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1. Some Basic Chemistry

1.1.Moleaules

Moleaules are one of the fundamental building blocks of chemicd compound and
normally consist of groups of atoms held firmly together by covalent bonds.
Molealles generdly stay intad during physicd processes, such as melting and
baili ng, bu are broken apart and altered duing chemicd processes or readions.

Roughly spe&king covalently bonded moleaules can be split i nto two basic types:
 Nonpdar
* Polar

1.1.1.Non-polar Moleaules

These include a group d orgaric' moleaules cdled hydrocarbors that contain orly
hydrogen and carbon atoms. Examples of the simplest hydrocarbors are shown in
Figure1.1.

H H H H H H

I || I
H—C—H H—C—C—H H—C—C—C—H

I | R

H H H H H H

Methane Ethane Propane

[H = Hydrogen, C = Carbon, - indicates a chemical bond between atoms]

Figure 1.1: Simple hydrocarbon moleaules.

More and more cabonatoms can be alded to creae large moleaules. Such moleaules
can be foundin petrol, kerosene, wax and aher oils and fdastics. Hydrocarbors need
not be straight chain moleaules (as those depicted in Figure 1.1) they can also be
based on hexagon shapes (seeAppendix A4 and Appendix A5).

Non-polar moleaules have no permanent overall or locdised eledricd charges on
them.

1.1.2.Polar Moleaules

These moleaules have no permanent overall eledricd charge on them but do have
small eledricd charges at different points. For example water (H20) consists of two
hydrogen atoms and an oxygen atom; the hydrogen atoms have a small positive
charge and the oxygen atom has a small negative dharge (Figure 1.2). The small
positive and regative charges attrad ead ather in a similar way to which the north
and south pdes on amagnet will attrad ead cther. This attradion causes wea bonds
to be set up between moleaules.

! Organic moleaules are based around carbon and hydrogen atoms but may contain other atoms such as
nitrogen, oxygen and chlorine.
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Ethand (CH3CH,OH, the dcohd that gets you dunk) is another example of a polar
moleaule. It contains 2 carbon atoms 6 hydrogen atoms and 1 ocygen atom (Figure
1.3). Note that the éghand moleaule has a pdar part (the dcohd group) and a non
poar part (the rest of the moleaule). Whenever you seeoxygen in an arganic moleaule
you can asuume it to be polar (or at least the part of it that contains the oxygen atoms).
See Appendix A5 for other important oxygen containing groups. Ethand is not the
only alcohd. Any moleaule that contains C and H atoms and ore or more —OH groups
is an acohd. For example CH3OH is cdled methand and CH3CH,CH,CH,OH is
cdled buanad.

d- - indicates a negative charge ek bpnd /O\
(o] + indicates a positive charge betwesn malscules H
H/ \H d indicates ‘a small amount’ N
5+ 5+ Y
O = oxygen . o o)
Strong chemical —»/ \ / \

bonds between atoms H H H H
No overall charge

(a) (b)

Figure 1.2: The water moleaule.

The oxygen atom and the
-H p— hydrogen atom together are
5 O+ called an “alcohol group”

Figure 1.3: The @hanol (CH3CH20H) moleaules.

1.2.Solubility, Miscibility And Immiscibili ty

When ore liquid dsolves in a semnd their moleaules mix fredy together and a
solution is formed. Such liquids are said to be miscible. When two liquids will not
mix (i.e. their moleaules will not interad together fredy) they are said to be
immiscible; therefore engine oil and water are immiscible. When two immiscible
liquids separate the one with the lowest density will rise to the top.

As arule of thumb like dislves like. That is to say that polar liquids will mix with
other palar liquids but not non-padar liquids, also nonpadar liquids will mix well with
other nonpadar liquids but not polar ones. Liquids that will not mix with water are
said to be hydrophohc and thase that will mix with water are said to be hydrophili c.

