
This chapter examines the structure and reactions 
of carbohydrates. It also discusses their significance 
in the human diet and how the type of carbohydrate 
is related to the glycaemic index. The artificial 
sweetener aspartame is compared with natural 
sweeteners. Furthermore, the structure and reactions 
of fats and oils in the body as well as different types 
of fatty acids are described. The energy content of 
foods is outlined and how it can be measured using 
calorimetry.

You will examine:

 ■ carbohydrates
 ■ the formation and structure of simple sugars
 ■ the formation and structure of complex carbohydrates
 ■ a comparison of structures and energy contents of 
glucose, fructose, sucrose and aspartame

 ■ the digestion of carbohydrates
 ■ lactose intolerance
 ■ glucose and glycaemic index
 ■ the properties and reactions of fats and oils
 ■ essential fatty acids
 ■ oxidative rancidity in foods
 ■ the energy content of foods
 ■ the principles of calorimetry.

CHaPTeR

Plants have an amazing ability. They can capture sunlight and use it to turn carbon dioxide and water into glucose, a 
molecule that is critical for life. Another name for glucose is blood sugar; it is an essential energy source not just for the 
muscles but also for the brain. Glucose levels vary during the day, but the body regulates the levels so that the change 
is not excessive. 
 After we eat, the glucose level in the blood rises and the pancreas releases a hormone, insulin, which is necessary to 
convert glucose to energy. Unhealthy levels of glucose in the blood can lead to health problems. For example, people 
with diabetes cannot produce enough insulin, or the body does not respond to the insulin properly. Diabetics can 
monitor and manage glucose levels, which are measured in mmol–1 (mM). Excessively high glucose in the bloodstream 
is a condition called hyperglycaemia, whereas too little glucose is known as hypoglycaemia. In this chapter, we look at 
the breakdown of food for energy and also how the energy in food can be measured.
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347CHAPTER 12 Food and energy

Energy and food
Athletes sometimes take sports drinks to give them a boost of energy. 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?

Types of carbohydrates
The sugar in sports drinks helps replace the fuel 
that your body has used during exercise. The 
sugar is a simple carbohydrate, glucose, that is 
stored in the liver or muscles. It is readily avail-
able because it requires less oxygen to react than 
either protein or fat. Carbohydrates are mol-
ecules 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(l) 
sunlight

chlorophyll
 C6H12O6(aq) + 6O2(g) ∆H = +2820 kJ mol–1

The glucose formed during photosynthesis may then be used by the plant to 
form complex carbohydrates through polymerisation reactions.

When an animal eats a plant, it can use the plant 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 functioning 
of the central nervous system. They 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.

Monosaccharides and disaccharides
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.

Monosaccharides are white crystalline solids that are soluble in water. Their 
solubility is due to the presence of several polar —OH groups in the molecular 
structures. These can form hydrogen bonds with water molecules. They are 
also strong reducing agents. 
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Sports drinks can help replace 
water, sugar and salt lost 
during exercise.

Glucose is formed from water 
and carbon dioxide during 
photosynthesis.

Monosaccharides (simple 
sugars) are the monomers of 
carbohydrates. They are not broken 
down during digestion.

Structures of some common 
monosaccharides. (Note: 
Carbon atoms in the ring have 
been omitted for clarity.)
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Monosaccharides can be in straight-chain and cyclic forms. In aqueous 
solution, the cyclic form predominates.
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Straight-chain and cyclic forms of (a) D-glucose and (b) D-fructose

Glucose is found as a number of stereoisomers. The molecule of d-glucose 
illustrated above has four chiral centres. The isomer designated as the d-isomer 
occurs in nature, but the l-isomer, which is a mirror image, does not. Assigning 
an isomer as d- or l- is based on the arrangement of the groups in the mol-
ecule and not on the direction of rotation of polarised light. However, the two 
enantiomers rotate light in opposite directions by the same amount. The natu-
rally occurring sugars discussed in this chapter are d-isomers.

In the structures above, note that, as the straight-chain form of glucose 
forms a ring, the CH2OH group on C5 ends up above the plane of the ring. Also 
note that, 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-d-glucose
•	 —OH above the plane of the ring (i.e. on the same side of the ring as CH2OH) 

⇒ β-d-glucose.
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(a) Structure of α-D-glucose: the hydroxyl group on C1 and the —CH2OH 
group lie on opposite sides of the ring’s plane. (b) Structure of β-D-glucose: 
the hydroxyl group on C1 and the —CH2OH group are on the same side of the 
ring’s plane.

Thus, the orientation of the hydroxyl group on C1 differentiates the two 
molecules.

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 (from two mono-
saccharides), oligosaccharides (from three to about ten monosaccharides) or 
polysaccharides (up to thousands of monosaccharides).

Carbohydrates in food are usually 
composed of glucose, galactose or 
fructose.
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Carbohydrates containing fewer than five monosaccharides are sometimes 
called simple carbohydrates. Polysaccharides may also be called complex 
carbohydrates.

Disaccharides are made of two monosaccharides through a condensation 
reaction that occurs between the hydroxyl group on C1 of one glucose mol-
ecule and the hydroxyl on C4 of an adjacent glucose molecule. A molecule of 
water is eliminated as a glycosidic link (a special case of ether bond) is formed. 
The three disaccharides found most commonly in food are sucrose (found in 

fruits), maltose (end-product in the 
malting of barley during beer manu-
facture and also in starch diges-
tion in the human gut) and lactose 
(found in milk). Table sugar is actu-
ally the disaccharide sucrose. How-
ever, all of these small carbohydrates 
are classified as sugars, and their 
names have the suffix -ose.
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Food disaccharides: (a) Two monosaccharide units (glucose) may undergo a 
condensation reaction to form a disaccharide (maltose). A hydroxyl (—OH) 
functional group from each monosaccharide reacts to produce the disaccharide 
and water as a by-product. (b) Sucrose and (c) lactose, along with maltose, are 
the most common disaccharides found in foods. Sucrose is formed by a reaction 
between glucose and fructose, and lactose is formed by a reaction between 
glucose and galactose.

Simple carbohydrates, including 
disaccharides, contain fewer than 
five monosaccharides. Complex 
carbohydrates are polysaccharides 
that may contain up to 
1000 monosaccharides.

Refined white sugar is sucrose, 
a disaccharide. Digestion of 
sucrose produces glucose. In 
addition to being stored in the 
body as glycogen, or oxidised 
for energy, glucose may be 
converted to fat for storage.

A disaccharide 
is formed by a 
condensation 
reaction 
between two 
monosaccharides.
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How sweet is it?
The simple sugars discussed previously have various sweetness and effects on 
blood glucose levels, which will be discussed later in this chapter. Most 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, and 
so many people have turned to artificial sweeteners, particularly in soft drinks. 
One of the most commonly used is aspartame, which can be identified on 
labels as additive 951. A scientist who inadvertently licked his finger in the lab 
(a procedure that is definitely not recommended in a chemistry laboratory!) 
discovered it accidently. Under conditions of high temperature or high pH, 
aspartame may break down, and so aspartame is not used for baking, and the 
shelf life of foods containing aspartame is limited for this reason. 

Table 12.1 Sweetness, energy and GI 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

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

aspartyl-phenylalanine methyl ester
(aspartame)
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Aspartame is 200 times sweeter than sucrose.

Aspartame is a white, odourless, soluble crystalline powder, a dipeptide 
methyl ester and chemically known as methyl l-α-aspartyl-l-phenylalaninate. 
In the body, aspartame is hydrolysed to aspartic acid, phenylalanine and meth-
anol. Aspartame is about 200 times sweeter than sugar. Because it is so sweet, 
only a very small amount is required to achieve the same level of sweetness as 
sugar, so the effects of its breakdown 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. 

