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Abstract

In this essay | have looked at whats fats were and whether there were any
physiological and psychological effects due to the excess consumption of fatty
foods. This essay talks about what fats are and how they are made from a
glycerol and 3 fatty acids to form a triglyceride molecule. | the researched into
saturated and unsaturated fats and why saturated fats are linked with diseases
such as coronary heart diseases. This is due to where we get saturated fat from
and the cholesterol that is linked with it. | then looked at the breakdown of fats
and why trans fats were hard to break down, which is due to the configuration
of the hydrogen atoms in relation to the enzyme lipase. | then went on to look
at the physiological effects of excess fats and how fats play a big role in
obesity. The main physiological areas covered within this work are cardiac
related problems and the effects on our joints. Then | went on to research the
effects psychologically looking at addiction and concluding whilst they may be
addictive to rats, as shown in various studies, it is hard to extrapolate the data
to identify whether they were to humans. The last part of the work looked at
the effects on the social and economic side. From this | can conclude that
unless something is being done to curb the obesity epidemic then it is going to
cost the National Health Service hundreds of millions of pounds in helping to
care for obese people.
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Introduction

The media often spells out lots of misconceptions when it comes to food. Most
notably is with regard to fats. We are often told that fats are bad and lead to numerous
diseases including coronary heart disease (CHD), high blood pressure, diabetes and cancer. |
will be looking at whether these claims have any scientific basis and whether it is one of a
number of factors that has lead to the rise in obesity in modern society. For example, is an
excess in the amount of fat in our modern diet the main reason that in America the Centre
for Disease Control (CDC) predicted that 66.3% of all adults in America would be obese or
overweight (Centers for Disease Control and Prevention, National Center for Health
Statistics, Fast Facts A to Z, n.d). The CDC is a government funded organization, therefore
the results may be slightly skewed and the predictions could favour government policies at
the time of its release. In actual fact a survey by the CDC's National Health and Nutritional
Examination Survey in America found that in 1999-2002, 65% were overweight or obese, up
from 56% in the early 1990s and 47% in the late 1970s (Hellmich, N. 2005). This has lead to
predictions there will be an increased burden on health services as more and more people
are being admitted to hospital for obesity related problems. One of these predictions is that
by the year 2020 the leading cause of people who have a disability-adjusted lifestyle will be
due to CHD (Murray, C.J and Lopez, A.D 1997:1498). Whilst there are many other factors as
well as obesity that result in a patient contracting CHD, obesity certainly is a main factor.

| am writing this essay as | want to find out: how fats interact with the human body,
the effects both physiologically and psychologically due to excess fats. Then | will go on to
look at how our modern society has fuelled the increase in obesity and the ways we are

going to combat this increase.

Fats are one of the main food groups that hold significant importance in the way in which
our body works. We can categorize the fats that we consume in our modern diet in two
main groups: saturated and un-saturated. Most of the fats we eat come from either animal
or plant origin; however, some are chemically derived such as margarine and hydrogenated
oils. Fats derived from living matter have a varying percentage of both saturated and un-

saturated fats.
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Chemical Structure of Fats.
Fats are a group of compounds that are vital for:
* Maintaining healthy hair and skin.
* Energy.
* Delivering fat soluble vitamins (vitamins A, D, E and K) to the relevant parts of
the body (Fat, n.d.)
* Insulation and helping to regulate (mainly keep warm although sometimes
helping cool) our skin.

* Increased flavour and palatability of our food (since most food flavours are

fat soluble).

They are generally soluble in organic solvents and insoluble in water (a polar substance).
They are a subgroup of lipids, which are broadly defined as any fat-soluble (lipophilic),
naturally occurring molecule such as fats, oils, waxes and cholesterol amongst others (Fat,
n.d.). Lipids are lipophilic ‘fat liking’ (Cevc, C. 1993) and hydrophobic meaning ‘insoluble in

water’ (Glossary of terms, n.d.).

Fats vary in their chemical structure; however, they share a common foundation. All
fats are essentially a triglyceride molecule. This means it is a glycerol which has been

‘esterified’ by three fatty acids.

A fatty acid is a chain of carbon and hydrogen molecules with a carboxylic acid

(COOH) group at one end. Carbon and Hydrogen Tail
o HHHHHH H*/
Carboxylic acid Head — cC-—C-C-C-C-—C-C—C
HO W H HHHHH

rol is an alcohol with the formula of HOCH,CH(OH)CH,OH (Glycerol, n.d.).
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H-C-CH

H-C—CH

H-C-CH

Each fatty acid combines with the

alcohol part of the Glycerol (OH),
to form 3 ‘ester’ bonds.

The glycerol and fatty acid combine when the alcohol (OH) part of the glycerol

combines chemically with the carboxylic acid (COOH) of the fatty acid.

You can see here that the
glycerol has combined chemically
with 3 fatty acids to form ester
linkages and ultimately a
triglyceride molecule.

Glycerol ‘backbone’

3 Fatty Acid tails, these can
“lvany in length and can be

HHHHHHHHH straight or kinked.
o o o o o o 1
HHHHHHHHH

The OH of the
HHHHHHHHH Glycerol has
¢€¢¢-¢¢-¢¢<¢¢-H
HHHHHHH

Sk —1 combined with
the OH part of
the carboxylic

H
C-H acid end of the
" fatty acid.

This makes the backbone of the fat structure and becomes esters at each location

where the chemical reaction occurs. The reaction releases a H,O molecule per reaction,

therefore 3H,0 are released. The reaction is called a condensation reaction as it builds up a

larger molecule with the removal of water (Steam, R.G., n.d.). The build up of a larger

molecule is due to the glycerol and 3 fatty acids joining together to form a larger molecule

(a triglyceride molecule) whilst water is removed. This forms the structure that makes up the

majority of animal and plant based fats and is called triglyceride. Therefore fats have ‘ester’

bonds. This is the general accepted reaction pathway which, whilst not fact, is taught as the

formation of the triglyceride molecule and allows us to synthesize these molecues from

glycerol and fatty acids in the lab.
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Properties of fats

The properties of specific fat molecules depend on the fatty acids that are connected
to it. Different fatty acids have a varying number of carbon and hydrogen atoms. However
the 3 fatty acids that connect to each glycerol molecule do not need to be of the same
length. Carbon is an atom that can bond to four other atoms. This is due to its electron
configuration (the chemistry behind this has not been included because it is unimportant in
the grand scheme of things). This means the carbon atom bonds to up to two hydrogens (as
pictured on the bottom diagram on page 3) and the same carbon atoms can bond to two
other carbon atoms either side and form a zigzag chain; the more carbon atoms, the longer
the chain. This holds significant importance to the amount of energy that each fat molecule
yields. The longer the chain length the greater the intermolecular forces between each
molecule. In this case it is van der Waal’s forces (see appendix 1). This means that it requires
more energy to break apart and so the melting point rises. This means the longer the chain,
the higher the boiling point. Another factor determining the boiling point is whether the fat
is saturated of unsaturated. Although this will be mentioned later, fats that are saturated
have a higher boiling point than its unsaturated counterpart (i.e. both having the same
length fatty acid chains.) this is because unsaturated fats have double bonds which forms a
kink in the molecule. This kink means they cannot get as close and therefore the

intermolecular forces are smaller.