Substances are nat necessarily soluble or insoluble, in many cases substances are
slightly soluble. For example the solubility of alcohds in water is affeded by the size
of the hydrophohc portion d the moleaule and the number of —OH groups present.
Hence dhand (CH3CH,-OH) is completely soluble in water and buand
(CH3CH2CH,CH,OH) is only partialy soluble (7.9 g of butanadl per 100 ml of water).
Also Butanediol (HO-CH,CH,CH,CH,-OH) has two —OH groups and is completely
soluble in water although it has the same number of carbonatoms as butanal.
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1.3.Acidity And Dissciation

Some polar moleaules lose their H®* atoms completely when they disolve in water.
The H>" atom then beacomes afreeH" ior?. Water moleaules themselves are mnstantly
disociating to produces H* and OH ions and the ions in turn are re-associating to
produce water moleaules:

H,O = H* + OH

Obviously when water moleaules dissociate they produce eual numbers of H* and
OH ions. Crudely speeking an acid is a substance that only produces H* ions when it
is disolved in water, thus forming a solution with more H* ions than OH" ions. For
example hydrochloric aad (HCI) disslvesin water to give:

HCl = H*+ClI-

The addity of a solution is measured using the pH scale which refleds the
conseaation & H' ions. A strongly addic solution hes a pH of 1 o 2, a neutral
solution hes a pH of 7 and a basic (or alkali) solution hes a pH between 7 and 14.
Bases form OH ions when dislved in water (or put ancther way cause adeficit of
H" ions).

HCl is a strong add because eat moleaule will produce an H* ion. Alcohds on the
other hand are very dlightly addic and when a volume of ethand is dissolved in water
avery small propation d the moleaules dissociate:

CH4CH,OH - H" + CH,CHO
Organic caboxylic adds, for example éhanoic add (CH3COOH, foundin vinegar),

have a COOH group (see Figure 1.4). When ethanoic add dsasciates in water it
produces H and CH3COO iors.

H 0] 8-
| / o _
H=—C——C ——Carboxylic Acid Group = Is a double chemical bond
| \
O-H
5- o+

Figure 1.4: The ghanoic add moleaule.

Alcohds and caboxylic agds are both foundin esential oils, and while caboxylic
groups are stronger adds than alcohds they are both relatively we&k adds when
compared to hydrochloric or sulphuic aads.

2 As mentioned in Sedion 1.1.1 polar moleaules have no overall charge. However, if awater moleaule
splitsup it formsan H* ion , thisis a hydrogen atom with a an eledron missng and therefore it hasa
pasitive dharge. An OH ion is also formed, which is an oxygen atom and a hydrogen atom joined
together with the extra dedron, it therefore has a negative darge.
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1.4.Emulsions

1.4.1.Types Of Emulsion

When two liquids are immiscible but do nd separate immediately they are said to
form an emulsion. Some anulsions are quite stable and will take along time to
separate. For example milk is an emulsion d water and fat but is fairly stable. Other
emulsions may separate quite quickly, for example asimple salad dressng of oil and
vinegar will separate dmost immediately (note that vinegar is water based).

The emulsion itself consists of small droplets of one liquid within the body of a
secondliquid. An emulsion containing droplets of oil in water is cdled an oil -in-water
emulsion and the oil is cdled the dispersed phese while the water is cdled the
continuows phase. An emulsion with droplets of water in al is cdled a water-in-oil
emulsion. A good al-in-water emulsion will consist of very fine oil droplets
homogeneously dispersed throughou the body of water.

Since ®las are oil-in-water emulsions this discusson d emulsions assumes that an al
phase is being dispersed within a water phase. In pradice neither the water phase nor
the oil phase of an emulsion are likely to be pure substances. For example in colas the
continuows water phase is an addic solution d citric or phaspharic adgd together with
other ingredients sich as caramel and sugar, the oil phase is a mwmplex mixture of
organic moleaules from the essentia oil flavourings. In general the water soluble
moleaules all stay in the water phase and the oil phase will be amixture of al the
liquid moleaules that are nat soluble in water (i.e. amixture of oils).

1.4.2. Suface Energy

All surfaces have asurface energy, this energy is resporsible for phenomena such as
surfacetension. If you dace adrop d ail into a glass of water a new surface & the
interface between the oil and water is creaed and this surfacewill have an energy
(Figure 1.5). This energy must be provided from somewhere, thus to crede an
emulsion from oil and water you must supdy energy. For example you must shake
salad dressng to crede an emulsion from the oil and vinegar, if you do na shake it
the two liquids stay in separate layers (Figure 1.6).

Water New Oil
Surface
Qil Vinegar
Shake
Figure 1.5: A drop d oil in water. Figure 1.6: Making rew surfacesin salad dressing
emulsion.

