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Respiration in Plants and Animals

Respiration 1s the process through which living organisms break down organic molecules,
such as glucose, to release energy in the form of adenosine triphosphate (ATP). Both plants
and animals depend on respiration to fuel their metabolic activities. In addition to cellular
respiration, humans and animals have complex systems for exchanging gases like oxygen and
carbon dioxide with their environment, while plants rely on diffusion through various
structures for gas exchange.

Cellular Respiration and Its Types

Cellular respiration occurs in both plants and animals and can be classified into two main
types: aerobic and anaerobic respiration. Both types of respiration involve the breakdown of
glucose, but the presence or absence of oxygen determines the pathway and efficiency of
energy release.

Aerobic Respiration
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Aerobic respiration occurs in the presence of oxygen and is the most efficient form of cellular
respiration, producing a large amount of energy. This process occurs in the mitochondria of
cells and involves three key stages:

1.Glycolysis: This process occurs in the cytoplasm of the cell and involves the breakdown of
glucose (a six-carbon molecule) into two molecules of pyruvate (a three-carbon molecule).
Glycolysis generates a small amount of ATP (two molecules) and does not require oxygen. It
1s the first step in both aerobic and anaerobic respiration.

2 Krebs Cycle (Citric Acid Cycle): The pyruvate molecules generated in glycolysis enter the
mitochondria, where they are further broken down in the Krebs cycle. This cycle produces
high-energy molecules such as NADH and FADH:, which are used in the next stage of
aerobic respiration. The Krebs cycle also produces carbon dioxide as a waste product.
3.Electron Transport Chain (ETC): The final stage of aerobic respiration occurs in the inner
mitochondrial membrane. Here, NADH and FADH: donate electrons to a series of proteins in
the ETC. The energy released by these electrons is used to pump protons (H* ions) across the
membrane, creating a proton gradient. ATP is generated as protons flow back into the
mitochondrial matrix through ATP synthase, a process called oxidative phosphorylation.
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Oxygen acts as the final electron acceptor and combines with protons and electrons to form
water. This stage produces the bulk of the ATP—about 34 molecules from one molecule of
glucose.

In total, aerobic respiration generates up to 38 molecules of ATP from a single glucose
molecule, making it highly efficient for energy production.

Anaerobic Respiration

ANAEROBIC RESPIRATION

Anaerobic respiration occurs in the absence of oxygen and is less efficient than aerobic
respiration, producing only two molecules of ATP from one glucose molecule. This process
involves glycolysis, followed by fermentation, and takes place in the cytoplasm of the cell.

*Lactic Acid Fermentation: In animals and some bacteria, anaerobic respiration results in the
production of lactic acid. During strenuous exercise, when oxygen supply 1s limited, muscle
cells rely on lactic acid fermentation to generate ATP. However, the accumulation of lactic
acid can lead to muscle fatigue and cramps.

*Alcoholic Fermentation: In yeast and some bacteria, anaerobic respiration produces ethanol
and carbon dioxide. This type of fermentation is used in the production of alcoholic
beverages and bread. The ethanol is a byproduct, and the carbon dioxide causes the dough to
rise during baking.

Anaerobic respiration is less efficient because it does not fully break down glucose, resulting
in much lower ATP production. However, it allows organisms to generate energy quickly
when oxygen is scarce.
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Respiration Process in Humans

HUMAN
RESPIRATORY
SYSTEM —

In humans, respiration involves two main processes: external respiration (breathing) and
internal respiration (cellular respiration). The human respiratory system is designed to
facilitate the exchange of oxygen and carbon dioxide between the body and the environment.

Structure of the Human Respiratory System

The respiratory system consists of several structures that work together to transport air in and
out of the lungs:

1.Nose and Nasal Cavity: Air enters the body through the nose, where it is filtered, warmed,
and moistened by the nasal cavity.

2 Pharynx and Larynx: From the nasal cavity, air passes through the pharynx (throat) and
then the larynx (voice box). The larynx contains the vocal cords and plays a role in speech
production.