Aspartame is an artificial 
sweetener that is 200 times sweeter 
than sucrose.
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•	 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.

Revision questions

1. Identify the monosaccharides from which sucrose, maltose and lactose are 
formed, and write balanced equations (showing structural formulas) for the 
formation of each disaccharide.

2. What functional groups are present in:
(a) glucose
(b) sucrose
(c) aspartame?

3. Aspartame has the same number of kilojoules per gram as sucrose, so why 
is it used in diet foods?

4. Aspartame is not a carbohydrate. What type of compound is it?

Polysaccharides
Polysaccharides are carbohydrates of high molar mass. Unlike monosaccha-
rides and disaccharides, they are non-crystalline, generally insoluble and 
tasteless. Polysaccharides are polymers that consist of large numbers of mono-
saccharide monomers that have combined in a condensation polymerisation 
reaction and are sometimes called complex carbohydrates. Starch, glycogen 
and cellulose are important polysaccharides in plant and animal systems. 

Starch
Starch is the major storage form of glucose and is found in seeds and the fleshy 
part of vegetables and fruit. It is the second most common organic compound. 
The human body can readily digest starch to form glucose, which is used to 
produce energy through respiration. Starch is only slightly soluble in water.

Starch is a condensation polymer of α-d-glucose and is made up of two 
polymers: amylose and amylopectin. 

Amylose, which comprises about 20% of starch, is a soluble molecule and 
smaller than amylopectin. Amylose consists of 50–300 α-d-glucose units in a 
continuous chain formed from C1–C4 linkages only. As the hydroxyl groups 
on C1 and C4 are both below the plane of the ring, polymerisation is straight-
forward with all the molecules aligned the same way. This results in a long-
chain molecule that forms spirals due to hydrogen bonding along its length.
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Section of amylose

Starch, the storage form of glucose 
in plants, and glycogen, the 
animal form of starch, are made of 
α-d-glucose monomers. Cellulose 
is made from β-d-glucose; it is not 
digestible by humans.

Starch is made up of amylose and 
amylopectin.
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Amylopectin is insoluble and is a longer more loosely branched molecule 
consisting of 300–5000 α-d-glucose units. The branching occurs as a result of 
C1–C6 linking between smaller segments of the C1–C4-linked straight chain.
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These three test tubes show 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 is a long, coiled carbohydrate polymer that can trap a brown iodide 
atom in its structure. The iodine atom then appears to take on a purple colour, 
and even appears black at high iodine concentrations.

Glycogen
Glycogen is the storage form of glucose in animals, and it is stored in the liver 
and muscles. It 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 about every 8–12 glucose 
units compared with about every 25–30 glucose units in amylopectin. The 

Digital document
Experiment 12.1 Studying starch
doc-18830

Glycogen is the storage form of 
glucose in animals.
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many ends of the molecule are readily available to react and release energy 
during respiration. 

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

glycogen amylopectin amylose

Arrangement of α-D-glucose units in glycogen, amylopectin and amylose

Cellulose
Cellulose is the most common carbohydrate and the most common organic 
molecule. Like starch, cellulose is a condensation polymer of d-glucose, but 
in cellulose the monomer is β-d-glucose. This differs from α-d-glucose in that 
the C1 and C4 hydroxyl groups are on opposite sides of the ring plane. For the 
glycosidic bond to form between C1 and C4 in β-d-glucose, alternate glucose 
molecules must be inverted. This is the case for cellulose, the structural com-
ponent in plants. As with starch, this reaction occurs in plants using the glucose 
they form during photosynthesis.
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Structure of part of a cellulose molecule. Cellulose results from the condensation 
polymerisation of β-D-glucose.

Cellulose is the main structural component of the cell wall in plants. The 
arrangement of β-d-glucose units and the extensive hydrogen bonding 
between the unbranched chains provides strength to cell walls. Humans 
cannot hydrolyse cellulose as we do not have the enzyme to hydrolyse the 
β-C1–C4 glycosidic link; hence, cellulose it is not a source of energy. Cellulose 

Digital document
Experiment 12.2 Constructing models 
of carbohydrates
doc-18829

Humans do not have the enzymes 
necessary to digest cellulose.
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is known as fibre or roughage, and it assists the passage of food through the 
digestive system. A few animals, such as cows, horses and koalas, have par-
ticular bacteria in their digestive systems to digest cellulose.

Revision questions

5. Describe the similarities and differences between starch and cellulose.
6. Name the polysaccharide that matches each of the descriptions below.

(a) It is hydrolysed to the monosaccharide glucose, and it is found in veg-
etables, fruits, and grains.

(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 has no nutritional value to humans.

Digestion of carbohydrates
The process in which complex carbohydrates, lipids and proteins are broken 
down in our digestive system by enzymes is hydrolysis. The only complex 
carbohydrate digested to any degree by humans is starch (cellulose cannot be 
hydrolysed by digestive enzymes).

Starches are initially hydrolysed in the mouth by an enzyme present in the 
saliva called salivary amylase. Salivary amylase does not completely hydrolyse 
starch to glucose. However, it can split the bonds between every second pair of 
glucose units, producing the disaccharide maltose. Hydroxyl functional groups 
form from the glycosidic (ether) linkages that are broken:

2(C6H10O5)n + nH2O 
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Since food stays in the mouth for only a short time, the salivary amylase has 
little chance to work there. Digestion by saliva continues in the stomach for 
about 20 minutes until the action of the enzyme is stopped by the acidic gastric 
juices. The optimal pH for salivary amylase is about 6, whereas the pH in the 

Arrangement of β-D-glucose 
units in cellulose

UNCORRECTED P
AGE P

ROOFS



355CHAPTER 12 Food and energy

stomach is about 1.5. Only a small percentage of the starch in food is digested 
by salivary amylase. This is a case of pH causing denaturation of the enzyme. 
The major enzyme for breaking down starches is pancreatic amylase. This 
enzyme can convert any unchanged starch (cooked or raw) to maltose.

Carbohydrate digestion is completed in the ileum (the last part of the small 
intestine) where the disaccharides maltose, lactose (milk sugar) and sucrose 
(cane sugar) are changed by the enzymes maltase, lactase and sucrase, res-
pectively, into their constituent glucose, fructose and galactose monosaccha-
rides. These monosaccharides can then pass through the intestinal villi into 
the bloodstream.

The equation for the digestion, or hydrolysis, of maltose by maltase to glu-
cose is:

C12H22O11 + H2O maltase  2C6H12O6

maltose glucose

The formation of glucose eliminates the glycosidic linkages and creates two 
hydroxyl functional groups.
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Revision question

7. Write equations for the hydrolysis of maltose, lactose and sucrose. For each 
reaction, include:
(a) structural formulas
(b) the enzymes required.

What happens to digested carbohydrates?
Glucose may be obtained from the digestion of carbohydrates. Glucose is the 
primary source of energy for all cells. Three monosaccharides — glucose, fruc-
tose 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, (C6H10O5)n. Glycogen is a highly 
branched polysaccharide of glucose, with a high molar mass. It is formed by the 
condensation polymerisation reaction between α-d-glucose units:

nC6H12O6 
enzyme

 (C6H10O5)n + nH2O

Another way of writing this equation is:

nC6H12O6  C6nH10n + 2O5n + 1 + (n – 1)H2O

The liver reconverts glycogen to glucose by hydrolysis for use by the body 
when energy is required. In this way, the liver keeps the glucose concentration 
of the blood relatively constant in the body.

