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AREA OF STUDY 2
WHAT IS THE CHEMISTRY OF FOOD?

11 Key food molecules

11.1 Overview
Numerous videos and interactivities are available just where you need them, at the point of learning, in
your digital formats, eBookPLUS and learnON at www.jacplus.com.au.

11.1.1 Introduction 

FIGURE 11.1 In the future, insects could supply protein in a
balanced diet.

Sharing food with family and friends is one
of the joys of life. But what are we really
eating? We know that a balanced diet enables
us to stay active and healthy, providing
energy for daily activity, and to allow
growth, repair and regulation of our organs
and body processes. The term ‘diet’ is
referred to as the daily food that is usually
eaten by a person, but what makes up a
balanced diet?

Everything we eat is a chemical, so what
happens to food molecules when we
consume a meal? The proteins we eat are
essential building blocks for an enormous
number of compounds involved in growth
and repair of cells and, if required, energy.
They are usually obtained from animal sources but there are plant sources too. Most of our carbohydrates
come from plants, which provide a source of energy for the many processes occurring in the body. ‘Lipid’
is a general term for fats and oils, which are energy storage compounds. Proteins and carbohydrates are
polymers, large molecules that are made up of repeating units of small molecules called monomers.
Although lipids are relatively large molecules, they are not polymers. The many reactions that occur
between these organic compounds depend on how the molecular structures and various functional groups
interact, and the conditions in the particular part of the body. The structure of the major food molecules is
examined in this topic and the digestion of these molecules is discussed in topic 12.

11.1.2 What you will learn

KEY KNOWLEDGE
In this topic, you will investigate:

• proteins: formation of dipeptides and polypeptides as condensation polymers of 2-amino acids; primary
(including peptide links), secondary, tertiary and quaternary structure and bonding; distinction between
essential and non-essential amino acids as dietary components

• carbohydrates: formation of disaccharides from monosaccharides, and of complex carbohydrates
(specifically starch and cellulose) as condensation polymers of monosaccharides; glycosidic links; storage
of excess glucose in the body as glycogen; comparison of glucose, fructose, sucrose and the artificial
sweetener aspartame with reference to their structures and energy content
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• fats and oils (triglycerides): common structural features including ester links; distinction between fats and
oils with reference to melting points; explanation of different melting points of triglycerides with reference to
the structures of their fatty acid tails and the strength of intermolecular forces; chemical structures of
saturated and unsaturated (monounsaturated and polyunsaturated) fatty acids; distinction between
essential and nonessential fatty acids; and structural differences between omega-3 fatty acids and
omega-6 fatty acids

• vitamins: inability of humans to synthesise most vitamins (except Vitamin D) making them essential dietary
requirements; comparison of structural features of Vitamin C (illustrative of a water-soluble vitamin) and
Vitamin D (illustrative of a fat-soluble vitamin) that determine their solubility in water or oil.

Source: VCE Chemistry Study Design (2016–2021) extracts © VCAA; reproduced by permission.

PRACTICAL WORK AND INVESTIGATIONS
Practical work is a central component of learning and assessment. Experiments and investigations, supported by
a Practical investigation logbook and Teacher-led videos, are included in this topic to provide opportunities to
undertake investigations and communicate findings.

Resources

Digital documents Key science skills (doc-30903)

Key terms glossary – Topic 11 (doc-31418)

Practical investigation logbook (doc-31419)

To access key concept summaries and past VCAA exam questions download and print the studyON: Revision and practice
exam question booklet (doc-31420).

11.2 Proteins

KEY CONCEPT
• Proteins: formation of dipeptides and polypeptides as condensation polymers of 2-amino acids; primary

(including peptide links), secondary, tertiary and quaternary structure and bonding; distinction between
essential and non-essential amino acids as dietary components

11.2.1 What are proteins?
Virtually all body structures and activities depend on proteins, and eating protein is not just about building
muscles, it provides the raw materials for many structural and functional components in the body. As
enzymes, proteins act as catalysts and have many other roles in the body. Some are antibodies to prevent
infection, some assist with the formation of new molecules by interpreting the genetic information stored in
DNA, and others act as hormones and transmit signals to coordinate biological processes between different
cells, tissues and organs. Proteins provide structural components for cells, they form muscle fibres, which
assist in movement, and they carry atoms and small molecules around the body.

TOPIC 11 Key food molecules 397

UNCORRECTED PAGE PROOFS



“c11KeyFoodMolecules_print” — 2019/8/9 — 16:34 — page 398 — #3

FIGURE 11.2 Examples of proteins in the body

Skin contains the proteins collagen and keratin.

Blood plasma contains blood proteins, which help fight

infections and transport lipids, hormones, vitamins and

minerals.

The hormone insulin, which helps in  carbohydrate

metabolism, is a protein made by the pancreas.

The fibres of nerve cells are surrounded by protein.

Hair is made of the protein keratin.

The enzyme amylase is a protein found in saliva.

The red haemoglobin in blood cells is a protein.

Muscle fibres are made of different types of proteins

that allow muscles to work in different ways.

Tendons, which join muscles to bones, contain the

protein collagen and a small amount of elastin. 
Toenails and  fingernails are made of the protein keratin.

FIGURE 11.3 Sources of protein
All protein molecules contain carbon, hydrogen, oxygen

and nitrogen. Some also contain phosphorus and sulfur.
Plants can make proteins from inorganic compounds such
as nitrates, water and carbon dioxide. Animals cannot
make their own proteins directly from the same inorganic
starting materials that plants do; they depend on plants or
other animals in their food supply for organic compounds
that enable them to obtain or synthesise their own protein.
Sources of protein include meat, fish, poultry, eggs, dairy
products, soy products and beans. The thousands of
proteins in our body are polymers made up of 20 different
amino acids.

11.2.2 Formation of dipeptides and polypeptides 
Amino acids: the building blocks of proteins

FIGURE 11.4 General structure of an amino acid

1.2.

amino

group

side

chain

carboxyl

group

Proteins are polymers built from monomers
called amino acids. These amino acids are
compounds that contain amino (−NH2) and
carboxyl (−COOH) functional groups.

Most amino acids have four groups bonded
to a central carbon atom. These are:
• a carboxyl group (−COOH)
• an amino group, −NH2

• a R group (the amino acid side chain)
• a hydrogen atom.
Amino acids used to make proteins are

named 2-amino acids because the amino group
is attached to the second carbon counting from
the carboxyl group (see figure 11.4). They
are also called 𝛼-amino acids (‘alpha amino acids’). 𝛼-amino acids contain an 𝛼-carbon, which is the first
carbon atom (C1) directly bonded to a functional group, in this case, a carboxyl group.
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TIP: Do not confuse the amino functional group (−NH2) with the amide group (−CONH−). 

Resources

Interactivity Classifying properties of amino acids (int-1237)

Differences between amino acids
Amino acids differ in the structure of the R side group and it is the nature of the R side group that forms the
classification of 2-amino acids. The R side groups can be one or more of the following.
• Non-polar (hydrophobic)
• Alkyl, for example −CH3 in alanine 
• Aromatic, for example, cyclic hydrocarbon in phenylalanine

• Polar (hydrophilic)
• Neutral, for example −CH2OH in serine
• Acidic (proton donors), for example the acidic carboxyl group −CH2COOH in aspartic acid
• Basic (proton acceptors), for example the basic −CH2CH2CH2CH2NH2 in lysine.

The simplest 2-amino acids are glycine, where the R group is just a hydrogen atom, and alanine, where
the R group is a methyl group  (see figure 11.5).

FIGURE 11.5 Structures of glycine and alanine
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C2H5NO2
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Hundreds of amino acids are known, but only 20 have been found in proteins in the human body. These
2-amino acids are the building blocks of thousands of proteins and are shown in table 11.1, with the three-
letter abbreviation for their names. Amino acids can also be identified by a single letter but this is not used
in VCE Chemistry.

Amino acids are the monomers that form a protein polymer.

TABLE 11.1 2-amino acids (𝛼-amino acids)

Name Symbol Structure

Alanine Ala

CH

CH3

H2N COOH

Arginine Arg

CH2

NH

H2N

NH

CH COOH

CH2CH2 NH2C

(Continued)
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TABLE 11.1 2-amino acids (𝛼-amino acids) (Continued)

Name Symbol Structure

Asparagine Asn

CH2

O

H2N CH COOH

NH2C

Aspartic acid Asp CH2

H2N CH COOH

COOH

Cysteine Cys CH2

H2N CH COOH

SH

Glutamic acid Glu CH2

H2N CH COOH

COOHCH2

Glutamine Gln

CH2

H2N CH COOH

C

O

CH2 NH2

Glycine Gly H2N CH2 COOH

Histidine His

H2N CH2

CH2

COOH

H

N

N

Isoleucine Ile CHCH3

H2N CH COOH

CH2 CH3

Leucine Leu CHCH3

CH2

CH3

H2N CH COOH

Lysine Lys CH
2

CH
2

H
2
N

CH
2

CH COOH

CH
2

NH
2

Methionine Met CH2CH2

H2N

CH3

CH COOH

S

Phenylalanine Phe CH2

H2N CH COOH
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Proline Pro COOH

HN

Serine Ser

H2N CH2

CH2

COOH

OH

Threonine Thr

H2N CH

CHCH3

COOH

OH

Trytophan Trp

H2N CH2

CH2

COOH

HN

Tyrosine Tyr

H2N CH2

CH2

COOH

OH

Valine Val

H2N CH

CHCH3

COOH

CH3

Source: VCE Chemistry Written Examination Data book (2018) extracts © VCAA; reproduced by permission.

TIP: The name, symbol and structure of the 2-amino acids can be found in table 17 of the VCE
Chemistry Data Book. 