Crudely speaking all systems try to reduce their energy to a minimum, thus our drop-
of-ail-in-water system wants to reduce the aeaof the oil-water interface less sirface
area gua less sirface @ergy. For a given vdume of oil the minimum surface aea
possble is obtained by forming a sphere; therefore oil drops in water and bublbes of
gasinaliquid are dways phericd.
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1.4.3.Emulsion Failure
Emulsions can fail in four basic ways, eadh of which causes the homogenous
dispersion d oil dropletsto belost (Figure 1.7):

i. Coaescence - Two smal oil spheres have a ©mbined surface aea (and
therefore surface @ergy) that is larger than a single big sphere containing the
same volume of oil. Thusif salad dressng is|eft to stand the small bubldes will
coaesce to form bigger and kgger spheres until the oils has completely
separated from the water.

ii.  Flocaulation — The small spheres of oil stick together to form clumps or flocs
which ad as if they are larger drops. Therefore the oil is no longer evenly
distributed through the water.

iii. Creaming— Most oil's are less dense than water and will therefore float to the
top. However, the drops will not necessarily coalesce

iv. Breaking — Due to Coalescence and creaming combined, the oil separates
completely from the water so that it floats at the top in a single, continuous

layer.

i. Coalescence \ / ii. Flocculation 7
/ |\

Good
Emulsion

iii. Creaming iv. Breaking

Figure 1.7: The failure of emulsions.

Figure 1.7 clealy shows that flocculation and creaming leave the fine oil droplets
intad while making them lesswell distributed throughou the water. Therefore, these
two processes can be reversed by putting in a small amourt of energy (i.e. moderate
stringing or shaking). Brownian motion, within the water phase, can provide enough
energy to kegp exceptionally small droplets agitated and hence ageaning is lesslikely
to happen with fine anulations. If the anulsion contains larger oil droplets, they will
soonriseto the top.

Coalescence and lre&king lea to large bodes of oil separating from the water and
esentialy result in the anulsion separating completely. To reverse this process the
emulsion must be remade and this will require alot of energy. Emulsions are dl
thermodynamicadly unstable, meaning that they will eventually separate however,
they can be stabilised and in some caes they can remain intad indefinitely. Both
coalescence and flocculation are more likely if the surface @ergy between the two
phases is high and if the surface aeato vdume ratio is high (i.e. the oil droplets are



Some Basic Chemistry - 9

very small). However, emulsions of small droplets are eaier to stabilise becaise
creaming islesslikely.

1.4.4.The Origins Of Charged Droplets In Emulsions

In many emulsions the droplets of the dispersed phese have an eledrostatic charge. In
colas the droplets have anegative tharge, this arises due to the dissociation o addic
groups at the surfaceof the droplets (Figure 1.8, also see Sedion 1.3). These acdic
groups form part of some of the oxygen containing essential oil moleaules.

The magnitude of the surface diarge depends on the strength o the acd groups in the
oil phase (for colas the caboxylic groups are quite we& adds and alcohds are very
wedk adds) and onthe pH of the surroundng water phase (for coca-colathisis about
2.5). The more acdic a ola's water phase is, the less sirface darge there will be on
the droplets and as the pH is lowered a paint is reatied where the droplets no longer
have asurface targe a al, this paint isknown as the isoeledric point.

Figure 1.8: Carboxylic add groups at an oil/ water surfaceproducing a surface darge by dissociation.

1.5. Stabilising Emulsions

Codescence and creaning are @nstantly working to ruin emulsions however, there
are several ways in which emulsions can be stabilised. These include dedrostatic
repulsion and the aldition o additives cal ed emulsifiers and stabili sers®.

1.5.1.Eledrostatic Stahili sation

As mentioned in Sedion 1.4.4 droplets in emulsions can cary eledrostatic charges
and these dharges are dependent on addic surface groups and the acdity of the
surroundng water phase. Charged al droplets will repel ead aher since dike
charges repel, this prevents two droplets gicking together or coalescing.

1.5.2.Polymeric Sabili sation

Polymers®, including natural polymers sich as proteins and gums, can be used to
stabilise enulsions. Some of these polymers contain certain pdar chemica groups,
for example dcohds, that can adsorb orto the surfaceof the oil droplet. Gum Arabic
is an example of a paysaccharide gumthat can adsorb to al droplets.

% The terms emulsifier and stabili ser are often interchangeable however, emulsifiers are strictly
additi ves that make the formation of emulsions easier and stabili sers are alditives that prevent the
failure of the emulsion onceit has been mixed.

