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Body Energy Balance

Bond energy released from catabolized food 
must equal the total energy output 

�Energy intake – equal to the energy liberated �Energy intake – equal to the energy liberated 
during the oxidation of food

�Energy output includes the energy:

�Immediately lost as heat 

�Used to do work (driven by ATP)

�Stored in the form of fat and glycogen



Energi inputEnergi input Energi outputEnergi output

Food energy Metabolic pool 
in body

Internal work

External work

Thermal energy
(heat)

Energy storage
25 % 75 %

Efficiency = work done/ total energy expended 



Thermal energyThermal energy

�� Nearly all energy derived from Nearly all energy derived from 
food is eventually converted to food is eventually converted to 
heatheat

�� Cells cannot use this energy to Cells cannot use this energy to �� Cells cannot use this energy to Cells cannot use this energy to 
do work, but the heat:do work, but the heat:

�� Warms the tissues and bloodWarms the tissues and blood

�� Helps maintain the homeostatic Helps maintain the homeostatic 

body temperaturebody temperature

�� Allows metabolic reactions to Allows metabolic reactions to 

occur efficientlyoccur efficiently



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 � and the metabolic rate is normally 
expressed in terms of the rate of heat 
liberation during chemical reactions.

� Or : the amount of energy liberated per 
unit of time.



Calories 

� defined as the amount of heat energy 

necessary to raise the temperature of 1 g of 

water 1 degree, from 15 °C to 16 °C  

� Food energy is measured in terms of kcal 

Calorimetry: measurements of the energy Calorimetry: measurements of the energy 

released by combustion of foodstuffs. 

Indirect calorimetry :measurement of the 

amount of O2 consumption per unit of time -is 

proportionate to the energy liberated by 

metabolism 



Respiratory Quotient (RQ)

� RQ is the ratio in the steady state of the volume 

of CO2 produced to the volume of O2 consumed 

per unit of time 

� The approximate amounts of carbohydrate, The approximate amounts of carbohydrate, 

protein, and fat being oxidized in the body at any 

given time can be calculated from the RQ and 

the urinary nitrogen excretion

� The RQ of carbohydrate is 1.00, fat is about 0.70 

, & protein is about 0.82



Factors affecting the metabolic rate

� Muscular exertion during or just before 
measurement

� Recent ingestion of food

� High or low environmental temperature

� Height, weight, and surface area

� Sex

� Age� Age

� Growth

� Reproduction

� Lactation

� Emotional state

� Body temperature

� Circulating levels of thyroid hormones

� Circulating epinephrine and norepinephrine 
levels



Energy Expenditure

1.Basal Metabolic Rate 
(BMR) - Resting 
metabolism

2.Thermogenic influence of 
food & digestion food & digestion 

3.Physical activity  



BMR 

�Energy required to maintain 

normal body functions 

while at rest

�Used for many activities :

-basic repair/maintenance

-nerve impulse transmission

-growth

-metabolism of muscles at -
rest



Condition for measuring BMR

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

5. The temperature of the air must be comfortable

6. No physical activity is permitted during the test.

The BMR normally averages about 65 to 70 Cal

per hour in an average 70-kilogram man. 



Factors affecting 
BMR:

� Age

� Gender

� Body 
composition

� BMR is HIGHEST:

� Young

� Large surface area*

� Stress, fever

� Hyperthyroidismcomposition

� Hormones

� Fever

� Fasting

� Surface area*

� BMR is LOWEST

� With increasing age

� Fasting

� malnutrition



Balance of Energy in Our Body :

� Balanced energy intake: not 
losing or gaining weight

� Negative energy balance 
(weight loss): energy intake < (weight loss): energy intake < 
energy expended 

� Positive energy balance 
(weight gain): energy intake > 
energy expended 



Regulation of Quantity of Food 

Intake

A. Energy regulation ( Long-term 
regulation) : 

long-term maintenance of normal 
quantities of energy stores in the body.

B. Alimentary regulation ( Short-term 
regulation) : 

to preventing overeating at the time of 
each meal.



Neural Centers for Regulation of Food 

intake

Amygdala & Prefrontal cortex → control of 

appetite

Hypothalamus → feeding center (lateral 

nuclei ) & satiety center ( ventromedial nuclei)nuclei ) & satiety center ( ventromedial nuclei)

Brain stem → mechanical act of the feeding 

process



Brain : human hypothalamus 



Lateral Hypothalamic Area

Dorsomedial Nucleus

Paraventricular Nucleus

Brain : cross sectional of hypothalamus

Lateral Hypothalamic Area

Ventromedial nucleus



4 Hypotheses : afferent mechanisms

1. Lipostatic hypothesis : adipose tissue → 

humoral signal, acts on hypothalamus to 

decrease food intake.

2. Gut peptide hypothesis : food in GI tract → 

polypeptides, acts on hypothalamus to inhibit polypeptides, acts on hypothalamus to inhibit 

food intake

3. Glucostatic hypothesis : ↑ glucose utilization in 

hypothalamus → sensation of satiety

4. Thermostatic hypothesis : ↓ body temp. < set 

point → ↑ appetite



1. The size of fat stores1. The size of fat stores

�� Adipocytes secrete Adipocytes secrete leptinleptin..

�� The larger the fat stores, the The larger the fat stores, the 
more leptin release into the more leptin release into the 
blood.blood.blood.blood.

�� Leptin acts on the arcuate Leptin acts on the arcuate 
nucleus, nucleus, to suppresses food to suppresses food 
intake & increase metabolic rateintake & increase metabolic rate
by inhibiting NPY & stimulating by inhibiting NPY & stimulating 
melanocortin.melanocortin.



2. The extent of gastrointestinal distension

� Stimulation of gastric stretch receptors suppress food 

intake.



3. The extent of glucose use & 3. The extent of glucose use & 
insulin secretioninsulin secretion

�� When more glucose is When more glucose is 

available  for use (being available  for use (being 

absorbed from the absorbed from the 

digestive tract) digestive tract) → → 

stimulate glucoreceptive stimulate glucoreceptive stimulate glucoreceptive stimulate glucoreceptive 

neuron in hypothalamus neuron in hypothalamus 

→ satiety.→ satiety.

�� Increase insulin Increase insulin 

secretion → satiety secretion → satiety 

signal.signal.



4. The level of Cholecystokinin secretion 

Chyme in duodenum, contain fat & CH

CCK release from mucosa
Stimulate secretion of bile & 

exocrine pancreas

Signal by n.vagus, to NTS

Satiety signal

Stop eating



5. Psychosocial & environmental 5. Psychosocial & environmental 
influences.influences.

� Perilaku makan sering ditentukan 
oleh kondisi lingkungan, sosial dan 
psikologis yang dapat dikendalikan 
secara sadar.

Misalnya :� Misalnya :

� kebiasaan makan beberapa 
kali/hari

� makan karena kelezatan 
makanan yang disajikan

� kondisi stres, cemas dan depresi .



6. The level of ghrelin6. The level of ghrelin

�� Produce by oxyntic gland Produce by oxyntic gland 
in gastric mucosain gastric mucosa

�� Its level increase 1 hour Its level increase 1 hour 
before meals & drops before meals & drops before meals & drops before meals & drops 
after meal.after meal.

�� Acts on hypothalamus to Acts on hypothalamus to 
increase food intakeincrease food intake by by 
stimulating NPY neuron.stimulating NPY neuron.



Weight regulationWeight regulation

�� Konsep “Set Point” :berat badan Konsep “Set Point” :berat badan 
individu ditetapkan pada suatu nilai individu ditetapkan pada suatu nilai 
tertentu.tertentu.


