
Introduction

The number of bacteria in the normal human gut is very 
large (1014) ― about ten times more than the total number 
of cells in the human body (1013 or ten million million). 
They make up 30% to 60% of the dry mass of faeces. 
Archaea, fungi and protozoa may also be present but, 
apart from pathogenic forms, they have not been studied 
as much as bacteria.

‘Normal’ gut bacteria
The normal human gut contains billions of bacteria and other micro-
organisms (collectively called ‘microbiota’); they typically outnumber the 
cells in the body by a factor or ten (1014 bacteria compared to 1013 body cells). 
This normal population is also referred to as ‘indigenous microbiota’. 
Bacteria may make up half the mass of faeces. Gut bacteria are not all the 
same; in fact there may be hundreds of different species present at any 
given time and each species thrives on different substrates – sugars  
(and polysaccharides, especially glucans), proteins, fats, fibre or mixtures. 
Some can be pathogenic and may produce toxins but most are beneficial 
and may even produce essential vitamins or help prevent allergies. Normal 
gut bacteria support the body’s immune system to a significant extent.

Name Substrate Note

Bacteroides sp.  
(‘some species’)

glucans (e.g. 
cellulose)

these are most common in people with 
‘Western’ diets

Bifidobacterium 
longum

sugars different bacterial variants are present 
in babies; they are also present in 
many probiotics

Lactobacillus 
sp.

sugars over 180 different species; produce 
lactic acid; in the mouth they 
contribute to tooth decay; used in 
making of many products — yogurt, 
cheese; their presence in the gut 
inhibits (via pH) many pathogens;  
are possibly cancer inhibiting

Spirochetes fibrous 
tissues

many genera and hundreds of species 

The following types may be pathogenic.

Clostridium sp. mixed 
substrates

can thrive when other bacteria are 
killed by antibiotics

Escherichia coli mixed 
substrates

produce vitamin K

Enterococcus 
sp.

carbohydrates thought to be involved in the transfer of 
antibiotic resistance in the gut

Main types of food 
In order to live and grow we need food that contains carbohydrates, fat 
(lipid), protein and fibre, as well as vitamins and other micronutrients. 

Carbohydrate, typically in the form of starch, is our main energy source.  
Fat is an essential component of cell membranes; it acts as a thermal 

insulator and energy store. Protein is broken down into its constituent 
amino acids; these are the building blocks for the body’s own protein – 
including enzymes. 

In recent years, there has been growing evidence of the importance of fibre 
in the diet. Far from being just a bulking agent, it might more correctly be 
regarded as food for the gut bacteria. Many micro-organisms can break 
down otherwise indigestible carbohydrates, such as cellulose, into smaller 
soluble components.

Certain minerals and vitamins (collectively called ‘micronutrients’) are also 
essential and their absence can lead to serious deficiency diseases such as 
pellagra and scurvy.

Carbohydrate fermentation and absorption of 
products
Monosaccharides can be directly absorbed from the digestive tract. Other 
carbohydrates must be broken down into monosaccharide units. This occurs 
in different parts of the digestive tract. For example specific enzymes 
catalyse the breakdown of sucrose and lactose into monosaccharides in 
the small intestine: 

 sucrose  → fructose + glucose 
 lactose  → galactose + glucose.

The breakdown of polysaccharides is called fermentation and is carried out 
by micro-organisms in the large intestine. Micro-organisms that ferment 
non-digestible oligosaccharides aid the absorption of minerals such as 
calcium, magnesium, zinc, and iron. 

Monosaccharides single sugars such as glucose and fructose

Disaccharides double sugars such as sucrose (fructose + 
glucose) and lactose (galactose + glucose)

Oligosaccharides sugars with 3 to 9 subunits, such as inulin; 
found in vegetables and fruits

Polysaccharides sugars with 10 or more subunits, such as 
cellulose and pectins

Sugar alcohols Used as ‘sweeteners’

Table 2: Common types of carbohydrates

Role of fibre
Many types of gut bacteria grow on fibre (that we find indigestible) and turn it 
into sugars that we can metabolise. Cellulose is a major component of plant 
fibre but few animals can digest it. Herbivores, such as cattle and sheep, 
depend on the micro-organisms in their alimentary canal to digest 
cellulose. Even woodworms depend on such microbes as they are unable to 
digest the cellulose in wood themselves.

Dietary fibre has the following benefits:

• Fibre provides food for normal gut bacteria.
• The slow breakdown of fibre helps stabilise blood sugar levels.
• Fibre adds bulk to faeces and facilitates normal bowel function.
• There is evidence that regular dietary fibre lowers blood cholesterol 

levels and lowers the risk of bowel cancer.

Gut bacteria and digestion
Carbohydrate makes up about 50% of a typical (Western) human diet and 
accounts for between 40% and 75% of an individual’s energy requirement. 
However, carbohydrate is not a single substance but a very wide range of 
substances. They may be classified as described in Table 2.