Complex carbohydrates and 
proteins are broken down in the 
digestive system by hydrolysis.

Glucose, C6H12O6, is stored in the 
liver as glycogen, (C6H10O5)n, a 
polysaccharide of glucose. When 
needed, glycogen is converted 
back to glucose in a hydrolysis 
reaction. Excess glucose may also 
be stored as fat.UNCORRECTED P
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In addition to being stored as glycogen, or oxidised for energy, glucose may be 
converted to fat for storage. This fat may be used for energy at some later time.

Sample problem 12.1 

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

Mass of 500 glucose monomers = 500 × 180 

 = 90 000 g mol–1

In this condensation reaction, 499 water molecules are released. 

Mass of 499 water molecules = 499 × 18.0 

 = 8982 g mol–1

Molar mass of starch = 90 000 – 8982 

 = 81 018 

 = 8.10 × 104 g mol–1

Lactose intolerance
Milk is a source of many nutrients including proteins, lipids and carbo-
hydrates; it also provides minerals and vitamins. These nutrients are important 
for strong bones and teeth and also play a part in nerve and muscle function, 
digestive enzymes and the immune system. For some people, milk can be a 
source of discomfort due to their inability to digest lactose, sometimes called 
milk sugar. Lactose, which is a disaccharide, is found in milk produced by 
mammals to feed their young. The lactose molecule consists of a molecule of 
galactose and a molecule of glucose. People who are lactose intolerant lack the 
enzyme lactase, which is required in the hydrolysis of lactose, so it cannot be 
absorbed into the bloodstream in the small intestine. This intolerance can be 
permanent or temporary as a result of certain digestive diseases. Undigested 
lactose passes into the large intestine, and then anaerobic bacteria break down 
the lactose into small carboxylic acids and then to hydrogen, carbon dioxide 
and methane. The symptoms may include cramps, diarrhoea, flatulence and 
nausea. This is not an allergic reaction, as the immune system is not involved.

The ability to produce lactase declines from childhood. People of Asian, 
African, South American, southern European and Australian Aboriginal heri-
tage are more likely to become lactose intolerant than people of northern 
European descent. To test for lactose intolerance, glucose levels are measured 

When exercising, muscles 
convert glucose into energy 
using oxygen from within 
haemoglobin in the blood.

Solution:

Lactose intolerance is caused by 
having insufficient amounts of the 
enzyme lactase to hydrolyse the 
disaccharide lactose.
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2 hours after having a lactose drink. Alternative methods include measuring 
the amount of hydrogen in the breath or acidity in stools. 

Revision question

8. Lactose is a small and polar molecule. Explain why it is more likely to be 
soluble in milk than in butter or cheese.

Are all carbohydrates equally beneficial?
Carbohydrates supply us with glucose (also known as blood sugar) to provide 
energy for our bodies to function and for physical activity; but some carbo-
hydrates are more useful than others. The most beneficial carbohydrates are 
fruits, vegetables and whole grains. Glucose levels rise and fall as we eat, exer-
cise, rest and sleep. Optimal health requires a slow increase in glucose, rather 
than fluctuations to extreme levels. 

The glycaemic index (GI) is used to indicate how quickly various carbo-
hydrates influence glucose levels. Diets rich in high GI foods have been linked 
to an increased risk of diabetes, heart disease and obesity. Extremes in glucose 
levels can affect people differently but, for diabetics, if the glucose level becomes 
too low (hypoglycaemia), a person may have increased heartbeat, feel dizzy 
and hungry, or even lapse into a coma! If it becomes too high (hyperglycaemia) 
more of the hormone insulin is released to lower the level, and the person may 
be thirsty or hungry, and have headaches and vision problems. If treatment is 
not sought, then more severe health issues will arise. The GI is determined by 
giving a group of people a particular mass of carbohydrate and measuring their 
glucose levels over 3 hours. These readings are then compared with eating pure 
glucose. Glucose is assigned a GI value of 100. The greater the GI, the greater is 
the increase in glucose. Eating lower GI foods helps you to feel fuller for longer.

How quickly and easily food is digested depends on a number of factors. 
Starch is the most important source of carbohydrates in our diet. As discussed 
earlier in this chapter, starch consists of amylose and amylopectin. Amylose 
is digested more slowly because it consists of closely packed linear chains of 
α-d-glucose monomers arranged in a helical structure. Amylopectin is a longer 
more loosely branched molecule that has many free ends that can be easily 
hydrolysed. Therefore, foods with a greater amount of amylose have a lower GI. 
Other factors are listed in table 12.2.

Processed dairy products 
contain less lactose than milk.

The glycaemic index (GI) is a scale 
used to describe how quickly the 
carbohydrate in a food is broken 
down and absorbed into the 
bloodstream.

1 2
Time (hours)

high GI

low GI

B
lo

o
d

 g
lu

co
se

 le
ve

l

Changes in blood sugar levels 
brought about by high GI 
(glycaemic index) and low GI 
foods
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Table 12.2 Other factors affecting the rate of digestion of carbohydrates

Factor Explanation

ripeness of fruit changes in the structure of starch as fruit ripens

bran (the outer coating of wheat grains) limits the ability of enzymes to reach the starch 

fibre (cellulose) takes up space in the stomach and slows rate of digestion

sugars have different ability to be hydrolysed; fructose has a lower GI than other sugars

proteins, fats and oils slow down time for stomach to empty

food processing smaller particles have greater surface area for reaction; bran is removed

cooking method food swells and softens

acidity of food acidic fruit slows down stomach emptying

Planning meals
The glycaemic index does not take into account the following factors:
•	 other nutrients are present in the food
•	 the portion size
•	 the effect of eating different combinations of food
•	 foods with the same glycaemic index that produce different amounts of the 

hormone insulin, making the effects on health different.
Another measurement, glycaemic load (GL) takes into account how much 

carbohydrate a food contains. For example, carrots, bananas, watermelon and 
wholemeal bread have a high GI but a low glycaemic load because their carbo-
hydrate content is small. These foods have minimal effect on glucose levels. 
The glycaemic load is calculated by multiplying the number of grams of carbo-
hydrate in a serving by the GI, and dividing by 100. For example, a 120-gram 
serving of watermelon (GI = 72) has 6.0 grams of available carbohydrate, so its 

glycaemic load is 6.0
72

100
4.3,× =  and this is quite low.

In summary, in a healthy diet it is recommended that you eat moderate 
amounts of food and that the food is high in fibre, low in kilojoules, naturally 
occurring and minimally processed. A healthy and varied diet includes the 
following nutrient groups in the approximate proportions:
•	 30% grain foods
•	 30% vegetables and legumes/beans
•	 17% lean meats, poultry, fish, eggs, tofu, nuts and seeds and legumes/beans
•	 13% dairy products
•	 10% fruit.
Use only small amounts of oils, drink lots of water, and enjoy the occasional 
treat (alcohol, sweet or savoury).

Revision question

9. The recommended glucose (blood sugar) level is about 5.0 mM. Another 
unit used is mg dL–1 (1 decilitre (dL) = 100 mL). Calculate the recommended 
glucose level in mg dL–1.