Think about two people lying on top of each other; if the one on the bottom had both
his legs raised off the ground then it would prevent the person on top getting as close. This
means that their “attraction” towards each other will not be as great. Although this may be
a crude analogy, it can often be seen that two people are not as attracted to each other if
they are not close. The failure for the person on the bottom to allow the person on the top
to come closer results in them not being attracted towards each other and so the “forces”
of interaction are less than they would have been had the person on the bottom only kept
their legs on the floor!

Fat provides nine calories, a calorie being the amount of energy required to raise the

temperature of one gram of water by one degree Celsius, per gram, more than twice the
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number provided by carbohydrates or protein (Glossary of meteorology, n.d.). It is because
of this that fats can be used as a source of energy. Fats are broken down into ATP,
Adenosine Tri-Phosphate, (essentially what the body uses as a fuel on a cellular level), via a
complicated process explained in appendix 2. It is similar to the catabolism; breakdown of
large molecules to yield energy, of carbohydrates (produces ATP). One single triglyceride
molecule will eventually produce 441 ATP molecules. When compared to the 38 ATP that
are produced by glucose, you can easily see why fat is considered a much richer source of
energy (Kelly, R. 2005). Although it is a rich source of energy, carbohydrates are what fuels
our body on a regular basis, especially during exercise. This is because fats are slow to
digest, often taking up to 6hours to be digested and turned into a usable form of energy
(Quinn, E. 2007). As well as this, converting stored body fat takes time, therefore
carbohydrates need to be used for energy as they can be seen as a ‘quick burst’. Another
reason is that converting body fat into energy requires a lot of oxygen. This means exercise
intensity must decrease before energy can be supplied to the muscles. If you think of an
athlete in a 1500m race you can see why carbohydrates are used for energy. Whilst this is
not a long race, it is long enough so that oxygen can be delivered to the muscles. This means
that the respiration going on in the muscles (what provides us with energy) is aerobic.

As the athlete runs around the track their muscles are constantly contracting and relaxing.
The energy to do this is supplied from cell respiration. The cells need a food source (most
commonly fats or carbohydrates) which can be converted into energy. If you consider that
fats could be used, the average time for digestion of fats around 5 hours for pork (Day, T
2005). Let us say he ate a substantial meal about 3 hours before he his race, this means the
fat may not have digested in his body and is merely sitting in his stomach (of course this is a
hindrance on his performance). However if he has a carbohydrate based meal, most of the
food he ingested would have digested, rice takes around 1.5 hours (Day, T 2005). That
means the glucose can be easily transported to his muscles, therefore his muscles can work
efficiently and there will be no food undigested inside his body which could slow him down!
This is clearly not what any athlete wants!

Another reason as to why lipids are not the first port of call for an energy source is that they
are not soluble in water (see appendix 3). This means they are harder to be broken down
without the appropriate enzymes. This means that you would already be feeling the effects

in an endurance event as your muscle cells would not get the fats needed for respiration
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quick enough therefore glucose is used instead. Fat that is not used for energy is stored in
fat cells called adipose tissue. It is stored as triglyceride molecules and not in its broken
down form of 3 fatty acids and a glycerol molecule. When the concentration of fatty acids in
the blood is high, lipase enzymes in the fat tissue are triggered and then set about
converting fatty acids so they can be stored in the cells. This is mainly situated around the
abdomen and buttocks in men and the breasts, waist and hips in females. This is why the
hips and abdomen are frequently the ‘usual places’ where people feel they are overweight.
However as we over eat and gain weight the fat cell numbers do not increase, they merely
store more fat (McGregor, W. 2003), thus they expand and get larger which we experience

and an increase in ‘bulk’ around the ‘usual places’.

Saturated and Unsaturated fats

Different substances from which we obtain fats e.g. coconut oil contain varying
amount of fat derivatives. From which | mean that they contain varying percentages of
different fats named due to the length of the fatty acid chain. The number of hydrogens that
bonded to each carbon also affects the property of the fat. The most a carbon can bond to
as well as the two carbons either side, is two hydrogens. When a carbon is bonded in this
manner it is said to be ‘saturated’ this means that the carbon is saturated with hydrogen,
meaning they are bonded to as many hydrogens as possible. This means a saturated fat

generally looks similar to this (with varying lengths of fatty acid chains):

Diagram of a saturated fat molecule The chain on the left
hand side represents
the carbon — carbon
single bonds, showing

\/\/\/\/\/\/\/\/\COOCHQ that there are no

double bonds in the

\/\/\/\/\/\/\/\/\C l structure; therefore, the
OOClH fat is saturated.
N AAN NN NN NCO0CH;
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Unsaturated Fats
An unsaturated fat is one where there are one or more double bonds between the carbon
atoms in the fatty acid chain. Generally, it takes this form (with only varying fatty acid chains

being the difference):

The kink is a result of the lack of rotation
around the double bond between two
carbon atoms. Although this diagram
does not show it, the two carbons that
are bonded in a double bond are each
bonded to one less hydrogen. This means
they release less energy than their
saturated counterpart.

OO0CH;?

|
AV AVAVANVAVAVANVAV A Tolele

|
AVAVAVAVAVAVAVAVA velelol}

When there is only one double bond the fat is said to be monounsaturated and
polyunsaturated if it contains more than one. As carbon can only form 4 bonds, if there is a
double bond, one hydrogen is eliminated. This plays an important role in cellular
metabolism as it is the C-H bonds that are broken down or oxidized to produce energy.

Therefore as there are less C-H bonds to be broken in an unsaturated fat, they give out less
energy when they are broken down, this results in their being fewer calories per gram of
unsaturated molecules as opposed to a gram of saturated fat molecules. This is provided
that they are the same size (same length fatty acid chain). Unsaturated fats, notably
polyunsaturated fats (a molecule that contains more than double bond) are considered to
have a somewhat positive role in human nutrition. A study showed that in middle-aged
people with hypercholesterolemia (a condition of high levels of cholesterol in the blood
which can contribute to many forms of disease, notably those of a cardiovascular nature)
(trans fats, n.d.), as much as 20% reduction in serum cholesterol levels (the total amount of
cholesterol in the bloodstream) (Gotwals, B. 1991) has been achieved through a relatively
high intake of polyunsaturated fat (Vergroesen, A. J., 1972:323). Hypercholesterolemia is

strongly associated with cardiovascular disease because it promotes the localized swelling of
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artery walls (a condition known as atheroma) (Atheroma, n.d.). It may now be a good time
to explain cholesterol. This can be missed but it is important to the main work when
explaining how certain conditions arise. Cholesterol is a cause of some debate and its
transportation is a very accepted theory therefore all other theories of transportation by
other means have been omitted. Cholesterol is a lipid found in all cell membranes of animal
tissue that is transported in blood plasma. Therefore the amount ingested depends solely
on whether the food contains anything of animal origin. At present, the usual diet in the
United States contains 400-600mg of cholesterol per day (Mead, J. 1986:460). Cholesterol is
important in our body because it’s presence helps to stabilize cell membrane fluidity
amongst other roles. A startling note, however, is that cholesterol can be completely
biosynthesized in the body. Therefore no dietary requirement has been found. Cholesterol is
a lipid it is insoluble in blood, as blood is mostly water and as earlier discussed lipids have
poor solubility in water (see appendix 3). As a result of its insolubility within the blood,
cholesterol has to be transported within lipoproteins. Lipoproteins vary in size generally
ranging from (from largest to smallest): chylomicrons, very low density lipoprotein (VLDL),
intermediate density lipoprotein (IDL), low density lipoprotein (LDL), high density
lipoprotein (HDL).