Gut bacteria and health
Animal studies indicate that gut bacteria may benefit us in many other ways. 
They aid the development of some immune system cell types and they 
reduce the risk of allergies and even of some mental illnesses. Our gut 
bacteria are affected by what we eat and our level of activity. They can be 
adversely affected by antibiotics and there is evidence that they change as 
we age and with our level of physical exercise. Gut bacteria benefit us in so 
many ways that our health depends on them. 

Probiotics and Prebiotics
Probiotics are cultures of beneficial micro-organisms. They are commonly 
found in a variety of yogurt-type functional foods. The term prebiotic refers 
to non-digestible food components, such as cellulose, that support beneficial 
gut bacteria. Prebiotics might be considered the ‘food for good bacteria’.

The Future
Although much has been learned about the benefits of gut bacteria in recent 
years, the focus has been on just a small number of species. Much more 
remains to be discovered about the influence that these organisms have, not 
only on digestion, but also on our immune system and on our general health. 
This is the focus of research in the APC and elsewhere. The search for new 
strains of beneficial micro-organisms is sometimes referred to as ‘mining’.

With improved understanding it may become possible to cure or even 
prevent diseases, such as colitis and Crohn’s disease. The development  
of novel functional foods offers hope to people with chronic diseases.  
It also presents challenging employment opportunities for the next 
generation of food scientists and for producers of new functional foods. 

Find this and other lessons on www.sta.ie

Teagasc is Ireland’s agricultural and food development 
authority supporting science based innovation in the agri-food 
sector and the wider bioeconomy. It delivers six programmes:

• Animal and Grassland Research and Innovation 
Programme

•  Crops, Environment and Land Use Programme
•  Rural Economy and Development Programme
•  Food Programme
•  Education Programme
•  Advisory Programme

Teagasc employs over 120 scientists and 120 technicians in 
research, 30 specialist staff, and over 320 advisers/teachers in 
education and advisory roles. In total, over 1,200 staff are 
employed at over fifty locations throughout the country. The 
research carried out by Teagasc is essential to the 
development of competitive and sustainable agricultural and 
food industries.

• The Alimentary Pharmabiotic Centre (http://apc.ucc.ie ), a 
national research centre for food and medicine funded by 
government and industry through Science Foundation 
Ireland’s Research Centres’ programme,  spans  University 
College Cork, Teagasc  and Cork Institute of Technology. 

• APC’s research focuses upon the magic and mysteries of 
the gastrointestinal bacterial community (the microbiota), 
which  is not only a target for treatment and prevention of 
disease, but also a repository for bioactive food components, 
new drugs and biomarkers of disease.  The human gut 
microbiome is one of the fastest moving areas of biology and 
is relevant to all branches of food, medicine and veterinary 
science, and is of growing importance to the economy.

• APC is a trans-disciplinary community of basic scientists 
from diverse backgrounds, clinicians and clinician-scientists 
working in teams, sharing ideas and resources, who, in its 
first ten years, have related food and microbial diversity with 
health, have discovered new anti-microbials and anti-
inflammatories and developed templates for future foods.

For further information visit: www.apc.ucc.ie

AGRICULTURE AND FOOD DEVELOPMENT AUTHORITY

Bifidobacterium breve showing both the rod and bifid (Y-shaped) forms

Table 1: Common gut bacteria  

Microorganisms – can 
we live without them? 

Microorganisms – can we live without them? 



Introduction

The number of bacteria in the normal human gut is very 
large (1014) ― about ten times more than the total number 
of cells in the human body (1013 or ten million million). 
They make up 30% to 60% of the dry mass of faeces. 
Archaea, fungi and protozoa may also be present but, 
apart from pathogenic forms, they have not been studied 
as much as bacteria.

‘Normal’ gut bacteria
The normal human gut contains billions of bacteria and other micro-
organisms (collectively called ‘microbiota’); they typically outnumber the 
cells in the body by a factor or ten (1014 bacteria compared to 1013 body cells). 
This normal population is also referred to as ‘indigenous microbiota’. 
Bacteria may make up half the mass of faeces. Gut bacteria are not all the 
same; in fact there may be hundreds of different species present at any 
given time and each species thrives on different substrates – sugars  
(and polysaccharides, especially glucans), proteins, fats, fibre or mixtures. 
Some can be pathogenic and may produce toxins but most are beneficial 
and may even produce essential vitamins or help prevent allergies. Normal 
gut bacteria support the body’s immune system to a significant extent.

Name Substrate Note

Bacteroides sp.  
(‘some species’)

glucans (e.g. 
cellulose)

these are most common in people with 
‘Western’ diets

Bifidobacterium 
longum

sugars different bacterial variants are present 
in babies; they are also present in 
many probiotics

Lactobacillus 
sp.

sugars over 180 different species; produce 
lactic acid; in the mouth they 
contribute to tooth decay; used in 
making of many products — yogurt, 
cheese; their presence in the gut 
inhibits (via pH) many pathogens;  
are possibly cancer inhibiting

Spirochetes fibrous 
tissues

many genera and hundreds of species 

The following types may be pathogenic.

