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Biology Background 
■ Carbohydrates contain atoms of carbon, hydrogen, and

oxygen. Carbohydrates provide short- or long-term energy
storage for living organisms. A carbohydrate molecule with
three to seven carbon atoms is called a monosaccharide, or
simple sugar. Glucose, fructose, and galactose are examples
of monosaccharides. A disaccharide, or double sugar, is
made up of two simple sugars. Sucrose, maltose, and
lactose are examples of disaccharides. 

■ There are three polysaccharides common in plant and
animal cells. Starch is a long, unbranched chain that is
only partially soluble in water. Glycogen is highly
branched, which makes it more soluble in water. In the
human body, insulin instructs the liver to store glucose
sub-units as glycogen. Cellulose consists of many long,
unbranched strands that interconnect to form fibres. Some
bacteria can use cellulose for energy, but this molecule is
primarily a structural molecule in plants.

■ Lipids are largely insoluble in water. Living organisms use
lipids for many purposes: long-term energy storage,
insulation, cushioning internal organs, and forming the sex
hormones, which send messages around the body. Lipids
are also the primary structural component of cell
membranes. 

■ Proteins form structural components and are actively
involved in almost all the chemical reactions of the living
cell. Proteins are long, unbranched chains of amino acids
linked by peptide bonds. In addition to their structural
functions, proteins also function as enzymes that catalyze
chemical reactions, help transport substances across the cell
membrane, and act as chemical messengers (hormones).

■ Like carbohydrates and proteins, nucleic acids are long
polymers of repeating nucleotide sub-units, each consisting
of a five-carbon sugar and a phosphate group. Also
attached to the sugar is a base containing nitrogen. DNA
and RNA are examples of nucleotides that are found in the
cells.

■ An enzyme is a protein molecule that functions as an
organic catalyst to speed a chemical reaction. The reactants
in an enzymatic reaction are called the substrates for that
enzyme. An enzyme has an active site, where the substrates
and enzyme fit together in such a way that the substrates

are oriented to react. In an enzyme-mediated reaction,
substrate molecules are changed and product(s) are formed.
Following the reaction, the product(s) are released and the
enzyme is free to act again.

Teaching Strategies 
■ This section discusses the structure and function of all the

macromolecules introduced in the student textbook. BLM
6.1.2 Macromolecules highlights each macromolecule. 

■ BLM 6.1.5: Investigation 6.A:1 – Testing for
Macromolecules is designed to reduce the amount of time
required to complete this large investigation. This BLM
provides the instructions for students as they work through
the activity. 

■ One idea to consider is to subdivide this section into more
manageable chunks. For example, discuss carbohydrates
with your students, and then have them do Investigation
6.A, Part 2: Test for Starch and Part 3: Test for Sugars.
Next, discuss lipids and then have your students do
Investigation 6.A, Part 4: Test for Fats.

■ BLM 6.1.6: Enzyme Function can also be photocopied
for your students. This BLM is a worksheet-style activity
that requires students to use their textbooks. Answers are
on 6.1.6A.

• BLM 6.1.7 Factors Affecting Enzyme Activity is another
worksheet that will help students understand enzyme
activity.

■ Overhead masters and quizzes have been prepared for this
section. You will find them with the Chapter 6 BLMs on
the CD that accompanies this Teachers’ Resource or at
www.albertabiology.ca, Online Learning Centre,
Instructor Edition, BLMs.

Number (Type)
6.1.1 (HAND) Launch Lab: Visualizing the Human Body
6.1.1A (ANS) Launch Lab: Visualizing the Human Body
Answer Key
6.1.2 (HAND) Macromolecules 
6.1.3 (HAND) Thought Lab 6.1: How Do You Take Your
Macromolecules?
6.1.3A (ANS) Thought Lab 6.1: How Do You Take Your
Macromolecules? Answer Key
6.1.4 (HAND) How to Read a Nutrition Label 
6.1.5 (HAND) Investigation 6.A: Testing for
Macromolecules 
6.1.5A (ANS) Investigation 6.A: Testing for
Macromolecules Answer Key
6.1.6 (HAND) Enzyme Function 
6.1.6A (ANS) Enzyme Function Answers
6.1.7 (HAND) Factors Affecting Enzyme Activity 
6.1.7A (ANS) Factors Affecting Enzyme Activity Answers

Answers to Questions for Comprehension
Student Textbook page 207 

Q1. The four categories of macromolecules are carbohydrates,
lipids, proteins, and nucleic acids.



Q2. The process that builds macromolecules is called
dehydration synthesis. To form a covalent bond between
two sub-unit molecules, an –OH (hydroxyl) group is
removed from one sub-unit and a hydrogen atom is
removed from the other sub-unit. This chemical reaction
is known as dehydration synthesis because removing the
–OH group and H atom during the synthesis of a new
biological molecule essentially removes a molecule of
water (H2O).

Q3. Cells disassemble macromolecules into their component
sub-units by performing a chemical reaction that is
basically the reverse of dehydration synthesis. In this
reaction, called hydrolysis, a molecule of water is added
instead of removed. During a hydrolysis reaction, a
hydrogen atom from water is attached to one sub-unit
and the hydroxyl group is bonded to another sub-unit,
effectively breaking a covalent bond in a macromolecule.

Student Textbook page 208

Q4. Accept any two of the following: The two main types of
carbohydrates are simple sugars and polysaccharides. 

Simple sugars are composed of one sugar
(monosaccharide) molecule or two sugar (disaccharide)
molecules. Glucose is a common example of a
monosaccharide and maltose is an example of a
dissaccharide.

Polysaccharides are long chains (polymers) of glucose
molecules bonded together.

Figure 6.5
Student Textbook page 209 

The hydrolysis of a fat molecule can be summarized by the
following reaction:
fat molecule + 3 H2O molecules → 3 fatty acids + glycerol

Answers to Questions for Comprehension
Student Textbook page 209 

Q5. The sub-units of a fat are 3 fatty acids and glycerol.