Dipeptides and polypeptides
Amino acids react to form peptides. The carboxyl group of one molecule reacts in a condensation
polymerisation reaction with the amino group of another amino acid molecule to form a peptide or amide
link between them. This link is called a peptide link if it is in a peptide or protein. The general term ‘amide
link’ can be used for any compound that contains the −CONH− link.

Water is produced when a peptide link is formed, so this reaction between amino acids to form peptides
is an example of a condensation reaction. When two or more amino acids combine to form a peptide, what
remains of each amino acid in the peptide is called an amino-acid residue.

FIGURE 11.6 Formation of a peptide link

peptide or

amide

N

C

O

H

carboxyl group

of another amino acid

amino group

of one amino acid

+     H2O

C

O

OH

N

H
H

+

TOPIC 11 Key food molecules 401

UNCORRECTED PAGE PROOFS



“c11KeyFoodMolecules_print” — 2019/8/9 — 16:34 — page 402 — #7

Amino acids combine to form peptides in a condensation reaction.

FIGURE 11.7 Two amino
acid residues

CH NHC

O

C

O

CH3

amino acid

residue

amino acid

residue

CH2SH

CHHN

When two amino acids combine, a dipeptide is produced. Two
possible dipeptides can be made depending on the initial alignment of
the amino acids. Glycine and alanine can combine in two ways.

The end of the peptide that has a free amino group is described as
the N-terminal. This is usually drawn on the left. The end with a free
carboxyl group is called the C-terminal. This is important because
Ala-Gly has a different structure from Gly-Ala, as shown in figure 11.8.

FIGURE 11.8 Two different dipeptides produced during the condensation reaction between glycine and
alanine
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TIP: Remember to include the water molecule as a product when writing equations for
condensation reactions

SAMPLE PROBLEM 1

Show the structure of the dipeptide formed from the condensation reaction of two alanine
molecules.

Teacher-led video: SP1 (tlvd-0720)

THINK WRITE

1. Draw the two alanine molecules, with the
carboxyl functional group of one molecule next
to the amino functional group of the other.

CH3

C

H

C

H

N

H

O
H

O CH3

C

H

C

H

N

H

O
H

O

2. Circle the −O−H of the carboxyl group and the
−H from the amine group. This is the water
molecule that is removed in the condensation
reaction.

CH3

C

H

C

H

N

H

O
H

O CH3

C

H

C

H

N

H

O
H

O
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3. Join the remaining half bonds between the
carbon atom and the nitrogen atom.

CH3

C

H H H

CN

H

H

O CH3

C C

H

N

O

O

+   H2O

4. Draw the structure of the dipeptide with the
double bond to the oxygen and the single bond
from the hydrogen to the nitrogen vertically.
Include the water molecule produced if an
equation is required.
Check that a peptide link has been formed
(−CONH−).

CH3

C

H

CH3

C

H

+   H2O

H

C NN

H

H

O

C

HO

O

PRACTICE PROBLEM 1
Show the structure of a dipeptide formed from the condensation reaction of a serine and valine
molecule.

Depending on the number of amino acid residues per molecule, the peptides formed from the
condensation reactions of amino acids are known as dipeptides, tripeptides and so on until we reach
polypeptides, which are the result of condensation polymerisation reactions. Note that, when drawing
segments of proteins, it is necessary to show the open bonds at each end by using dashes where the
next amino acid residue would be attached. Peptides of molar mass up to about 5000 g mol−1 (about 50
amino acid units) are known as polypeptides; even larger peptides are called proteins. The peptide chain
of covalently bonded nitrogen and carbon atoms is referred to as the backbone, and the R-groups are
described as side chains.

Amino acids combine in condensation reactions to form polypeptides.

FIGURE 11.9 Formation of a polypeptide
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TIP: Remember to use open bonds on each end when drawing a section of a polymer.

Resources

Video eLesson Condensation of amino acids (med-0354) 
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11.2.3 Structure of proteins
The structure of a protein is critical to its function. There are four levels of organisation that contribute to a
protein’s structure: primary, secondary, tertiary and quaternary.

FIGURE 11.10 Primary structure showing the order of amino acids in human insulin
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Primary structure of proteins 
The simplest level of protein structure is the order of amino acids in a polypeptide chain and is referred to
as its primary structure. This is composed of the amino acid residues covalently bonded with peptide
links. This sequence is unique for each particular protein and determines how the chain will be arranged
in the next level of structure. For example, insulin consists of two amino acid chains: chain A has
21 amino acids and chain B has 30 amino acids. Insulin is a hormone produced by the pancreas that helps
the cells in the body receive glucose from the blood and use it for providing energy.
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The primary structure of proteins is the order of the amino acid residues covalently bonded
in a polypeptitde chain. The amino acid residues are covalently bonded with the peptide
links.

Secondary structure of proteins
Hydrogen bonds play a significant part in the secondary structure of proteins. The secondary structure
of proteins refers to sections where the amino acid chain is organised into folded arrangements, usually
𝛼-helices and 𝛽-pleated sheets.

In 𝛼-helices, hydrogen bonds are formed between an oxygen atom of a C=O bond and a hydrogen
atom of a N−H bond that is four amino acids away on the same chain (see figure 11.11). All C=O and
N−H bonds are involved but R-groups are not included. A rigid, stable coiled structure is formed with the
R-groups pointing to the outside. For example, these long thin protein structures make up the protein
keratin, which is found in hair, skin and nails.

With 𝛽-pleated sheets, two sections of the peptide chain line up and are held together in a sheet-like
structure by hydrogen bonds between one oxygen atom of a C=O bond and a hydrogen atom of a N−H
bond in the parallel or anti-parallel sheet (see figure 11.11). The arrows at the ends of the ribbons point
towards the carboxyl end of the chain. Silk thread has been shown to consist of a fibrous protein with a
significant proportion of 𝛽-sheets.

Even though they are not involved in this level of structure, the R-groups influence the type of
arrangements because of their size and shape. Amino acid residues with ring structures in side groups are
more likely to be found in sheets because more space is available.

Some protein structures consist of more than a thousand atoms in complex arrangements with a multitude
of intermolecular interactions, so they are sometimes represented by computer generated models, such as
figure 11.11, The sections of 𝛼-helices and 𝛽-pleated sheets are linked by thin sections showing random
coils and loops.

FIGURE 11.11 Secondary structure of a protein shown in a computer representation

The secondary structure of proteins is the arrangement of the amino acid chain into
𝛼-helices and 𝛽-sheets. These structures result from hydrogen bonding within the
sequences.
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Tertiary structure
The three-dimensional structure of a protein is critical to its function and involves almost all common types
of intermolecular interactions. Bonding between R-groups, the side chains, of the amino acids results in
a complex three-dimensional shape called the tertiary structure. This may involve hydrogen bonding,
ionic bonding or disulfide bridges. A covalent bond between two cysteine molecules is known as a disulfide
bridge. These stabilise protein structures and keep them in particular conformations. Non-polar R-groups
are hydrophobic and gather on the inside of the protein, leaving hydrophilic R-groups on the surface to
interact with the aqueous environment in cells.

The tertiary structure involves interactions between R-groups as hydrogen bonding, ionic
bonding or disulfide bridges.

Cysteine is the only amino acid that can form disulfide bonds.

TIP: Both the secondary and te rtiary structures involve hydrogen bonding.
In the secondary structure the hydrogen bonds are within the same peptide chain.
In the tertiary structure the hydrogen bonding is between R-groups.

FIGURE 11.12 Types of bonding present in the tertiary structure of proteins
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Resources

Weblink Tertiary structure: the overall 3-dimensional shape of a protein

Quaternary structure
Some proteins consist of two or more folded peptide chains combined. When individual protein molecules
link together in a particular spatial arrangement, a quaternary structure is formed. These proteins can be
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the same or different, and form a larger protein complex. This complex is stabilised by interactions similar
to the tertiary structure, including hydrogen bonding, disulfide links and ionic attractions. An example is
haemoglobin, the oxygen transport protein, which has four chains: two identical 𝛼 chains and two identical
𝛽 sheets (see figure 11.13a). Collagen, the main structural protein found in skin and tendons, has three
polypeptide chains wound around each other (see figure 11.13b).

FIGURE 11.13 Models of (a) human haemoglobin molecule (globular) and (b) a collagen molecule (fibrous)

(a) (b)

The quaternary structure refers to interactions between peptide chains.

Resources

Weblink Human Complex DNA-binding protein 3D view

Summary of protein structures
Proteins contain four levels of structure.
• The primary structure is the sequence of amino acid in the molecule.
• The secondary structure is characterised by the hydrogen bonding between oxygen atoms in the C=O

bond and the hydrogen atom in the N−H bond from the functional groups in a particular peptide
chain.

• In the tertiary structure all of the main types of bonding between R-groups are involved in forming the
3D arrangement of the protein.

• The quaternary structure comprises the interactions between folded peptide chains for some proteins.
The four protein structures are visually presented in figure 11.14. The formation and performance of

proteins within the human body results from energy generated at the cellular level. The proteins formed
can be fibrous (keratin, collagen) or globular (haemoglobin, most enzymes) in structure. Fibrous proteins
are long, narrow strands and are insoluble in water. They are structural proteins. Globular proteins have a
compact rounded shape and are usually soluble.
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FIGURE 11.14 Four levels of protein structure
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11.2.4 Essential and non-essential amino acids
Humans can only produce 11 of the 20 amino acids necessary to make proteins. These proteins made in the
body are classified as non-essential amino acids. Amino acids found in proteins that cannot be synthesised
by animals from the other materials in their diets and must therefore be supplied directly in the diet are
known as essential amino acids. Unlike carbohydrates and fats, amino acids cannot be stored in the body
and must be obtained from daily food intake. High-protein food is necessary in animal diets so that all of
the amino acids necessary for the body to manufacture protein can be obtained. Essential amino acids vary
from species to species. Essential and non-essential amino acids for humans are shown in table 11.2.