Clostridium sp. mixed 
substrates

can thrive when other bacteria are 
killed by antibiotics

Escherichia coli mixed 
substrates

produce vitamin K

Enterococcus 
sp.

carbohydrates thought to be involved in the transfer of 
antibiotic resistance in the gut

Main types of food 
In order to live and grow we need food that contains carbohydrates, fat 
(lipid), protein and fibre, as well as vitamins and other micronutrients. 

Carbohydrate, typically in the form of starch, is our main energy source.  
Fat is an essential component of cell membranes; it acts as a thermal 

insulator and energy store. Protein is broken down into its constituent 
amino acids; these are the building blocks for the body’s own protein – 
including enzymes. 

In recent years, there has been growing evidence of the importance of fibre 
in the diet. Far from being just a bulking agent, it might more correctly be 
regarded as food for the gut bacteria. Many micro-organisms can break 
down otherwise indigestible carbohydrates, such as cellulose, into smaller 
soluble components.

Certain minerals and vitamins (collectively called ‘micronutrients’) are also 
essential and their absence can lead to serious deficiency diseases such as 
pellagra and scurvy.

Carbohydrate fermentation and absorption of 
products
Monosaccharides can be directly absorbed from the digestive tract. Other 
carbohydrates must be broken down into monosaccharide units. This occurs 
in different parts of the digestive tract. For example specific enzymes 
catalyse the breakdown of sucrose and lactose into monosaccharides in 
the small intestine: 

 sucrose  → fructose + glucose 
 lactose  → galactose + glucose.

The breakdown of polysaccharides is called fermentation and is carried out 
by micro-organisms in the large intestine. Micro-organisms that ferment 
non-digestible oligosaccharides aid the absorption of minerals such as 
calcium, magnesium, zinc, and iron. 

Monosaccharides single sugars such as glucose and fructose

Disaccharides double sugars such as sucrose (fructose + 
glucose) and lactose (galactose + glucose)

Oligosaccharides sugars with 3 to 9 subunits, such as inulin; 
found in vegetables and fruits

Polysaccharides sugars with 10 or more subunits, such as 
cellulose and pectins

Sugar alcohols Used as ‘sweeteners’

Table 2: Common types of carbohydrates

Role of fibre
Many types of gut bacteria grow on fibre (that we find indigestible) and turn it 
into sugars that we can metabolise. Cellulose is a major component of plant 
fibre but few animals can digest it. Herbivores, such as cattle and sheep, 
depend on the micro-organisms in their alimentary canal to digest 
cellulose. Even woodworms depend on such microbes as they are unable to 
digest the cellulose in wood themselves.

Dietary fibre has the following benefits:

• Fibre provides food for normal gut bacteria.
• The slow breakdown of fibre helps stabilise blood sugar levels.
• Fibre adds bulk to faeces and facilitates normal bowel function.
• There is evidence that regular dietary fibre lowers blood cholesterol 

levels and lowers the risk of bowel cancer.

Gut bacteria and digestion
Carbohydrate makes up about 50% of a typical (Western) human diet and 
accounts for between 40% and 75% of an individual’s energy requirement. 
However, carbohydrate is not a single substance but a very wide range of 
substances. They may be classified as described in Table 2.

Gut bacteria and health
Animal studies indicate that gut bacteria may benefit us in many other ways. 
They aid the development of some immune system cell types and they 
reduce the risk of allergies and even of some mental illnesses. Our gut 
bacteria are affected by what we eat and our level of activity. They can be 
adversely affected by antibiotics and there is evidence that they change as 
we age and with our level of physical exercise. Gut bacteria benefit us in so 
many ways that our health depends on them. 

Probiotics and Prebiotics
Probiotics are cultures of beneficial micro-organisms. They are commonly 
found in a variety of yogurt-type functional foods. The term prebiotic refers 
to non-digestible food components, such as cellulose, that support beneficial 
gut bacteria. Prebiotics might be considered the ‘food for good bacteria’.

The Future
Although much has been learned about the benefits of gut bacteria in recent 
years, the focus has been on just a small number of species. Much more 
remains to be discovered about the influence that these organisms have, not 
only on digestion, but also on our immune system and on our general health. 
This is the focus of research in the APC and elsewhere. The search for new 
strains of beneficial micro-organisms is sometimes referred to as ‘mining’.

With improved understanding it may become possible to cure or even 
prevent diseases, such as colitis and Crohn’s disease. The development  
of novel functional foods offers hope to people with chronic diseases.  
It also presents challenging employment opportunities for the next 
generation of food scientists and for producers of new functional foods. 