The picture below shows how cholesterol is transported from within the lipoprotein; in this

case, it is a chylomicron lipoprotein.

ApokE ApoB
i OOCOg = Cholesterol shown by a C, and

fats shown by a T, are incased in
the protein structure of the
lipoprotein.

ApoB o ApoA | The letters around the

- edge are just a reference
c to the type of protein
that is in the molecule

(they do not make any
difference as far as

ApoC mpoB cholesterol is concerned).
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It was mentioned earlier that hypercholesterolemia was a condition of high levels of
cholesterol in the blood. However, a more correct version is that it is due to high levels of
LDL and low levels of HDL. This is why HDL is sometimes referred to as “good cholesterol”
and LDL is often labeled “bad cholesterol”. Whilst this is not the exact truth, it is noted that
HDL cholesterol is inversely related to coronary heart disease (CHD) risk (Betteridge, D.J.
2003:18). Therefore it may also be noted that cardiovascular diseases such as CHD by high
levels of LDL in the blood. This means that it is not the cholesterol that is doing the damage
but the way in which the cholesterol is transported.HDL is described as ‘good cholesterol’
even though it is the lipoprotein not the cholesterol contained within which does the good
work. It has been hypothesized that HDL can remove cholesterol from the atheroma in
artery walls and back to the liver (High density lipoprotein, n.d.). It can be thought of on a
simple level as a tooth brush which cleans up all the plaque from the teeth. They are spat
out from the mouth in much the same way that HDL scours the artery walls and cleans out

the excess cholesterol taking it back to the liver to be excreted or re-utilized.

LDL on the other hand is often referred as ‘bad cholesterol’. The reason to this is because

when too much LDL is circulating in the blood it can slowly build up within the artery walls.
Together with other materials, it forms plaque (similar to that found in your teeth). This
plague makes arteries less flexible and narrower. This disease is called atherosclerosis and
can lead to heart attacks and strokes. The American Heart Association outlines that a level
of LDL > 190mg/dl is considered the highest risk of contracting heart disease (Low density
lipoprotein, n.d.). Although this is coined as ‘bad cholesterol’ it is not the case. The
cholesterol contained within all lipoproteins is the same it is where and how the cholesterol
is used which is different. Therefore, due to the nature of the deposit of cholesterol

forming, LDL is misnamed ‘bad cholesterol’.

Since we know what lipoproteins are good and which cause heart diseases, we can take
steps to lower LDL and raise levels of HDL. Taking these steps can greatly reduce the chance
of getting diseases such as CHD. Whilst these are guidelines studies have shown them to be
of great help in reducing diseases. They are:

* Lose weight — obesity increases LDL and reduces HDL so losing weight should reverse

these changes.
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* Exercise — a recent study showed that on average patients exercising 40 minutes 3-4
times per week had on average 2.5mg/dl raise in HDL levels (Kodama, S., et al. 2007).

* Cut out trans fatty foods — trans fats are partially hydrogenated fats (which will be
explained later) and they increase the levels of LDL within the blood (Fogoros, R.N.
2007).

* Increase the monounsaturated fats in your diet - monounsaturated fats such as
canola oil, avocado oil, or olive oil and in the fats found in peanut butter, can

increase HDL cholesterol levels without increasing the total cholesterol.

There are two types of formation of the atoms around a double bond. Unlike in a
single bond, a double bond cannot rotate therefore the side in which the hydrogens are
placed around the double bond have an effect on the chemistry of the fats. Any of these
double bond formations forms a kink in the otherwise straight fatty acid chain. These kinks
prevent the molecules from stacking on top of each other. This means the Van der Waals
bonds between the molecules are not as effective as there are fewer points of contact
between each molecule. This means that because the Van der Waals forces are smaller, the

boiling point is lower as it requires less energy to break the bonds that holds the molecules.

When the hydrogens are on the
same side of the double bond the
fat is called a Cis-unsaturated fat.
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When the hydrogens are on
different sides of the double
bond the fat is called a Trans-
unsaturated fat.

These 2 combinations are said to be isomers of each other. This means they have the same
molecular formula but a different geometry. Cis-isomers introduce a kink in the molecule
because the 2 carbons coming off each side of the double bond are on the same side of the
double bond causing it to bend around the double bond. This means that the kink prevents
the molecules from stacking freely on top of each other unlike in saturated fats. This means
the intermolecular forces between them are weaker and so it is harder to freeze a cis-
unsaturated fat, as a result they are often liquid at room temperature. Trans-isomers are
mostly commercially produced from polyunsaturated fats. It is done by partially
hydrogenating plant oils, a process first developed in the 1900’s (Trans fats, n.d.). The
reason that companies decided experimenting with vegetable fats were that they were
often more readily available than animal fats and therefore cheaper. Vegetable fats contain
on average a higher percentage of polyunsaturated fats than fats derived from animal
origin. Vegetable fats are cheaper to buy than animal fats therefore companies were keen
to cut costs and use vegetable fats instead of animal fats and thereby maximize their profits.
However due to the nature of the kinks in the unsaturated fatty acid chains they cannot

stack effectively.

As the boiling points of vegetable fats are lower than animal fats on average (i.e. taking an
animal fat with the same length fatty acid chains as a vegetable fat) they are often liquid at
room temperature. This was not good to food companies due to the fact they wanted

something that was spreadable like butter that could be used for baking.
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The aim of partial hydrogenation is to add more hydrogens to unsaturated fats, making
them more saturated. These more saturated fats have a higher melting point, makes them

a good idea in baking and they have an extended shelf life as are not prone to lipid
peroxidation (see appendix 4). This means companies such as Unilever were able to create a
huge profit and make large batches of products without any worrying that they would go
rancid. Many people claimed that vegetable oils were good as healthy unsaturated and
cholesterol-free alternatives to animals fats, however only recently have people been seeing

the effects trans fats and realizing they may be doing more harm than good (Theis, K 2005).

