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Energy Metabolism 

Chapter 7 



Simple 

Overview 

of Energy 

Metabolism 

The sum of all chemical 

reactions that go on in 

living cells 



Introduction 

 Energy 

 Heat- body temperature 

 Mechanical- moves muscles 

 Electrical- sends nerve impulses 

 Chemical- 

 Stored in food and body 

 Metabolism 

 Release of energy, water, and carbon 
dioxide 



Chemical Reactions 

 Building Reactions – Anabolism 

 Require energy 

 

 Breakdown  Reactions – Catabolism 

 Release energy 



A Typical Cell 

http://nutrition.jbpub.com/animations/animations.cfm?id=16&debug=0 

http://nutrition.jbpub.com/animations/animations.cfm?id=16&debug=0


Table 7-1, p. 207 

The Metabolic Work of the Liver 



Anabolic and Catabolic Reactions     

                  Compared 



Energy released 
during the 

breakdown of 

glucose, fatty acids, 
and amino acids is 

often captured by 

ATP- a high energy 
compound 

Chemical Reactions in the Body 



Capture and Release of 

Energy by ATP 



Chemical Reactions in the 

Body 

 Enzymes  

 Facilitators of metabolic reactions 

 Coenzymes 

 Organic 

 Associate with enzymes 

 Without coenzyme, an enzyme cannot 

function 



Breaking Down Nutrients for     

                  Energy 

 Digestion 

 Carbohydrates – glucose (& other 
monosaccharides) 

 Fats (triglycerides) – glycerol and fatty acids 

 Proteins – amino acids 

 Molecules of glucose, glycerol, amino 
acids, and fatty acids 

 Catabolism  

 Carbon, nitrogen, oxygen, hydrogen 



Breaking Down Nutrients for Energy 

Glucose 

Fatty Acid 

Amino Acid 



Breaking Down Nutrients for Energy 



Breaking Down Nutrients for                      

                   Energy 

 Two new compounds 

 Pyruvate  

 3-carbon structure 

 Can be used to make glucose 

 Acetyl CoA 

 2-carbon structure 

 Cannot be used to make glucose 

 TCA cycle and electron transport chain 



Breaking Down Nutrients for     

                    Energy 

Amino acids and glycerol can be 
converted to pyruvate and therefore 
glucose 
 Needed for CNS and red blood cells 

 Without glucose, body will break down lean 
tissue 

 Adequate carbohydrate prevents this 

 Fatty acids are converted to Actyl CoA 
 Cannot be used to make glucose 
 Readily can make fat 

 

 



Breaking Down Nutrients for 

Energy--Glucose 

 Glycolysis (glucose splitting) is the first step  

for glucose on its pathway to yielding 

energy. 

 Glucose is converted to pyruvate   

 Pyruvate can be converted back to 

glucose 

 Glycolysis occurs in the cytoplasm of the 

cell 



Fig. 7-6, p. 212 

Glycolysis 





Breaking Down Nutrients for 

Energy – Glucose  

 Pyruvate’s options-Anaerobic or Aerobic 

 Quick energy needs –  

 Pyruvate is converted to lactate 

 Does not require oxygen-anaerobic 

 Sustained for just a few minutes 

 Slower energy needs –  

 Pyruvate-to-acetyl CoA 

 Oxygen requiring-aerobic 

 



Glucose Retrieval via the Cori 

Cycle 

 When less oxygen is available 
  Pyruvate is converted to lactic acid. 

 Occurs during high-intensity exercise  
 exceeds the body’s ability to delivery oxygen to 

the muscles and clear the CO2. 

 Lactic acid accumulates in muscles 
 may experience burning pain and fatigue. 

 Lactic acid travels to the liver 
 The liver converts it back to glucose  

 This is called the Cori cycle 



Pyruvate-to-Lactate (Anaerobic)  



Pyruvate-To-Acetyl CoA 
 If the cell needs energy, 

and oxygen  is available 

–  pyruvate enters the 

mitochondria,  

– where a carbon group is 

removed and the 

remaining compound 
combines with Co-

enzyme A 

– produce 2 acetyl CoA. 

 This is an aerobic 

reaction (oxygen 

requiring) 

http://nutrition.jbpub.com/animations/animations.cfm?id=17&debug=0 

http://nutrition.jbpub.com/animations/animations.cfm?id=17&debug=0


Breaking Down Nutrients for Energy 



The Paths of Pyruvate and Acetyl CoA 



Fats to Energy 

 Triglyceride breaks down to glycerol and fatty 

acids. 

 Glycerol  

 Can  be converted to pyruvate and go down the 
pathway  

 It can go up the pathway and be converted to glucose. 

 Fatty acids are broken into 2-carbon units which 

combine with CoA to make acetyl CoA.  

 Fatty Acids cannot be used to make glucose 



Fig. 7-12, p. 209 

Fats Enter the Energy Pathway  



Simplified Overview of Energy-Yielding Pathways 



Amino Acids 

Amino acids can be converted to 

glucose 
 Deaminated first (remove the nitrogen amino 

group). 

 Can be converted to pyruvate – (glucogenic) 

 used for CNS, RBCs 

 Can be converted to acetyl CoA (ketogenic) 

 Can be used for energy or converted to fatty acids 
and stored as triglyceride. 

 Some enter the TCA cycle directly 



Amino Acids Enter the Energy Pathway 



Amino Acids- 

to-Energy  

Pathway 



 Review of Energy-Yielding   

           Nutrient Endpoints  



Final Steps of Catabolism 
 TCA Cycle 

 Inner compartment of mitochondria 

 Circular path 

 Acetyl CoA 

 Oxaloacetate – made primarily from 

pyruvate 

 Carbon dioxide release 

 Hydrogen atoms and their electrons 

 Niacin and riboflavin are coenzymes that 
are essential 



The TCA Cycle A series of metabolic 

reactions that break 

down molecules of acetyl 

CoA to carbon dioxide  

and hydrogen atoms. 