Find this and other lessons on www.sta.ie

Teagasc is Ireland’s agricultural and food development 
authority supporting science based innovation in the agri-food 
sector and the wider bioeconomy. It delivers six programmes:

• Animal and Grassland Research and Innovation 
Programme

•  Crops, Environment and Land Use Programme
•  Rural Economy and Development Programme
•  Food Programme
•  Education Programme
•  Advisory Programme

Teagasc employs over 120 scientists and 120 technicians in 
research, 30 specialist staff, and over 320 advisers/teachers in 
education and advisory roles. In total, over 1,200 staff are 
employed at over fifty locations throughout the country. The 
research carried out by Teagasc is essential to the 
development of competitive and sustainable agricultural and 
food industries.

• The Alimentary Pharmabiotic Centre (http://apc.ucc.ie ), a 
national research centre for food and medicine funded by 
government and industry through Science Foundation 
Ireland’s Research Centres’ programme,  spans  University 
College Cork, Teagasc  and Cork Institute of Technology. 

• APC’s research focuses upon the magic and mysteries of 
the gastrointestinal bacterial community (the microbiota), 
which  is not only a target for treatment and prevention of 
disease, but also a repository for bioactive food components, 
new drugs and biomarkers of disease.  The human gut 
microbiome is one of the fastest moving areas of biology and 
is relevant to all branches of food, medicine and veterinary 
science, and is of growing importance to the economy.

• APC is a trans-disciplinary community of basic scientists 
from diverse backgrounds, clinicians and clinician-scientists 
working in teams, sharing ideas and resources, who, in its 
first ten years, have related food and microbial diversity with 
health, have discovered new anti-microbials and anti-
inflammatories and developed templates for future foods.

For further information visit: www.apc.ucc.ie

AGRICULTURE AND FOOD DEVELOPMENT AUTHORITY

Bifidobacterium breve showing both the rod and bifid (Y-shaped) forms

Table 1: Common gut bacteria  

Microorganisms – can 
we live without them? 

Microorganisms – can we live without them? 



Syllabus references
The main syllabus references for the lesson are:

Leaving Certificate Biology
• Bacterial cells: basic structure (including plasmid DNA)
• Three main types. Prokaryotic nature of bacteria
• Reproduction & nutrition
• Factors affecting growth
• Understanding of the term “pathogenic”
• Definition and role of “antibiotics”
• Growth curves of micro-organisms
• Two functions of symbiotic bacteria in the digestive tract.

Junior Certificate Science (Section 1C8)
• Investigation of examples of micro-organisms such as bacteria, 

fungi and viruses
• Biotechnology in industry and medicine
 
Science and Technology in Action is also widely used  
by Transition Year classes. 

Student Activities

1. Make a poster to show the three domains of life using a tree-type 
diagram such as the following. 
 
 
 
 
 

 
 

 
 
 
 
 

2. Examine a variety of probiotic cartons and list the organisms  
they contain. In what ways are they similar and in what ways do 
they differ? 

3. Make a poster (or computer presentation) describing the steps 
involved in making yogurt.  What organism is generally used in  
this process?

4. Make a poster (or computer presentation) on gut bacteria. It should 
include the following parts:  
- the number and variety of gut bacteria  
- their role in digestion  
- other benefits.  

Did You Know?
Antibiotics 

The discovery and use of penicillin and other antibiotics in the twentieth 
century saved the lives of millions of people and extended life expectancy. 

However, serious concerns have been raised about the overuse  
or unnecessary use of antibiotics, especially in childhood. There is some 
evidence that such use of antibiotics contributes to the development  
of serious conditions such as asthma, eczema and other autoimmune 
diseases.

Studies have shown that broad-spectrum antibiotics significantly reduce 
the abundance of many types of beneficial gut bacteria. It can take a few 
weeks for these populations to return to normal and during that time their 
beneficial effects are reduced.

In recent years, there has been growing concern about the evolution of 
new bacterial strains of pathogenic bacteria that are resistant to antibiotics. 

Biographical Notes
Élie Metchnikoff (1845 –1916)

Mechnikov was born in the village of Ivanovka in 
Ukraine and as a child he developed a great 
interest in nature. At Kharkiv University he studied 
biology and afterwards studied marine biology in 
Germany. During this time he first observed how 
substances could be broken down within cells. He 
returned to Russia in 1867 and took up university 
posts in Odessa and St Petersburg.  
In 1882 he resigned his post and  
set up his own laboratory. He discovered 
phagocytosis and realised that micro-organisms 
and white blood cells engulf and digest things in the same way. Some 
scientists (including Pasteur) did not accept his ideas. Yet a few years 
later he was given a post (by Pasteur) at the Pasteur Institute.  
Mechnikov believed that lactic acid bacteria in the gut were very 
beneficial and could significantly prolong life. He was awarded the 
Nobel Prize in Medicine in 1908 for his work on phagocytosis. 

Learning Outcomes
On completion of this lesson, students should be able to: 

• Explain what is meant by gut microbiota
• Outline the main constituents of human diet
• Describe the role of bacteria in digestion
• Give examples of different types of carbohydrates
• Outline the role of fibre in the diet
• Outline how antibiotics can affect gut bacteria.

