
Metabolism



Metabolism can be defined as 

the sum total of all the chemical 

processes occurring in the living 

body.



Basal metabolism is the 

minimum amount of energy 

needed to keep the body 

functioning, even if no 

activities are performed.



The increase in 

metabolism from 

resting to working 

is called the work 

metabolism. The 

increase above the 

resting level 

represents the 

amount of energy 

needed to perform 

work.



The input is determined by the nutrients from 

which chemically stored energy is liberated. 

The output is mostly heat lost by the body and 

work transmitted by the body to outside objects.

Metabolism



It is important to remember that the ability 

to perform work is different from person to 

person, and depends on several factors.



The energy balance between inputs and 

outputs can be expressed as

Metabolism
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Where I is the energy input via nutrients, M is 

the metabolic energy generated, W is the 

work performed on outside objects and S is 

the energy storage of the body (negative if 

energy is lost from it)



Assuming no change in storage and also that 

no heat is gained or lost to the environment, 

the energy balance can be simplified to

Energy Efficiency
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Human energy efficiency e is defined as the 

ratio between the work performed and the 

energy input, therefore it can be written in 

percent form as



Only 5 percent or less of the energy 

input to the human body is normally 

converted into useful work transmitted 

to outside objects.

Trained athletes may reach, in very 

favourable circumstances, values as 

high as 25 percent.

The difference between energy input 

and useful work output is converted 

into heat.

Energy Efficiency



Metabolic energy is commonly measured 

in units of Joules (J) or calories (cal).

1 Joule  =  1 Nm  = 0.2389 calories

The energy content of food is normally 

stated in units of kilocalories (kcal) where 

1 kilocalorie is equal to 1000 calories.

Energy



In the body at rest, all metabolic processes 

eventually result in heat production.

Calorimetry is the measurement of the heat 

produced by an object.

For the human body, calorimetry permits 

direct measurement of the metabolic rate.

Calorimetry



When heat production by an organism is 

measured directly it is called direct calorimetry.

Indirect calorimetry consists of estimating the 

heat production from the O2 consumption or 

from both the amount of carbon, and the amount 

of nitrogen, excreted by the organism.

Calorimetry



The father of modern 

calorimetry was the French 

chemist Antoine Lavoisier

who noted that living 

animals give off heat.

The Lavoisier calorimeter 

of 1780 was based on the 

knowledge that 80 kcal of 

heat melts 1000 g of ice. 

Metabolic rate was 

estimated by measuring 

the volume of water melted 

by the animal’s body heat 

in a thermally isolated 

chamber.

Calorimetry



The type of calorimeter most frequently used 

today is the open-circuit indirect calorimeter.

A example is the Haldane Respirometer shown 

above. Carbon dioxide and water vapour are 

removed from the air entering the test chamber 

by means of chemical traps. Expired water 

vapour is then also removed from the air exiting 

the calorimeter. The increase in weight of a lime 

soda trap then gives the animal’s CO2 production 

from which the metabolic rate is estimated.

Calorimetry



An important milestone in the measurement of 

metabolism was the Atwater and Rosa direct 

calorimeter of 1960. It was large enough to 

accommodate a person and had the ability to 

simultaneously determine heat production, O2

consumption and CO2 production.

Calorimetry



By simultaneously measuring the heat production, 

O2 consumption and CO2 production, the 

relationship was established between direct and 

indirect calorimetric data.

Thanks to these studies modern machines now 

predict metabolic rate (heat production) from the O2

consumption and the CO2 production.

Calorimetry



Energy Content of Food

In order to determine the energy usage 

and the energy efficiency of the human 

body it is necessary to know the 

amount of energy contained in food. 

Bomb calorimeters are devices for 

making such measurements.



In a bomb calorimeter the food substance is 

attached to ignition wires and placed in a chamber 

under several atmospheres of O2 pressure. The 

sample is then ignited and burns explosively. A 

stirrer distributes the heat of combustion uniformly 

throughout the water surrounding the chamber and 

a thermometer measures the heat released.

Energy Content of Food



The table presents the energy of various foods in 

kilocalories and in kilocalories per litre of O2.

Protein produces 26% less energy when oxidised 

within the body because the nitrogen present in 

protein is removed as urine before oxidation.

Fat, because of its high carbon and hydrogen 

content, contains more chemical energy on a per-

unit-weight basis.

Carbohydrates give more energy when combusted 

in a given volume of O2. 

Energy Content of Food



Respiratory Quotient

The ratio of the carbon dioxide produced 

(      ) to the oxygen consumed (        ) 

gives an indication of the foodstuff being 

consumed. The ratio                    is called 

the respiratory quotient (RQ).
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The oxidation of glucose, a sugar carbohydrate, 

produces a respiratory quotient of unity. 

For a fat trioleate, the respiratory quotient is 

approximately 0.7.

Respiratory Quotient



During hard exercise O2

consumption is limiting, 

therefore the RQ 

approaches 1.0. During 

prolonged exercise, more 

fat is combusted and the 

RQ may be 0.9 or less.
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• external work is performed

• some heat causes local body 

temperatures to rise

• sweat changes the body mass

Exercise

Calculation of metabolic quantities during exercise 

is complicated by several factors:



At rest, all the energy liberated by the body appears 

as heat. During exercise, however, some of the 

energy appears as physical work outside the body. 

Devices such as treadmills and bicycle ergometers

are used to measure the external work.

Exercise



Exercise
The table presents examples of the energy 

consumption which is added to the basal 

metabolism when performing activities.



Exercise

Measurement of the oxygen consumption 

(         ), carbon dioxide production (         ) 

and the externally performed work can be 

used to estimate the caloric cost of an 

exercise. The table above presents the 

caloric costs of several popular activities.
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Exercise

There is close interaction between circulatory and 

metabolic processes. Nutrients and oxygen must 

be brought to the muscle or other metabolising 

organs and by-products must be removed.

In the middle range from very light to very heavy 

work, heart rate has a linear relationship to oxygen 

consumption. Heart rate is often used in the place 

of O2 consumption.



Fatigue

Energy expenditure and heart rate closely follow 

the steady-state work performed.

When work requirements exceed available energy, 

an oxygen deficit is incurred.

The repayment of the oxygen deficit is called the 

oxygen debt, and is  typically twice as large.



Fatigue

If the work demands are more than 50% 

the maximal 02 uptake, anaerobic energy 

yielding processes play an increasing 

role.

This results in an accumulation of 

potassium and lactic acid, which are the 

primary causes of muscle fatigue.



Fatigue

Fatigue is defined as a “ reduced muscular 

ability to continue an existing effort” .

Rest time is the most common means for 

counteracting fatigue. 



Fatigue

Classification of how light or how heavy a 

given job is depends greatly on the socio-

economic environment in which the work is 

performed.

Nevertheless, the metabolic scale below is 

useful when evaluating work performed over 

short periods of time such as 10-15 minutes.



Use of Metabolic 

Data in Design

A example of the use of metabolic data in design is 

the selection and dimensioning of ramps, stairs and 

ladders. Standards such as MIL-STD-1472 provide 

criteria for the best choice of ascent method given 

the metabolic cost of each for the given incline.



Use of Metabolic 

Data in Design



Use of Metabolic 

Data in Design



Use of Metabolic 

Data in Design

Metabolic studies have lead to the definition of 

functional job analysis techniques for the 

prediction of muscle fatigue. Methods based 

on rating forms such as the example below by 

Rodgers are in common use. 


