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Bioenergetics

Theory:

1- Introduction (History of Nutritional Energetics)
2- Energy Exchange in Biological Systems

3- Energy Forms

4- Energy Balance in Fish

5- Bioenergetics models

6- What drives growth

7- The nature of growth

8- Pattern of deposition of nutrients

O- Energy Utilization

10-Urinary and Branchial Energy and Metabolizable Energy
11- Factors Affecting Metabolic Waste Output

12- Heat production

Practical: Applied experiments& report
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What is bioenergetics/

The study of the processing of energy
by living systems, at any level of

- biological organization,
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In tisheries science, we typically
+ consider the bioenergetics of individuals
+ use this to develop budgets for populations

+ make projections obout fish production in particulor
areas (e.g., Lake Ontario salmon production)

Fish bioenergetics is o subset of a much broader field

colled ecological energetics




What is Bioenergetics?

..... the study of the flow and transformation of energy in and
between living organisms and between living organisms and
their environment”

The First Law of Thermodynamics

Energy Transformation




the

study of the balance among dietary energy intake, expenditure, and
gain offers arelatively simple way of looking at dietary component
utilization by animals




phlogiston

that life is a process of combustion




role of oxygen in the
generation of heat by animals

oxygen consumption is increased by the ingestion of food by the

performance of muscular work, and by exposure to cold
minimal metabolism in the resting

oxygen consumption is
proportional to body size.




Weende Agricultural Experimental
Station in Germany, in the nineteenth century

energy
proteins, fats, and carbohydrates

calculation of the energy released as heat from measurements of
respiratory exchange, oxygen consumption, and carbon dioxide

production, along with measurements of urinary nitrogen excretion
Indirect

calorimetry (or respirometry

heat produced by a dog
IS equal to the heat of combustion of the fat and protein catabolized
minus the heat of combustion of the urine. Rubner, thus, was the first
to demonstrate the fundamental laws of thermodynamics applied to
Intact living animal systems




metabolism was
related directly to body weight proportional to a
power of weight higher than 2/3 0.75

%4 power of body weight
predicting the basal metabolic rate
comparing nutrient requirements among animals of different
sizes

Brody Bioenergetics and Growth Kleiber
Fire of Life

Ege and Krogh (1914) were the first to apply the principles of
bioenergetics to fish Ivlev (1939) worked with carp




The first law of thermodynamics, also known as the law of
conservation of energy

organisms

Autotrophic organisms

Fe3+. Heterotrophic organisms




Life processes (e.g.,

) obtain energy by chemical linkage. This chemical coupling
results in some energy being transferred to synthetic reaction and
some energy lost as heat. As some of the energy liberated in the
degradative reaction is transferred to the synthetic reaction in a form
other than heat, the normal chemical terms * ” and
- ” cannot be applied. The terms and
are used to indicate that a process is accompanied by the loss or gain,
respectively, of free energy .In practice, an endergonic process cannot
exist independently but must be a component of a coupled exergonic—
endergonic system where the overall net change is exergonic. The

, whereas the

. The combined catabolic and anabolic
processes constitute metabolism. A method of coupling an exergonic to
endergonic process is to synthesize a compound of high-energy
potential in the exergonic reaction and to incorporate this new
compound into the endergonic reaction, thus transferring free energy
from the exergonic to the endergonic pathway.
( ) is one of the compounds serving as a transducer of energy from
a wide range of exergonic reactions to an equally wide range of
endergonic reactions or processes.



adenine, ribose, and
three phosphate groups

ATP is able to act as a donor of high-energy phosphate
to form compounds with lower free energies of hydrolysis
ADP can
accept high-energy phosphate to form ATP

ATP is continuously consumed and regenerated However, it is
worth recalling that the total ATP/ADP pool is sufficient to maintain an
active tissue for only a few seconds.

oxidative phosphorylation
aerobic organisms

anaerobic organisms




mitochondrion
respiratory
chain
enzyme systems

reducing equivalents NADPH

final common pathway for the oxidation of all
the major foodstuffs. exergonic endergonic

energy is dissipated as heat One mole of glucose, for example,
contains about 2803 kJ of free energy. When it is combusted in a

calorimeter to CO2 and water, 2803 kJ is liberated as heat.(

)




tissues

36 high-energy phosphate

1398 kJ 50%
dissipated as heat
catabolism of glucose
endergonic

exergonic
protein, lipids, carbohydrates, nucleic acids, etc

that heat produced by a chemical reaction is always
the same, regardless of whether the process went directly or
proceeded through a number of intermediate steps This means that
the amount of heat produced by an animal depends on the chemical
nature (energy content) of the compounds catabolized or the overall
reaction and not the chemical reaction pathways over which this
catabolism occurred.