General Learning Points 
These are additional relevant points which are used to extend 
knowledge and facilitate discussion.

• The normal human gut contains billions of bacteria and other  
micro-organisms (collectively called ‘microbiota’); they typically 
outnumber the cells in the body by a factor of ten (1014 bacteria 
compared to 1013 body cells). This normal population is also 
referred to as ‘indigenous microbiota’. 

• A balanced diet should contain carbohydrate, fat (lipid), protein  
and fibre as well as vitamins and other micronutrients.

• Gut bacteria play an important part in digestion (fermentation) of 
otherwise indigestible fibre ― material containing polysaccharides 
and oligosaccharides such as cellulose and pectins.

• Normal gut bacteria are mostly beneficial. There is growing 
evidence that they help prevent allergies and interact in a positive 
way with the body’s immune system.

True/False Questions

a) Gut micro-organisms are mostly harmful.  T F

b) The three domains of life are represented in gut microbiota. T F

c) Bacteria make up about 10% of the dry mass of faeces.  T F

d) Cellulose is a major component of plant fibre. T F

e) Most animals can digest cellulose. T F

f) The breakdown of polysaccharides is called fermentation   
and is carried out by micro-organisms in the large intestine. T F

g) Probiotics are cultures of beneficial micro-organisms.  T F

h) Prebiotic refers to non-digestible food components such as   
plant fibre. T F 

i) Regular dietary fibre lowers blood cholesterol levels and   
lowers the risk of bowel cancer. T F

Check your answers to these questions on www.sta.ie.

Revise The Terms
Can you recall the meaning of the following terms?  
Revising terminology is a powerful aid to recall and retention.

bacteria, alimentary canal, allergies, amino acid, anaerobic bacteria, 
archaea, bowel cancer, carbohydrate, catalyse, cell membrane, 
cholesterol, chronic, colitis, Crohn’s disease, energy, enzyme, faeces, 
fat (lipid), fermentation, fibre, functional foods, fungi, glucan, lactose, 
metabolise, microbiota, micronutrients, micro-organism, 
monosaccharide, nucleus, oligosaccharide, pathogenic, pellagra, 
plastid, polysaccharide, prebiotic, probiotic, protein, protozoa, scurvy, 
starch, substrate, sucrose, sugar, thermal insulator, toxin, vitamin.

Check the Glossary of terms for this lesson on www.sta.ie

Examination Questions 
Leaving Certificate Biology (OL) 2006, Q. 12

• The diagram shows the 
human digestive system. 
Identify A, B, C, D and E 
in the diagram.

• What is an amylase? 
Name a site of amylase 
action. What is the 
approximate pH value at 
this site?

• Give one function of 
symbiotic bacteria in the 
human digestive system.

• State a benefit of dietary fibre.
• What is meant by absorption?
• Where in the digestive system are the products of digestion 

absorbed? State one way in which this part of the system is adapted 
for absorption.

• Name the blood vessel that joins the part of the digestive system that 
you have named in (ii) to B in the diagram.

• In which part of the digestive system is water absorbed?  
Give another function of this part of the digestive system.

Leaving Certificate Biology (OL) 2002, Q. 5

• Saliva is produced in the …………
• An enzyme in saliva breaks down starch to ………………
• Pepsin is an enzyme found in the stomach and it starts the digestion 

of ………………………
• Lipase is an enzyme that digests ……………………
• Name a test to detect protein ……………………………

Leaving Certificate Biology (OL) 2004, Q. 6

• What is peristalsis? 
• State one reason why a low pH is important in the stomach.
• Why is fibre important?
• Name an enzyme that is involved in the digestion of fat.
• What are the products of fat digestion?
• What is the role of bile in fat digestion?
• State a role of beneficial bacteria in the alimentary canal.

Junior Certificate Science (HL) 2007, Q. 2

• The diagram shows the human digestive  
system. Give a digestive function of organ A.

• In the small intestine starch is broken  
down to maltose by amylase. Identify the  
enzyme, and the substrate named in the  
reaction above.

• Give a function of the small intestine other  
than digestion.

Bacteria Archea Eukaryota

Fungi
Methanobacterium

Bacteroides

Halophiles Animals

Plants
CiliatesCyanobacteria

Green bacteria
Gram positive

A
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• In which part of the digestive system is water absorbed?  
Give another function of this part of the digestive system.

Leaving Certificate Biology (OL) 2002, Q. 5

• Saliva is produced in the …………
• An enzyme in saliva breaks down starch to ………………
• Pepsin is an enzyme found in the stomach and it starts the digestion 

of ………………………
• Lipase is an enzyme that digests ……………………
• Name a test to detect protein ……………………………

Leaving Certificate Biology (OL) 2004, Q. 6

• What is peristalsis? 
• State one reason why a low pH is important in the stomach.
• Why is fibre important?
• Name an enzyme that is involved in the digestion of fat.
• What are the products of fat digestion?
• What is the role of bile in fat digestion?
• State a role of beneficial bacteria in the alimentary canal.