Q6. A saturated fatty acid does not have double covalent
bonds between its carbon atoms, so it contains all the
hydrogen atoms it can bond with. An unsaturated fatty
acid has double bonds between some of its carbon atoms,
leaving room for additional hydrogen atoms. Unsaturated
fatty acids cause the resulting fat to be liquid at room
temperature. Saturated fatty acids usually cause the
resulting fat to be solid at room temperature.

Thought Lab 6.1: How Do You Take Your 
Macromolecules?

Student Textbook page 210

Purpose 
The purpose of this activity is to introduce students to various
methods of food preservation and to assess advantages and
disadvantages of one method. They will also learn
independent research skills.

Outcomes
20-D1.1sts
20-D1.2sts

Advance Preparation

Time Required
■ 2 hours

Helpful Tips
■ Use BLM 6.1.3: Thought Lab 6.1: How Do You Take

Your Macromolecules? to support this activity. Remove
sections as appropriate to meet the needs of the students in
your class. The answers can be found on BLM 6.1.3A.

■ Students may not be familiar with the details of a nutrition
label. Use BLM 6.1.4: How to Read a Nutrition Label to
support their efforts.

■ When assigning Analysis Question 1, it will be helpful to
ask students to identify the primary macromolecule
(carbohydrate, protein, or fat) associated with each
example they present in their chart. 

Answers to Analysis Questions
1. The chart should show three examples of foods, each

primarily composed of a different macromolecule.

2. Student work should show clearly how the technologies
used to preserve the foods function to reduce growth of
bacteria or fungi and decrease the breakdown of fats (two
main reasons for food spoilage cited in the introduction
of the lab.)

3. Advantages might include effectiveness in inhibiting
growth of microorganisms and fat decomposition (shelf

When to Begin What to Do

1 to 2 days before ■ Photocopy BLM 6.1.4: How
to Read a Nutrition Label
for your students. 

■ Photocopy BLM 6.1.3:
Thought Lab 6.1: How Do
You Take Your
Macromolecules?

4-16 MHR • Unit 4 Human Systems



4-17Chapter 6 Digestion and Human Health • MHR

life of the food); lack of harmful side effects to the
consumer; preservation of nutrients, taste, and texture of
the food.

4. Disadvantages might include long-term risks to health
and physiological reactions or allergies to chemical
preservatives. Some techniques are disadvantageous in that
they alter the taste and texture of foods; some techniques
also destroy certain nutrients.

Answer to Extension Question
5. Answers should reflect an understanding that the additives

in question are indeed chemical preservatives as opposed
to additives that affect texture or taste. 

Assessment Options
■ Collect and assess students’ answers to the Analysis and

Extension Questions.
■ Use Assessment Checklist 7: Independent Research Skills

from Appendix A.

Answers to Questions for Comprehension
Student Textbook page 211

Q7. Amino acids are the sub-units of a protein molecule.

Q8. Proteins are more structurally and functionally diverse
because of the following factors.

(a) There are 20 different amino acid groups, which
provide a large number of possible combinations.

(b) A strand of amino acids must undergo additional
changes before it becomes a protein. Different amino
acids along the strand attract and repel each other, and
this causes the strand to coil and twist as the amino
acids are drawn toward, or pushed away from each
other. The end result is a highly complex three-
dimensional structure. The final shape of a protein’s
three-dimensional structure determines the properties,
and therefore the functions, of the protein.

Investigation 6.A: Testing for 
Macromolecules

Student Textbook page 212–213

Purpose 
Students will use standardized tests to identify the presence of
specific macromolecules. 

Outcomes
■ 20–D1.2s
■ 20–D1.3s
■ 20–D1.4s

Advance Preparation 

Time Required 
■ 1 hour

Helpful Hints 
■ Use BLM 6.1.5 Investigation 6.A: Testing for

Macromolecules to support this activity. Remove sections
as appropriate to meet the needs of the students in your
class. The answers can be found on BLM 6.1.5A
Investigation 6.A: Testing for Macromolecules Answer
Key.

Materials

■ hot plate
■ tongs
■ large beaker (500 mL)
■ wax pencil
■ 11 test tubes
■ distilled water
■ Biuret reagent
■ albumin solution
■ pepsin solution
■ starch suspension
■ iodine solution
■ Benedict’s solution
■ glucose solution
■ onion juice
■ potato juice
■ 3 small squares of brown paper
■ vegetable oil
■ butter or margarine

When to Begin What to Do

beginning of the year (or
semester) 

■ Check on quantity of
chemical reagents required
and order, if necessary.

2 or 3 days prior ■ Organize all materials and
make the starch and
glucose solutions. 

■ Purchase consumable food
products such as the onion,
vegetable oil, and butter.

■ Photocopy BLM 6.1.5:
Investigation 6.A: Testing
for Macromolecules if you
plan to use it.

■ Photocopy Assessment
Checklist 2 Laboratory
Report if you plan to use
this tool to evaluate this
activity.



■ Have all solutions ready before the lab starts. Spread them
out in different stations to reduce the number of students
moving to one area. 

■ Predetermine student groups (4 students per group).
Staggering the starting activity for each group can spread
students out in the lab and reduce the potential of students
standing around and waiting.

■ Remind groups that they need to collect materials quickly
and efficiently to complete the work in a short period of
time.

■ Be sure that all glassware is cleaned thoroughly after use.
■ Aqueous glucose is mixed with Benedict’s reagent, a

solution of copper sulfate, sodium hydroxide, and tartaric
acid. The mixture is heated. Carbohydrates that react with
Benedict’s reagent to reduce the blue copper(II) ion to
form a brick red precipitate of copper(I) oxide are classified
as reducing sugars.

■ Biuret reagent is an aqueous solution of biuret
(allophanamide) treated with cupric sulfate and sodium
hydroxide. In the presence of protein, this blue solution
will change colour to pink-purple.

Safety Precautions 

■ Refer to the document Safety in Science Classroom
published by Alberta Education (see Alberta Eductation
web site or Teacher Web Links at the Online Learning
Centre) before starting this investigation. You can search
this document to identify information including the
chemical name, state, WHMIS class, hazards, and disposal
information.  

