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It is beneficial to remember the structure of a fatty acid molecule so that the main end 
product of β-oxidation, acetyl CoA, can be understood.  As shown in this Figure, acetyl 
CoA is a large molecule, where the focal component of the molecule is the terminal 
acetyl group (CH3CO-).  As such, the CoA component comprises most of the molecule, 
and of course is not 
involved in the chemical 
reaction (does not get 
altered and therefore is 
not a substrate of the 
reaction).  Molecular 
components like CoA 
that are not involved in 
reactions but are 
essential for the reaction 
to occur are termed co-
enzymes, and hence the 
name of this molecule. 

 
You are now in a position to compare carbohydrate vs. fatty acid oxidation.  Such a 
comparison will be divided into two components; 1) to the production of acetyl CoA, and 
2) from acetyl CoA through to cellular respiration involving O2 consumption, CO2 
production and ATP regeneration. 
 
Acetyl CoA Production 
Remember that glycolysis can commence with either blood glucose or intramuscular 
glycogen, with muscle glycogen being the predominant source of G6P during moderate 
to intense exercise.  Glycolysis, which occurs in the cytosol of muscle fibers and 
therefore does not involve mitochondrial respiration, produces 2 pyruvate molecules, 2 
NADH, 2H+ and either 2 or 3 ATP depending on the glucose or glycogen source of the 
G6P, respectively.  However, to be totally correct about this, muscle glycogen costs 1 
ATP per glucose addition due to the hexokinase reaction, which happens during rest 
conditions.  Thus, the distinction of 1 ATP difference is made here as during exercise 
this added ATP cost no longer exists.  Muscle glycogen is therefore an effective means 
to store glucose with the small metabolic cost being paid at rest when there is ample 
ATP regeneration via mitochondrial respiration.  The added benefit of intramuscular 
glycogen stores is to make glycolysis more net ATP releasing during the higher ATP 
demand of exercise. 
 
Also remember that the pyruvate dehydrogenase complex reaction must also be added 
to the ATP tally to produce 2 acetyl CoA, which adds another 2 NADH.  Table 1 
compares carbohydrate to fatty acid oxidation to yield acetyl CoA.  To balance the two 
nutrient oxidations, which have different carbon numbers and absolute energy 
capacities at 17 and 38 KJoules/gram (4 and 9 Kcals/gram) for carbohydrate vs. fat, 
respectively, comparisons are made to the production of 2 acetyl CoA molecules. 
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Now that you know the ATP equivalents for NADH and FADH2, at 3 and 2 ATP, 
respectively, as well as the two shuttles for transferring cytosolic reducing equivalents 
into the mitochondria, the ATP yield from glucose oxidation to acetyl CoA can be 
compared to fatty acid oxidation to acetyl CoA.  As shown in Table 1, carbohydrate 
oxidation through glycolysis and the pyruvate dehydrogenase complex to 2 acetyl CoA 
can yield 2 cytocolic NADH, 2 mitochondrial NADH, and either 2 or 3 ATP.  For the 
malate-aspartate shuttle, this amounts to 14 or 15 ATP.  For involvement of the 
glycerol-3-phosphate shuttle, this amounts to 12 or 13 ATP.  Be aware that the options 
of 14 to 15, or 12 to 13 ATP is based on glucose vs. glycogen as the source of glucose-
6-phosphate (G6P). 
 
Table 1. Comparison of the ATP yield from carbohydrate vs. fat catabolism in skeletal muscle. 

*assumes glycerol-3-phosphate shuttle; ^2 from glucose, 3 from glycogen 

 
For fatty acid oxidation to 2 acetyl CoA, there is the 2 ATP cost of fatty acid activation to 
a fatty acyl CoA, which provides a relative cost to 2 acetyl CoA molecules of 0.5 ATP (2 

ATP cost for 8 acetyl CoA molecules = 0.5 ATP for 2 acetyl CoA).  The -oxidation 
pathway produces 7 NADH and 7 FADH2 per 8 acetyl CoA molecules, which amounts 
to 1.75 NADH and 1.75 FADH2 per 2 acetyl CoA (1.75 = 2 * (7/8)).  This NADH and 
FADH2 tally amounts to 8.75 ATP, with a net ATP yield of 8.25 ATP (8.75 – 0.5). 
 