Junior Certificate Science (HL) 2007, Q. 2

• The diagram shows the human digestive  
system. Give a digestive function of organ A.

• In the small intestine starch is broken  
down to maltose by amylase. Identify the  
enzyme, and the substrate named in the  
reaction above.

• Give a function of the small intestine other  
than digestion.
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Syllabus references
The main syllabus references for the lesson are:

Leaving Certificate Biology
• Bacterial cells: basic structure (including plasmid DNA)
• Three main types. Prokaryotic nature of bacteria
• Reproduction & nutrition
• Factors affecting growth
• Understanding of the term “pathogenic”
• Definition and role of “antibiotics”
• Growth curves of micro-organisms
• Two functions of symbiotic bacteria in the digestive tract.

Junior Certificate Science (Section 1C8)
• Investigation of examples of micro-organisms such as bacteria, 

fungi and viruses
• Biotechnology in industry and medicine
 
Science and Technology in Action is also widely used  
by Transition Year classes. 

Student Activities

1. Make a poster to show the three domains of life using a tree-type 
diagram such as the following. 
 
 
 
 
 

 
 

 
 
 
 
 

2. Examine a variety of probiotic cartons and list the organisms  
they contain. In what ways are they similar and in what ways do 
they differ? 

3. Make a poster (or computer presentation) describing the steps 
involved in making yogurt.  What organism is generally used in  
this process?

4. Make a poster (or computer presentation) on gut bacteria. It should 
include the following parts:  
- the number and variety of gut bacteria  
- their role in digestion  
- other benefits.  

Did You Know?
Antibiotics 

The discovery and use of penicillin and other antibiotics in the twentieth 
century saved the lives of millions of people and extended life expectancy. 

However, serious concerns have been raised about the overuse  
or unnecessary use of antibiotics, especially in childhood. There is some 
evidence that such use of antibiotics contributes to the development  
of serious conditions such as asthma, eczema and other autoimmune 
diseases.

Studies have shown that broad-spectrum antibiotics significantly reduce 
the abundance of many types of beneficial gut bacteria. It can take a few 
weeks for these populations to return to normal and during that time their 
beneficial effects are reduced.

In recent years, there has been growing concern about the evolution of 
new bacterial strains of pathogenic bacteria that are resistant to antibiotics. 

Biographical Notes
Élie Metchnikoff (1845 –1916)

Mechnikov was born in the village of Ivanovka in 
Ukraine and as a child he developed a great 
interest in nature. At Kharkiv University he studied 
biology and afterwards studied marine biology in 
Germany. During this time he first observed how 
substances could be broken down within cells. He 
returned to Russia in 1867 and took up university 
posts in Odessa and St Petersburg.  
In 1882 he resigned his post and  
set up his own laboratory. He discovered 
phagocytosis and realised that micro-organisms 
and white blood cells engulf and digest things in the same way. Some 
scientists (including Pasteur) did not accept his ideas. Yet a few years 
later he was given a post (by Pasteur) at the Pasteur Institute.  
Mechnikov believed that lactic acid bacteria in the gut were very 
beneficial and could significantly prolong life. He was awarded the 
Nobel Prize in Medicine in 1908 for his work on phagocytosis. 

Learning Outcomes
On completion of this lesson, students should be able to: 

• Explain what is meant by gut microbiota
• Outline the main constituents of human diet
• Describe the role of bacteria in digestion
• Give examples of different types of carbohydrates
• Outline the role of fibre in the diet
• Outline how antibiotics can affect gut bacteria.

General Learning Points 
These are additional relevant points which are used to extend 
knowledge and facilitate discussion.

• The normal human gut contains billions of bacteria and other  
micro-organisms (collectively called ‘microbiota’); they typically 
outnumber the cells in the body by a factor of ten (1014 bacteria 
compared to 1013 body cells). This normal population is also 
referred to as ‘indigenous microbiota’. 

• A balanced diet should contain carbohydrate, fat (lipid), protein  
and fibre as well as vitamins and other micronutrients.

• Gut bacteria play an important part in digestion (fermentation) of 
otherwise indigestible fibre ― material containing polysaccharides 
and oligosaccharides such as cellulose and pectins.

• Normal gut bacteria are mostly beneficial. There is growing 
evidence that they help prevent allergies and interact in a positive 
way with the body’s immune system.

True/False Questions

a) Gut micro-organisms are mostly harmful.  T F

b) The three domains of life are represented in gut microbiota. T F

c) Bacteria make up about 10% of the dry mass of faeces.  T F

d) Cellulose is a major component of plant fibre. T F

e) Most animals can digest cellulose. T F

f) The breakdown of polysaccharides is called fermentation   
and is carried out by micro-organisms in the large intestine. T F

g) Probiotics are cultures of beneficial micro-organisms.  T F

h) Prebiotic refers to non-digestible food components such as   
plant fibre. T F 

i) Regular dietary fibre lowers blood cholesterol levels and   
lowers the risk of bowel cancer. T F

Check your answers to these questions on www.sta.ie.