■ There are a number of general guidelines that can be
followed to increase safety when working with chemicals.
(a) Ensure that the chemical is appropriately labelled and

that the MSDS is readily available.
(b) Minimize exposure to chemicals.
(c) Do not handle or use chemicals unless you are WHMIS

trained.
(d) Before using any chemical, review its MSDS to

determine potential hazards.
(e) Inform students of hazards and the necessary safety

precautions.
(f ) Never underestimate risks when mixing chemicals.

■ Post the MSDS pages for all reagents (Benedict’s, Biuret’s,
and iodine solutions).

■ Monitor mixing of solutions in test tubes. Check that
students do not put their fingers or thumbs over the
openings of test tubes to shake them.

ESL Students: Using both Benedict’s and Biuret’s reagents may be
confusing for some students. Both of these reagents contain
copper sulfate but start as different colours of blue, and each one
indicates the presence of completely different molecules. Suggest

that students used coloured pencils to show the reagent they used
and the colour changes. With a legend, this colour-coding system
can be included in their lab report if required.

Answers to Analysis Questions 
1. In these investigations, distilled water acted as a control so

that the colour change was apparent. The control group
in an investigation does not receive treatment; it functions
as a comparison group to assess the effectiveness of the
treatment given to the experimental group.

2. Possible answers for experimental error include
contamination of samples, dirty glassware, and not
following the proper procedure. 

Answer to Conclusion Question 
3. (a) Biuret solution is a positive test for proteins. It

changes colour from blue to purple to show the
presence of proteins.

(b) Iodine is a positive test for starch. It changes colour
from orange to black.

(c) Benedict’s solution is a positive test for reducing
sugars. When heated, it forms an orange to red
precipitate.

(d) Brown paper is a test for fats. Fats applied to brown
paper form a translucent spot that does not dry on
the paper.

Assessment Options 
■ Collect and assess students’ responses to Assessment

Checklist 2 Laboratory Report if you are using this strategy
to evaluate this activity.

■ Collect and assess students’ answers to the Analysis and
Conclusion questions. 

■ Use Assessment Checklist 3: Performance Task Self-
Assessment. (See Appendix A.)

Answers to Questions for Comprehension
Student Textbook page 214

Q9. An enzyme is a protein molecule that acts as a catalyst
to increase the rate of a reaction. In the cell, an enzyme
brings particular molecules together and causes them to
react with one another.

Q10. Each enzyme in the body has a precise three-dimensional
shape that is specific to the kind of reactant molecule
with which it can combine. The enzyme physically fits
with a specific substrate—its reactant molecule. The
enzyme is specific because it has a particular shape that
can combine only with specific parts of its substrate
molecule. When the substrate combines with its enzyme,
its bonds become less stable and, thus, it is more likely
to be altered and to form new bonds.
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Student Textbook page 215

Q11. Enzyme activity is affected by any change in condition
that alters the enzyme’s three-dimensional shape. When
the temperature becomes too low, the bonds that
determine enzyme shape are not flexible enough to
enable substrate molecules to fit properly. At higher
temperatures, the bonds are too weak to maintain the
enzyme’s shape. It becomes denatured, meaning that its
molecular shape and structure (and, thus, its properties)
are permanently changed. Therefore, enzymes function
best within an optimum temperature range. This range is
fairly narrow for most human enzymes.

Section 6.1: Review Answers
Student Textbook page 216

1. Macromolecules are different from inorganic substances
because they are organic, larger, and more complex, often
being polymers made by linking together many small,
similar, chemical sub-units. 

2. The following is one possible way to demonstrate these
processes.

■  Hexagons were chosen to represent glucose since it is a
6-carbon sugar. Using a rectangle for glycerol provides
space for the three fatty acids to attach. The rectangles
with the points were chosen for amino acids, as they are
longer molecules with R groups extending from them.
Other ideas are possible. 

3. Fats such as butter and lard are animal in origin; they are
solid at room temperature and the fatty acids are
saturated, having single bonds between the carbons. Oils
are of plant origin; they are liquid at room temperature
and contain unsaturated fatty acids with double or triple
bonds between the carbons.

4.

5. Carbohydrates: maltose and cellulose 

Lipid: hydrogenated soybean oil 

Inorganic: salt 

6. The following table is one way for students to answer this
question.

7. Enzymes are specialized proteins that speed up the rate of
chemical reactions in living things in the same way that
inorganic catalysts speed up reactions elsewhere. 

8. Enzymes are specific in their functions because each type
has a unique three-dimensional shape. The shape of each

Macromolecule Identification 
Test 

Positive Result

Starches Iodine Iodine turns from a
brownish colour to blue-
black when mixed with
starch

Sugars Benedict’s
Solution

A colour change from blue
to varying colours, ranging
from green to orange-red,
depending on the amount
of sugar present

Proteins Biuret
Solution

A colour change from blue
to violet

Fats Translucence
Test 

Fats leave a translucent
(allowing light through) spot
on unglazed paper

Macromolecule Structure Example Function

polysaccharides composed of many
monosaccharides
linked together

starch long term
energy
storage

lipids glycerol and three
fatty acids;
phospholipids have
two fatty acids and
a phosphate group

fats and oils energy
storage and
cell
membranes

proteins polymers of amino
acids (An amino
acid  contains
amine and  carboxyl
groups. Each is
unique because of
its R group.)

hemoglobin,
fibrin,
collagen,
antibodies,
enzymes,
actin, and
myosin

transport,
blood
clotting,
support,
immunity,
catalysts,
and muscle
action

nucleic acids polymers of
nucleotides

DNA and
RNA

transfer and
expression
of genetic
information

Macromolecule Structure Example Function

sugars monosaccharide
(simple sugar with 
3 – 7 carbon atoms)
or dissacharide
(double sugar)

glucose
maltose

short term
energy
storage,
transport

(a)

(b)

(c)

+

+

+

+

+

+

H2O

H2O

H2O
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anus. The functions of the digestive system are to ingest
food, digest it to nutrients that can cross cell membranes,
absorb the nutrients, and eliminate indigestible remains.
On average, it takes about 24–33 hours for each meal to
complete its passage through the digestive tract.