* Polymers are long moleaules made up from arepeaed pattern of smaller moleaules suck together.
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The paymer moleaules can either adsorb at a single point or at several points and the
adsorbed layer prevents two droplets from coalescing by forming a barrier (Figure
1.9). Moleaules that are atached at more than ore point form a strong protedive
barrier around the droplets that can withstand vigorous agitation withou becoming
detached. These poymer barriers gabili se the enulsion orce it has been formed bu
donit usually make formation easier.

Polymer moleaules that can na adsorb orto the oil droplets but are soluble in water
can stabili se enulsions by increasing the viscosity” of the water phase. Polysacdaride
gums such as xanthan gum (but not gum Arabic) can be used to this end and are
known as hydrocolloids. For coalescence and creaming to happen the water phase
must easily flow aroundthe oil droplets  that intimate contad between the droplets
IS passble. A more viscous water phase will flow less easily and sometimes cause
water to be trapped between droplets that are trying to coalesce (Figure 1.10. Even
small quantities of xanthan gum cause alarge increase in the viscosity of the water

e
O

Figure 1.9: Adsorption of polymers at the Figure 1.10: Coaescence of oil droplets in water
oil/ water interface phase.

1.5.3. $all Particles

Very small solid perticles can be added to emulsions to ad as a stabiliser. The
eff edivenessof these particles depends on hav they interad with bah liquids and the
interface between them. Like paymeric stabili sation, the particles form a physicd
barriers aroundthe oil droplets. While small particles can help stabilise an emulsion
they probably will not make itsinitial formation easier.

1.5.4. Sufactants

The name surfactant is short for “surface ative ayents’ andis given to moleaules that
have an effed on the surface @ergy of the oil/water interface These demicds not
only increase the stability of emulsions but also make them substantially easier to
form in the first place Surfadants can adieve this becaise they ad as a ‘bridge
between the oil droplets and the water, reducing the surface @ergy of the interface
and thus reducing the anourt of energy nealed to crede new oil/water surfaces (see
Sedion 1.4.2.

® Viscosity isa measure of the aility of aliquid to flow, therefore treade has a higher viscosity than
water.
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Surfadants are moleaules that are polar at one end and nonpdar at the other, thus one
end d the moleaule dislves in the oil droplet and the other end dswlves in the
water phase (Figure 1.11).

Figure 1.11: The adion of surfactants bringing the oil/ water interface

Oil and water can be made to form a stable emulsion by adding soap as a surfadant.
Soap dften contains dium steaate which has along nonpolar “tail” which dsslves
in al and a pdar “head” which dsolves in the water (Figure 1.12. Any moleales
with pdar and nonpadar parts will have some aility to ad as an emulsifier. For
example dcohd will stabilize an emulsion to some extent, although emulsifiers with
longer “tail " and highly soluble pdar “heads’ tend to work best.

Polar Head
....... R H H H
/ A . e _ . : _
CH,—(CH,),,— C\/ CH,is H EI CH,is E (CH,),q is C}I_|
....... ONa' |
Non-polar tail = is a double chemical bond Na = sodium

Figure 1.12: Sodium steaate.

1.5.5.Weighting Agents

Oil-in-water emulsions will eventually separate becaise most oil s are lessdense than
water and will eventually float to the surface This processis cdled creaming (see
Sedion 1.4.3 and can be delayed if the oil droplets are very fine. Creaming will not
happen if the oil phase has the same density as water.

Weighting agent are oils that, unwually, have adensity greaer than the density of
water. Thus the overall density of the oil phase can be incressed by add such a
substances. The doser the density of the two pheses, the more stable an emulsion will
be.
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2. A Few Cola Syrup Recipes

Note: All of the imperiad measurements are US values and nd UK values (see
Appendix A2). The syrupisdiluted by abou 1:5 with carboneted water when batled.
More information abou the ingredients can be foundin Sedion 4.

2.1.TheOriginal

The following redpe is suppacsedly the origina cocacolaredpe that was uneathed in
an dd notebookthat belonged to coca-cola inventor J. S. Pemberton. This redpe was
largely substantiated by a second source who hed been employed by cocacola in the
USSR during the 1940s. The redpe and acount of how it was foundis detailed in
the book “For God, Courniry and CocaCola” by Mark Pendergrast (see

Bibli ography).

Ingredients:

1 oz Citrate Caffeine 3 az Citric Acid
1 oz Ext. Vanilla 1 Qt. Lime Juice
2.5 @ Flavourings (seebelow) 30 Ibs. Sugar

4 oz F.E. Coco 2.5gd. Water

Caramel — sufficient

It seemsthat “F.E. Coco” refersto afluid extrad from cocaleaves (the original redpe
has the spelli ng mistake).