TABLE 11.2 Essential and non-essential amino acids

Essential Non-essential

1. Histidine 1. Alanine

2. Isoleucine 2. Arginine

3. Leucine 3. Asparagine

4. Lysine 4. Aspartic acid

5. Methionine 5. Cysteine

408 Jacaranda Chemistry 2 VCE Units 3 & 4 Second Edition

UNCORRECTED PAGE PROOFS



“c11KeyFoodMolecules_print” — 2019/8/9 — 16:34 — page 409 — #14

6. Phenylalanine 6. Glutamic acid

7. Threonine 7. Glutamine

8. Tryptophan 8. Glycine

9. Valine 9. Proline

10. Serine

11. Tyrosine

FIGURE 11.15 Quinoa supplies the essential amino acidsProtein sourced from animal-based
food (meat) contain all the essential
amino acids, but plant-based proteins,
with the exception of quinoa and soy,
do not include all essential amino acids.
While it is not necessary to eat essential
and non-essential proteins at every meal,
our bodies’ inability to make essential
amino acids means it is important to have
a balanced intake each day. Vegetarians
and vegans are able to consume all of
the necessary amino acids by including
foods from a variety of plant sources
(including legumes, soy products, grains,
nuts and seeds) as part of a their daily
intake. Particular care is required to
ensure adequate intake of lysine and methionine because these are found in smaller quantities in some
plant foods. Tempeh, tofu, lentils and legumes are good sources of lysine, and grains, Brazil nuts and seeds
supply methionine.

11.2 EXERCISE
To answer questions online and to receive immediate feedback and sample responses for every question go to
your learnON title at www.jacplus.com.au.

1. (a) Name three foods that have a high protein content.
(b) State three functions of proteins in the body.

2. Which structure defines the three-dimensional shape of a protein?
3. Name and draw the structures of the two functional groups present in amino acids.
4. State two examples of amino acids with basic side chains.
5. (a) Draw a possible dipeptide formed between alanine and aspartic acid.

(b) Circle the peptide link.
(c) Name the type of reaction.
(d) Use the appropriate three-letter abbreviations to label these dipeptides.
(e) Calculate the molar mass of the dipeptide formed.

6. Refer to the insulin molecule in figure 11.10.
(a) State the abbreviations for the first three amino acids.
(b) Name the first three amino acids in chain A.
(c) State the name of the link (bond) and type of bonding that is present between these amino acids
(d) State the name of the link (bond) and type of bonding occurring between the cysteine residues.

7. How many distinct tripeptides can be formed from one valine molecule, one alanine molecule and one
glycine molecule?

8. Which type of bonding is found in both the secondary and tertiary structures of proteins?
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9. What type of intermolecular attraction could involve two residues of glutamic acid spaced along a
polypeptide chain?

10. (a) Explain the difference between essential and non-essential amino acids.
(b) Give an example of an essential and a non-essential amino acid.

To answer past VCAA exam questions online and to receive immediate feedback and sample responses for every
question go to your learnON title at www.jacplus.com.au.

studyON: Past VCAA exam questions

Fully worked solutions and sample responses are available in your digital formats.

11.3 Carbohydrates

KEY CONCEPT
• Carbohydrates: formation of disaccharides from monosaccharides, and of complex carbohydrates

(specifically starch and cellulose) as condensation polymers of monosaccharides; glycosidic links; storage
of excess glucose in the body as glycogen; comparison of glucose, fructose, sucrose and the artificial
sweetener aspartame with reference to their structures and energy content

FIGURE 11.16 Energy drinks contain the sugar, glucose
Athletes sometimes use sports drinks to give
them a boost of energy while exercising or
playing sport. Vigorous exercising can result
in the rapid loss of fluids, particularly if the
weather is hot; sports drinks can help replace
the lost water, sugar and salt. Research tells us
that ordinary water provides  adequate hydration
for everyone except elite athletes, but sports
drinks continue to be popular despite problems
with excess sugar intake. What is in these sports
drinks that is absorbed quickly and readily
provides energy?

11.3.1 Introduction to
carbohydrates
The sugar in sports drinks and in so many other foods helps replace the fuel that your body uses during
exercise. The sugar is a simple carbohydrate, glucose, that is stored in the liver or muscles. It is readily
available because it requires less oxygen to react than either protein or fat. Carbohydrates are molecules
made up of carbon, hydrogen and oxygen. Their general formula can be represented as Cx(H2O)y.

Most carbohydrates in our food originate from plants, in the form of glucose, and are produced through
the process of photosynthesis. 

6CO2 (g)+ 6H2O (1)
chlorophyll

sunlight
→C6H12O6 (aq)+ 6O2 (g) ∆H = +2820 kJ mol−1
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FIGURE 11.17 Sources of carbohydratesThe glucose formed during photosynthesis can
be used by the plant to form complex carbohydrates
through polymerisation reactions. When an animal
eats a plant, it can use the plant’s carbohydrates
as an energy source. Carbohydrates provide the
greatest proportion of energy in the diets of most
humans. The energy is required for muscle movement
and the functioning of the central nervous system.
Carbohydrates are also essential parts of other
important molecules such as DNA. In addition, they
have a number of beneficial effects on the taste and
texture of foods.

11.3.2 Formation of disaccharides from monosaccharides
Carbohydrates are classified into three groups according to their molecular structure: monosaccharides,
disaccharides and polysaccharides. Monosaccharides (sometimes called simple sugars) are the basic
building blocks of all carbohydrates. The most important monosaccharides are those containing five carbon
atoms (pentoses) and those containing six carbon atoms (hexoses). They are not broken-down during
digestion.

FIGURE 11.18 Structures of some common monosaccharides
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FIGURE 11.19 Fructose is a monosaccharide and
is the main carbohydrate in fruit

Monosaccharides are white crystalline solids that
are soluble in water. Their solubility is due to the
presence of several polar hydroxyl (−OH) groups in
the molecular structures. These can form hydrogen
bonds with water molecules and are also strong
reducing agents.

Monosaccharides can be in straight-chain and
cyclic forms. In aqueous solution, the cyclic
form predominates. The most abundant and most
important of these monosaccharides is glucose,
which circulates in the blood — this is why it is
known as blood sugar. It is readily available as
an energy source and provides fuel for the body,
especially the brain.

Formation of glucose
Glucose is found as a number of stereoisomers. The D-glucose molecule in figure 11.20a has four chiral
centres. The isomer designated as the D-isomer occurs in nature, but the L-isomer, which is a mirror image,
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does not. Assigning an isomer as D- or L- is based on the arrangement of the groups in the molecule and
not on the direction of rotation of polarised light. However, the two enantiomers rotate light in opposite
directions by the same amount.

The naturally occurring sugars discussed in this topic are D-isomers so when glucose is discussed from
this point on remember that it is the D-isomer that is being referred to.

FIGURE 11.20 Straight-chain and cyclic forms of (a) D-glucose and (b) D-fructose
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The formation of glucose ring structures from straight-chain glucose, the CH2OH group on C5, ends up
above the plane of the ring (see figure 11.21). As the ring closes, a new chiral centre is produced at C1, with
−OH adopting one of two possible orientations:
• −OH below the plane of the ring (i.e. on the opposite side of the ring to CH2OH) ⇒ 𝛼-glucose

(𝛼-D-glucose) (see figure 11.21a)
• −OH above the plane of the ring (i.e. on the same side of the ring as CH2OH) ⇒ 𝛽-glucose

(𝛽-D-glucose) (see figure 11.21b).
The orientation of the hydroxyl group on C1 differentiates the two molecules.

FIGURE 11.21 Structure of (a) 𝛼-glucose and (b) 𝛽-glucose
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The carbohydrates in food are commonly made up of one or more of three simple monosaccharides:
glucose, galactose and fructose. Monosaccharides can be joined to form disaccharides (two
monosaccharides), oligosaccharides (from three to about ten monosaccharides) or polysaccharides (up to
thousands of monosaccharides). Carbohydrates containing fewer than five monosaccharides are sometimes
called simple carbohydrates while polysaccharides may be called complex carbohydrates.

Polysaccharides are polymers made up from monosaccharide or disaccharide monomers.
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FIGURE 11.22 Two monosaccharides can form a disaccharide in a condensation reaction; water is produced as a
by-product

+

lactosesucrose

(a)

(b) (c)

O

+  H2O

maltose

glycosidic link

waterα-D-glucose

CH2OH CH2OH

H O

OH

OH

H

H

OH

H

OH

H
H O

OH

H

H

OH

H

OH

H

CH2OH

H O

OH

OH

H

H

OH

H
H

O

CH2OH

O

H

OH

HO

H

CH2OH

CH2OH

H O

OH

OH

H

H

OH

H H

O

CH2OH

H O

OH

H

H

OH

H

OH

H

CH2OH

OH O

H

OH

H

H

OH

H

H

α-D-glucose

CH2OH

H O

OH

OH

H

H

OH

H

OH

H

FIGURE 11.23 Sucrose (table sugar) is a disaccharide.
Disaccharides are made of two

monosaccharides through a condensation
reaction that occurs between the hydroxyl
group on C1 of one glucose molecule and
the hydroxyl group on C4 of an adjacent
glucose molecule. A molecule of water is
eliminated as a glycosidic link (a special
case of ether link), is formed. The three
disaccharides found most commonly in
food are sucrose (found in fruits), maltose
(the end-product in the malting of barley
during beer manufacture and also in starch
digestion in the human gut) and lactose
(found in milk). Table sugar is actually
the disaccharide sucrose. However, all of
these small carbohydrates are classified as
sugars, and their names have the suffix −ose.