It is only now that people are wising up to the effects of trans fatty acids. Partial
hydrogenation causes the random addition of double bonds because it takes hydrogens
from carbons in the fatty acid chain at random. Trans fatty acids turn out to raise the levels
of LDL in your body, which mentioned previously can cause cardiac diseases if high levels of
LDL are present in the body. This means that trans fatty acids are detrimental to our cardiac
health. Another reason as to why trans fats are not good is that they cannot be broken
down as easily as cis fats. Enzymes (the chemicals that breakdown food) are programmed to
break down only one type of food. Lipase is the enzyme that breaks down lipids and is only
configured to breaking down cis-isomers. Think of it like trying to open your back door with
your front door key. Although they are both keys to enter your house the locks are different
and so you cannot get in. Due to this, trans fats remain in the blood longer and are prone to
deposition in the arteries and therefore plaque is more likely to form. Although the worries
of a high trans fat diet are clearly evident the National Academy of Sciences (NAS) have
failed to recommend that trans fats should be eliminated from our modern diet. NAS have
however stated, “Recommended that trans fatty acid consumption be as low as possible
while consuming a nutritionally adequate diet" (Food and nutrition board, institute of
medicine of the national academies. 2005).

Nowadays less and less companies contain trans fats in them because of the increased
pressure by the public to try and eliminate trans fats. As of January 24, 2007, J.M. Smucker
Company claims that all Crisco shortening products in the US have been reformulated to
contain less than one gram of trans fat per serving while keeping saturated fat content less

than butter. Also in the USA and UK calls have been made for better labeling on food and
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many major supermarkets in the UK including Tesco, Sainsbury’s and ASDA have ceased

using trans fats in their own brand of foods (Retailers to stop using trans fats. 2007).

Many areas have even tried to ban trans fats altogether most notably the areas of
Philidelphia and New York City (Cowley, G. 2006) in the United States. Therefore, the only
reason they were developed and included instead of saturated fats is due to their costs and
the unpopularity of the time of saturated fats. Now they have been discovered to very
detrimental to our health, the question is which is the lesser of two evils. The problem with
saturated fats is that foods that contain high levels of saturated fat often contain high levels
of cholesterol. However, not only does trans fats raise LDL levels in the blood but they
reduce the HDL levels as well. Neither of them can be considered good but both have
correlations relating high levels of fats with increased levels of CHD (Lapinleimu, H., et al.

1995:471).

So to conclude this section:

Fats can be split up into two groups they are saturated and unsaturated.

Saturated fats contain more energy due to the number of bonds and most importantly more
calories. The majority of the saturated fats we eat come from animal origin and therefore
the fat obtained will contain cholesterol as well. All cholesterol is the same, however the
differences are how they are carried within the blood.

Unsaturated fats are ones where they have a double bond between two carbons. This
causes a kink in the chain and so they cannot stack as effectively resulting in the forces
between the molecules being weaker. This means they are usually liquids at room
temperature. To convert them to saturated fats they need to be hydrogenated. This
synthetic process however forms trans fats. Trans fats are bad because they are hard to
break down to their configuration, this means they are more likely to be deposited in the

arteries causing plaque build up.

Page | 13



Digestion and Absorption

The following information is at present the general accepted theory for the
breakdown of fats. In the past, this topic has caused major controversy and has been an
area of huge research. Now this theory on a simple level seems to explain the breakdown,
digestion and absorption of fats within our body. There are opposing theories but these
have been omitted because the theory explained below is the one, which is the most widely
accepted. Triglyceride molecules are too large to be absorbed straight into the blood stream
from the intestine and stomach, therefore it needs to be broken down. Fats are broken
down by lipase (the enzyme that breaks down fats) in small intestine (specifically the
duodenum). The problem with fats is that they are not water-soluble; therefore, they need
to be emulsified. Once the fats are emulsified, they can be broken down by pancreatic
lipase. This is a type of lipase that works at a water-oil interface i.e. when a water molecule
encounters a triglyceride molecule. The problem is that they need bile salts, which help
stabilise the lipase and promotes the emulsification of the lipids. The bile salts help break
the fat down into thousands of tiny droplets which is easier for the lipase to break down the

fat molecules and therefore it accelerates the digestion process (Collins, A 2007).

A diagram for the breakdown of fats can be seen below:

mouth ;)‘: 3JJ:
35 %o fat
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, é‘.‘c; “:
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¢ ¢ fatty acids
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What happens is that lipase breaks the triglyceride molecule into glycerol and fatty acids.
The nature of the fatty acid also controls, to some extent, the aspects of fat absorption.
Thus, saturated fats with long fatty acid chains are less readily absorbed than a saturated fat
with short fatty acid chains or more highly unsaturated fats (Hofmann, A.F., et al. 1963:317).
The small intestine absorbs fats that are broken down by lipase. The actual process occurs in
the villi. Villi are millions of small finger like projections than are very small and line the walls
of the small intestine. Each villi are very small, and contain thousands of blood vessels
(capillaries) and lymph vessels (lacteals) (Collins, A 2007). The lacteals absorb the fatty acids
and glycerol into the lymphatic system, which then subsequently drains into the blood
system. They are carried by lipoproteins in much the same way that cholesterol is. These

lipoproteins then deliver the fat around the body to the relevant areas.

A significant amount of the fat absorbed is stored in the cell membranes of adipose cells.
These cells were mentioned earlier and is where fat is stored. Since energy is obtained from
glucose over fats, a lot of the fat is stored. However, some of the glycerol can be converted
to glucose through a process called gluconeogenesis that occurs in the liver. An excess
consumption of fat in any sitting will simply result in it being stored as adipose tissue in the
body. This excess consumption leads us on to the physiological and psychological effects of

excess consumption on the body.

Physiological effects of excess fats on the human body

As mentioned earlier saturated fats and trans fats have a detrimental effect on cardiac
health (see page 14). In this section | will be exploring why these effects occur and look at
what other physiological effects arise due to an overuse of fats (not restricted to saturated
and trans fats).
Having already discussed saturated and trans fats and their effects on our cardiac health |
will now go on to try to explain the effects of excess polyunsaturated fats on our cardiac
health. When unsaturated fats are broken down they release less energy than saturated fats
because there are fewer carbon hydrogen bonds (see page 4). This means they contain less

calories than their saturated counterpart. Since unsaturated fats are found in plants more
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readily than they are in animals, foods which contain un-saturated fats contain less
cholesterol usually. Cholesterol is a fat that is found in cell membranes of animals, although
some traces are found in certain plants. It is not necessarily the fat itself that causes the
increase in cardiac related diseases but the other things that are associated with it. The
unsaturated fats are usually accompanied by low levels of cholesterol because they are
derived from plant origin. This means they can be considered better for us. Therefore,
dieticians usually advise a replacement of saturated fats within unsaturated fats because it
reduces the levels of cholesterol in the body, not by the fat itself but where each fat is

derived from (Hodson, L., et al. n.d.).

This theory is supported by the department of human nutrition, Otago, New Zealand. They
concluded from tests that when saturated fats where replaced with polyunsaturated fats in
their diet, the levels of HDL fell which is evidence for unsaturated fats being used as a
replacement to saturated fats in the diet. In actual fact total cholesterol was lowered by
19% during the test which lasted 2.5 weeks.