Fats and oils
Fats and oils contain more than twice the amount of energy as carbohydrates. 
They belong to a group of compounds called lipids, which also include a small 
number of other compounds such as waxes, fat-soluble vitamins, monoglyc-
erides and diglycerides. Fats and oils are found in fish, dairy products, oils, 
fried foods, seeds and nuts. Fats are solids whereas oils are liquids at room 
temperature. Our bodies need lipids because, as well as their function as an 
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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. Lipids contain the elements carbon, hydrogen and 
oxygen. In this respect, they are similar to carbohydrates, but lipids have a 
smaller percentage of oxygen and are not polymers. A triglyceride is a fat or 
oil formed by a condensation reaction between glycerol and three fatty acids.

Glycerol has the semi-structural formula CH2OHCH(OH)CH2OH. Fatty acids 
are long-chain carboxylic acids with 12–18 carbon atoms and may be classified 
as saturated or unsaturated.
•	 Saturated fatty acids have all single C—C bonds. 
•	 Mono-unsaturated fatty acids contain one C C double bond.
•	 Polyunsaturated fatty acids contain more than one C C double bond.

Table 12.3 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

Fatty acids are long-chain carboxylic acids containing an even number of 
carbon atoms. The carboxyl groups in the fatty acids react with the hydroxyl 
groups in the glycerol to form an ester link, —COO—. 
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Fats and oils are triglycerides 
formed by condensation reactions 
between glycerol and three fatty 
acids.
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Properties and reactions of fats and oils
Triglycerides are hydrophobic and less dense than water. Saturated fats are 
formed from mainly straight-chain saturated fatty acids that can pack close 

together and, hence, form many dispersion force bonds 
between the molecules. Hence, they are usually solids at 
room temperature. They generally originate from animal 
products including meat, butter and cheese. Saturated fats 
are very stable and less likely to be oxidised.

In polyunsaturated triglycerides, double bonds create 
bending in the fatty acid chains (see revision question 10); 
this disrupts the dispersion forces between the molecules 
because they cannot get so close together. They are usually 
oils at room temperature. Hydrogen can be added to unsatu-
rated fatty acids to convert them to saturated fatty acids in 
the process called hydrogenation. The amount of hydrogen 
added determines the melting point of the triglyceride. The 
iodine number is used to measure the degree of unsatu-
ration. The iodine number is the mass of iodine that reacts 
with 100 grams of a fat or oil. Iodine reacts with the carbon–
carbon double bonds. The more double bonds there are, the 

higher the iodine number. Unsaturated triglycerides, whether mono- or poly-, 
reduce cholesterol and so are preferable in the diet.

Revision questions

10. Examine the structures of these saturated and mono-unsaturated fatty 
acids.
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(a) Which substance would be able to bond between molecules with the 
greatest number of dispersion forces?

(b) Which substance would be an oil at room temperature?

Unsaturated fats can be converted 
to saturated fats by the addition 
of hydrogen in the presence of a 
catalyst (Ni(s)).

Olives can be pressed to 
release olive oil, which 
contains long-chain 
branched lipids. Because 
the chains interact only 
weakly, olive oil is liquid at 
room temperature. Fats are 
solid at room temperature 
because they contain 
longer unbranched chains, 
between which many 
dispersion forces form.
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11. Explain in terms of bonding why lipids are insoluble in water.
12. Which would have the higher iodine number: fats or oils? Why?
13. Sketch the structural formula of a triglyceride formed from the reaction 

between glycerol, two molecules of stearic acid and one molecule of oleic 
acid.

Oxidation of food
You may have had the unfortunate experience of finding out that something 
that you were about to eat was ‘off’, the horrible smell emanating from the food 
confirming your realisation. This is what happens when some foods react with 
oxygen in the air. The presence of light can speed up the process. Unsaturated 
fats are less stable and are more susceptible to oxidation than saturated fats, 
as the oxygen reacts across the double bonds in unsaturated fats. This results 
in the food going rancid and becoming unpalatable. When certain molecules 
interact with oxygen, they can form free radicals. These are atoms or groups 
of atoms with unpaired electrons, which make them very reactive. These free 
radicals can then start a chain of destructive chemical reactions. The smaller 
volatile molecules, such as aldehydes, ketones and carboxylic acids, pro-
duced when food deteriorates can give it unpleasant smells and flavours. For 
example, the flavour of rancid butter is due to the presence of butanoic acid. 

Preventing rancidity
Antioxidants can be natural or synthetic, and they play an important part in 
slowing down oxidation and preventing food from spoiling. They are reducing 
agents and are therefore preferentially oxidised. An example of a natural anti-
oxidant is vitamin C (ascorbic acid), which reacts to form dehydroascorbic 
acid by losing two hydrogen atoms from the ring section of the molecule. 

H

HO

C

OH

C

CO

O

O

C

O

HO

O

CH

HO

CH2

H

O

C

O

C

CO

O

O

C

O

HO

O

CH

HO

CH2

Citric acid is also used; it helps flavour food and increases the effective-
ness of other antioxidants. Another natural antioxidant that may be present 
in foods is vitamin E, which is a fat-soluble antioxidant found in seeds, nuts, 
whole grains, green leafy vegetables, soya beans and vegetable oils. Synthetic 
antioxidants may be added to food to prevent deterioration, such as butylated 

hydroxytoluene (BHT), butylated hydroxyanisole 
(BHA) and propyl gallate. Bread, vegetable oils and 
cheese all have antioxidants added.

Other methods of preventing rancidity include: 
vacuum packaging or using nitrogen; filling con-
tainers up to the lid; storing food in the dark and cold; 
restricting access to copper, iron and nickel; and 
using dark containers or, in the case of the similar 
process of photoxidation, opaque containers.

Potato chip packaging prevents light and moisture 
from entering. Nitrogen is pumped into the bags to 
eliminate oxygen.

Polyunsaturated fats are less 
stable and are more susceptible to 
oxidation.

Vitamin C (ascorbic acid) and 
dehydroascorbic acid 

Antioxidants slow down the 
oxidation of food.
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Revision questions

14. Explain why unsaturated fats are more susceptible to becoming rancid than 
saturated fats.

15. (a)  Write the half-equation for the formation of dehydroascorbic acid, 
C6H6O6, from ascorbic acid, C6H8O6. 

(b) Explain whether this is an oxidation or reduction reaction.
(c) Which functional groups are affected in ascorbic acid, and what type of 

functional group is formed?

Essential fatty acids
Normal functioning of the body requires some essential fatty acids. Deficiency 
can affect the liver, kidneys, blood, immune system and condition of the 
skin. Essential fatty acids (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). Alpha-
linolenic acid is found in flaxseed oil, canola oil, linseed, tuna, trout and 
salmon, whereas linoleic acid is present in oils such as soybean, sunflower, 
corn and safflower, as well as nuts and seeds. 

Alpha-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 as 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.)

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

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

omega-1 carbon = carbon = oxygen = hydrogen

Humans can synthesise longer omega-6 and omega-3 fatty acids from LA 
and ALA. The human body can transform linoleic acid into arachidonic acid 
(AA), which has 20 carbon atoms, and alpha-linolenic acid into eicosapentae-
noic acid (EPA), which also contains 20 carbon atoms. These are important 
fatty acids that are needed to make chemicals for the process of inflammation 
and the nervous system.

Digestion of fats and oils
Digestion of lipids takes place in the alkaline conditions of the small intestine, 
where the lipid is mixed with bile. Bile is an emulsifier; it increases the surface 

Humans require essential fatty 
acids, including alpha-linolenic 
acid and linoleic acid, for the body 
to function effectively. These acids 
are called omega fatty acids.