The glucose monomers in polysaccharides are held together by glycosidic links (−O−).

TIP: The formula of some biomolecules can be found in section 10 of the VCE Chemistry Data
Book.

11.3.3 Polysaccharides
Polysaccharides are carbohydrates of high molar mass. Unlike monosaccharides and disaccharides, they
are non-crystalline, generally insoluble and tasteless. Polysaccharides are polymers that consist of large
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FIGURE 11.24 Iodine can be used as a test for
starch. The brown colour of iodine becomes
blue/black in the presence of starch.

numbers of monosaccharide monomers that have
combined in condensation polymerisation reactions.
They are sometimes called complex carbohydrates.
Starch, glycogen and cellulose are important
polysaccharides in plant and animal systems.

Starch
Starch is a white granular polysaccharide that
is the major storage form of glucose for plants.
It is found in corn, wheat, seeds and the fleshy
part of vegetables and fruit, and is the second
most common organic compound. Starch is a
condensation polymer of 𝛼-glucose and is made
up of two polymers: amylose and amylopectin.
The proportion of each of these polymers present is
dependent on the type of plant food.

FIGURE 11.25 Testing different concentrations of
starch solutions

The three test tubes shown in figure 11.25
demonstrate a positive test for three different
concentrations of starch solutions. Moving from
left to right, the starch concentrations decrease
by a factor of 10: they are 1%, 0.1% and 0.01%.
The amylose portion of the starch molecule can
trap iodine in its coiled structure. The iodine then
appears to take on a purple colour, and even appears
black at high concentrations.

Amylose comprises about 20% of starch
and consists of 50–300 𝛼-glucose units in a
continuous chain formed from C1–C4 linkages
only. Because the hydroxyl groups on C1 and C4
are both below the plane of the ring and all the
molecules are aligned the same way, polymerisation
is straightforward. This results in a long chain
molecule that forms tightly packed spirals due to hydrogen bonding along its length. Much of the hydrogen
bonding is within the coil so fewer water molecules can form hydrogen bonds. This makes amylose
insoluble in water.

FIGURE 11.26 Section of amylose polymer
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Amylopectin is a polymer much larger and more loosely branched than amylose. It consists of 300–5000
𝛼-glucose units. The branching occurs as a result of C1–C6 linking between smaller segments of the
C1–C4-linked straight chain. Amylopectin is water soluble because the open branched structure allows
hydrogen bonding with water. It has a more open and less rigid structure than amylose, and a reddish colour
is seen when it is mixed with iodine.
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FIGURE 11.27 Section of amylopectin polymer
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Starch is the energy storage molecule in plants and consists of amylose and amylopectin
polymers.

SAMPLE PROBLEM 2

Calculate the molar mass of a starch molecule made from 500 glucose monomers.

THINK WRITE

1. Calculate the mass of 500 glucose
monomers.

Molecular mass of glucose: 
C6H12O6 = (6 × 12) + (12 × 1) + (6 × 16)

= 180 g mol−1

Mass of 500 glucose monomers = 500 × 180

= 90 000 g mol−1

2. Determine how many water molecules
are lost.

500−1 = 499 water molecules lost between 500
monomers in this condensation reaction.

3. Calculate mass of 499 water
molecules.

Mass of 499 water molecules = 499 × 18.0
= 8982 g mol−1

4. Calculate the molar mass of starch. Molar mass of starch = 90 000 − 8982
= 81 018

= 8.10 × 104 g mol−1

PRACTICE PROBLEM 2
Calculate the molar mass of a starch molecule made from 650 glucose monomers.

Resources

Digital document Experiment 11.1 Studying starch – starch in food (doc-31277)

Teacher-led video Experiment 11.1 Studying starch – starch in food (tlvd-0763)
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Glycogen 
Three monosaccharides, glucose, fructose and galactose, are derived from the hydrolysis of carbohydrates
and are absorbed from the digestive tract. They pass to the liver, which converts fructose and galactose to
glucose, using specific enzymes. If glucose is not immediately required by the body as an energy source, it
is stored in the liver (and, to a lesser extent, in the body tissues) as glycogen. The liver reconverts glycogen
to glucose by hydrolysis for use by the body. In this way, the liver keeps the glucose concentration of the
blood relatively constant. If the body needs energy in a hurry or when the body is not getting glucose from
food, glycogen is broken down to provide the needed glucose.

Glycogen has a similar structure to amylopectin but is even more highly branched. In glycogen, as
in amylopectin, the branching is due to C1–C6 linkages. However, in glycogen, these linkages occur
approximately every 8–12 glucose units compared with every 25–30 glucose units in amylopectin. The
many ends of the molecule are readily available to react and release energy during respiration.

C6H12O6(aq)+ 6O2(g) → 6CO2(g)+ 6H2O(l)+ (energy)

FIGURE 11.28 Structures of polysaccharides

glycogen amylopectin amylose

Glucose provides energy to animals. It is stored in the liver as glycogen if not immediately
required and is reconverted to glucose by hydrolysis.

Cellulose
Cellulose is a natural polymer found in the cell walls of plant materials such as wood, paper, linen and
cotton. Food sourced from plants including grains, vegetables, fruits, legumes and nuts all contain cellulose.
Cellulose is the most abundant polysaccharide and is a linear polysaccharide also formed by condensation
polymerisation of the 𝛽-glucose monomer. For the glycosidic bond to form between C1 and C4 in
𝛽-glucose, alternate glucose molecules must be inverted, which is the case for cellulose. As with starch,
this reaction occurs in plants using the glucose they form during photosynthesis.

There is no branching in a cellulose molecule. The arrangement of 𝛽-glucose units and the extensive
hydrogen bonding between the unbranched chains provides strength to the rigid cell walls in plants.
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FIGURE 11.29 Structure of part of a cellulose polymer
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FIGURE 11.30
Arrangement of
𝛽-glucose units
in cellulose

TIP: The monomer for cellulose is 𝛽-glucose but the monomer for starch and glycogen is
𝛼-glucose.

Resources

Digital document Experiment 11.2 Constructing models of carbohydrates (doc-31278)

11.3.4 Structures and energy content
Simple sugars and artificial sweeteners
The simple sugars discussed in section 11.3.3 have different levels of sweetness and effects on blood
glucose levels. The effect of a particular carbohydrate on blood glucose levels can be compared using the
glycaemic index (GI). Many people enjoy sweet food, but these foods contain mainly sugar and very few
other nutrients. Eating excess sugar can lead to obesity and possibly diabetes, so many people have turned
to artificial sweeteners, particularly in soft drinks.

One of the most commonly used artificial sweeteners is aspartame, which can be identified on food
labels as additive 951. It is a white, odourless, soluble crystalline powder, a dipeptide methyl ester and
chemically known as methyl l-𝛼-aspartyl-l-phenylalaninate. A scientist who inadvertently licked his
finger in the lab (a procedure that is definitely not recommended in a chemistry laboratory!) discovered
it accidently. Aspartame is used extensively because it combines well with different foods. It can break
down under conditions of high temperature or high pH, so it is not used for baking and the shelf life of
foods containing aspartame is limited. A comparison of the relative sweetness of some simple sugars and
aspartame is shown in table 11.3.

TABLE 11.3 Sweetness, energy and glycaemic index of sugars and aspartame

Sugar/sweetener Notes
Relative
sweetness Energy

Glycaemic
Index

Lactose Disaccharide composed of glucose and
galactose; naturally occurring sugar found in
milk

0.15 16.7 kJ/g 45

Glucose Monosaccharide also known as dextrose; can
cause glucose levels in blood to rise quickly

0.74 16.7 kJ/g 100

(Continued)
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TABLE 11.3 Sweetness, energy and glycaemic index of sugars and aspartame (Continued)

Sugar/sweetener Notes
Relative
sweetness Energy

Glycaemic
Index

Sucrose Disaccharide composed of glucose and fructose;
also known as table sugar, castor sugar, cane
sugar and beet sugar

1.0 16.7 kJ/g 65

Fructose Monosaccharide usually found combined with
glucose in sucrose in honey and fruit juice; bees
hydrolyse sucrose into glucose and fructose

1.6–1.9 16.7 kJ/g 19

Aspartame An artificial, non-saccharide sweetener used as a
substitute for sugar in some foods and drinks

150–250 16.7 kJ/g 0

FIGURE 11.31 Structures of (a) sucrose and (b) aspartame

sucrose

O

CH2OH

O

H

OH

HO

H

CH2OH

CH2OH

H O

OH

OH

H

H

OH

H H

(a) (b)

aspartame

HO

H2N

CH3

O

O
H

O

N
O

TIP: Make sure you can identify the functional groups in aspartame.

FIGURE 11.32 Less aspartame is required
to provide the same sweetness as sucrose.

Aspartame is about 200 times sweeter than sugar, which
means that less aspartame than sucrose is needed to achieve
the same level of sweetness. In the body, aspartame is
hydrolysed to aspartic acid, phenylalanine and methanol.
The effects of these products are minimal compared with
the intake from other food sources.
• Aspartic acid is a non-essential amino acid, and is

important as a component of DNA and in the
production of urea. It also acts as a neurotransmitter
in the brain. Neurotransmitters are chemicals that
transfer impulses from one nerve cell to the next.

• Phenylalanine is an essential amino acid needed for the
synthesis of some neurotransmitters and is involved in
energy metabolism, although people with the genetic disorder phenylketonuria (PKU) cannot
metabolise phenylalanine. Phenylketonuriacs need a special diet to avoid brain damage caused by the
build-up of phenylalanine.