Although saturated fats are not as healthy as unsaturated fats (a hypothesis that has been
medically reviewed and supported by numerous doctors including Dr Rob Hicks (September
2005)) (Stinton, M. 2005), both have daily guidelines set down by the old Food and Drug
Admission (FDA) in the US. They say that unsaturated fats should not make up more than
30% of your daily calorie intake. The FDA however is an organization under scrutiny because
of their impact on a vast amount of people in America. Although they are under pressure,
their guidelines are carefully monitored by several other department organizations and non-
government organizations (Federal food and drugs act of 1906). Therefore this guideline
being an approximation and one that is supported by many dietary theories can be deemed
to be reliable.

Overall unsaturated fats are better than saturated because saturated fats (and trans fats)
both raise LDL levels in the blood. This was explained earlier to have a high correlation with

cardiac related diseases notably hypercholesterolemia.

Another effect on the body due to increase in fat consumption is obesity. Obesity is a
disease in which excess body fat has accumulated to such an extent that health may be

negatively affected (The problem with overweight and obesity, n.d.). It is a disease which
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often leads to reduced life expectancy. Obesity is generally accepted to be brought on by
excessive nutrient intake (Bleich, S., et al. 2007). However since an increase in fats results in
an increase in adipose tissue, fats have a large part to pay in obesity. Adipose tissue, as

mentioned previously, is where fat that is not used to energy is stored.

Obesity is becoming more and more a problem in western civilization. It leads to major
physical problems within the body, which can be avoided with a careful diet and proper
exercise. One of these problems is on the joints in the body notably the back and ankles.

As fat is most commonly stored around the trunk of the body and increase in fat is likely to
cause increased pressure on your joints. Let us consider an obese person. Consider them to
be an obese male (1.8m and 120kg) and compare them to a man of equal height but with a

weight of 80kg. We will see who has to work more in walking up a flight of stairs.

Work done = Force x distance travelled

The force here is the weight of each body (this is the mass x gravity (9.81)). The work done
by each body’s muscles is lifting their own weight a certain distance vertically up. If each
person travels the same distance (for argument’s sake 5metres), then we can work out the
difference in the work done by each person.

This is shown in the table below:

Body Person A Person B

Mass (Kg) 120 80

Force (N) 120x9.81=1177.2 80x9.81=784.8
Distance Travelled (m) 5 5

Work Done (J) 5x1177.2 = 5886 5x784.8 =3924

The extra work the obese man has to do is 5886-3924 = 1962J. The units are Joules which is
the standard units for energy. This is just for walking up a flight of stairs. If you consider an
average mars bar contains 697) per bar (Burke, K. 2006) then the obese man needs to eat

nearly 3 bars to get the extra energy to climb those stairs!
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If the obese person (person A) needs all those extra joules of energy then the stress on the

joints must be rather more than those on Person B.

The obese man has a larger force going through his joints (see table on page 18). This means
it is harder for an obese person to walk because of the increased strain on the joints in his
legs. This creates a problem a ‘cycle effect’ almost for an obese person. To lose weight they
need to exercise but exercising causes more stress on the joints that can cause detrimental
effects on the person’s joints. Due to the pain, an obese person is likely to suffer through
increased physical activity they are less likely to partake in this and therefore are more
prone to a sedentary lifestyle. People sitting or remaining inactive during the day
characterize this lifestyle. This lifestyle is a factor that is causing obesity and is almost a
consequence of it. This creates a spiraling negative effect where obesity causes an effect
whereby people cannot undertake physical activity with great ease and thereby get more
obese. The main problem is muscle atrophy. This is where muscles, which aren’t used,
weaken. Therefore, an obese person who needs to walk from his living room to his kitchen
will have to do more work by his muscles due to his obesity but his muscles will be weaker
due to his lack of exercise (which is brought on by obesity). Therefore, he needs to eat more
to have the energy in his muscles to work, as a result he becomes more obese and the cycle
of obesity caries on.

Another effect that is brought on by obesity is an adverse effect on our respiratory system.
Obesity is thought to cause various conditions which are related to our respiration system,
including asthma and sleep apnea. Sleep apnea is a sleep disorder characterized by pauses
in breathing during sleep. It is hard to say what is the cause and effect when relating sleep
apnea with obesity. They are certainly correlated but sleep apnea may not be a result of
obesity but a cause. Studies have shown that sleep apnea disrupts rapid eye movement
(REM) sleep, which, in turn, increases the risk for obesity. Research indicates that animals
deprived of REM sleep tend to eat more (Harvey, M.D., 2006). Over 50% of people who
suffer from sleep apnea in the United States are obese (Kemp, G., et al. 2007). Sleep apnea
often causes loss of sleep. It is not uncommon to lose an hour or so of sleep due to the
constant waking up. This leads to the patient becoming irritable and can become depressed
as a result of this. Depression is a cause of obesity and sleep apnea. Consequently, a patient

is very likely to be depressed but it may not be through obesity directly but through an
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effect that obesity can bring on. That means they are likely to turn to eating because of
depression because it makes them feel better (see psychological effects of excess fats
section). This in turn increases the obesity of the patient and so the negative spiral becomes

deeper and deeper.

The last main effect on obesity on the body is on the digestion system. One main problem is
gallstones. Gallstones are fine stones like objects that are made up of a mixture of
cholesterol, calcium carbonate and other calcium compounds. They usually occur when
there is too much cholesterol in the bile. As described earlier, the bile helps promote the
breakdown of lipids because they contain bile salts. Gallstones occur when the
concentration of bile salts is relatively low compared to the amount of cholesterol in the bile
(Gallstones. 2008). As eating excess fatty foods leads to obesity and these fatty foods often
have high levels of cholesterol in, then the link can be made to say obesity does contribute
to gallstones occurring in the human body. There are a few main symptoms of gallstones
but the major one is called a gallstone “attack” or biliary coil. This is where a person will

experience intense pain in the abdomen region due to gallstones.

Overall it can be seen that obesity has an undesirable effect on our body. Obesity, whilst not
being solely based on excess consumption of fats, has many negative side effects. They can
be categorized into the following categories:

1) Cardiac related problems — these include heart attacks (myocardial infarction), CHD,
hypercholesterolemia and arethoma. The main reason to these is the build up of
cholesterol in the blood stream.

2) Joint related problems — an increase in body mass leads to increased pressure on
joints. This comes about through a sedentary lifestyle, where people just sit around all
day usually at a desk job. This causes the muscles to weaken. Therefore if someone
needs to lose weight need to work harder because they have more mass, but have
weaker muscles which means they cannot due to the pain on their joints. This results in
the person becoming more obese and the negative cycle carries on.

3) Respiration related problems — an increase in mass means the lungs have to work

harder. As a consequence, asthma can occur.
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4) Digestion related problems — excess fatty foods leads to increased cholesterol levels in
the blood. This can create gallstones. Also a lack of bile salts in the blood means

digesting lipids is harder.

Psychological effects

Whilst obesity has very detrimental effects on our physical health, it is becoming more and
more apparent that psychological effects are occurring due to excess fats in the human
body.

