present in the fruit is the causating agent. It inhibits or inactivates 

short and medium chain acyl-CoA dehydrogenases. As a result, these fatty acid’s oxidation is 

blocked and hypoglycemia develops. However, the short and medium chain fatty acids undergo 

ω-oxidation to produce corresponding dicarboxylic acids, which may be excreted in urine. 

 4- Dicarboxylic acid uria: It occurs due to lack of mitochondrial medium chain acyl-CoA 

dehydrogenase. As a result β-oxidation of these fatty acids is impaired. However, they undergo 

ω-oxidation to produce dicarboxylic acids, which are excreted in urine. 

 5- Refsum's disease: It is an inherited disease. α-Oxidation of phytanic acid is blocked in this 

disease. As a result phytanic acid accumulates in the blood and liver. In corporation of phytanic 

acid in the cell membrane affects membrane fluidity. Main symptoms are abnormalities in the 

skin, bone and peripheral neuropathy. Consumption of phytanic acid free diet relieves symptoms.  

6- Zell weger's syndrome: It is a rare disorder associated with absence of peroxisomes in most 

of the tissues. Affected individuals are unable to utilize very long chain fatty acids. So, 

accumulation of these fatty acids particularly occurs. 

Summary: 
- Lipids have a variety of uses. One of the most important uses is the storage ofenergy in a 

compact form. 

- Lipids must be solubilized to allow absorption from the diet. Solubilization involves the 

use of saponification enzymes (such various TG lipases) and detergents such as bile 

acids, free fatty acids, and partially hydrolyzed phospholipids. 

- Lipids are stored as esters; the main storage form for fatty acids is the glycerol ester TG. 

- Hormone-sensitive lipase, the enzyme that releases free fatty acids from lipid stores, is 

controlled by epinephrine, cortisol, and insulin. 

- Degradation of free fatty acids is a multistep process. The free fatty acid is activated by 

the ATP-dependent formation of a thioester bond to coenzyme A. The acyl-CoA is then 

translocated into the mitochondria via the carnitine shuttle. Once inside the mitochondria, 

the bond between the α and β carbons of the acyl-CoA is activated and the cleaved in a 

sequential process called β-oxidation. The result is the release of several acetyl-CoA. 
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molecules from each acyl-CoA, followed by oxidation of theacetyl-CoA in the TCA 

cycle. 

- Fatty acids containing double bonds, odd-numbers of carbons, or branched β-carbons 

require somewhat modified pathways for metabolism. 

Metabolism of Ketone Bodies: 
Ketone bodies are (acetoacetic acid ; β-hydroxy butyric acid and acetone). Acetoacetic acid is the 

primary ketone body. The other two ketone bodies are derived from acetoacetic acid. Ketone 

body metabolism consist of two phases. 

1. Ketogenesis 

2. Ketolysis 

Ketogenesis: 
1. Biosynthesis of ketone bodies is called as ketogenesis. 

2. Under certain conditions, production of acetyl-CoA either from β-oxidation or pyruvate 

oxidation is more rapid than it can be utilized for other metabolic processes. 

3. Liver converts the excess acetyl-CoA to ketone bodies. Hence, liver can be considered as 

net producer of ketone bodies. 

Biological Importance: 
1. The major purpose of ketone body formation in liver is to distribute excess fuel (acetyl-

CoA) to other tissues. 

2. Even number fatty acids are more ketogenic than odd number fatty acids. 

3. Fat is more ketogenic than carbohydrate because fat generates more acetyl-CoA. 

In humans and most other mammals, acetyl-CoA formed in the liver during oxidation of fatty 

acids can either enter the citric acid cycle or undergo conversion to the “ketone bodies,” acetone, 

acetoacetate, and D-β-hydroxybutyrate, for export to other tissues.   
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Acetone, produced in smaller quantities than the other ketone bodies, is exhaled. Acetoacetate 

and  D-β-hydroxybutyrate are transported by the blood to tissues other than the liver 

(extrahepatic tissues), where they are converted to acetyl-CoA and oxidized in the citric acid 

cycle, providing much of the energy required by tissues such as skeletal and heart muscle and the 

renal cortex. The brain, which preferentially uses glucose as fuel, can adapt to the use of 

acetoacetate or D-β-hydroxybutyrate under starvation conditions, when glucose is unavailable.  
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The first step in the formation of acetoacetate, occurring in the liver is the enzymatic 

condensation of two molecules of acetyl-CoA, catalyzed by thiolase; this is simply the reversal 

of the last step of β-oxidation. 