• Very small amounts of methanol are found in many foods and are poisonous only if consumed in large
quantities. Methanol is absorbed and oxidised into methanal and then to methanoic acid.

• It is interesting to note that aspartame has two chiral carbon atoms, resulting in one isomer that is
sweet and the other that is bitter.
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STEVIA: ANOTHER SUGAR ALTERNATIVE
Stevia is also gaining popularity as a natural sweetener, which is derived from the leaves of the plant species
Stevia rebaudiana. It has 30–50 times the sweetness of sugar and as the body cannot metabolise the glycosides
it has both zero kilojoules and a zero glycaemic index.

11.3 EXERCISE
To answer questions online and to receive immediate feedback and sample responses for every question go to
your learnON title at www.jacplus.com.au.

1. What is the molecular formula and molecular mass of glucose?
2. (a) List three sources of carbohydrates in the diet.

(b) What is the major function of carbohydrates in the body?
3. (a) Identify the monosaccharides from which sucrose, maltose and lactose are formed.

(b) Write a balanced equation (showing structural formulas) for the formation of maltose.
(c) Name the type of reaction involved in the production of a disaccharide.
(d) Name and label the link formed in the reaction between the two monosaccharides.
(e) Name the functional groups taking part in the reaction.

4. Describe the similarities and differences between galactose and lactose.
5. Calculate the molar mass of two strands of cellulose each made from 400 glucose monomers.
6. Compare the structures of the three polysaccharides: glycogen, starch and cellulose.
7. Name the polysaccharide that matches each of the descriptions below.

(a) It is the energy storage molecule in plants.
(b) It is made from 𝛽-glucose monomer units.
(c) If excess glucose is present in the body, it is first stored in muscle and the liver in this form.
(d) It is made up of two polymers: one branched and the other unbranched.
(e) It is the most abundant polysaccharide.

8. State and draw the functional groups that are present in:
(a) glucose
(b) sucrose
(c) aspartame.

9. Aspartame has the same number of kilojoules per gram as sucrose, so why is it used in diet foods?
10. Aspartame is not a carbohydrate. What type of compound is it? Why is it used in diet foods?

To answer past VCAA exam questions online and to receive immediate feedback and sample responses for every
question go to your learnON title at www.jacplus.com.au.

studyON: Past VCAA exam questions

Fully worked solutions and sample responses are available in your digital formats.

11.4 Fats and oils

KEY CONCEPT
• Fats and oils (triglycerides): common structural features including ester links; distinction between fats and

oils with reference to melting points; explanation of different melting points of triglycerides with reference to
the structures of their fatty acid tails and the strength of intermolecular forces; chemical structures of
saturated and unsaturated (monounsaturated and polyunsaturated) fatty acids; distinction between
essential and nonessential fatty acids; and structural differences between omega-3 fatty acids and
omega-6 fatty acids
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11.4.1 Structural features of fats and oils

FIGURE 11.33 Fats are solid at room
temperature and oils are liquid

Fats and oils belong to a group of compounds called lipids,
which also include a small number of other compounds such as
waxes, fat-soluble vitamins, monoglycerides and diglycerides.
Our bodies need lipids because, as well as their function as an
energy store, they form components in cell membranes and are
important for hormone production, insulation, protection of vital
organs and transport of fat-soluble vitamins. Fats and oils contain
the elements carbon, hydrogen and oxygen. In this respect, they
are similar to carbohydrates, but fats and oils have a smaller
percentage of oxygen and are not polymers. They are found in
fish, dairy products, oils, fried foods, seeds and nuts.

TIP: Fats contain a lower proportion of oxygen
atoms than carbohydrates.

Fats and oils are called triglycerides because they are formed
by a condensation reaction between glycerol and three fatty
acids. The fatty acids can be the same or different. Glycerol is
an alcohol, a non-toxic, colourless, clear, odorless and viscous
liquid that is sweet-tasting and has the semi-structural formula
CH2OHCH(OH)CH2OH. Fatty acids are long-chain carboxylic
acids usually containing an even number of 12–20 carbon atoms.
Examples of fatty acids include stearic acid and oleic acid, which have eighteen carbon atoms in their
chains. The carboxyl groups in the fatty acids react with the three hydroxyl groups in the glycerol to form
three ester links, −COO−, and water is a product of the reaction. Triglycerides are hydrophobic and less
dense than water because of the large sections of non-polar, hydrophobic sections of the molecules.

FIGURE 11.34 Reaction of glycerol and three fatty acids to form a triglyceride
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Fats and oils are formed by a condensation reaction between glycerol and three fatty acids.

Saturated and unsaturated fatty acids

FIGURE 11.35 Sources of saturated fats
The presence of C=C double bonds affects the
melting and boiling points of the triglycerides
in fatty acids. Fatty acids can be classified as
saturated or unsaturated. Saturated fatty
acids have C−C single bonds and straight
chains that pack close together to form saturated
fats and allow dispersion forces to more
effectively operate between the fatty acids
and hold them together. Triglycerides that
consist of mainly saturated fatty acids are
usually solids at room temperature, 25 °C.
Saturated fats are very stable and less likely
to be oxidised. They generally originate from
animal products including meat, butter and
cheese. It is recommended that they be limited in our diet because they can increase blood cholesterol
levels, one of the major factors in heart disease.

FIGURE 11.36 Example of a saturated and an unsaturated fatty acid
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Oils contain a higher proportion of unsaturated fatty acids than fats. Unsaturated fatty acids may contain
monounsaturated fatty acids, with one C=C double bond, or polyunsaturated fatty acids with a number
of C=C double bonds. The double bonds cause bends in the fatty acid chains, which disrupt the dispersion
forces between the molecules and prevent close packing of these molecules. The consequence of this is
that oils have a lower melting point and are liquid at room temperature. The hydrogen atoms and groups
either side of a double bond can be found in the cis or trans configuration. Naturally-occurring fatty acids
generally have the cis configuration. The structure of a trans-fat configuration is closer to a straight line.
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FIGURE 11.37 Cis- and trans-fatty acids

Elaidic acid (trans-d9)

Oleic acid (cis-d9)

FIGURE 11.38 Weak
interactions between
long-chain branched
lipids in olive oil
means it is liquid at
room temperature.

Naturally occurring fatty acids generally have the cis configuration.

TIPS:
• Remember to refer to unsaturated fatty acids as having one or more carbon to carbon

double bonds.
• Trans-fatty acids have a linear (non-bent) structure, which means that they have higher

melting points than cis-fatty acids.

Hydrogen can be reacted with unsaturated fatty acids to convert them to saturated fatty acids in a process
called hydrogenation but this increases the amount of trans-fats, which are less healthy. The amount
of hydrogen added determines the melting point of the triglyceride. Unsaturated triglycerides, whether
monounsaturated or polyunsaturated, reduce cholesterol and so are preferable in the diet. The iodine
number is used to measure the degree of unsaturation. The iodine number is the mass of iodine that reacts
with 100 g of a fat or oil. Iodine reacts with the carbon to carbon double bonds so the more double bonds
there are, the higher the iodine number.

TABLE 11.4 Some common carboxylic acids found in fats and oils

Common
name

Number
of carbon
atoms Semi-structural formula

Example
of source

Degree of
unsaturation

Palmitic acid 16 CH3(CH2)14COOH Palm oil Saturated

Stearic acid 18 CH3(CH2)16COOH Animal fats Saturated

Oleic acid 18 CH3(CH2)7CH=CH(CH2)7COOH Peanut oil Monounsaturated

Linoleic acid 18 CH3(CH2)4CH=CHCH2CH=CH(CH2)7COOH Vegetable
oils

Polyunsaturated

• Saturated fatty acids have only single C−C bonds.
• Monounsaturated fatty acids contain one C=C bond.
• Polyunsaturated fatty acids contain more than one C=C bond.
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Essential and non-essential fatty acids
Normal functioning of the body requires some essential fatty acids (EFAs). Deficiency can affect the
liver, kidneys, blood, immune system and condition of the skin. EFAs are fatty acids that must come from
our diet because the body cannot produce them. They are often called omega fatty acids. Examples are
alpha-linolenic acid (ALA) and linoleic acid (LA). ALA is found in flaxseed oil, canola oil, linseed, tuna,
trout and salmon, whereas LA is present in oils such as soybean, sunflower, corn and safflower, as well as
nuts and seeds. Non-essential fatty acids are still needed by humans but can be synthesised from foods.
Examples of non-essential fatty acids include stearic acid and palmitic acid.

TIP: Take care recognising the two acids linolenic and linoleic acids. Their names are very
similar.

Structural differences between omega-3 and omega 6-fatty acids
Linolenic acid is an omega-3 fatty acid, and linoleic acid is an omega-6 fatty acid. The position of the
double bond is critical to the function of the fatty acid because the body’s enzymes cannot react with double
bonds near the methyl end. The names arise from the number of the carbon atom in the double bond that
is closest to the methyl end, rather than the carboxyl end. Omega (symbol 𝜔) is the last letter of the Greek
alphabet.

Humans can synthesise longer omega-3 and omega-6 fatty acids from LA and ALA. The human body
can transform LA into other fatty acids including arachidonic acid (AA) and ALA into eicosapentaenoic
acid (EPA), both of which contain 20 carbon atoms. These are important fatty acids that are needed to make
chemicals for the process of inflammation and the nervous system.

FIGURE 11.39 Omega fatty acids

Linoleic acid is an omega-6 fatty acid (first double bond after omega-6 carbon atom).