One of the side effects is the suppression of leptin. Leptin is a hormone that is produced in
the adipose tissue. It was recently discovered in 1994 through the observation of mice.
Leptin is hormone that tells the body they are full. Although obese people have a higher
concentration of leptin within the blood, due to the increase in adipose tissue, it can be
noted that obese people have a higher resistance to leptin (Considine R.V., et al. 1996).
Therefore they do not feel the effects of leptin and eat continuously because they feel no
hormone telling them they have eaten enough. This also creates a “negative cycle” which
is a result of leptin suppression. Obese people have a higher resistance therefore eat more
before they feel full. Therefore, they become more obese and so can eat more without
feeling full and the cycle continues.

Another problem is addiction. This is a major topic of debate because it is very
controversial whether people actually become addicted to fats. Major newspapers have
reported stories with headlines such as "Fast food can be as addictive as hard drugs, claims
new research", "Burgers are as addictive as drugs", "Sugar and fat 'as addictive as hard
drugs' researchers say", and "Junk food is addictive" (Newcombe, R. 2003). These claims
came about due to a New Scientist article in 2003, it stated the effects of fats on leptin
(see above) and went on to discuss whether fats and sugary foods had the same effects of
nicotine and morphine. Numerous studies on rats have been documented and it has been
found that high fat diets appear to alter the biochemistry of the brain in similar ways to
morphine (Newcombe, R. 2003). Also they found that these rats had withdrawal symptoms
likened to those experienced by drugs (Fast Food Can Be Addictive, n.d.). This was shown
by Dr. Ann Kelley, professor of neuroscience at Wisconsin University, together with

Matthew Will.
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As these findings have been found on rats, it is hard to extrapolate the data and interpret
these findings on humans. This is why there is so much discussion about the topic. The
facts are there and have been proven in rats it is just a case of transferring these results
and doing tests on humans to see if they still hold. Whilst the chemicals released by the
excess consumption of fatty foods are similar to those experienced by drugs, it is hard to
define this problem as an addiction to fatty foods. Dr. Hannah Theobald of the British
Nutrition Foundation said:
“It's hard to translate the findings from the various studies reported in the press, as
they've been carried out on rats in the laboratory. There are so many other factors
that influence food choice, such as environment, social cues, likes and dislikes, so it
really is quite hard to put it into perspective and a lot more research is needed
before we can draw any firm conclusions."
What can be confirmed by these findings is that the debate will carry on until proper
research has been made into the effects on humans. Until these have been made it cannot
be seen if the results hold clear as like Dr. Theobald stated there are other environmental
factors that influence humans that set us apart from other animals like rats or any other

creature that may be used as laboratory research.

Another source that can be considered when explaining the psychological effects is the
film Super Size Me. In it the director and actor Morgan Spurlock sets about to spend a
whole month eating only food and drink from McDonalds. His original intention was to
show how unhealthy a meal at McDonalds was. Afterwards he received a wide range of
criticism for the way in which the experiment was undertaken. It was surprising that in 30
days his health deteriorated so rapidly. By the end, he increased in weight by 11Kg (Super
size me, n.d.). as well as the physical downsides it was interesting to see the psychological
effects it had to his body. He started having bouts of depression, lethargy and headaches,
which only subsided after he had eaten his McDonalds meal. What this could mean is that
he is feeling withdrawal symptoms due to fatty foods similar to those felt by a drug addict.
Does this support the findings in rats about the addiction of fatty foods? Well it certainly

doesn’t harm the theory.

Page | 21



There has however been a lot of criticism and alternative experiments undertaken because
of the film. Whilst this may put the film in negative light, it certainly draws our attention to
the “epidemic” as dubbed in many articles including those in the Daily Mail (Bates, C.
2005) and the BBC (Hot topics — Obesity, n.d.). The criticism has been due to the fact
Spurlock ate 5000 kcal a day instead of the 2000 kcal that is eaten by the average
consumer. The criticism of Super Size Me as a valid source for me is that whilst yes this
does raise issues to the problem which is a good thing, his lifestyle choice before is very
different to the one he adopts in the film. Merely switching from one lifestyle to another is
a very hard thing and that may have caused some of the problems. His vegan diet must
also be taken into account. Most people who are overweight do not gain weight short
term, they gain it over a few years at the least, whilst they do consume as many calories as
Spurlock did in the film, in all likeliness they may have been “weaned” onto this lifestyle
choice. By that | mean maybe eat fast food once a week, which raises to twice a week
which raises to everyday for one meal and so on and so forth. This all links back to the
addictive nature of fats. | do think Spurlock gave a valid representation of his own feelings
but he may not have given a full representation of how overweight people actually feel.

The most alternative experiment was by Linkdping University, where Swedish scientist
Fredrik Nystrom repeated the experiment under laboratory conditions, raising the calorie
intake by fast food to 6000 kcal per day for seven of his students. Physical exercise was
discouraged; participants in the study were even issued free bus passes in the hopes that
they would not walk even short distances (Nystrom, F H. 2007). What was found was that
whilst the students gained on average between 5-15% of their weight, they didn’t have any
mood swings like Morgans’s. What this seems to hypothesize is that fats may have
addictive tendencies but they can be in no way considered similar to those of drugs such
as cocaine and heroin. The individuals’ environment also have to be taken into account
and Spurlock did his alone, where he might feel depressed and feel as if he has to turn to

fatty foods as there is no one else in the same situation.

The test in Sweden however showed that the students didn’t have mood swings which
may have been because they were together as a group. Spurlock does show the lifestyle
more suited to an obese American. Many Americans are lonely and stay at homes or office

desks all day where they feel that food is their only “friend”. This may be why he had
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mood swings because he felt the only way he could make himself feel good was by eating

vast quantities of food.

Social and economic effects

Obesity does not only have an effect on the individual person, but due to the increased
problems of obesity particularly in the western world, it is having an effect on society in
which we live as well. One of the increased reasons for our obesity is due to the cost of Fatty
Products. In Hungary between 1960 and 1985, fatty products on average did not raise in
price whilst tomatoes increased by over 1000% (Kaposvari and Bates. 1988). The reasons for
this increase is unclear however it could be due to the increased modernization within food
processing. Processed foods often contain high levels of fat and sugar and because they
have become cheaper to make, the costs have stayed comparatively low compared to fruit
and vegetables. This means that consumers are more likely to buy processed food and
therefore increase their calorie intake and could end up suffering from obesity. As well as
this is because more people are working longer hours in desk jobs, they do not have the
time to prepare foods and eat healthily. Therefore, they opt for processed foods, which
contain high levels of hidden fats and high values of cholesterol. All of this results in there
being more and more people becoming obese due to processed foods easing the way in
which people can obtain a full meal at home.

With more and more people becoming obese, there are higher and higher numbers of
people being admitted to hospital through obesity related diseases. The National Audit
Service in 2002 has estimated the cost on the NHS is £500 million per year (Hot topics —
Obesity, n.d.). What does this spell for the NHS? The NHS had a national budget of £65.4
billion in 2002-2003 (Billions for the NHS. 2002).