■ Digestion involves two main processes that occur
simultaneously. During mechanical digestion, large pieces
of food become smaller pieces, increasing the surface area
for chemical digestion. Mechanical digestion begins with
the chewing of the food in the mouth and continues with
the churning and mixing of food that occurs in the
stomach. Parts of the digestive tract produce digestive
enzymes. During chemical digestion, many different
enzymes break down macromolecules to small organic
molecules that can be absorbed. Each enzyme has a
particular job to do.

Teaching Strategies
■ A number of overhead masters and quizzes have been

prepared for this section. You will find them with the
Chapter 6 BLMs on the CD that accompanies this
Teachers’ Resource or at www.albertabiology.ca, Online
Learning Centre, Instructor Edition, BLMs.

Number (Type)
6.2.1 (AST) Digestive System Quiz 
6.2.1A (ANS) Digestive System Quiz Answer Key
6.2.2 (HAND) Important Secretions of the Digestive
System 
6.2.3 (HAND) Small Intestine
6.2.5 (HAND) Accessory Organs
6.2.6 (AST) Chemical Digestion Quiz 
6.2.6A (ANS) Chemical Digestion Quiz Answers
6.2.7 (HAND) Absorption of Nutrients in the Small
Intestine 
6.2.8 (HAND) Alternate Investigation: Digestion of Lipids

■ This investigation may be used as an alternative to
Investigation 6.B: Optimum pH for Two Protease Enzymes
6.2.8A (ANS) Alternate Investigation: Digestion fo Lipids
Answer Key

■ If time permits, place students in groups and have them
research the anatomy of the digestive tracts of mammals
other than humans—ruminants, such as cows or deer; pure
carnivores, such as wolves; or rodents, such as mice or
squirrels.

■ The digestive system of an earthworm can be used to show
the “tube within a tube” nature of the digestive system.
Consider starting this section with either a real or a virtual
dissection of preserved specimens. 

■ Use pieces of a jigsaw puzzle to demonstrate the lock and
key concepts for the specificity of enzymes.

■ On blank recipe cards, write the name of each specific
enzyme (one enzyme per card). On another set of cards,
write the names of the different substrates
(macromolecules) that are digested. On a third set of cards,

write the names of the end products of digestion. Students
can then match the cards from all three piles.

■ Appendix F: Fetal Pig Dissection, Part 2: The Digestive
System has been provided for use in fulfilling Skill
Outcome 20-D1.2s. If you prefer to do a virtual dissection,
go to www.albertabiology.ca and follow the links to
Chapter 6 under Teacher Resources.

Biology File: Try This
Student Textbook page 218

Humans have a tube-within-a-tube body structure. The outer
tube is the body wall, while the inner tube is the digestive
tract. The cavity between the outer and inner tubes is called
the coelom. 

The following diagram can represent internal and external
as they relate to the digestive tract.

Sample answer: One advantage is to increase the efficiency of
digestion—the longer the food is in the digestive tract, the
more nutrients can be processed and absorbed.

Answers to Questions for Comprehension
Student Textbook page 218 

Q12. The organs that make up the human digestive tract are
the mouth, esophagus, stomach, small intestine, large
intestine, rectum, and anus.

Q13. The accessory organs are the salivary glands, liver, gall
bladder, and pancreas.

body wall

body cavity–exterior 
to digestive tract

lining of digestive tract

interior of digestive tract

Card Pile 1

Enzyme

salivary amylase

Card Pile 2 Card Pile 3

Substrate

starch

End Product

maltose 
(disaccharide)



Student Textbook page 219 

Q14. The mechanical (physical) digestion of food begins in
the mouth because you use your teeth to chew your
food. Water and mucus in saliva aid the teeth as they
tear and grind food into smaller pieces, increasing the
surface area available for the chemical digestion of any
starch that has been ingested.

Chemical digestion starts in the mouth, when an
enzyme in saliva, called salivary amylase, begins to break
down starch into simpler sugars (disaccharides).

Q15. The bolus moves through the esophagus partly by
gravity but mainly through a wave-like series of muscular
contractions and relaxations called peristalsis. As
peristalsis continues, food is propelled through the
esophagus toward the stomach, where the next stage of
digestion occurs.

Q16. Entry to the stomach is controlled by a ring-like
muscular structure called the esophageal sphincter.
Relaxation of the esophageal sphincter allows the bolus
to pass into the stomach. Contraction of this sphincter
usually prevents the acidic contents of the stomach from
backing up into the esophagus.

Student Textbook page 220

Q17. Both mechanical and chemical digestion occur in the
stomach. Waves of peristalsis push food against the
bottom of the stomach, churning it backward, breaking
it into smaller pieces, and mixing it with gastric juice to
produce a thick liquid called chyme.

Q18. Once active, pepsin hydrolyzes proteins to yield
polypeptides—a first step in protein digestion in the
digestive tract.

Q19. Very few substances are absorbed from the chyme in the
stomach because most substances in the chyme have not
yet been broken down sufficiently. The stomach does
absorb some water and salts, however, as well as certain
anti-inflammatory medications, such as Aspirin™, and
alcohol.

Thought Lab 6.2: An Accident and an 
Opportunity

Student Textbook page 221

Purpose 
Students analyze and interpret historical events and
information. 

Outcomes 
■ 20–D1.1k
■ 20-D1.3s

Advance Preparation 
■ Photocopy BLM 6.2.4: Thought Lab 6.2

Time Required 
■ 30 minutes

Helpful Tips 
■ Use BLM 6.2.4: Thought Lab 6.2: An Accident and an

Opportunity to support this activity. Remove sections as
appropriate to meet the needs of the students in your class.
The answer can be found on BLM 6.2.4A.

■ Consider assigning students in groups of four. Provide
space for each group to meet and discuss each question and
each excerpt. After 20 minutes, bring the groups together
for a class discussion. Discuss any discrepancies with the
students and see if they can arrive at a consensus. 

■ You can extend this discussion to see if this type of research
would be allowed today.