Alpha-linolenic acid is an omega-3 fatty acid (first double bond after omega-3 carbon atom).

omega-1 carbon = carbon = oxygen = hydrogen

TABLE 11.5 Formulas of some fatty acids

Name Formula Semi-structural formula

Lauric C11H23COOH CH3(CH2)10COOH

Myristic C13H27COOH CH3(CH2)12COOH

Palmitic C15H31COOH CH3(CH2)14COOH

(Continued)
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TABLE 11.5 Formulas of some fatty acids (Continued)

Name Formula Semi-structural formula

Palmitoleic C15H29COOH CH3(CH2)4CH2CH=CHCH2(CH2)5CH2COOH

Stearic C17H35COOH CH3(CH2)16COOH

Oleic C17H33COOH CH3(CH2)7CH=CH(CH2)7COOH

Linoleic C17H31COOH CH3(CH2)4(CH=CHCH2)2(CH2)6COOH

Linolenic C17H29COOH CH3CH2(CH=CHCH2)3(CH2)6COOH

Arachidic C19H39COOH CH3(CH2)17CH2COOH

Arachidonic C19H31COOH CH3(CH2)4(CH=CHCH2)3CH=CH(CH2)3COOH

TIP: The formulas of the fatty acids in table 11.5 can also be found in table 9 of the VCE
Chemistry Data Book.

11.4 EXERCISE 
To answer questions online and to receive immediate feedback and sample responses for every question go to
your learnON title at www.jacplus.com.au.

1. Refer to table 11.5 and give an example for each of the following.
(a) Saturated fatty acid
(b) Monounsaturated fatty acid
(c) Polyunsaturated fatty acid

2. What is the molecular formula of:
(a) glycerol
(b) stearic acid?

3. Which fatty acid in table 11.5 contains the most double bonds?
4. Explain why ethanoic acid is soluble in water but myristic acid is not.
5. For each of the following pairs, explain which will have the higher melting point.

(a) Cis- or trans-fatty acids
(b) Saturated or unsaturated fatty acids
(c) Longer or shorter fatty acids

6. Write names and formulas of fatty acids used to produce the following triglyceride.

H2C

H2C

HC

O (CH2)14CH3

(CH2)7CH CH(CH2)7CH3

(CH2)7CH

O

O

O

O

C

C

C CHCH2CH CH(CH2)4CH3

O

7. (a)  Write the molecular formula of a saturated fatty acid containing 12 carbon atoms.
(b) Write the semi-structural formula of a polyunsaturated fatty acid containing 1 8 carbon atoms and two

double carbon to carbon bonds.
8. Sketch the structural formula of a triglyceride formed from the reaction between glycerol, one molecule of

stearic acid, one molecule of oleic acid and one molecule of myristic acid
9. Explain what an essential fatty acid is and provide an example.

10. Write the name for this omega fatty acid and say what type of omega acid it is.
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CH3

O OH

To answer past VCAA exam questions online and to receive immediate feedback and sample responses for every
question go to your learnON title at www.jacplus.com.au.

studyON: Past VCAA exam questions

Fully worked solutions and sample responses are available in your digital formats.

11.5 Vitamins

KEY CONCEPT
• Vitamins: inability of humans to synthesise most vitamins (except Vitamin D) making them essential dietary

requirements; comparison of structural features of Vitamin C (illustrative of a water-soluble vitamin) and
Vitamin D (illustrative of a fat-soluble vitamin) that determine their solubility in water or oil.

11.5.1 Vital vitamins
Vitamins are organic compounds that are needed in minute quantities on a regular basis as part of a healthy
diet. Thirteen vitamins are required but they cannot be synthesised by humans, except for vitamin D.
However, if vitamins are present in excess or are deficient, diseases such as beriberi, scurvy, anaemia,
rickets and skin disorders can occur. Some vitamins can act as coenzymes, which enable a particular
enzyme to catalyse a reaction (see topic 13 for more about coenzymes). Vitamins can be divided into two
groups: water-soluble and fat-soluble.

11.5.2 Water-soluble vitamins
Water-soluble vitamins include eight different B-group vitamins and vitamin C. They are absorbed directly
into the bloodstream and generally operate in cells to help catalyse cellular reactions. These vitamins do
not remain in the body and are excreted through the kidneys in urine if excessive amounts are consumed.
They are also more easily destroyed by heat, oxygen and light, or lost in water when boiled than fat-soluble
vitamins. Therefore, water-soluble vitamins must be obtained from food on a regular basis because they
cannot be stored. They contain functional groups containing oxygen and nitrogen. This makes them polar
molecules and explains their solubility; they can form hydrogen bonds with water. Other elements that may
be present include sulfur; cobalt is found in vitamin B12.

The B-group vitamins assist in breaking down and releasing energy from food. They are required for
healthy skin, hair, eyes and liver. The nervous system relies on B-group vitamins to function effectively.
Chemical and various refining processes reduce the amount of these vitamins in food, which explains why
brown sugar, rice and flour are more nutritious than their white forms. Vitamins play an essential part in
metabolism in the body, often by combining with enzymes (protein catalysts) (see topic 12).
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FIGURE 11.40 Sources and structure of vitamin C

Vitamin C (ascorbic acid)
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HO
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CH
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TABLE 11.6 Functions and sources of water-soluble vitamins

Vitamin Function Sources

B1 (thiamin) Assists in breaking down and releasing
energy from food; supports nerve
function

Wholegrain cereals, seeds, nuts, pork

B2 (riboflavin) Assists in releasing energy from food
and red blood cell formation; supports
healthy skin, eyes and nervous system

Dairy products, wholegrain breads and
cereals, egg white, leafy vegetables,
meat, yeast, liver and kidney

B3 (niacin) Assists in energy production; supports
skin health and nervous and digestive
systems

Meats, fish, poultry, milk, eggs,
wholegrain breads and cereals, nuts,
mushrooms

B5 (pantothenic acid) Metabolises food; assists in production
of red blood cells and hormones

Liver, meats, milk, kidney beans, corn,
legumes

B6 (pyroxidine) Metabolises food; assists in production
of red blood cells and hormones;
supports nervous system and immunity

Poultry, meats, fish and shellfish, seeds
and nuts, fish, liver, beans and legumes

B7 (biotin) Assists in energy production; involved in
metabolism of fat

Peanuts, leafy vegetables, egg, liver,
chicken, yeast, mushrooms

B9 (folic acid) Assists in production of red blood cells,
development of foetal nervous system
and DNA synthesis

Leafy vegetables, legumes, seeds, liver,
poultry, eggs

B12 (cyanocobalamin) Supports nervous system and
production of DNA and red blood cells

Meat, liver, fish, cheese, eggs

C (ascorbic acid) Maintains healthy immune system;
assists in wound healing; helps
production of collagen (protein in skin,
cartilage, tendons, ligaments, teeth and
blood vessels)

Red peppers, citrus fruits, kiwi fruit,
cantaloupe, broccoli and Brussels
sprouts
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11.5.3 Fat-soluble vitamins
Fat-soluble vitamins include vitamins A, D, E and K. They can be absorbed in the intestines and moved via
the lymphatic system, and are stored in fat deposits and within the liver, where they can accumulate. The
body converts the antioxidant beta-carotene from orange or dark green vegetables into vitamin A, or it can
be obtained from dairy products, fish or liver. Vitamin D is made by the enzyme-catalysed action of sunlight
on cholesterol and can also be sourced from foods including fatty fish, cheese and eggs. Vitamin K can be
produced in small amounts in the intestine by the action of bacteria. Fat-soluble vitamins mainly consist
of carbon and hydrogen and consequently form non-polar molecules. This means they contain few, if any,
polar groups and are more soluble in non-polar solvents such as fats and oils.

FIGURE 11.41 Some sources and the structures of vitamin D

(a) (b)
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Vitamin D2 (ergocalciferol)

CH3

CH2

CH3

CH3

H3C CH2

CH2

CH

CH

CH

CH2

CH

HO

Vitamin D3 (ergocalciferol)

TABLE 11.7 Functions and sources of fat-soluble vitamins

Vitamin Function Sources

A Important for vision and immunity Sweet potatoes, carrots, spinach, pumpkin,
liver, fish

D Helps calcium and phosphorus
absorption

Sunshine, cod liver oil, salmon, sardines, milk,
tuna, mushrooms

E Cell membrane protection Sunflower seeds, almonds, spinach,
asparagus, avocado, peanuts, tofu

K Helps blood clot Kale, spinach, spring onions, Brussels
sprouts, broccoli, parsley

ACTIVITY: A BERIBERI BAD EXPERIMENT
Christiaan Eijkman, a Dutch doctor living in Java, had a problem. The disease beriberi was becoming more
common; it caused nerve damage in victims and eventually heart failure. His research involved injecting chickens
with infected blood. Surprisingly, it was not just the injected chickens that died, but those in the control group as
well. Thinking the whole area was contaminated, he moved new chickens to a different location and was
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FIGURE 11.42 Vitamins are found in the husks of
brown rice

pleased to observe that these chickens survived.
He discovered that it was not the new location that
improved the survival rate but that these chickens
were being fed unpolished rice rather than the usual
white rice. It was not until some years later that
it was established that the water-soluble vitamin
thiamin in the husks of the brown rice had improved
the health of the chickens and provided protection
from beriberi.
1. Describe one aspect of Dr. Eijkman’s original

experiment that was good practice.
2. What was the flaw in experimental technique

for his second experiment that still led to
a solution to his problem?

3. What is another name for thiamin?
4. What must be present in this vitamin for it

to be described as water-soluble?
5. Describe what Dr. Eijkman might have done to improve the experimental design of this experiment.

11.5 EXERCISE
To answer questions online and to receive immediate feedback and sample responses for every question go to
your learnON title at www.jacplus.com.au.

1. What are vitamins?
2. Why are vitamins essential in the human diet?
3. Name the vitamin that is able to be produced by humans.
4. State two food sources of:

(a) vitamin C
(b) vitamin D.