Omega-6 and omega-3 amino 
acids

During digestion, fats and oils are 
hydrolysed to glycerol and fatty 
acids, which can be assembled into 
triglycerides.
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area of the fat by breaking it into smaller droplets. This means that it can react 
faster. The fat undergoes hydrolysis, catalysed by enzymes from the pancreas; 
glycerol and free fatty acids are produced. These are absorbed by cells lining 
the small intestine and converted back into triglycerides. These enter the 
body’s lymphatic system and eventually the bloodstream for transport around 
the body. Excess fats not needed for energy production are stored as triglycer-
ides in adipose tissues until needed as a source of energy.

The fatty acid stearic acid can be oxidised and energy produced according to 
the following equation.

CH3(CH2)16COOH(s) + 26O2(g)  18CO2(g) + 18H2O(l) ΔH is negative.

Revision questions

16. (a)  Provide a chemical equation for the hydrolysis of the fat with the 
following formula.

H2C O C (CH2)14CH3

O

H2C O C (CH2)14CH3

O
HC O C (CH2)14CH3

O

(b) Identify the functional groups involved in this reaction.
17. Write equations for the oxidation of:

(a) palmitic acid, CH3(CH2)14COOH
(b) oleic acid, CH3(CH2)7CH CH(CH2)7COOH.

In this X-ray of a finger, the subcutaneous fat layer is visible as the yellow 
layer under the skin and around the bone. This fat stores triglycerides. During 
digestion, lipids are hydrolysed to glycerol and fatty acids, which can be 
assembled into triglycerides.
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Energy in foods
People have become more conscious of the energy content of the food that they 
eat and regularly check the labels on food packaging. The amount of energy a 
person needs depends on how active the individual is and whether the person 
is still growing. This energy is used during processes such as digestion, heart-
beat, breathing, nervous system and movement. The energy is obtained from 
carbohydrates, fats and protein in the food we eat. These nutrients provide 
different amounts of energy; fat has the most energy per gram, followed by 
protein and carbohydrate, as shown in table 12.4. These energy values have 
been adjusted to take into account the fact that not all of the energy in the 
food ingested is available to the body because it is not completely digested and 
absorbed. Even though water, minerals, vitamins and fibre are necessary for 
good health, they are not sources of energy. 

nutrition information labels
Care should be taken when reading nutrition information on food labels. The 
ingredients are listed in descending order according to weight. The overall 
value of food energy stated on packaging is obtained by multiplying the energy 
values by the mass of protein, fat and carbohydrate as listed in table 12.4. The 
serving size is determined by the manufacturer and may not be the amount 
that you use. It is better to compare the quantity per 100 g when making food 
choices. As a general guide, and depending on the food, in 100 g you should 
aim for less than 10 g of total fat, less than 10 g of sugar, less than 400 mg salt 
and 3–6 g of fibre in breads and cereals. The fat total includes all of the different 
types of fats; it is healthier to choose less saturated fat where possible. The total 
carbohydrate figure includes starches and sugars, but be aware that sugars 
may be listed under other names, often ending in -ose. Foods with no added 
sugar could contain a large amount of natural sugar, and low-fat foods can also 
contain large quantities of sugar. Learning how to read and understand food 
labels can help you make healthier choices.

Simple carbohydrates are metabolised very quickly which is why people get 
hungry again soon after eating them, whereas complex carbohydrates allow 
the energy to be released less rapidly. Once carbohydrates, including the 
stored form glycogen, are consumed, the body starts to break down fat. Fat is 
not as efficient at providing energy as carbohydrates. Protein is rarely used as 
an energy source except in situations of starvation. The body can break down 
amino acids to produce glucose if required.

So how can the amount of energy in food be determined? A simple method 
of measuring the heat content in food is just to ignite a weighed sample of 
food, use it to heat a particular volume of water, and measure its increase in 
temperature. The specific heat capacity of water can then be used to determine 
the heat energy provided by the food sample. This method has been described 
in detail in chapter 2. A more accurate method of measuring the energy con-
tent of food is to use a bomb calorimeter.

Measuring energy changes in 
chemical reactions — calorimetry
Calorimetry is the measurement of the amount of heat released or absorbed 
in a chemical reaction, change of state or formation of a solution. Chapter 2 
explained that enthalpy or heat content (H) is the total energy in a substance. 
The change in enthalpy in a chemical reaction is known as the heat of reaction, 
and it is denoted by the symbol ΔH. A calorimeter is an instrument that can 

Table 12.4 Energy content of 
the major food groups

nutrient
Energy  
(kJ g–1)

carbohydrates 17

protein 17

fat 37

Proteins and carbohydrates 
provide 17 kJ g–1 and fats provide 
37 kJ g–1.

A calorimeter is used to measure 
energy changes in chemical 
reactions.
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be used to determine the energy changes that occur when a chemical reaction, 
such as burning food, takes place. There are different types of calorimeters, 
including solution calorimeters and bomb calorimeters. 

In all calorimeters, a reaction takes place inside an insulated container 
with a fixed amount of liquid (usually water), and the temperature rise or fall 
is recorded using an accurate thermometer. This temperature change (in  °C) 
must be converted to an energy change (in J or kJ) before a value of ΔH can be 
determined. Such a conversion is achieved by calibrating the calorimeter using 
an electrically heated coil. Since the temperature rise for a reaction depends 
on the substance itself, the amount of substance used and the nature of the 
immediate surroundings, the value of the conversion factor or calibration 
factor must be established for each calorimeter before determining an enthalpy 
change for a reaction.

A calorimeter may be calibrated by using an electric heater to pass a known 
quantity of heat energy through a known mass of substance, usually water, and 
then measuring the temperature rise. The energy released to the calorimeter is 
given by:

E = V × I × t

The calibration factor is given by:

energy released
temperature rise

So, if a current of I amps flows for t seconds at a potential difference of 
V volts, the calibration factor may be calculated as follows.

calibration factor (J  °C−1) = 
V (volts) × I (amps) × t (s)

temperature rise

Solution calorimeters and bomb calorimeters are commonly used to deter-
mine the enthalpy change in chemical reactions.

Solution calorimeter 
A solution calorimeter is the simplest type of calorimeter and is used to find 
the energy change occurring in aqueous solutions. The heat of solution (when 
1 mole of any substance dissolves in water) and the heat of neutralisation 
(when an acid reacts with a base) for a reaction may be determined using a 
solution calorimeter.

thermometer

lid

heating coil
for calibration

+
–

stirrer

insulation inner container in which
reaction occurs

Calibration factor (J  °C−1) =
V (volts) × I (amps) × t (s)

temperature rise

Unit 4

Do more
Calibrating a 
calorimeter

aOS 2

Topic 6

Concept 4

Digital document
Experiment 12.3 Solution calorimetry
doc-18832

In a solution calorimeter, experiments are usually 
carried out in aqueous solution. The change in 
temperature is measured and then multiplied by the 
calibration factor to determine the heat change for 
the reaction.
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Sample problem 12.2

A calorimeter containing 100 mL of water was calibrated by passing a 4.00 A 
current through the instrument for 35.0 s at a potential difference of 3.00 V. The 
temperature rose by 0.700  °C.

When 6.60 g of calcium chloride hexahydrate, CaCl2•6H2O, was added to 
the calorimeter and dissolved by rapid stirring, the temperature dropped by 
0.895  °C. Determine ∆H for the reaction:

 H2O(l)
CaCl2•6H2O(s)  Ca2+(aq) + 2Cl–(aq)

The calibration factor for the calorimeter may be calculated from the 
relationship:

 calibration factor (J  °C–1) = 
voltage (volts) × current (amps) × time (s)

temperature rise (°C)

 = 
× ×3.00 4.00 35.0

0.700

 = 600 J  °C–1

The energy change during the reaction may be calculated as follows.

energy change in calorimeter (J) =  calibration factor (J  °C–1)  
× temperature change (°C)

= 600 × 0.895

= 537 J

  n(CaCl2•6H2O) = 
m
M

= 
6.60

219.1
= 0.0301 mol

So, since 537 J of energy is absorbed by 0.0301 mol of the sample, by pro-
portion, 1 mole of the sample absorbs:

537

0.0301
 = 17  819 J

 So, the ∆H for the equation is +17.8 kJ. Since energy was absorbed during the 
reaction, the reaction is endothermic and the sign of the ∆H value is positive.