Answers to Analysis Questions 
1. Excerpt B: But from the result of a great number of

experiments and examinations, made with a view to
asserting the truth of this opinion, in the empty and full
state of the organ,…I am convinced that there is no
alteration of temperature.

2. Excerpt E: At 2 o’clock P.M.—twenty minutes after
having eaten an ordinary dinner of boiled, salted beef,
bread, potatoes, and turnips, and drank a gill [about 142
mL] of water, I took from stomach, through the artificial
opening, a gill of the contents….Digestion had evidently
commenced, and was perceptually progressing, at the
time.

3. Excerpt C: I think I am warranted, from the result of all
the experiments, in saying, that the gastric juice, so far
from being ‘inert as water,’ as some authors assert, is the
most general solvent in nature of alimentary [food-
related] matter—even the hardest bone cannot withstand
its action.

4. Excerpt D: The gastric juice does not accumulate in the
cavity of the stomach until alimentary matter is received
and excites its vessels to discharge their contents for the
immediate purpose of digestion.

5. One idea that students may come up with is that there is
some connection between the nervous system and the
digestive system. 

6. Students should note that Beaumont’s observations were
likely accurate. Excerpt A: I consider myself but a humble
inquirer after truths—a simple experimenter. And if I
have been led to conclusions opposite to the opinions of
many who have been considered luminaries of physiology,
and in some instances, from all the professors of this
science, I hope the claim of sincerity will be conceded to
me, when I saw that such difference of opinion has been
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forced upon me by the convictions of experiment, and the
fair deductions of reasoning.

They could also note the digestive properties of the gastric
juice Excerpt C: I think I am warranted, from the result
of all the experiments, in saying, that the gastric juice, so
far from being ‘inert as water,’ as some authors assert, is
the most general solvent in nature of alimentary [food-
related] matter—even the hardest bone cannot withstand
its action.

Or, students could note that digestion starts immediately.
Excerpt E: At 2 o’clock P.M.—twenty minutes after
having eaten an ordinary dinner of boiled, salted beef,
bread, potatoes, and turnips, and drank a gill [about 142
mL] of water, I took from stomach, through the artificial
opening, a gill of the contents….Digestion had evidently
commenced, and was perceptually progressing, at the
time.

7. Students should note that as a researcher, Beaumont asked
questions, conducted experiments in an attempt to answer
these questions, and then communicated the inferences
that he made based on his observations.

Assessment Option
■ Collect and assess students’ answers to the Analysis

questions.

Answers to Questions for Comprehension
Student Textbook page 223

Q20. In the small intestine, bands of circular muscle briefly
contract forming closed segments. This process is called
segmentation. Chyme is sloshed back and forth within
the segment, causing physical digestion and mixing the
nutrient macromolecules with digestive enzymes. Such
movement increases contact between nutrients and the
intestinal wall which enhances nutrient absorption.
Peristalsis also occurs, mixing food and enzymes and
pushing it on toward the large intestine.

Q21. The ridges in the inner lining of the small intestine are
covered in tiny projections called villi, which, in turn,
are covered in microvilli. Together, the ridges, villi, and
microvilli vastly increase the absorptive surface area of
the small intestine.

Figure 6.18
Student Textbook page 223

Mitochondria provide the energy (ATP) for active transport of
nutrients out of the digestive tract and into the bloodstream.

Biology File: Try This
Student Textbook page 223

The surface area of the tubing would be: 

Surface area � � × d × h

Surface area � 3.14 × 4 cm × 280 cm

Surface area � 3519 cm2

If the tubing were small intestine, the surface area would
become:
Surface area � 3519cm2 × 30 × 600

Surface area � 63 342 000 cm2 or 6334.2 m2

The surface area of the small intestine is 18 000 times greater
than the same length of tubing.

Answer to Question for Comprehension
Student Textbook page 224 

Q22. The pancreas, liver, and gall bladder produce and/or
store secretions necessary for digestion of
macromolecules.

Pancreas: The pancreas delivers about 1 L of pancreatic
fluid to the duodenum each day. Pancreatic fluid
contains a multitude of enzymes, including:

■  trypsin and chymotrypsin, which are proteases that
digest proteins;

■  pancreatic amylase, which is a carbohydrate that
digests starch in the small intestine; and

■  lipase, which digests fat.
Liver: The liver is the largest internal organ of the
human body. The main digestion-related secretion of the
liver is bile, a greenish-yellow fluid mixture that is made
up of bile pigments and bile salts. Bile salts assist lipases
in accessing fats because they are partly soluble in water
and partly soluble in fats. Bile salts work like a detergent,
dispersing large fat droplets into a fine suspension of
smaller droplets in the chyme. This emulsification
process produces a greater surface area of fats on which
the lipases can act.

Gall Bladder: After bile is produced in the liver, it is
stored in the gall bladder. The arrival of chyme, with a
high fat concentration, in the duodenum stimulates the
gall bladder to contract. This causes bile to be
transported through a duct (shared by both the gall
bladder and the liver) and injected into the duodenum.

Biology File: Web Link
Student Textbook page 226

The symptoms of lactose intolerance are:

■ nausea
■ cramps
■ bloating 
■ gas; and/or
■ wind diarrhea, which may begin anywhere from half an

hour to two hours after eating or drinking foods
containing lactose. 

In rare cases, children are born without the ability to produce
lactase. For most people, though, lactase deficiency is a
condition that develops naturally over time. After about the



age of two years, the body begins to produce less lactase.
However, many people may not experience symptoms until
they are much older.

Between 30 and 50 million Americans are lactose
intolerant. Certain ethnic and racial populations are more
widely affected than others. As many as 75 percent of all
African Americans and First Nation peoples and 90 percent of
Asian Americans are lactose intolerant. The condition is least
common among persons of northern European descent.

Answers to Questions for Comprehension
Student Textbook page 226

Q23. The following is one possible answer for this question.

Most of the digestion of carbohydrates does not take
place until the chyme enters the small intestine, where
the pH is about 8. In the small intestine, pancreatic
amylase completes the digestion of starch into
disaccharides. Other carbohydrases hydrolyze the
disaccharides into monosaccharides, such as glucose and
fructose.