Revise The Terms
Can you recall the meaning of the following terms?  
Revising terminology is a powerful aid to recall and retention.

bacteria, alimentary canal, allergies, amino acid, anaerobic bacteria, 
archaea, bowel cancer, carbohydrate, catalyse, cell membrane, 
cholesterol, chronic, colitis, Crohn’s disease, energy, enzyme, faeces, 
fat (lipid), fermentation, fibre, functional foods, fungi, glucan, lactose, 
metabolise, microbiota, micronutrients, micro-organism, 
monosaccharide, nucleus, oligosaccharide, pathogenic, pellagra, 
plastid, polysaccharide, prebiotic, probiotic, protein, protozoa, scurvy, 
starch, substrate, sucrose, sugar, thermal insulator, toxin, vitamin.

Check the Glossary of terms for this lesson on www.sta.ie

Examination Questions 
Leaving Certificate Biology (OL) 2006, Q. 12

• The diagram shows the 
human digestive system. 
Identify A, B, C, D and E 
in the diagram.

• What is an amylase? 
Name a site of amylase 
action. What is the 
approximate pH value at 
this site?

• Give one function of 
symbiotic bacteria in the 
human digestive system.

• State a benefit of dietary fibre.
• What is meant by absorption?
• Where in the digestive system are the products of digestion 

absorbed? State one way in which this part of the system is adapted 
for absorption.

• Name the blood vessel that joins the part of the digestive system that 
you have named in (ii) to B in the diagram.

• In which part of the digestive system is water absorbed?  
Give another function of this part of the digestive system.

Leaving Certificate Biology (OL) 2002, Q. 5

• Saliva is produced in the …………
• An enzyme in saliva breaks down starch to ………………
• Pepsin is an enzyme found in the stomach and it starts the digestion 

of ………………………
• Lipase is an enzyme that digests ……………………
• Name a test to detect protein ……………………………

Leaving Certificate Biology (OL) 2004, Q. 6

• What is peristalsis? 
• State one reason why a low pH is important in the stomach.
• Why is fibre important?
• Name an enzyme that is involved in the digestion of fat.
• What are the products of fat digestion?
• What is the role of bile in fat digestion?
• State a role of beneficial bacteria in the alimentary canal.

Junior Certificate Science (HL) 2007, Q. 2

• The diagram shows the human digestive  
system. Give a digestive function of organ A.

• In the small intestine starch is broken  
down to maltose by amylase. Identify the  
enzyme, and the substrate named in the  
reaction above.

• Give a function of the small intestine other  
than digestion.
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The main syllabus references for the lesson are:

Leaving Certificate Biology
• Bacterial cells: basic structure (including plasmid DNA)
• Three main types. Prokaryotic nature of bacteria
• Reproduction & nutrition
• Factors affecting growth
• Understanding of the term “pathogenic”
• Definition and role of “antibiotics”
• Growth curves of micro-organisms
• Two functions of symbiotic bacteria in the digestive tract.

Junior Certificate Science (Section 1C8)
• Investigation of examples of micro-organisms such as bacteria, 

fungi and viruses
• Biotechnology in industry and medicine
 
Science and Technology in Action is also widely used  
by Transition Year classes. 

Student Activities

1. Make a poster to show the three domains of life using a tree-type 
diagram such as the following. 
 
 
 
 
 

 
 

 
 
 
 
 

2. Examine a variety of probiotic cartons and list the organisms  
they contain. In what ways are they similar and in what ways do 
they differ? 

3. Make a poster (or computer presentation) describing the steps 
involved in making yogurt.  What organism is generally used in  
this process?

4. Make a poster (or computer presentation) on gut bacteria. It should 
include the following parts:  
- the number and variety of gut bacteria  
- their role in digestion  
- other benefits.  

Did You Know?
Antibiotics 

The discovery and use of penicillin and other antibiotics in the twentieth 
century saved the lives of millions of people and extended life expectancy. 

However, serious concerns have been raised about the overuse  
or unnecessary use of antibiotics, especially in childhood. There is some 
evidence that such use of antibiotics contributes to the development  
of serious conditions such as asthma, eczema and other autoimmune 
diseases.

Studies have shown that broad-spectrum antibiotics significantly reduce 
the abundance of many types of beneficial gut bacteria. It can take a few 
weeks for these populations to return to normal and during that time their 
beneficial effects are reduced.

In recent years, there has been growing concern about the evolution of 
new bacterial strains of pathogenic bacteria that are resistant to antibiotics. 