If obesity is on the rise then the cost is surely going to rise, this could spell the need for
increased funding in NHS. In 2002 there was not a lot of funding spent on obesity related
funding (if you call £500 million not a lot of money!). As more and more people become
obese more of taxpayers’ money is going to be spent on NHS which will be dealing more and
more with obese people. The National Health Service is set out to help people who are in
need due to life threatening illnesses such as brain tumors, or being administered blood

because lots had been lost in an accident.
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What will happen if the funds originally set out to help these or pave the way for new
treatment is going to be diverted and spent on helping people who have taken a lifestyle
choice that has caused a detrimental effect on their life? What is going to happen when new
drugs can be trialed but the trials cannot be set up due to lack of funds? The NHS cannot be
expected to save the lives of others who have knowingly put substances in their body that
will reduce their life expectancy. It is the same as drugs. The government must take a strong
action to stop our funds being diverted away from life saving causes and spent helping those
who knowingly shortened their own. A 2007 report produced by Sir Derek Wanless for the
King's Fund warned that unless further action was taken, obesity had the capacity to cripple
the National Health Service financially.

As well as there being an increased cost on the NHS there has been reported increase costs
in air flight and other infrastructure. There has been increasing pressure put on airlines to
increase the width of airline seats. Also with the increase in fuel prices, the increased weight
from obese people has reportedly cost the airlines and consumers $275,000,000 (roughly
£150,000,000) (Dannenberg, A., et al. n.d.). With more and more people increased their
waist circumference more people need to buy larger furniture, reinforce flooring due to the
increased mass and widen door frames. Houses that are usually converted to help disabled
people i.e. be all on one floor, with widened doors for wheel chair access could now be used
for the increasing obese population. Why are the government regenerating our cities with
high sky scrapers such as Beetham Tower in the Deansgate area of Manchester, when a
higher proportion of our society is becoming obese.

Obese people are not going to be able to walk up 30 flights of stairs and live on a top floor
apartment. Floors will have to be strengthened in order to prop up the large weights from
above from not only the structure itself but also the people on the higher floors. This means
more materials would have be used which causes an increased strain on an already stressed
market, the houses will have to be sold for more money, less people will be able to afford

them and so getting onto the housing market will be even harder than at this present time.
As well as the effects on infrastructure, there are massive implications on our workforce. A

study examining Duke University employees found that those with a BMI>40 filed twice as

many workers compensation claims as workers whose BMI was 18.5-24.9, and had more
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than 12 times as many lost work days. The most common injuries were due to falls and
lifting, and affected the lower extremities, wrists or hands, and backs (Ostbye T., et al 2007).
The implications of this is that if more people who are overweight take sick leave then the
people who have not taken days off will feel as if they have to shoulder the burden of the
depleted workforce. This could cause alienation when the person does come back from sick
leave as they could be seen as a “slacker”.

The obesity epidemic is often described as being localized to the western world. However
with the increase in modernization in countries in the East, more and more people in
countries such as China and India are becoming obese. If we look at China as an example,
the increase in economic fortune has been the reason as to why Chinese people are eating
more fatty foods. China is coming out of the dark so to speak and waking up to a dawn of
modernization, Chinese people are being subjected to western foods, the country has
relaxed from its old communist regime, and imports in western food are more and more
common. China has had a massive increase in the number of fast food restaurants. This rise
in fast food chains such as McDonalds, Burger King and KFC have not only come in the major
cities of Beijing, Shanghai and Tianjin, but also in far more rural locations. On a visit to China
in 2005 my grandfather, Dr Anthony Moore, said “Wherever you went you would see a teen
holding a Starbucks cup, be it in the rural areas of the Sichuan province or the major cities
such as Beijing”. Some of Starbucks well known drinks such as a Caramel Frappacino contain
over 300 calories! Due to this china has adopted a more sedentary lifestyle and the
percentage of obese people was 27.3% in 2004 (an increase from 12.9% in 1991) (Scientific
American. 1845).>” This rise in obesity has been because of a nationwide implementation on
new ways of eating. More Chinese people are drinking milk and eating dairy foods, all of
which increase your daily intake in calories.

The results of the increase in obesity in the eastern world has resulted that a worldwide
epidemic could be the outcome. Within 10 years could it be that China is one of the most
obese countries in the world. Whilst the UK, according to a health survey, is expected to
have 13 million obese people by 2010 (England to have 13m obese people by 2010. 2006) By
2020 no predictions have been made but could it possibly be up there at 20 million? This
would be a third of the entire population that is obese making it easily the biggest cause of a

shortened life in the U.K.
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The reason as to why so many people are obese is due to our children becoming more
obese. Many children adopt the same lifestyle as their parents, meaning if the parents eat
processed food as a convenience then they will pass these traits on to their children. In
2010, it is expected that there will be 1 million obese children (2-19) in the U.K (Department
of health. 2006) whilst 17.1% of the American adolescent population was obese in 2003
(Ogden C.L., et al. 2006). Consequently, obese children are most likely to grow up to be
obese adults. They then most likely will go on to pass on their lifestyle choices to their
children and so their children are likely to be obese. With this ever-ongoing generation-to-
generation passing down of sedentary lifestyle choices, our obese population is going to
increase. What does this mean to us? Well it could mean an increase in tax to pay for more
and more obese treatment or maybe something more drastic fat tax. What we could
introduce is taxing foods high in fat to make them a deterrent in the same way the high tax

on alcohol is supposed to.

Sources

The sources within this essay have been checked against each other to ensure that this data
is accurate. However since some of the chemistry of fats is not fact the most widely adopted
concepts have been used. Some of the data such as those from the government might give
data favouring themselves i.e. data, which shows obesity to be slowing down. For these
reasons | have tried to limit government funded data and tried to acquire data which is from
an independently funded source which would give a fairer representation of the data. Care
has been taken when using Wikipedia because of the fact anyone can edit it; | have used
Wikipedia only when the information given has been validated by another source so that |
have been able to give the most widely acknowledged theories and concepts within this

body of work.

Conclusion

Fats in their triglyceride form can be divided into two categories dependant on the bonding
in the fatty acid chains. These two groups are saturated and un-saturated. Saturated fats are
often deemed worse than unsaturated. The reason for this is that they are often derived

from animal origin meaning they often have high levels of cholesterol accompanying them.
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It is the cholesterol (well the lipoproteins) that causes a detriment to our health. Certain
lipoproteins (LDL) deposit cholesterol in the arteries that builds up to form plaque. This
plaque is often a main cause in heart attacks and cardiac related diseases. HDL on the other
hand is a lipoprotein that basically sucks up all the cholesterol in our blood and gets rid of
the plaque. Fats are broken down and absorbed into the body in the small intestine. They
are broken down with the help of bile salts and enzymes called lipase. They enter our blood
stream and get transported within it by lipoproteins in the same way that cholesterol does.