Monosaccharides are absorbed by active transport into
the cells of the intestinal villi. The active transport of
glucose and other monosaccharides requires ATP, which
is produced in the mitochondria of cells. From the cells
of the intestinal lining, the monosaccharides enter the
bloodstream and are transported directly to the liver.

Student Textbook page 227 

Q24. A sketch showing protein digestion and absorption
might appear as follows:

Student Textbook page 228

Q25. The arrival of lipids (fats) in the duodenum stimulates
the secretion of bile, which emulsifies the fat droplets.
The breakdown of fats by hydrolysis is carried out by
lipase secreted in the duodenum. The resulting glycerol
and fatty acids are absorbed into the cells of the villi by
simple diffusion. Inside the cells of the intestinal lining,
the fat sub-units are reassembled into triglycerides and
then coated with proteins to make them soluble before
they enter the lymph vessels in the villi.

Q26. In the small intestine, nucleic acids are digested by
enzymes, called nucleases, to yield nucleotides. The
nucleotides are hydrolyzed to their constituent bases,
sugars, and phosphates. These molecules are then
absorbed, like glucose and amino acids, into the
bloodstream by active transport.

Investigation 6.B: Optimum pH for Two 
Protease Enzymes

Student Textbook pages 228–229

Purpose 
Students perform an experiment to investigate the influence
of pH on the activity of pepsin and trypsin.

Outcomes 
■ 20–D1.3k
■ 20–D1.2s
■ 20–D1.1s (Extension)
■ 20–D1.3.s

Advance Preparation 

Materials

■ 6 test tubes
■ test-tube rack
■ metric ruler
■ 10-mL graduated cylinder
■ test-tube holder
■ water bath or incubator at 37 °C
■ 18 cubes of boiled egg white (protein samples)
■ 10 mL distilled water
■ 20 mL 2% pepsin solution
■ 20 mL 5% trypsin solution
■ 15 mL dilute hydrochloric acid (0.01 mol/L)
■ 15 ml dilute sodium hydroxide (0.01 mol/L)

When to Begin What to Do

beginning of the year (or
semester) 

■ Check on quantity of the
enzymes required and
order, if necessary.

2 or 3 days prior ■ Purchase consumable food
products, such as eggs.

■ Photocopy BLM 6.2.9:
Investigation 6.B: Optimum
pH for Two Protease
Enzymes.

■ Photocopy Assessment
Checklist 2 Laboratory
Report if you are planning
to use this tool to evaluate
this activity.

the day of the activity ■ Organize all materials and
make the enzyme solutions.

protein peptides amino acids

enzyme

TRYPSIN
CHYMOTRYPSIN

PEPTIDASE

enzyme
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Safety Precautions 

■ Refer to the document Safety in Science Classroom
published by Alberta Education (see Alberta Education
web site) before starting this investigation. You can search
this document to identify information including the
chemical name, state, WHMIS class, hazards, and disposal
information.  

Answers to Analysis Questions
1. Test tube B will show the fastest colour change.

2. Phenolphthalein is a pH indicator. It is pink in a weak
base (above pH 8.3) and turns colourless as the pH
decreases. A colour change from pink to colourless (or in
this case the milky appearance) would indicate the
solution is turning slightly more acidic.

3. Bile is an emulsifier. It breaks large fat drops into tiny fat
droplets increasing the surface area for the action of lipase.

Answers to Conclusion Questions
4. Test Tube A: Lipase will eventually digest the fat in the

cream to fatty acids and glycerol. The phenolphthalein
should change colour from pink to colourless but this
could take some time.

Test Tube B: Bile emulsifies the fat drops in the cream
resulting in tiny droplets. The tiny fat droplets have much
more surface area compared to the larger drops. As a
result, lipase will digest fats to fatty acids and glycerol. As
the concentration of fatty acids increase the pH of the
solution will decrease and the phenolphthalein will turn
from pink to colourless.

Test Tube C: There will not be a colour change—it will
stay pink. This test tube lacks the enzyme lipase so no
chemical digestion of the fat in the cream can take place. 

5. Test Tube B best mimics conditions in the small intestine. 
■  Sodium bicarbonate is found in pancreatic secretions

that enter the duodenum, changing the pH of the
chyme from a pH of 2 to a pH of approximately 8. 

■  The bile salts represent bile that is manufactured by the
liver and stored in the gall bladder. 

■  When fat enters the duodenum it triggers a hormonal
regulated event which results in the gall bladder
contracting and secreting bile into the duodenum. 

■  Lipase enzymes are produced by the pancreas and small
intestine. These enzymes catalyze the breakdown of
lipids (fats and oils) into fatty acids and glycerol.

Assessment Options
■ Collect and assess students’ answers to the Analysis and

Conclusion questions.

Answer to Question for Comprehension
Student Textbook page 230

Q27  Gastrin, produced by the lower part of the stomach,
enters the bloodstream and stimulates the upper part of
the stomach to produce more gastric juice.

Secretin and CCK, produced by the duodenal wall,
stimulate the pancreas to secrete its digestive juice and
the gall bladder to release bile.

Section 6.2: Review Answers
Student Textbook page 231 

1. Flow chart showing pathway of food through the digestive
tract:

2. The salivary glands, liver, gall bladder, and pancreas are
considered accessory organs. They add secretions involved
in digestion to the digestive tract. However, food does not
pass through these organs.

3. There would be significantly less surface area available for
chemical digestion. This would slow down the action of
enzymes (reduce the efficiency of digestive enzymes).

4. Several reasons can be given. First, most enzymes are
secreted into the small intestine where the pH is about 8.
These enzymes would be denatured by the acid in the
stomach. Secondly, in the intestine, bile from the liver
and gall bladder storage depot emulsifies fat, increasing
the surface area for chemical digestion. Fat in the stomach
has not been emulsified. Thirdly, since the small intestine
is much longer than the stomach, there is more time for
enzymatic digestion to occur as food is moved along its
length.