Flavourings (7X formula):

80 Qil Orange 40 Oil Cinnamon
1200il Lemon 20 Oil Coriander
40 Oil Nutmeg 40 Oil Neroli

1 Qt. Alcohd

There is no indication as to what the numbers precealing the flavour ingredients refer
to. However, they may refer to the number of drops.

Diredions:

Mix Caffeine Acid and Lime Juice 1Qt.

Boili ng water add vanill a and flavourings when coadl.
Let stand for 24 hous.

Souce www.sodamuseum.com, www.therisenredm.com, en.wikipedia.org/wiki/ Coca-Cola formula,
“For God, Courtry and Coca-Cola” by Mark Pendergrast (seethe Bibliography).

It is suspeded that most, if not al of the lime juice has been replaced by lime oil and
that glycerine is now added as a preservative (emulsifier). Also, phaphaic add is
now used instead of citric add. In the USA at least, some of the sugar has probably
been replaceal with high fructose arn syrup and artificial swedeners.

It seams that the wcane was removed in abou 1901 ly Asa Cander who
commissoned a @mpany to provide demcanized coca led. Becaise of the
extradion method wsed (mulching the led in 20% alcohd) there was probably never
more than 8.5mg of cocane in a 6 oz battle. J S Remberton insisted that the drink
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derived its invigorating properties from fourteen alkaloids® that are foundin cocaled
and nd just cocane. There is no mention d Kola nuts. The kola nuts were used for
their cafeine mntent and it is suppcsed that artificialy produced cafeine dtrate was
used from an ealy date.

The original redpe was for a drink that was not bottled bu sold ou of “soda
fountains’ that where situated inside demist’'s dops. Therefore, the emulsion
stability was naot as criticd as it is for drinks that are intended to be bottle and have a
shelf life of several months.

2.2.Another Supposed Original

This version is from “Big Seaets’ by William Poundstone NY:Quill (1983 (see
Bibliography). This reape is described by Mark Pendergrast as “a fairly acarate
guesgimate” of the modern redpe. The redpe makes 1 gallon d syrup.

Ingredients:

2.4 kg Sugar, disolved in the minimum of water  3.1g Caffeine

37 g Caramel 11 g Phosphaic Acid
1.1g Deacanized Cocaled 0.37g KolaNuts
30gLimeJuice 19 g Glycerine (vegetarian)

1.5g VanillaExtrad

Flavourings (7X formula):

0.889g (1.032ml) Lemon Qil TraceLavender QOil
0.479g (0.557ml) Orange Qil TraceNeroli Oll
0.209g (0.190ml) Cassga Qil 4.99 95% Alcohd
0.07g (0.077ml) Nutmeg Ol 2.79(2.7ml) Water
TraceCoriander Qil

Note: The millilit re (ml) values have been cdculated from the weights in grams using
the densities in Sedion 4.8.3Cassaoil isalso knavn as Chinese dnnamon al.

Diredions:

Mix the sugar with just enough water to dsslve it (high fructose @rn syrup can be
substituted for half the sugar). Add the caamel, cafeine and phephaic add. Then
add the lime juice (or a solution d water with citric add and sodium citrate & lime
juicestrength). Soak the mcaled and kdanutsin 229 of 20% alcohd, strain and add
the liquid to the mix.

Mix together the essential oils and add the 95% alcohd. Shake. Add the water and let
the mixture stand for 24 hous at abou 15 °C. A cloudy layer will separate. Take off
the dea part of theliquid orly and add it to the sugar syrup.

Add the glyceine and vanill a extrad. Add water (treaed with chlorine) to make up to
1 gdlon d syrup.

Souce A copy can be found at en.wikipedia.org/wiki/CocaCola formula, “ For God, Country and
Coca-Cola” by Mark Pendergras (seethe Bibli ography)

® Morphine, nicotine, cafeine, quinine and cocane ae dl alkaloids — nitrogen containing organic
moleaules that occur in many plants.
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Mark Pendergrast adds that this redpe talli es closely with a testimony by a @mcacola
chemist at a Delaware @urt case in 1991 the differences are in the anounts — 13.29g
phosphaic aed (not 11 g), 1.869g vanilla extrad (not 1.5 g) and 91.999g of single
strength commercia caamel (not 37 ). This fina difference may be due to a
concentrated caramel being used, such products are widely marketed to the drinks
industry.