3.Trachea: The trachea, or windpipe, is a tube that carries air from the larynx to the bronchi.
It 1s lined with cilia and mucus to trap and remove foreign particles.

4 Bronchi and Bronchioles: The trachea divides into two bronchi, each leading to a lung.
Inside the Iungs, the bronchi further branch into smaller bronchioles, which distribute air to
the alveoli.

5.Alveoli: Alveoli are tiny air sacs at the end of bronchioles where gas exchange occurs. Each
lung contains millions of alveoli, providing a large surface area for oxygen and carbon
dioxide exchange. The walls of the alveoli are thin and surrounded by a network of
capillaries.

Mechanism of Breathing

Breathing involves two main phases: inhalation and exhalation.

*Inhalation: During inhalation, the diaphragm (a dome-shaped muscle beneath the lungs)
contracts and moves downward, while the intercostal muscles (located between the ribs)

contract and lift the rib cage. These movements increase the volume of the chest cavity,
reducing the pressure inside the lungs. As a result, air is drawn into the lungs.
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*Exhalation: During exhalation, the diaphragm and intercostal muscles relax, causing the rib
cage to lower and the chest cavity to decrease in volume. This increases the pressure inside
the lungs, forcing air out.

Breathing 1s controlled by the respiratory center in the brainstem, which regulates the rate and
depth of breathing based on the body’s oxygen and carbon dioxide levels.

Gas Exchange in Humans

Once air reaches the alveoli, oxygen diffuses across the thin alveolar walls into the
surrounding capillaries, where it binds to hemoglobin in red blood cells. At the same time,
carbon dioxide, a waste product of cellular respiration, diffuses from the blood into the
alveoli to be exhaled. This exchange of gases between the alveoli and the blood is called
external respiration.

Transport of Gases

*Oxygen Transport: Oxygen is primarily transported in the blood by binding to hemoglobin
i red blood cells. Each hemoglobin molecule can carry up to four oxygen molecules. A
small amount of oxygen 1s also dissolved in the plasma.

*Carbon Dioxide Transport: Carbon dioxide is transported in three main forms: dissolved in
plasma, bound to hemoglobin, and as bicarbonate ions (HCO:"). The majority of carbon
dioxide is converted to bicarbonate ions in the blood, which helps maintain the body’s pH
balance.

Gas Exchange in Plants

While plants do not have specialized respiratory systems like animals, they still undergo gas
exchange and respiration. In plants, gas exchange occurs primarily through small openings on
the surface of leaves called stomata. Stomata are regulated by guard cells, which open and
close the pores to control the movement of gases.
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Respiration in Plants
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Plant respiration is the process of breaking down glucose to release energy for cellular
activities. Unlike animals, plants carry out both photosynthesis and respiration. During the
day, plants perform photosynthesis, producing glucose and oxygen. However, respiration
occurs continuously, both day and night.

During respiration, plants use the oxygen produced in photosynthesis to break down glucose
into carbon dioxide, water, and ATP. The carbon dioxide produced during respiration is
released through the stomata.

Stomatal Function

Stomata play a crucial role in regulating gas exchange and water loss in plants. When stomata
are open, oxygen produced during photosynthesis diffuses out of the leaf, and carbon dioxide
needed for photosynthesis diffuses in. Water vapor is also lost through the stomata, a process
known as transpiration.

Plants control stomatal opening and closing in response to environmental conditions, such as
light, humidity, and carbon dioxide levels. During the day, stomata typically remain open to
allow for photosynthesis, while at night, when photosynthesis stops, the stomata close to
conserve water.

Conclusion

Respiration 1s a vital process for both plants and animals, providing the energy necessary for
life. Cellular respiration, whether aerobic or anaerobic, enables the breakdown of glucose to
release ATP, which fuels various biological processes. In animals, especially humans, the
respiratory system is highly specialized, facilitating the efficient exchange of gases. In plants,
gas exchange occurs through stomata, allowing them to maintain their metabolic activities.
Understanding respiration in plants and animals highlights the interconnectedness of all
living organisms, as they rely on similar principles to sustain life.