5. Why is it necessary to eat foods containing water-soluble vitamins every day, but not necessary for
fat-soluble vitamins?

6. Explain why it is more likely that an excess of fat-soluble vitamins rather than water-soluble vitamins will
cause health problems.

7. Compare the functional groups present in vitamin C and those present in vitamin D2.
8. Are the following vitamins water-soluble or fat-soluble? Give reasons for your answers.

(a) H3C CH3 CH3

CH3

OH

CH3

(b)
OH

N CH3

OH

OH

9. What is the molecular formula of vitamin C?
10. What is another name for vitamin C?

To answer past VCAA exam questions online and to receive immediate feedback and sample responses for every
question go to your learnON title at www.jacplus.com.au.

studyON: Past VCAA exam questions
Fully worked solutions and sample responses are available in your digital formats.
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11.6 Review
11.6.1 Summary
Proteins

• Proteins are made up of carbon, hydrogen, oxygen and nitrogen. Some also contain sulfur.
• Proteins are formed by the condensation polymerisation of amino acid units. The amino functional

group of one amino acid reacts with the carboxyl functional group of another, and water is eliminated.
• Amino acids contain amino (−NH2) and carboxyl (−COOH) functional groups together with a

hydrogen atom and a R-group that identifies the amino acid.
• There are 20 amino acids in biological systems in the body.
• Essential amino acids cannot be synthesised by animals from other materials in their diet; they must be

supplied by the diet.
• Non-essential amino acids can be synthesised within the body from other materials in the diet.
• Proteins have four structural levels.
• Primary structure: the number, sequence and type of the amino acids in the chains. Only strong

covalent bonds are involved.
• Secondary structure: the helices, folds and pleats due to hydrogen bonding with non-R-group

nitrogen and oxygen in small segments of the peptide chain
• Tertiary structure: the three-dimensional shape of the protein, which is the result of interactions

between different side-chain groups and involves dispersion forces, hydrogen bonding, ionic
bonding and disulfide bridges

• Quaternary structure: the way the constituent protein branches are held together in space when
separate polypeptide chains interact with each other. This involves hydrogen bonding, disulfide
bridges, ionic bonding and dipole–dipole interactions.

Carbohydrates

• Carbohydrates are made up of carbon, hydrogen and oxygen, and have the general formula Cx(H2O)y.
• Carbohydrates can be classified into three groups according to their molecular structures:

monosaccharides, disaccharides and polysaccharides.
• Glucose is a monosaccharide that has a number of isomers including 𝛼-D-glucose and 𝛽-D-glucose.

Naturally-occurring glucose is the D-form.
• In aqueous solution, monosaccharides can exist in equilibrium in both straight-chain and cyclic forms.

It is the major energy source for the body.
• Glucose is formed from water and carbon dioxide during photosynthesis.
• Two monosaccharide units can undergo a condensation reaction to form a disaccharide. The hydroxyl

(−OH) functional group from each monomer unit reacts to form water as a by-product.
• Aspartame is an artificial sweetener that is 200 times sweeter than sucrose.
• Starch is a polysaccharide formed from the condensation polymerisation of 𝛼-glucose from

photosynthesis. It is the major storage form of glucose in plants, and is made up of amylose and
amylopectin.
• Amylose is smaller than amylopectin and consists of compacted linear chains arranged in a helical

structure. It is not soluble in water.
• Amylopectin is a longer, more loosely branched molecule that is soluble in water.

• Glycogen is the major storage form of glucose in animals. It is more highly branched than
amylopectin. Excess glucose is sto red in the liver as glycogen.

• Cellulose is a polysaccharide formed from the condensation polymerisation of 𝛽-glucose from
photosynthesis in plants. Cellulose is the major structural component of cell walls in plants.

• Humans do not have the enzyme to digest cellulose.
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Fats and oils

• Fats and oils are part of a group of nutrients called lipids; they are made up of carbon, hydrogen and
oxygen.

• Fats and oils are large esters called triglycerides made from the condensation reaction of one molecule
of glycerol and three long-chain carboxylic acids called fatty acids.

• Saturated fatty acids are long-chain carboxylic acids that do not contain a C=C double bond.
• Monounsaturated fatty acids contain one C=C double bond, and polyunsaturated fatty acids contain

more than one C=C double bond.
• Unsaturated fats can be converted to saturated fats by the addition of hydrogen.

Vitamins

• Vitamins are a group of organic compounds that are essential for growth and nutrition and are required
in small quantities in the diet because they cannot be synthesised by the body.

• Vitamins are categorised according to their solubility in water or fat; this is explained by the functional
groups present.

• Water-soluble vitamins are the B-group vitamins and vitamin C. They cannot be stored in the body so
need to be regularly ingested. They are unlikely to be toxic because they are excreted in urine. B-group
vitamins can be converted to coenzymes.

• Fat-soluble vitamins, such as A, D, E and K, are stored in the liver. They can become toxic due to build
up and are more stable to heat than water-soluble vitamins.

To access key concept summaries and past VCAA exam questions download and print the studyON: Revision and practice
exam question booklet (doc-31420).

11.6.2 Key terms

𝛼-helices hydrogen bonds are formed between an oxygen atom of a C=O bond and a hydrogen atom of a N−H
bond that is four amino acids away on the same chain

𝛽-pleated sheets two sections of the peptide chain line up and are held together in a sheet-like structure by
hydrogen bonds between one oxygen atom of a C=O bond and a hydrogen atom of a N−H bond in the
parallel or anti-parallel sheet

amide link formed when a carboxyl group reacts with an amino group in a polymerisation reaction
amino acids molecules that contain an amine and a carboxyl group
amylopectin consists of 300–5000 𝛼-glucose units; combines with amylose to form starch
amylose consists of 50–300 𝛼-glucose units in a continuous chain formed from C1–C4 linkages only; combines

with amylopectin to form starch
aspartame a common artificial sweetener
backbone a peptide chain of covalently bonded nitrogen and carbon atoms
C-terminal the end of a peptide chain with a free carboxyl group
carbohydrates general name for a class of carbon compounds that include sugars, starch and cellulose.

Carbohydrates contain the elements carbon, hydrogen and oxygen.
cellulose the most common carbohydrate and a condensation polymer of 𝛽-glucose. Humans cannot hydrolyse

cellulose, so it is not a source of energy.
condensation polymerisation step-growth polymerisation in which two monomers combine and a smaller

molecule is eliminated
condensation reaction a reaction in which molecules react and link together by covalent bonding with the

elimination of a small molecule, such as water or hydrogen chloride, from the bond that is formed
D-glucose an isomer that occurs in nature
dipeptide formed when two amino acids combine
disaccharides two sugar molecules (monosaccharides) bonded together
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essential amino acids amino acids that cannot be synthesised by animals from materials in their diets and
therefore must be supplied directly in the diet

essential fatty acids fatty acids that must come from our diet because the body cannot produce them; often
called omega fatty acids

fatty acids long-chain carboxylic acids usually containing an even number of 12–20 carbon atoms
fibrous describes long fibres in proteins that serve a structural role in the body; insoluble in water
globular describes proteins with a compact rounded shape and are usually soluble
glucose a simple carbohydrate stored in the liver or muscles
glycaemic index (GI) a figure representing the relative ability of a carbohydrate food to increase the level of

glucose in the blood
glycerol an alcohol; it is a non-toxic, colourless, clear, odorless and viscous liquid that is sweet-tasting and has

the semi-structural formula CH2OHCH(OH)CH2OH
glycogen the storage form of glucose in animals. It has a similar structure to amylopectin but is even more highly

branched
glycosidic link a particular type of ether bond
hydrogenation the addition of hydrogen to unsaturated compounds, such as fatty acids
hydrophilic describes a molecule more likely to interact with water and other polar substances
hydrophobic describes non-polar molecules that repel water molecules
iodine number used to measure the degree of unsaturation. The iodine number is the mass of iodine that reacts

with 100 g of a fat or oil.
lipids substances such as a fat, oil or wax that dissolve in alcohol but not in water
monosaccharides the simplest form of carbohydrate, consisting of one sugar molecule
monounsaturated describes fatty acids containing only one double carbon to carbon bond
N-terminal the end of the peptide that has a free amino group
non-essential amino acid the 11 of the 20 amino acids necessary to make proteins that humans can produce
non-essential fatty acid fatty acids that humans can synthesise from food
oligosaccharides three to ten monosaccharides bonded together
omega-3 fatty acid polyunsaturated fatty acids with a carbon to carbon double bond on the third carbon from

the methyl end
omega-6 fatty acid polyunsaturated fatty acids with a carbon to carbon double bond on the sixth carbon from

the methyl end
peptide formed when amino acids react
peptide link formed when a carboxyl group reacts with an amino group in a polymerisation reaction
polypeptides many amino acid residues bonded together
polysaccharides more than 10 monosaccharides bonded together
polyunsaturated describes fatty acids containing more than one double carbon to carbon bond
primary structure the order of amino acids in a protein molecule
proteins large molecules composed of one or more long chains of amino acids
quaternary structure structure formed when individual protein molecules link together in a particular spatial

arrangement
residue what remains when two or more amino acids combine to form a peptide
saturated describes fatty acids containing only single carbon to carbon bonds
secondary structure structure formed from hydrogen bonding between carboxyl and amino groups in a protein

molecule
side chain R group attached to an amino acid
starch a condensation polymer of 𝛼-D-glucose that is made up of two polymers: amylose and amylopectin
tertiary structure structure formed from side-group interaction, including hydrogen bonding, ionic bonding,

dipole–dipole interactions and disulfide bridges, in a protein molecule
triglycerides fats and oils formed by a condensation reaction between glycerol and three fatty acids
unsaturated compound containing one or more carbon to carbon double or triple bonds
vitamins organic compounds that are needed in minute quantities on a regular basis as part of a healthy diet

Resources

Digital document Key terms glossary – Topic 11 (doc-31418)
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11.6.3 Practical work and investigations

Experiment 11.1
Studying starch

Aim: to come

Digital document: doc-31277

Teacher-led video: tlvd-0763

Resources

Digital documents Practical investigation logbook (doc-31419)

Experiment 11.2 Constructing models of carbohydrates (doc-31278)

11.6 Exercises
To answer questions online and to receive immediate feedback and sample responses for every question
go to your learnON title at www.jacplus.com.au.

