
Metabolic Rate 

The metabolism of the body simply means all the 

chemical reactions in all the cells of the body, and 

the metabolic rate is normally expressed in terms of 

the rate of heat liberation during chemical reactions. 



Heat Is the End Product of Almost All the Energy 

Released in the Body. 

No more than 27 percent of all the energy from food is finally used by the 

functional systems. 

Even when 27 percent of the energy reaches the functional systems of the cells, 

most of this energy eventually becomes heat. 

Essentially all the energy expended by the body is eventually converted into heat. 

The only significant exception occurs when the muscles are used to perform some 

form of work outside the body. 



Calorie (cal) Vs. Calorie (Kcal) 

 1 calorie— spelled with a small “c” and often called a gram calorie—is the 

quantity of heat required to raise the temperature of 1 gram of water 1°C. 

 

Calorie—spelled with a capital “C” and often called a kilocalorie, which is 

equivalent to 1000 calories—is the unit ordinarily used when discussing energy 

metabolism. 



Measurement of the Whole-Body Metabolic Rate 

1- Direct Calorimetry Measures Heat Liberated From the Body. 

 

2- Indirect Calorimetry—The “Energy Equivalent” of Oxygen. 



Direct Calorimetry  

If a person is not performing any external work, the whole-body metabolic rate can 

be determined by simply measuring the total quantity of heat liberated from the 

body in a given time. 

The subject is placed in an air chamber that is so well insulated that no heat can 

leak through the walls of the chamber. Heat formed by the subject’s body warms 

the air of the chamber. 

Air temperature is maintained and the air passes the heat to a water bath. 

Heat absorbed by the water bath  is equal to the rate at which heat is liberated by 

the subject’s body. Direct calorimetry is physically difficult to perform and is used 

only for research purposes.  





Indirect Calorimetry 

Because more than 95 percent of the energy expended in the body is derived from 

reactions of oxygen with the different foods, the whole-body metabolic rate can 

also be calculated with a high degree of accuracy from the rate of oxygen 

utilization. 

For the average diet, the quantity of energy liberated per liter of oxygen used in 

the body averages about 4.825 Calories, which is called the energy equivalent of 

oxygen. 



Oxygen equivalent  

 When 1 liter of oxygen is metabolized with glucose, 5.01 Calories of energy are 

released. 

When metabolized with starches, 5.06 Calories are released. 

With fat, 4.70 Calories. 

With protein, 4.60 Calories. 

AVERAGE OXYGEN EQUIVALENT = 4.825 Calories / L Oxygen. 



Respiratory Quotient  

 
The respiratory quotient (RQ) is the ratio of CO2 produced to O2 consumed while food is being 

metabolized. 

RQ = CO2 eliminated/O2 consumed. 

For carbohydrates it is 1.0; for lipids 0.7; for proteins 0.8. 

Normally about 0.82-0.84 under basal conditions. 

If O2 consumption numbers are available, they are usually used directly, since they are more direct and 

reliable estimates of energy production. 

 

 





Calculations 

We need: 

#Volume of oxygen: 

1- directly provided. 

2- calculated from respiratory quotient : (Volume of eliminated CO2/ RQ) 

# Oxygen equivalent: 

- 4.825 Calories per litre of oxygen (on average). 

# Time. 

 



Calculations 

What we have now is the metabolic rate for the duration of the test. 

We then can calculate the metabolic rate for 24 hours. 

It can also be reported per hour, and can be standardized for ease of comparison 

by dividing it over the surface area of the test subject. 

So it is usually reported as (Kcal/hr/m2). 

The surface area can be obtained from charts using weight height and gender.  

 



Example 

During a 30 minute indirect calorimetry test a 70 kg resting male produced 6 litres 

of CO2, calculate the metabolic rate for 24 hours assuming the same level of 

activity. 

(Oxygen equivalent: 4.825 Kcal/LO2 , RQ: 0.83 LCO2/LO2). 

Volume of oxygen used = 6/0.83 = 7.23 litres. 

Energy released = 7.23 * 4.825 = 35 Kcal. 

Energy released in 24 hours = metabolic rate in 24 hours = 1680 Kcal/24 hours. 

  

 



Systems vary but can 

be divided into: 

 

1- closed systems. 

 

2-open systems. 

 



BMR 

 The usual method for determining BMR is to measure the rate of oxygen 

utilization over a given period under the following conditions:  

1. The person must not have eaten food for at least 12 hours.  

2. The BMR is determined after a night of restful sleep.  

3. No strenuous activity is performed for at least 1 hour before the test.  

4. All psychic and physical factors that cause excitement must be eliminated.  

5. The temperature of the air must be comfortable and between 68°F and 80°F.  

6. No physical activity is permitted during the test 



BMR 

The BMR normally averages about 65 to 70 Calories per hour in an average 70-

kilogram man.  

Although much of the BMR is accounted for by essential activities of the central 

nervous system, heart, kidneys, and other organs, the variations in BMR among 

different persons are related mainly to differences in the amount of skeletal 

muscle and body size. 

Skeletal muscle, even under resting conditions, accounts for 20 to 30 percent of 

the BMR. For this reason, BMR is usually corrected for differences in body size by 

expressing it as Calories per hour per square meter of body surface area, 

calculated from height and weight 





Factors that influence the BMR 

1-Thyroid Hormone Increases Metabolic Rate. 

2-Male Sex Hormone Increases Metabolic Rate. 

3-Growth Hormone Increases Metabolic Rate. 

4-Fever Increases Metabolic Rate. 

5-Sleep Decreases Metabolic Rate. 

6-Malnutrition Decreases Metabolic Rate. 

 



QUESTIONS ? 