Excess fats leads to many diseases such as cardiac related problems, joint problems,
digestion problems and respiration problems. Obesity is becoming an epidemic due to more
and more people leading a sedentary lifestyle. Fats do alter our neurological functions and
there is evidence to believe that people can be addicted to fats. However, this is not an
excuse for someone to become morbidly obese. Obesity as an illness is causing a great deal
of problems to the western world. Fuel consumption is higher due to the extra weight and
this effect is being felt by airlines and may someday be passed onto us an extra charge.
Diseases that have been brought on by obesity are increasingly straining the health service.
These are the effects of excess fats as we know it and in the years to come it could be
catastrophically worse unless implications were put into place to curb out love for fatty
foods. Maybe bringing in a “fat tax” is too extreme but certainly, something that will put
people off fatty foods is the way to go. By no means should we eliminate them from our diet
they have a huge role in our body but we need to consume them in moderation. What
should be called for are initiatives to help stop obesity becoming out of control. Although
surgery and dieting can be done, we need to change our current lifestyle otherwise, these
options are only going to a quick fix solution. Food needs to be rebranded, bringing us closer
to the kitchen and knowing exactly what goes into our food so hidden fats cannot catch us

out. Only then can we stop what is quickly becoming an epidemic of global proportions.
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Appendices

Appendix 1 — The definition of Van der Waals forces

Electrons, which are in orbit around the nucleus of an atom, are in constant motion. At any
particular moment the electron charge cloud will not be perfectly symmetrical, that being
there may be more electrons on one side of the atom as opposed to another. As the
electron is negatively charged, the side with greatest number of electrons will hold a slight
negative charge. This induced dipole in the electron will cause the electrons in neighboring
atoms to shift creating induced dipoles. This causes induced weak dipole interactions
between atoms (or molecules) which gives rise to the Van der Waals forces we experience.

As the size of the molecule increases, the number of constituent electrons increases. As a

result, the induced dipole attractions become stronger.

Electrons

Induced dipole

Atom

This induced dipeale causes an

The electrons at any one time can be shift in electrons in neighboring

anywhere in the atom causing an atoms which creates an induced

induced dipole. dipole attraction between the
atoms

Appendix 2 — How fat is converted to energy

Step 1: The break-down of triglycerides
To be used for energy a triglyceride molecule needs to be broken down into its basic units:
one molecule of glycerol and 3 molecules of fatty acids. This is called Lipolysis.

Step 2: Conversion to acetyl CoA



Although they both have the same outcome, the glycerol and fatty acids follow a different
path. Their goal is to enter the Krebs Cycle, but first they must get converted to acetyl CoA.
(Acetyl CoA is a molecule used as an intermediate in the process of converting fats into
energy).

Step 2a: Glycerol to acetyl CoA

Glycerol, which is a basic sugar, follows the glycolytic pathway (glycolysis). This is an
anaerobic process which converts glycerol into pyruvic acid. For entry into the Krebs Cycle,

the pyruvic acid must be converted to acetyl CoA.

This is done in 3 steps:

i) One carbon is removed from the pyruvic acid and released as carbon dioxide, which is
released from the cell and exits via the lungs.

ii) Hydrogen atoms are removed and will later exit to be used to produce more energy.

iii) What's left is called acetic acid, and it is combined with coenzyme A to form Acetyl CoA

Step 2b: Fatty acids to acetyl CoA

Fatty acids are converted into Acetyl CoA via a process called beta-oxidation. During this
process the fatty acid chains are broken apart, forming two acetic acid molecules. Each of

these are then fused to coenzyme A, forming acetyl CoA.

Step 3: The Krebs Cycle

At this point both the glycerol and the fatty acids have been converted to Acetyl CoA and
are now ready for the Krebs Cycle. As the Acetyl CoA is broken down, carbon-dioxide and
hydrogen are removed. Once again the carbon-dioxide exits the body via the lungs.

However, the hydrogen moves on to the final stage.

Step 4: The Electron Transport Chain
The Electron Transport Chain is the final process in the break down of food. Each of the

hydrogen molecules that were removed during the previous processes have been



transported here. They now combine with oxygen to form water, with the resulting energy

from this reaction causing the formation of ATP.

Appendix 3 - Solubility and its effects on fats.

The reason as to why lipids are generally insoluble in water is that lipids are non polar or
apolar. This means they cannot interact with the polar bonds in water. Water has the
chemical formula H,0, where the central Oxygen combines to 2 hydrogens in 2 covalent
bonds. Covalent bonds mean that both atoms share pairs of electrons between them. As
oxygen is more electronegative then the bonded pairs of electrons are pulled closer to the
oxygen atom. Electronegativity, as defined by chemist Linus Pauling, is the ability of an atom
in a molecule to pull a bonded pair of electrons. Electronegativity is not a quantifiable value

it merely states which atom has a greater ability to pull on a bonded pair of electrons. In this

case as oxygen is more electronegative than hydrogen the electrons are pulled towards it.

The pair of electrons
shared by the each
hydrogen and the oxygen
is shown by the 2 dots,
where it can be clearly
seen that they are closer
to the oxygen than the
hydrogen as a result of
electronegativity.

O -

™ O ®
6+ ® .\ 6‘*’
H/ H

As electrons are negative the
oxygen becomes slightly more
negative than the hydrogen and
is shown as a negative dipole.

The overall distortion in charge in H,O and other polar molecules, which results from

unequal sharing of electrons, is known as polarization. The molecules are said to be polar

and the separation of charge in the molecule is referred to as a dipole (Hill, G. & Holman, J.

2000).

As substances are most soluble in solvents of like polarity, it explains why lipids are insoluble

in water. Although some functional groups in lipids are highly polar, the polarity of a

molecule is the net result of counteracting effects of the number and/or polarity of its

functional groups vs. extensiveness of the apolar remainder of the molecule (Mead, J. 1986).




The presence of a limited number of highly polar functional groups as in a triglyceride
molecule results in the low solubility as the fatty acids contain C-H bonded tails with are non
polar. As these fatty acids are usually long in length compared to the size of the overall
molecule then it can be concluded that this overrides any effect of polarity and has a net

result of the triglyceride molecule being of low solubility in water.

Appendix 4 - The definition of lipid peroxidation.

One of the most typical properties of the unsaturated fatty acids is their susceptibility to
peroxidation, chiefly the type termed autoxidation. Autoxidation is defined as a radical chain
reaction involving molecular oxygen as a reactant in one of the steps (Mead, J. 1986). The
term “peroxidation” which involves autoxidation, refers to the production of peroxides and
their degradation products. This process has been of interest to biochemists and
physiologists because of the theory as to whether the process of lipid peroxidation has any
effect on living organisms notably the human body. Several different approaches have been
taken to study these effects. These have involved: studying the effects of ingestion of
peroxidised fat in the diet, by examining the results of peroxidation on subcellular fractions
and numerous others.

The first effect which is credited to peroxidised lipid in our diet is the destruction of
oxidizable components, including essential nutrients. Even when vitamins are administered
separately by means of supplements, peroxidized fat gives rise to toxic symptons. When
rats were subjected to peroxidised, highly unsaturated marine based, oils they quickly fell
fatal. Also it can be shown that toxicity of a fat is proportional to their peroxide content.
This means that fats high in unsaturated fats cannot be stored for long without going rancid.
This means that for a product to have a long shelf life it must have a low unsaturated fat
content. Although this can be done by means of hydrogenation, the effects of synthesising

saturated fats are not yet known.
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