Given the operation of the glycerol-3-phosphate shuttle in skeletal muscle, there is an 
ATP yield difference of 4.5 or 5.5 between fatty acid oxidation and carbohydrate 
oxidation to 2 acetyl CoA molecules.  Why is this important?  Well, this means that for a 
given amount of O2 consumption in oxidative phosphorylation, which is the same once 
acetyl CoA is produced from carbohydrate and fat catabolism, carbohydrate oxidation 
will yield 4.5 to 5.5 more ATP than fat oxidation.  This in turn means that there is a 
greater KJoule release per O2 consumption from carbohydrate vs. fat oxidation, even 
though fat is a more dense energy store than carbohydrate.  The fundamental 
interpretation of these facts is that carbohydrate is a more efficient (relative to an 
equivalent substrate flux through mitochondrial respiration) energy substrate than fat 
within skeletal muscle. 
 

You should also be aware here that carbohydrate oxidation also produces more CO2 
than fat oxidation in the production of 2 acetyl CoA molecules (2 vs. none), causing a 
higher net CO2 production from carbohydrate vs. fat oxidation (Tables 1-3).  You should 
know that the source of the CO2 is the pyruvate dehydrogenase complex reaction. 
 

ATP Production From Glucose vs. Palmitate Oxidation to 2 Acetyl CoA 
Glucose Product ATP Palmitate Product ATP 
Glycolysis 2 NADH 4* Fatty acid activation -2/8 ATP -0.5 

 2 ATP 2 or 3^ -oxidation 2 (7/8) NADH 5.25 

PDH complex 2 NADH 6  2 (7/8) 
FADH2 

3.50 

 2 CO2     

Totals 12 or 13 Totals 8.25 
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Acetyl CoA through Cellular Respiration 
Table 2 summarizes the complete oxidation of 2 acetyl CoA from carbohydrate vs. fat, 
thereby incorporating yields from acetyl CoA production and from the TCA cycle and 
oxidative phosphorylation.  Obviously, for the TCA cycle and oxidative phosphorylation, 
the yield is the same.  
 
Table 2. Summary of the complete oxidation of 2 acetyl CoA from carbohydrate vs. fat. 

ATP Production From Glucose vs. Palmitate Oxidation For 2 Acetyl CoA 
Glucose Product ATP Palmitate Product ATP 
To 2 acetyl CoA To 2 acetyl CoA 
Glycolysis 2 NADH 4* Fatty acid activation -2 (2/8) ATP -0.50 

 2 ATP 2 or 3^ -oxidation 2 (7/8) NADH 5.25 

PDH complex 2 NADH 6  2 (7/8) 
FADH2 

3.50 

 2 CO2     

Sub-Total 12 or 13 Sub-Total 8.25 

From Oxidative Phosphorylation From Oxidative Phosphorylation 

TCA cycle 6 NADH 18 TCA cycle 6 NADH 18 

 2 FADH2 4  2 FADH2 4 

 2 ATP 2  2 ATP 2 

 4 CO2   4 CO2  

Sub-Total 24 Sub-Total 24 

Totals 36 or 37 Totals 32.25 
*assumes glycerol-3-phosphate shuttle; ^2 from glucose, 3 from glycogen.  Note that 2 acetyl CoA 
molecules require 2 cycles of the TCA cycle. 

 
Complete Oxidation 
Table 3 provides the total ATP yield for the complete oxidation of glucose vs. palmitate.  
Remember that this comparison is for the 6 carbons of glucose vs. the 16 carbons, and 
far more reduced chemical structure, of palmitate. 
 
While the data of Table 3 reveal that there is far more chemical energy stored in 
palmitate than glucose, Tables 1 and 2 are clear in showing the greater biochemical 
efficiency of glucose vs. palmitate in regenerating ATP.  This fact will also present itself 
in the Topic on Indirect Calorimetry. 
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Table 3. The total ATP yield for the complete oxidation of glucose vs. palmitate. 

ATP Production From the Complete Oxidation of Glucose vs. Palmitate 
Glucose Product ATP Palmitate Product ATP 
Glycolysis 2 NADH 4* Fatty acid activation -2 ATP -2 
 2 ATP 2 or 3^ -oxidation 7 NADH 21 

PDH 
complex 

2 NADH 6  7 FADH2 14 

 2 acetyl 
CoA 

  8 acetyl CoA  

 2 CO2     

Sub-Total 12 or 13 Sub-Total 33 

From Oxidative Phosphorylation From Oxidative Phosphorylation 

2 TCA cycles 6 NADH 18 8 TCA cycles 24 NADH 72 

 2 FADH2 4  8 FADH2 16 

 2 ATP 2  8 ATP 8 

 4 CO2   16 CO2  

Sub-Total 24 Sub-Total 96 

Totals 36 or 37 Totals 129 
*assumes glycerol-3-phosphate shuttle; ^2 from glucose, 3 from glycogen 

 
 
 