CaCl2•6H2O(s)  Ca2+(aq) + 2Cl–(aq)  ΔH = +17.8 kJ mol–1

Heat loss in 
calorimeters 
If a calorimeter is well 
insulated, there is little 
heat loss, and the tem-
perature of the contents 
decreases slowly. This 
is shown by the graph 
at right, which is a plot 
of temperature against 
time as the reaction 
proceeds.

In a poorly insulated 
calorimeter, the tem-
perature rise would be 

Solution:

current on

well-insulated calorimeter

current off

line of
best �t

Time (s)
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C
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poorly insulated calorimeter

H2O(l)
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less than that in a well-insulated calorimeter. However, the theoretical ΔH for 
the reaction can be calculated by extrapolating the graph to when the reaction 
commenced. This compensates for the error caused by loss of heat from the 
water to the surroundings.

Revision questions

18. Determine the temperature change in a calorimeter when 5.00  g of 
CaCl2•6H2O dissolves in 200 mL of water according to the equation:

H2O(l)
CaCl2•6H2O(s)  Ca2+(aq) + 2C1–(aq) ∆H = +17.8 kJ mol–1

The calibration factor for the calorimeter under these conditions was found 
to be 825 J  °C–1.

19. A student used a simple calorimeter to determine the heat of neutralisation 
of a strong acid with a strong base according to the reaction:

 H3O+(aq) + OH–(aq)  2H2O(l)

After calibrating the calorimeter, the student calculated the calibration 
factor to be 343 J  °C–1. The student then carefully added 50.0 mL of 0.100 M 
HCl to 50.0 mL of 0.110 M NaOH in the calorimeter. The temperature in the 
calorimeter rose from 20.4  °C to a maximum of 21.2  °C. 
(a) Explain how the student determined the calibration factor. 
(b) Calculate the heat of neutralisation for the reaction.
(c) Suggest why a higher concentration of base than acid was used.
(d) How would the heat of neutralisation have been affected had the stu-

dent added 50.0 mL of 0.100 M NaOH to 50.0 mL of 0.110 M HCl in the 
calorimeter?

(e) Identify the sources of error in the experiment and suggest how these 
could be minimised.

(f) Write an experimental report for the experiment.

Bomb calorimeter
A bomb calorimeter can be used to determine the 
energy change for reactions involving gases. The heat 
of combustion (when a substance burns in oxygen, 
according to a particular equation) for a reaction may 
be determined using a bomb calorimeter. The ‘bomb’ is 
a container that is designed to withstand high pressure; 
its volume does not change, and it has valves for adding 
gases and an ignition source for combustion reactions. 
It is used to measure enthalpy of combustion of other 
chemicals as well as food samples. When burning food, 
a bomb calorimeter is used, as burning is chemically 
similar to breaking down food in cellular respiration, 
and this combustion reaction involves oxygen. 
However, the reaction occurs more quickly than in a 
solution calorimeter, and the energy content of a food, 
as determined by bomb calorimetry, usually differs 
from its energy content from a nutritional point of view. 
This is because fruits and vegetables contain indigest-
ible carbohydrates in the form of cellulose, and some 
energy is converted to heat in the body.

A sample of the compound with a measured mass 
is placed in the inner chamber of the calorimeter. This 

oxygen
thermometer

ignition wires

stirrer

water

insulation

reaction
chambersample

Features of a bomb calorimeter. To start combustion in 
a bomb calorimeter, oxygen is pumped into the reaction 
chamber containing a combustible sample, and an 
electrical discharge is sent through the ignition wires. A 
thermometer measures the change in temperature of the 
water in the insulated water bath. This temperature is then 
used to calculate the heat of combustion of the sample.
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chamber is filled with oxygen at high pressure. A wire leads into the sample 
from outside the calorimeter. When a current is passed through this wire, it 
glows and ignites the sample, which reacts with the oxygen. The heat from this 
reaction passes through the walls of the chamber into the water in the reser-
voir, which is stirred constantly. The temperature increase of the calorimeter 
is measured and used to calculate the heat given off by the compound. Each 
bomb calorimeter must be calibrated before use.

Bomb calorimeters may be used to measure the energy content of foods. In 
the human body, energy is obtained from the combustion of glucose.

C6H12O6(s) + 6O2(g)  6CO2(g) + 6H2O(l)

When this reaction is carried out in a bomb calorimeter, it is found that 1 mole 
of glucose evolves 2083 kJ of heat in a rapid reaction. In the body, however, 
glucose reacts in a sequence of steps to produce a slow release of energy. This 
gives the cells in the body a continual supply of energy for their needs. 

Sample problem 12.3

A bomb calorimeter was calibrated by passing a current of 3.55 A at a potential 
difference of 6.40 V through a heating coil for 123.7 seconds. The tempera-
ture of the calorimeter rose from 21.82  °C to 26.13  °C. A dried biscuit weighing 
2.34 g was then burned in the calorimeter in the presence of excess oxygen. 
The temperature of the calorimeter rose from 22.75  °C to 24.98  °C. Calculate 
the energy content of the biscuit in J g−1.

Calibration factor = 
∆
VIt

T
 = 

× ×
−

6.40 3.55 123.7

26.13 21.82

= 652 J  °C−1

 Change in temperature on combustion of biscuit = 24.98 − 22.75

 = 2.23  °C

 So, the energy released by the biscuit = 652 × 2.23

 = 1453.96 J

 Therefore, the energy content of the biscuit = 1453.96

2.34

 = 621 J g–1

Revision question

20. A VCE student calibrated a bomb calorimeter by passing a current of 3.20 A 
at a potential difference of 5.40 V through a heating coil for 1 minute 15 sec-
onds. The temperature of the calorimeter rose from 19.4  °C to 20.5  °C. A 
sample of breakfast cereal weighing 1.37 g was then burned in the calori-
meter in the presence of excess oxygen. The temperature of the contents of 
the calorimeter rose from 19.2  °C to 22.7  °C. 
(a) Calculate the calibration factor.
(b) Calculate the heat content of the breakfast cereal in J g–1.
(c) Explain why this experiment was performed in a bomb calorimeter 

rather than a solution calorimeter.
(d) Why is the energy content calculated per gram instead of per mole?
(e) Write an experimental report for the experiment.

A bomb calorimeter can be used 
to measure the energy content of 
food.

Solution:
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Chemical calibration
Bomb calorimeters can also be calibrated by chemical means by using a com-
bustion reaction with a known ΔH. For example, the heat of combustion of 
benzoic acid at constant pressure is known to be 3227 kJ mol–1 (that is, ΔH = 
–3227 kJ mol–1) and M(C6H5COOH) = 122 g mol–1. When a sample of benzoic 
acid, C6H5COOH, with a mass of 1.18 g was ignited in a bomb calorimeter, it 
produced a temperature rise of 2.43 K. The calibration factor can be calculated 
using this information. 

n(C6H5COOH) = 
1.18

122
 = 0.009  67 mol

Energy produced by benzoic acid = 0.009  67 mol × 3227 kJ mol–1 = 31.2 kJ

Calibration factor = 
31.2 kJ

2.4 K
 = 12.8 kJ K–1

Digital document
Experiment 12.4 Energy in a corn chip
doc-18831
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Chapter review

Summary
 ■ 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: mono-
saccharides, disaccharides and polysaccharides.