Biographical Notes
Élie Metchnikoff (1845 –1916)

Mechnikov was born in the village of Ivanovka in 
Ukraine and as a child he developed a great 
interest in nature. At Kharkiv University he studied 
biology and afterwards studied marine biology in 
Germany. During this time he first observed how 
substances could be broken down within cells. He 
returned to Russia in 1867 and took up university 
posts in Odessa and St Petersburg.  
In 1882 he resigned his post and  
set up his own laboratory. He discovered 
phagocytosis and realised that micro-organisms 
and white blood cells engulf and digest things in the same way. Some 
scientists (including Pasteur) did not accept his ideas. Yet a few years 
later he was given a post (by Pasteur) at the Pasteur Institute.  
Mechnikov believed that lactic acid bacteria in the gut were very 
beneficial and could significantly prolong life. He was awarded the 
Nobel Prize in Medicine in 1908 for his work on phagocytosis. 

Learning Outcomes
On completion of this lesson, students should be able to: 

• Explain what is meant by gut microbiota
• Outline the main constituents of human diet
• Describe the role of bacteria in digestion
• Give examples of different types of carbohydrates
• Outline the role of fibre in the diet
• Outline how antibiotics can affect gut bacteria.

General Learning Points 
These are additional relevant points which are used to extend 
knowledge and facilitate discussion.

• The normal human gut contains billions of bacteria and other  
micro-organisms (collectively called ‘microbiota’); they typically 
outnumber the cells in the body by a factor of ten (1014 bacteria 
compared to 1013 body cells). This normal population is also 
referred to as ‘indigenous microbiota’. 

• A balanced diet should contain carbohydrate, fat (lipid), protein  
and fibre as well as vitamins and other micronutrients.

• Gut bacteria play an important part in digestion (fermentation) of 
otherwise indigestible fibre ― material containing polysaccharides 
and oligosaccharides such as cellulose and pectins.

• Normal gut bacteria are mostly beneficial. There is growing 
evidence that they help prevent allergies and interact in a positive 
way with the body’s immune system.

True/False Questions

a) Gut micro-organisms are mostly harmful.  T F

b) The three domains of life are represented in gut microbiota. T F

c) Bacteria make up about 10% of the dry mass of faeces.  T F

d) Cellulose is a major component of plant fibre. T F

e) Most animals can digest cellulose. T F

f) The breakdown of polysaccharides is called fermentation   
and is carried out by micro-organisms in the large intestine. T F

g) Probiotics are cultures of beneficial micro-organisms.  T F

h) Prebiotic refers to non-digestible food components such as   
plant fibre. T F 

i) Regular dietary fibre lowers blood cholesterol levels and   
lowers the risk of bowel cancer. T F

Check your answers to these questions on www.sta.ie.

Revise The Terms
Can you recall the meaning of the following terms?  
Revising terminology is a powerful aid to recall and retention.

bacteria, alimentary canal, allergies, amino acid, anaerobic bacteria, 
archaea, bowel cancer, carbohydrate, catalyse, cell membrane, 
cholesterol, chronic, colitis, Crohn’s disease, energy, enzyme, faeces, 
fat (lipid), fermentation, fibre, functional foods, fungi, glucan, lactose, 
metabolise, microbiota, micronutrients, micro-organism, 
monosaccharide, nucleus, oligosaccharide, pathogenic, pellagra, 
plastid, polysaccharide, prebiotic, probiotic, protein, protozoa, scurvy, 
starch, substrate, sucrose, sugar, thermal insulator, toxin, vitamin.

Check the Glossary of terms for this lesson on www.sta.ie

Examination Questions 
Leaving Certificate Biology (OL) 2006, Q. 12

• The diagram shows the 
human digestive system. 
Identify A, B, C, D and E 
in the diagram.

• What is an amylase? 
Name a site of amylase 
action. What is the 
approximate pH value at 
this site?

• Give one function of 
symbiotic bacteria in the 
human digestive system.

• State a benefit of dietary fibre.
• What is meant by absorption?
• Where in the digestive system are the products of digestion 

absorbed? State one way in which this part of the system is adapted 
for absorption.

• Name the blood vessel that joins the part of the digestive system that 
you have named in (ii) to B in the diagram.

• In which part of the digestive system is water absorbed?  
Give another function of this part of the digestive system.

Leaving Certificate Biology (OL) 2002, Q. 5

• Saliva is produced in the …………
• An enzyme in saliva breaks down starch to ………………
• Pepsin is an enzyme found in the stomach and it starts the digestion 

of ………………………
• Lipase is an enzyme that digests ……………………
• Name a test to detect protein ……………………………

Leaving Certificate Biology (OL) 2004, Q. 6

• What is peristalsis? 
• State one reason why a low pH is important in the stomach.
• Why is fibre important?
• Name an enzyme that is involved in the digestion of fat.
• What are the products of fat digestion?
• What is the role of bile in fat digestion?
• State a role of beneficial bacteria in the alimentary canal.

Junior Certificate Science (HL) 2007, Q. 2

• The diagram shows the human digestive  
system. Give a digestive function of organ A.

• In the small intestine starch is broken  
down to maltose by amylase. Identify the  
enzyme, and the substrate named in the  
reaction above.

• Give a function of the small intestine other  
than digestion.
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