5. The secretions from all three organs are released into the
duodenum. The liver produces bile that contains bile salts
that emulsify fats. The gall bladder concentrates and
stores bile and releases the concentrated solution when
chyme arrives from the stomach. The pancreas produces
many enzymes that aid chemical digestion. The pancreas
also secretes bicarbonate ions that neutralize the acidic
chyme, changing the pH to about 8.

6. The presence of villi and microvilli increase the surface
area of the intestinal wall. Capillaries and lymph vessels
are found within each villus. These observations support
the notion that it is well adapted for absorption of
nutrients.

MOUTH ESOPHAGUS STOMACH
SMALL 

INTESTINE

ANUS RECTUM
LARGE 

INTESTINE



Connections (Science and Technology)
Sorting Out Nutritional Supplements 

Student Textbook page 232 

Teaching Strategies
■ Survey the class to find out how many students take

supplements and what they are. Expand the inquiry to
those who have family members who take supplements in
order to increase participation in the discussion. List the
supplements that are taken.

■ Now that students have studied the process of digestion in
some detail, ask them to relate the digestion process to the
concept of bioavailability. Students should be able to
recognize that digestion and the absorption of nutrients is
a highly specialized mechanical and chemical process and
that supplements need to be tested to ensure that they are
in a form that can be used by the human body.

Answers to Questions 
1. Some of the variables in this feature include the source of

calcium, the age of the test subjects, and the gender of the
test subjects.

2. Students should recognize that the age of the sample
being tested is far too wide to make any concrete
inferences. As well, both male and female subjects are
being tested, which will make it difficult to arrive at a
definite conclusion.

3. In order for this to be a fair test, only one variable should
be manipulated. Investigators should use a smaller age
range and/or investigate the uptake of calcium in either
male or female subjects.

4. Students’ answers will depend on (a) the type of
supplements; (b) the availability of these supplements; 
(c) the cost of supplements investigated; and (d) if the
supplements are supplied directly from a pharmaceutical
company or if they are a generic brand.

6.3 Health and the Digestive System
Student Textbook pages 233–238 

Section Outcomes
Students will:
■ recognize and appreciate the relationship between health

and nutritional decisions
■ identify conditions that adversely affect the health of the

digestive system and the technologies that are available to
treat them

Key Terms
ulcer
inflammatory bowel disease

hepatitis
cirrhosis
gallstones
anorexia nervosa
obesity

Biology Background
■ The actions of the digestive system help to keep us healthy

and maintain homeostasis. The digestive system provides
nutrients when we need them, while storing some
nutrients for future use. When it is impaired, the results
can range from a minor inconvenience to a major
impediment to normal life. 

■ Our diets are closely linked to our lifestyles and life
choices. Although diets differ, it is still necessary to
maintain a balance of nutrients. North American society
places great value on being thin and, unfortunately, this
often results in many quick and unhealthy weight loss
options. In some cases, individuals may become obsessed
with their weight and deprive their bodies of basic
nutrients in order to stay thin. Young women, in
particular, are affected by this pressure and may respond by
developing eating disorders.

Teaching Strategies 
■ This section is primarily information based. You may want

to use a group research/group presentation teaching
strategy for this section. 

■ This section includes discussion of eating disorders. It is
very important to be aware of any students in your class
that may in fact be dealing with anorexia, bulimia, or
obesity.

■  Encourage students to build their own glossaries in their science
notebooks or in a database as an ICT exercise. ESL students may
benefit from including pictures, flow charts, or explanations in
their first language.

■  Provide some key questions that are addressed by the section to
assist students in creating their personal study guides.

Answer to Question for Comprehension
Student Textbook page 233

Q28. The effects of poor dietary and lifestyle habits may take
weeks, months, or even years to show up. Good
nutrition is the only way to provide the energy our
bodies need to carry out their many activities, such as
nerve transmission, muscle contraction, and cell repair
and replacement. As well, good nutrition provides the
essential raw materials that our bodies need as building
blocks but are unable to manufacture ourselves.
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Biology File: Web Link
Student Textbook page 234

Before the discovery of Helicobacter pylori, it was generally
thought that the stomach was a sterile environment and that
peptic ulcers were largely caused by lifestyle choices and/or
stress. In the 1960s and 1970s, acid-suppressing drugs often
managed to cure peptic ulcers without surgery. However, the
ulcers often recurred and it was generally thought that it was
because of the lifestyle choices that caused them in the first
place.

In the early 1980s, two Australian doctors, Warren and
Marshall, found a bacterium that lived in the lower half of the
stomach. This bacterium was adapted for life in the stomach
and could conceal itself in the stomach lining in such a way
that it could not be attacked and destroyed like other
bacterium that entered the stomach. 

What Warren and Marshall did, in chronological order,
was to:
■ notice that inflammation of the stomach (gastritis) was

associated with the presence of a bacterium (Warren);
■ study 100 patients and discover that this bacterium was

present in every patient who suffered from a duodenal
ulcer (Warren and Marshall);

■ grow the first culture of the bacterium, which was later
named Helicobacter pylori (Marshall and microbiologists
from Royal Perth Hospital);

■ swallow a culture of this bacterium and suffer acute
symptoms in order to prove the hypothesis that H. pylori
was the cause of gastritis and peptic ulceration (Marshall);

■ promote this hypothesis, despite significant scepticism
from gastroenterology specialists; and

■ stimulate much research and treatment trials, through
persistence and publication of research papers, which
eventually proved that H. pylori did, indeed, cause gastritis
and gastric ulcers.

Answers to Questions for Comprehension
Student Textbook page 235 

Q29. An ulcer forms when the thick layer of mucus that
protects the lining of the stomach from the acids in the
digestive juices is eroded.

Q30. Inflammatory bowel disease is the general name for
diseases that cause inflammation in the intestines
(bowels). Crohn’s disease (also called ileitis or enteritis) is
a serious inflammatory bowel disease that usually appears
in the ileum of the small intestine but can affect any part
of the digestive tract from the mouth to the anus. The
inflammation extends deep into the lining of the affected
organ, causing the intestines to empty frequently. This
results in diarrhea and sometimes rectal bleeding. Thus,
Crohn’s disease is very painful. 