 ■ Glucose is a monosaccharide that has a number of 
isomers including α-d-glucose and β-d-glucose. In 
aqueous solution, monosaccharides may 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 may undergo a conden-
sation 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 conden-
sation polymerisation of α-d-glucose from photo-
synthesis. Starch is the major storage form of glucose 
in plants. It is made up of amylose and amylopectin. 
Amylose is smaller than amylopectin and consists of 
compacted linear chains arranged in a helical struc-
ture. Amylopectin is a longer more loosely branched 
molecule that is insoluble. 

 ■ Glycogen is the major storage form of glucose in ani-
mals. It is more highly branched than amylopectin. 
Excess glucose is stored in the liver as glycogen. It 
may also be stored as fat.

 ■ Cellulose is a polysaccharide formed from the con-
densation polymerisation of β-d-glucose from photo-
synthesis. The arrangement of glucose monomers in 
cellulose is different from that in starch. Cellulose is 
the major structural component of cell walls in plants. 
Humans do not have the enzyme to digest cellulose. 

 ■ Complex carbohydrates and proteins are broken 
down in the digestive system by hydrolysis.

 ■ Lactose intolerance is caused by having insufficient 
enzyme lactase to hydrolyse the disaccharide lactose.

 ■ The glycaemic index (GI) is a scale used to describe 
how quickly the carbohydrate in a food is broken 
down and absorbed into the bloodstream.

 ■ Fats and oils are a 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.

 ■ Mono-unsaturated fatty acids contain one C C 
double bond, and polyunsaturated fatty acids con-
tain more than one C C double bond.

 ■ Unsaturated fats can be converted to saturated fats 
by the addition of hydrogen.

 ■ Unsaturated fats are less stable and are more suscep-
tible to oxidation.

 ■ Antioxidants slow down the oxidation of food.
 ■ Humans require the essential fatty acids alpha- 

linolenic and linoleic acids for the body to function 
effectively. These acids are known as omega fatty acids.

 ■ During digestion, fats and oils are hydrolysed to glyc-
erol and fatty acids, which can be assembled into 
triglycerides.

 ■ On average, proteins and carbohydrates provide 
17 kJ g–1, and fats provide 37 kJ g–1 of energy.

 ■ A calorimeter is an instrument that can be used to 
determine the energy changes that occur when a 
chemical reaction takes place.

 ■ A calibration constant or calibration factor for a cal-
orimeter may be calculated according to:

calibration 
factor (J  °C–1 )

 = 
V I t(volts) (amps) (s)

temperature rise ( C)

× ×
°

 ■ A calibration constant or calibration factor for a cal-
orimeter may also be calculated by chemical means 
using a reaction with a known ΔH.

 ■ Solution calorimeters can be used to determine the 
energy changes occurring in aqueous solutions.

 ■ Bomb calorimeters can be used to determine energy 
changes for combustion reactions.

Multiple choice questions
 1. What is the main function of carbohydrates?

a For repair of body tissues
b To fight infection
C Source of energy
D To speed up chemical reaction

 2. Which of the following is not a monosaccharide?
a Glucose
b Fructose
C Lactose
D Galactose 

 3. Two monosaccharides are joined by a:
a peptide bond
b glycosidic bond
C hydrogen bond
D ester bond.
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 4. Which of the following lists compounds in order of 
increasing sweetness?
a Fructose, glucose, sucrose
b Glucose, fructose, sucrose
C Glucose, sucrose, fructose
D Fructose, glucose, sucrose

 5. 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.
 6. In which molecule is glucose stored in plants?

a Glycogen
b Cellulose
C Fructose
D Starch

 7. A functional group that is not present in 
aspartame is:
a amine
b carboxyl

C aldehyde
D amide.

 8. Which enzyme is missing in the small intestine of 
a person who is lactose intolerant?
a Dipeptidase
b Lipase
C Lactase
D Maltase

 9. Symptoms of lactose intolerance include:
a coughing
b intestinal gas
C runny nose
D rashes.

 10. Lactose intolerance:
a is common in most people of all ages, from 

newborn to adulthood
b is most common in people of northern 

European descent
C causes difficulty breathing
D is not a problem if drinking soy milk.

 11. The glycaemic index indicates the:
a amount of nutrients in food
b amount of fats in food
C effect of food on blood glucose levels
D glycogen stores in the body.

 12. Which of the following would have the lowest 
glycaemic index?
a Greek yoghurt
b Banana

C Kidney beans
D Chocolate

 13. Fatty acids without double carbon–carbon bonds 
are said to be:
a saturated
b mono-saturated
C polyunsaturated
D unsaturated.

 14. Which of the following is not true for the 
formation of a molecule of fat?
a Water molecules are produced as by-products.
b The process is a condensation reaction.
C The alcohol and carboxylic acid functional 

groups are involved.
D The reactants combine in a 1 : 1 ratio.

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

 16. Which of the following is an unsaturated fatty 
acid?
a Lauric acid
b Stearic acid
C Linolenic acid
D Myristic acid

 17. The number of double bonds in arachidonic acid is:
a 1
b 2

C 3
D 4.

 18. An example of a polyunsaturated acid is:
a arachidic acid
b linolenic acid
C oleic acid
D palmitic acid.

 19. All of the following have 18 carbon atoms except:
a stearic acid
b palmitic acid
C oleic acid
D linolenic acid.

 20. Which of the following fatty acids would have the 
highest melting point?
a Stearic acid
b Linoleic acid
C Oleic acid
D Linolenic acid

 21. Which statement about fats and oils is incorrect?
a They are non-polar molecules.
b They are less dense than water.
C They are the result of condensation 

polymerisation reactions.
D They contain ester links.

 22. Which of the following would not be a molecule 
used for energy storage in humans?
a Starch 
b Cellulose
C Glycogen 
D Fat

 23. Which group of compounds do triglycerides 
belong to? 
a Carboxylic acids
b Alcohols
C Ketones
D Esters
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 24. Which reaction is used to convert an oil into a fat?
a Esterification
b Dehydration
C Hydrogenation
D Hydrolysis

 25. A water-soluble vitamin that is also an 
antioxidant is:
a vitamin B
b vitamin C
C vitamin D
D vitamin E.

 26. In the process of oxidative rancidity:
a saturated compounds are more likely to be 

involved than unsaturated compounds
b oxygen attacks the double bond in a compound
C less volatile compounds are produced
D light is never involved.

 27. Bomb calorimeters can be used to measure 
the energy released by burning a small piece 
of food. Before the bomb calorimeter can be 
used to determine heat of combustion of any 
compound, it must be calibrated. The following 
steps in random order are taken to perform the 
calibration. 

  Step 1:  Supply a measured amount of electricity 
to the calorimeter for a particular time 
interval.

  Step 2: Record the highest temperature obtained.
  Step 3:  Fill the calorimeter with a measured 

volume of water.
  Step 4:  Connect the calorimeter to a power 

source.
  Step 5: Measure the initial temperature.