11.6 Exercise 1: Multiple choice questions
1. The −NH2 functional group is:

A. an amino group
B. a hydroxyl group
C. a peptide group
D. an amide group.

2. Which functional groups are involved in forming peptide bonds?
A. The carboxyl group on two amino acids
B. The carboxyl group on one amino acid and the amino side chain on another
C. The amino group on both amino acids
D. The amino group on one amino acid and the carboxyl group on another

3. What does the primary structure of a protein refer to?
A. The covalent bonds that hold the protein in a particular shape
B. The hydrogen bonds between sections of the amino acid side chains
C. The amino acid sequence of the protein
D. Whether it is globular or fibrous

4. The most common covalent cross-links are sulfur–sulfur bonds that form between two amino acids.
Which amino acid has this side chain?
A. Glycine
B. Methionine
C. Cysteine
D. Proline

5. Two 2-amino acids that contain sulfur atoms are:
A. cysteine and serine
B. cysteine and threonine
C. methionine and cysteine
D. methionine and serine.
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6. What is the strongest form of intermolecular bonding that could be formed involving the residue of the
amino acid valine?
A. Ionic bond
B. Hydrogen bond
C. Dispersion forces
D. None of the above

7. Which of the following terms refers to the sequence of different amino acids in a protein?
A. Primary structure
B. Secondary structure
C. Tertiary structure
D. Quaternary structure

8. What is the main function of carbohydrates?
A. To repair body tissues
B. To fight infection
C. A source of energy
D. To speed up chemical reaction

9. Two monosaccharides are joined by a:
A. peptide bond
B. glycosidic bond
C. hydrogen bond
D. ester bond.

10. Starch consists of:
A. unbranched amylopectin and branched amylose
B. unbranched amylose and branched amylopectin
C. branched amylopectin and branched amylose
D. unbranched amylose and unbranched amylopectin.

11. Fatty acids without double carbon to carbon bonds are said to be:
A. saturated
B. monosaturated
C. polyunsaturated
D. unsaturated.

12. Lipids are formed by a condensation reaction between fatty acids and:
A. an alcohol
B. an amino acid
C. an ester
D. a monosaccharide.

13. Which of the following fatty acids would have the highest melting point?
A. Stearic acid
B. Linoleic acid
C. Oleic acid
D. Linolenic acid

14. Which group of compounds do triglycerides belong to?
A. Carboxylic acids
B. Alcohols
C. Ketones
D. Esters

15. Which reaction is used to convert an oil into a fat?
A. Esterification
B. Dehydration
C. Hydrogenation
D. Hydrolysis
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11.6 Exercise 2: Short answer questions
1. What are the structural features of all amino acids found in naturally-occurring proteins?
2. Describe the differences in structure between glutamine and glutamic acid.
3. The amino acids cysteine and serine can react with each other to form a dipeptide.

a. State the type of reaction occurring when amino acids react together, and identify the products of the
reaction.

b. Draw the structures of the two possible dipeptides formed in the reaction between one molecule each
of cysteine and serine.

4. Polypeptides and proteins are formed by the condensation reactions of amino acids.
a. Draw the structural formula of threonine, and label the carboxyl and amino groups.
b. Give the structural formula of a dipeptide formed by the reaction of glycine and threonine. State the

other substance formed during this reaction.
c. State two functions of proteins in the body.

5. When many amino acid molecules react together, a protein is formed. These proteins have primary,
secondary, tertiary and quaternary structures.
a. State the type of intermolecular force responsible for maintaining the secondary structure.
b. State two other ways in which the tertiary structure of the protein is maintained.

6. Suppose you want to synthesise tripeptides using the amino acids alanine, glycine and aspartic acid.
a. How many different tripeptides can be prepared using each amino acid only once?
b. How many different tripeptides can be prepared using any of the three amino acids in any of the

three positions if you can use each more than once?
c. Write a balanced equation for the formation of a tripeptide, indicating which functional groups react

and which by-products are formed.
7. Draw the structural formula of the polar amino acid with formula C3H7NO3 showing all bonds.
8. The molecular formula of glucose, a monosaccharide, is C6H12O6. What is the molecular formula of

maltose, a disaccharide formed from two molecules of glucose?
9. Starch is an important nutrient in the human diet. Describe the similarities and differences in the

structures and properties of the two components that make up starch.
10. A cellulose molecule contains 640 glucose units. If the molar mass of glucose is 180 g mol–1, what is

the molar mass of the cellulose molecule?
11. Aspartame is soluble in water. Identify the atoms in the following structure that can form hydrogen

bonds with water.

CH2

CH3

CH2

H2N

OH

C

H H H

C C C CN

O

O

O

O

12. The structure of palmitoleic acid, a fatty acid found in olive oil, is shown below.

O

OH

CH3(CH2)5CH CH(CH2)7COOH

a. Palmitoleic acid is described as a monounsaturated fatty acid. Explain how each of the three
italicised words relates to the structure of palmitoleic acid.

434 Jacaranda Chemistry 2 VCE Units 3 & 4 Second Edition

UNCORRECTED PAGE PROOFS



“c11KeyFoodMolecules_print” — 2019/8/9 — 16:34 — page 435 — #40

b. Use structural formulas to show how three molecules of palmitoleic acid can form a triglyceride
when reacted with one molecule of glycerol.

c. Why is the formation of a triglyceride often described as an esterification reaction?
13. Write an equation showing the hydrolysis of the following triglyceride.

OH2C

O

C CH2(CH2)11CH3

OHC

O

C CH2(CH2)13CH3

OH2C

O

C (CH2)7CH CH(CH2)7CH3

14. Explain, in terms of their chemical structures, the differences in solubility in water of carbohydrates and
fats.

15. List the similarities and differences between the structures, properties and susceptibility to oxidation of
saturated and unsaturated fatty acids.

16. An unsaturated fat can be converted into a saturated fat by reacting it with hydrogen gas using a metal
catalyst. If 16.8 g of hydrogen gas reacts with 1.40 moles of the unsaturated fat, determine the number
of carbon to carbon double bonds present in each molecule of the unsaturated fat.

17. The following molecule is alpha-linolenic acid. It is described as an essential fatty acid and also an
omega-3 fatty acid. Explain the reasons for this description.

OH

O

18. Indicate which of the following are omega-3 and which are omega-6 fatty acids. Explain your choices.

Docosahexaenoic acid
O

HO

Eicosapentaenoic acid
O

HO

Arachidonic acid
O

HO

19. Explain why vitamin C is soluble in water and why vitamin D is insoluble. What implications does this
have on the possibility of deficiency or excess vitamins in the body?
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20. Explain whether this vitamin would be soluble in water or fat.

OH

OH
HO

H3C

H3C N

N N

NH

OH

O

O

11.6 Exercise 3: Exam practice questions
Question 1 (1 mark)
Amino acids can be formed in humans by the digestion of proteins in the food that is eaten. Which of the
following is true of most amino acids?
A. The amino acids found in the human body can all be classified as essential, rather than non-essential,

amino acids.
B. Amino acids can act as both acids and bases.
C. Amino acids can undergo addition polymerisation, forming polypeptides.
D. Amino acids are highly soluble in non-polar solvents.

Question 2 (1 mark)
The percentage of oxygen by mass in the amino acid glutamine is 32.9%. In a polypeptide formed from
glutamine, the percentage of oxygen by mass is:
A. 32.9%
B. greater than 32.9%
C. less than 32.9%
D. unable to be determined from the information provided.

Question 3 (1 mark)
Sucrose is a disaccharide consisting of glucose and:
A. fructose
B. glucose
C. maltose
D. galactose.

Question 4 (1 mark)
Aspartame is an artificial sweetener. It contains:
A. a hydroxyl group
B. a lower energy content per gram than sugar
C. a glycosidic link
D. two chiral carbons.

Question 5 (1 mark)
Vitamins are required in small amounts in a healthy diet. Vitamin C:
A. is soluble in water
B. is stored in the fatty tissues in the body
C. can be obtained from eating meat and fish
D. can be manufactured in the body.
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Question 6 (3 marks)
Circle and label the peptide links in the following structure, and name the amino acids used to produce
the tripeptide.

O

OHN

H

H

NH2N

CH3

O

O

Question 7 (7 marks)
The disaccharide sucrose is common table sugar, obtained from sugar cane and added to a wide range of
foods. Most of us eat more than the recommended level. The structure of sucrose is shown below.

O
O

OH
HO

OH

OH
OH

O

CH2OH

CH2OH

CH2OH

a. Name the two monosaccharides that combine to form sucrose. (1 mark)
b. Draw the structure of the monosaccharide with the 5-carbon ring. (1 mark)
c. What type of reaction is involved in the formation of sucrose? (1 mark)
d. Name the other molecule that is produced in this reaction. (1 mark)
e. Name the types of functional groups present in sucrose. (1 mark)
f. How does the sweetness of sucrose compare with that of the two monosaccharides? (1 mark)
g. State the molecular formula of this disaccharide. (1 mark)

Question 8 (2 marks)
A section of a starch molecule has a mass of 2.75 × 105 g mol–1. Calculate the number of glucose
residues that would be present.
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