The TCA Cycle 

reactions take 

place in the 

mitochondria of 

the cell 



Final Steps of Energy Metabolism 

 Electron transport chain 

 Captures energy in ATP 

 Series of proteins 

 Electron “carriers” 

 Inner membrane of mitochondria 

 Electrons passed to next carrier 

 Join oxygen at end of chain – water released 

 ATP synthesis 



Electron Transport Chain and ATP Synthesis 



Final Steps of Energy Metabolism 

 kCalorie-per-gram secret 

 Fat provides most energy per gram 

 Carbon-hydrogen bonds  

 More ATP = more kcalories  



Central 

Pathways 

of Energy 

Metabolism 



 Feasting –Excess Energy 

 Metabolism favors fat formation 

 Regardless of excess from protein, fat, or 

carbohydrates 

 Excess protein 

 Excess carbohydrate 

 Dietary fat to body fat is most direct and efficient 
conversion 

 Fuel mix 



Fig. 7-20a, p. 216 

Feasting 



Fasting 

Fig. 7-20b, p. 225 

 

• Glucose from liver glycogen is released 

• Fatty acids from adipose tissue are released 



Extended Fasting 

Fig. 7-20c, p. 216 

Glucose is needed for the brain RBCs, nervous system 
Brain and nerve cells use 1/2 of total glucose used 
each day 



Extended Fasting 

Adaptation:  make glucose  

Breakdown of body protein meets 
glucose needs via gluconeogenesis  

Glycerol portion of the triglyceride is used 

Adaptation:  Create an alternative fuel 

Body shifts to using ketone bodies from 
fat breakdown (ketosis)for brain fuel 

 After about 10 days 

Appetite suppression 



Energy Balance – Transition 

from Feasting to Fasting  



Fasting—Inadequate Energy 

 

Adaptation:  Conserving Energy 
 Symptoms of Starvation 

 Metabolism slows 

 Muscle wasting 

 Decreased heart rate, respiratory rate, 
metabolic rate, and body temperature 

 Impaired vision 

 Organ failure 

 Decreased immunity 

 Depression, anxiety, and food-related dreams 
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Low-Carbohydrate Diets 

 Metabolism similar to fasting 

 Uses glycogen stores first 

 Gluconeogenesis when glycogen is 

depleted 

 Body tissues used somewhat even when 

protein provided in diet 

 Urine monitoring 

 Ketosis 



Adverse Side Effects of Low-

Carbohydrate, Ketogenic Diets 



Alcohol and 

Nutrition 

Highlight 7 



Short Term Effects 

 20% of all boating fatalities 

 25% of all emergency-room admissions 

 23% of all suicides 

 47% of all homicides 

 65%  of all domestic violence incidents 

 39% of all traffic fatalities 

 40% of all residential fire victim fatalities 



Effects of Alcohol 

 On an average day alcohol is involved in: 

 Death of 5 college students 

 Sexual assault of 266 college students 

 Injury of 1641 college students 

 Assault of 1907 college students 



Alcohol in Beverages 

 Beer, wine and distilled liquor (hard liquor) 

 Alcohol behaves like a drug, therefore 
altering body functions. 

 Moderation of drinks 
 1 drink per day for women 

 2 drinks per day for men 
 5 ounces of wine 

 10 ounces of wine cooler 

 12 ounces of beer 

 1 ½ ounces distilled liquor  

    (80 proof) 



Alcohol in the Body 

 Alcohol’s special privileges 

 No digestion 

 Quick absorption 

 Stomach 

 Alcohol dehydrogenase (women produce 
less) 

 Food slows absorption 

 Small intestine 

 Priority over nutrients 



Alcohol Arrives in the Liver 
 Liver cells 

 First to receive alcohol-laden blood 

 Alcohol dehydrogenase 

 Disrupts liver activity 

 Fatty acids accumulate 

 Uses up Niacin coenzyme 

 Can permanently change liver cell structure 

 Rate of alcohol metabolism 

 ½ ounce per hour  





Alcohol Disrupts the Liver 

 Development of a fatty liver is the first 

stage of liver deterioration. 

 Fibrosis is the second stage (scar tissue) 

 Cirrhosis is the most advanced stage of 

liver deterioration.  



Metabolic Work of the Liver 



Alcohol Arrives in the Brain 

 Alcohol acts as a narcotic, anesthetizes pain 

 Sedates inhibitory nerves 

 Depressant; affects all nerves 

 Alcohol suppresses antidiuretic hormone (ADH) 

resulting in the loss of body water. 

 Brain cells die with excessive alcohol exposure 





Alcohol Doses & Approximate Blood 

Level Percentages for Men & Women 



Alcohol Blood Levels and Brain 

Responses 



Alcohol and Malnutrition 

 Heavy drinkers may have inadequate 

food intake. 

 Impaired nutrient metabolism will result 

from chronic alcohol abuse. 

 Vitamin B6, folate, thiamin deficiencies 

 Wernicke-Korsakoff syndrome is seen in 

chronic alcoholism. 



Alcohol’s Effect on Vitamin Absorption 



Alcohol’s Long-Term Effects 

 Abuse during pregnancy 

 Third leading cause of preventable death 



Health Effects of 

Alcohol 

Consumption 



Table H7-6a, p. 238 



Table H7-3, p. 236 



Personal Strategies 

 Serve and consume nonalcoholic 

beverages. 

 Drink slowly  

 Consume alcohol moderately 

 Accompanied by food and water 

 Do not drive 

 Driving coordination is still impaired the 

morning after 



End of Chapter 7 
               Metabolism 