Which of the following presents an appropriate 
sequence of steps?
a Steps 5, 1, 3, 2, 4
b Steps 3, 1, 5, 4, 2
C Steps 3, 4, 5, 1, 2
D Steps 4, 3, 1, 5, 2

 28. 2.31 × 10–2 mol of a compound is burned in 
a bomb calorimeter. The calorimeter factor is 
4700 J  °C–1, and the temperature of the calorimeter 
increases by 5.75  °C when the compound is 
burned. Calculate the molar heat of combustion of 
the compound in J mol–1.
a +18.9 
b –18.9
C 1.17 × 106

D –1.17 × 106

 29. A bomb calorimeter measures the energy:
a released in a reaction in solution
b absorbed in a reaction in solution
C released by a combustion reaction
D absorbed by a combustion reaction.

 30. The temperature rises from 25.00  °C to 27.90  °C 
when 2.55 g of sucrose undergoes combustion in 

a bomb calorimeter. Calculate the molar enthalpy 
of combustion of sucrose. The calibration factor of 
the calorimeter is 4.90 kJ  °C–1. The molar mass of 
sugar is 342.0 g mol–1. 
a 1.91 × 103 kJ mol–1

b –1.91 × 103 kJ mol–1

C –1.51 × 100 kJ mol–1

D 1.45 × 101 kJ mol–1

Review questions
Carbohydrates
 1. The molecular formula of glucose, a 

monosaccharide, is C6H12O6. What is the molecular 
formula of maltose, a disaccharide formed from 
glucose?

 2. 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.

 3. 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?

 4. A student comments that, after ingestion of dairy 
products, he experiences bloating, cramps and 
sometimes diarrhoea. With this information, it is 
reasonable to think that the student is intolerant to 
lactose. What is lactose intolerance and which age 
group or population are more likely to be lactose 
intolerant?

 5. Describe the chemical structure of cellulose, and 
explain why humans cannot digest it. Why is it still 
necessary in the human diet?

 6. (a)  Which nutrient is important for the glycaemic 
index? 

(b) Why are low glycaemic index foods better to 
eat before playing a game of basketball?

(c) Would it be preferable to eat high or low 
glycaemic foods after activity? Explain your 
answer.

(d) How does the proportion of amylose and 
amylopectin affect the GI value of food?

Fats and oils 
 7. 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 mono
unsaturated fatty acid. Explain how each of the 
three italicised words relates to the structure of 
palmitoleic acid.
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(b) Use structural formulas to show how three 
molecules of palmitoleic acid may form a 
triglyceride when reacted with one molecule 
of glycerol.

(c) Why is the formation of a triglyceride often 
described as an esterification reaction?

 8. Write an equation showing the hydrolysis of this 
triglyceride.

OH2C

O

C CH2(CH2)11CH3

OHC

O

C CH2(CH2)13CH3

OH2C

O

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

 9. Discuss the differences in ‘spreadability’ between 
butter and margarine in terms of their chemical 
structure and bonding.

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

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

 12. 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–carbon 
double bonds present in each molecule of the 
unsaturated fat.

 13. (a) What is rancidity? 
(b) What name is given to compounds that limit 

rancidity in foods?
(c) Canola oil contains vitamin E as a natural 

component. Explain how this prevents the oil 
becoming rancid.

(d) Explain three other methods of limiting 
oxidation of foods.

 14. The molecule below 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

 15. 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

Energy in food
 16. Nutrient labels can have a wide variety of 

names to describe the presence of sugar in the 
ingredient list. Construct your own list of names of 
substances that could be used to sweeten food.

 17. ‘Mates’ savoury biscuits contain 14.7 g 
carbohydrate in 11 biscuits (25 g), which is 
described as a recommended serve. What is the 
energy available from 100 g of biscuits?

 18. The heat of combustion of oleic acid, 
C17H35COOH, can be determined by burning 
it in a bomb calorimeter. Write an equation for 
the complete combustion of oleic acid in excess 
oxygen.

 19. A calorimeter was calibrated by passing an 
electrical current through a heater and measuring 
the rise in temperature that resulted. When a 
current of 133 mA from a 23.1 V source was passed 
through the heater for 264 s, the temperature of 
the calorimeter rose by 2.65  °C. Determine the 
calibration factor of the calorimeter.

 20. A simple calorimeter was used in a school 
laboratory to determine the heat of reaction when 
magnesium filings were added to hydrochloric 
acid according to the equation:

2HCl(aq) + Mg(s)  MgCl2(aq) + H2(g)

 The calorimeter was calibrated by filling it with 
100 mL of deionised water and then passing a 
current of 1.85 A at a voltage of 4.70 V through 
a heating coil for 1 minute 17 seconds. The 
temperature rose by 3.8  °C. The calorimeter was 
then emptied, and 0.766 g of magnesium filings 
was added to it. Subsequently, 100 mL of 2.0 M 
HCl was added to reach the 100 mL calibration 
mark in the calorimeter. The temperature in the 
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calorimeter rose from 19.8  °C to a maximum of 
21.1  °C. 
(a) Calculate the calibration factor for the 

calorimeter.
(b) Calculate the heat of reaction.
(c) The experimentally determined heat of 

reaction in (b) is much lower than the actual 
heat of reaction. Suggest reasons for this 
discrepancy.

(d) What assumptions are made in this experiment?
 21. A bomb calorimeter is used to measure the energy 

content of a ‘Crispy’ biscuit. The calibration factor 
of the calorimeter is 2.03 kJ  °C–1. When 2.50 g of 
the biscuit was burned in the calorimeter, the 

temperature of the water rose from 24.2  °C to 
45.5  °C. 
(a) Calculate the heat energy in kJ g–1 of the 

biscuit.
(b) Why is the energy measured in kJ g–1 and not 

kJ mol–1?
(c) The energy obtained by the body is actually 

less than this calculated value. Excluding 
experimental error, what might be the reason 
for this?

 22. The molar heat of combustion of glucose is 
2816 kJ mol–1. Estimate the approximate heat 
of combustion of sucrose, and explain how you 
arrived at the answer.

UNCORRECTED P
AGE P

ROOFS



375CHAPTER 12 Food and energy

exam practice questions

In a chemistry examination, you will be required to answer a number of  
multiple choice and extended response questions.

Multiple choice questions
1. Sucrose is a disaccharide consisting of glucose and:

a fructose

b glucose

C maltose

D galactose. 1 mark

2. Humans cannot digest cellulose because:

a cellulose is insoluble in water

b humans lack the necessary enzymes

C cellulose is too branched

D no organisms can digest cellulose. 1 mark

3. Triglycerides exhibit which organic chemistry functional group?

a Ester

b Hydroxyl

C Carboxyl

D Glycosidic 1 mark

4. Foods with a high glycaemic index would have a high proportion of:

a sugars

b fats

C polysaccharides

D cellulose. 1 mark

Extended response questions
1. The calibration factor of a bomb calorimeter was determined to be 26.3 kJ  °C–1. When a 

marshmallow weighing 0.870 g was placed in the calorimeter with excess oxygen and ignited, 
the temperature of the water bath increased by 1.32  °C. Calculate the heat of combustion of 
the marshmallow in kJ g–1. 2 marks

2. A bomb calorimeter was calibrated by passing a current of 4.15 A at a potential difference of 3.680 V 
through a heating coil for 2 minutes 15 seconds. The temperature of the calorimeter rose from 21.5  °C to 
23.7  °C. A sample of a high-energy bar weighing 2.50 g was then burned in the calorimeter in the presence 
of excess oxygen. The temperature of the contents of the calorimeter rose from 20.9  °C to 35.2  °C. 

(a) Calculate the heat content of the bar in J g–1. 3 marks

(b) Identify the sources of error in the experiment, explaining how they may have affected  
the results. 2 marks

Sit VCaa exam
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