    The acetoacetyl-CoA then condenses with acetyl-CoA to form β-hydroxy-β-methylglutaryl-

CoA (HMG-CoA), which is cleaved to free acetoacetate and acetyl-CoA. The acetoacetate is 

reversibly reduced by D-β-hydroxybutyrate dehydrogenase, a mitochondrial enzyme, to D-β-

hydroxybutyrate. This enzyme is specific for the D stereoisomer; it does not act on L-β 

hydroxyacyl-CoAs and is not to be confused with L-β-hydroxyacyl-CoA dehydrogenase of the β-

oxidation pathway. 

    In healthy people, acetone is formed in very small amounts from acetoacetate, which is easily 

decarboxylated, either spontaneously or by the action of acetoacetate decarboxylase. Because 

individuals with untreated diabetes produce large quantities of acetoacetate, their blood contains 

significant amounts of acetone, which is toxic. Acetone is volatile and imparts a characteristic 

odor to the breath, which is sometimes useful in diagnosing diabetes. 

Ketolysis: 
1. Degradation of ketone bodies is called as ketolysis. 

2. Ketone bodies produced in liver reaches peripheral tissues through circulation. 

3. Heart, kidney cortex, brain and to some extent skeletal muscle uses ketone bodies for 

energy production. 

Biological Importance 
1. Heart and kidney cortex prefers to use ketone bodies rather than glucose. During 

prolonged starvation, brain derives most of energy from ketone bodies. 

2. Liver is unable to use ketone bodies due to lack of enzymes. 

 

Regulation of Ketogenesis: 
There are several ways for regulation of ketogenesis 

1. Mobilization of free fatty acids from adipose tissue controls ketogenesis. Any condition 

that increases mobilization of fat increase ketone body formation. 

2. Liver carnitine-acyl transferase-I activity determines rate of ketone body formation. 

Under fed conditions, CAT activity is inhibited by malonyl-CoA. Hence, ketogenesis is 

decreased due to less acetyl-CoA. During starvation, CAT-I activity is high due to low 

malonyl-CoA. Hence, ketogenesis is more due to plenty of acetyl-CoA. 

3. ATP level in the cell controls ketogenesis. More ATP level favors ketogenesis whereas 

low ATP level prevents ketogenesis. 

Medical Importance: 
1.  Normal blood ketone bodies level is 1mg/100ml. 

2. Under certain metabolic conditions, the rate of ketone body formation exceeds the rate of 

their utilization by peripheral tissues. This results in accumulation of ketone bodies in 

blood (hyper ketonemia) and their excretion in urine (ketonuria). 

3. Ketosis Hyper ketonemia and ketonuria gives rise to ketosis. Main clinical symptomsof 

ketosis are headache, nausae, vomiting and finally coma. It occurs in 

starvation,uncontrolled diabetes mellitus, high fat diet, von Geirke’s disease, fevers, 

severe muscular exercise and congenital propinyl-CoA carboxylase deficiency.  

4. Ketoacidosis Under normal conditions, ketone bodies acetoacetate and β-

hydroxybutyrate are neutralized by blood bicarbonate to maintain constant blood pH. 

Their formation in large quantities in starvation and diabetes causes depletion of blood 
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bicarbonate. As a result blood pH decrease and leads to condition known as acidosis. 

Since acidosis is due to over production of ketone bodies it is also called as ketoacidosis. 

Thus, over production of ketone bodies causes ketoacidosis. 

 

Ketone Bodies Are Overproduced in Diabetes and during Starvation: 

   Starvation and untreated diabetes mellitus lead to overproduction of ketone bodies, 

with several associated medical problems. During starvation, gluconeogenesis 

depletes citric acid cycle intermediates, diverting acetyl-CoA to ketone body 

production. In untreated diabetes, when the insulin level is insufficient, extrahepatic 

tissues cannot take up glucose efficiently from the blood, either for fuel or for 

conversion to fat. Under these conditions, levels of malonyl-CoA (the starting 

material for fatty acid synthesis) fall, inhibition of carnitine acyltransferase I is 

relieved, and fatty acids enter mitochondria to be degraded to acetyl-CoA which 

cannot pass through the citric acid cycle because cycle intermediates have been drawn 

off for use as substrates in gluconeogenesis. The resulting accumulation of acetyl-

CoA accelerates the formation of ketone bodies beyond the capacity of extrahepatic 

tissues to oxidize them. 