Q31. The body depends on the liver to perform a number of
vital functions. These functions can be divided into three
basic categories: 

■  regulation, synthesis, and secretion of many substances
important in maintaining homeostasis;

■  storage of important nutrients such as glycogen
(glucose), vitamins, and minerals; and

■  purification, transformation, and clearance of waste
products, drugs, and toxins.

A number of diseases can directly damage the liver.
Damage to the liver can seriously affect the absorption of
vitamins and nutrients, prevent waste products from
being effectively removed from the system, and reduce the
production of proteins needed to clot the blood. 

If the damage is severe enough, transplantation may be
necessary. A transplant provides a patient with a liver that
can keep up with the demands of a full, active life. 

Biology File: Web Link
Student textbook page 235

■ Gallstones, which are formed when the chemical balance in
the gall bladder is unbalanced, block the common bile
ducts and the flow of pancreatic juices. Gallstone and long-
term alcohol abuse are the leading causes of pancreatitis.

■ Elevated levels of the pancreatic enzymes amylase and
lipase are signs of pancreatitis.

■ Nutritional strategies for avoiding pancreatitis include
eating smaller meals; emphasizing fresh fruits and
vegetables, whole grains, and lean protein; and avoiding
fats, especially saturated fats.

Biology File: Web Link
Student Textbook page 236

In gastric bypass surgery, the stomach is made smaller by
creating a small pouch at the top of the stomach, using
surgical staples or a plastic band. The smaller stomach is
connected directly to the middle portion of the small intestine
(jejunum), bypassing the rest of the stomach, and the upper
portion of the small intestine (duodenum).

Gastric bypass surgery makes the stomach smaller and
allows food to bypass part of the small intestine. The person will
feel full more quickly, which reduces the amount of food eaten
(calories consumed). Bypassing part of the intestine also results
in fewer calories being absorbed. This leads to weight loss.

Although guidelines vary, surgery is generally considered
when the individual’s body mass index is 40 or higher or if
they have a life-threatening or disabling condition related to
their weight. Some doctors will only consider doing gastric
bypass surgery if the patient has not been able to lose weight
with other treatments. 

Most people who have gastric bypass surgery quickly
begin to lose weight and continue to lose weight for up to 
12 months. One study noted that people lost about one-third
of their excess weight (the weight above what is considered
healthy) in one to four years. One clinic claimed a long-term
success rate of 99 percent since the program’s inception.



Success is achieved when patients maintain a 70 percent loss
of excess body weight.

Answers to Questions for Comprehension
Student Textbook page 236 

Q32. Anorexia and obesity represent normal diets gone awry.
Anorexic people relentlessly pursue thinness by literally
starving themselves for varying periods of time. Seriously
overweight people—defined medically as those who are
more than 20 percent over their ideal weight—are often
plagued by compulsions to eat. 

Anorexia and other eating disorders are unhealthy
responses to stress, painful feelings, and other problems.
While the specific cause is unknown, the condition
seems to stem from a combination of psychological,
biological, familial, and cultural factors. New research
indicates that, in 1 anorexic out of 10, a genetic
abnormality may be involved.

Student Textbook page 237 

Q33. You may wish to share this quotation with them:

“Our elders teach us that although our ancestors did
not have problem-free lives, our people were in
excellent health before European contact. We are told
that long ago people died mainly from such things as
old age, complications for mothers and infants during
and immediately after child-birth, and fatal injuries
inflicted in battles with warring tribes. Moreover, our
ancestors were very spiritual and ethical in dealing
with self and others. This strength of mind
contributed to the wellness of our people. So too did
their healthy diet. All food was truly natural and pure.
There were no such things as iodized salt, refined
sugar and chemically treated food. Babies developed
strong bones and immune systems as a result of being
breastfed until they were three years of age. There was
no trace of contemporary childhood diseases such as
measles, mumps, and chicken pox. Being a migrating
nation meant that everyone was physically active and
generally in good condition. People walked for many
miles during times of migration, hauling necessities
such as water and wood by hand. Together with a
strong sense of spiritual purpose, these factors
contributed to the excellent physical, intellectual,
emotional, and communal health of the Stoney
People. Even today, our people experience a deep
sense of pride in knowing that our ancestors were
healthy and well-organized and that they had the
ability to survive in harsh environmental conditions.
Our elders also tell us that physical illness was rare
before European contact, and when necessary there
were medicine people to address most health needs.

Source: Long, D. A. and T. Fox. “Circle of Healing:
Illness, Healing and Health Among Aboriginal People in
Canada.” In Visions of the Heart: Canadian Aboriginal

Issues, edited by D.A. Long and O.P. Dickason. Harcourt:
Toronto, 1996, p. 252.

Biology File: Web Link
Student Textbook page 237

A “food additive,” as defined under the Canadian Food and
Drug Regulations, means any substance, including any source
of radiation, which becomes a part of or affects the
characteristics of food. Based on this definition, the term does
not refer to salt, sugar, and starch used as ingredients of food
or commonly sold as food products. (Certain other substances
are excluded from the definition because they fall into
categories covered separately under the Food and Drug
Regulations and are thus subject to other controls. These
ingredients include vitamins, mineral nutrients, amino acids,
spices, seasonings, and flavouring preparations, as well as
agricultural chemicals, food-packaging materials, and
veterinary drugs.)

The current list of approved additives includes 380
substances, classified into 14 tables based on the function of
the additives.

Thought Lab 6.3: Enzymes and Diet
Student Textbook page 238 

Purpose 
Students evaluate the role of technology in solving problems
that involve dietary choices. 

Outcomes 
■ 20–D1.1sts
■ 20–D1.2sts
■ 20–D1.3s
■ 20–D1.4s

Advance Preparation 

Materials

none

When to Begin What to Do

2 to 3 weeks before ■ Book the library and/or
computer lab for student
research.

2 days before ■ Photocopy BLM 6.3.1:
Thought Lab 6.3: Enzymes
and Diet

■ Photocopy Assessment
Checklist 7 Independent
Research Skills.
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