2.3.The Supposed Pepsi-Cola Redpe
This is suppcsedly the origina Pepsi-Cola redpe. It was submitted to a @urt in the
USA when Pepsi-Colafiled for bankruptcy in 1923.

Ingredients:

7500Ibs. Sugar — standard confedioners 12 gal. Caramel — bunt sugar colour
Up to 1200gall ons Water 12gad. Lime Juice

58Ibs. Phasphaic Acid —S.G. 1.750

Flavourings:

% gal. Alcohd 4 fl oz Cinnamon Qil

6 fl oz. Lemon Qil 2 fl oz Nutmeg Ol

5 fl oz Orange Ol 2 fl oz Coriander Qil

1 fl oz Petit Grain

Note: Petit Grain is an essntia oil extraded from the leaves and twigs of the lemon
tree

Pepsi-cola originally contained pepsin, an enzyme that aids digestion. Like cocacola,
pepsi-cola was first sold at soda fourtains and it now probably contains gum Arabic
as an emulsifier.

Souce www.sodamuseum.com

2.4.0OpenSource Cola
The people who thought of open source software in the 1970s released thisredpe.

Ingredients:

2 tsp. 7X Formula (seebelow) 2.36 kg Sugar — plain granulated
3.50tsp. 7%% Phospharic Acid or Citric Acid  0.50tsp. Caffeine (optional)
2.28| Water 30 ml Caramel

Flavourings (7X formula):

3.50ml Orange Qil 0.25ml Neroli Qil

1.00ml Lemon Qil 2.75ml Lime Qil

1.00ml Nutmeg Oil 0.25ml Lavender Qil

1.25ml CassaOill 10g Gum Arabic

0.25ml Coriander Oil 3 ml Water

Diredions (quaed dredly fromthe original source):

“Mix oil s together in a aup. Add gum Arabic, mix with a spoon.Add water and mix
well. | used my trusty Braun mixer for this dep, mixing for 4-5 minutes. You can aso
transfer to a blender for this gep. Can be kept in a seded glassjar in the fridge or at
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room temperature. Please note that this mixture will separate. The Gum Arabic is
esentia to this part of the redpe, as you are mixing oil and water.”

Note: no mentionis made a to what you do ore the mixture separates.

“In aone gallon container (I used the Rubbermaid Servin' Saver Dry FoodKeeper, 1.3
US Gal/4.921), take 5 mls of the 7X formula, add the 75% phaspharic or citric aad.
Add the water, then the sugar. While mixing, add the cdfeine, if desired. Make sure
the cdfeineis completely disslved. Then add the caamel color. Mix thoroughly.”

Souce www.colawp.com/colas/40Q'colad67 redpe.html

2.5.Stevia Natural Swedener Sugar Free Cola
This redpe is credited to Dr. Udo Kienle. It uses a sugar substitute but gives more
detail s about the mixing process

Ingredients (makes 1 litre of syrup):

0.07 kg/ | Stevia Natural Swedener 6.0ml/I Salt Solution
108.5ml/l Cola Flavor Base (seebelow) 5.0ml/I Citric Acid Solution, 5®%6
8.5ml/l Phasphaic Acid, 8%% 872.0ml/lI Processed water

0.007 lg/l Caramel, aad proof

Flavour Base (makes 1 litre of flavour base):

1.32¢g/l Vanill a Extrad* 21.94g/l Caffeine

4.29¢/l Solid Extrad Kola nuts* 25.00¢/l Lime Oil Extrad
41.74¢g/l ColaFavour Emulsion (seebelow) 75.56g/l Phosphaic Acid, 83%
158.52¢g/l Caramel, add proof 671.63g/| Procesed Water

* A separateredpeisrequired for the extrads.

Cola Flavour Emulsion (makes 1 litre of flavour emulsion):
119.94g/l Orange Oil Emulsion (seebelow)  2.64g/I Oil of Lime, distill ed

89.82¢g/l Arabic Gum 2.64¢/l Qil of Orange, cold pressd
13.21¢g/l Oil of Cinnamon 1.32¢g/l Qil of Coriander
6.60g/l Qil of Lemon, cold pressd 763.83¢/l Procesed Water
Diredions:
a) Combine the esential oils (except the orange oil), add magnesium carborete
andfilter.

b) Prepare orange oil emulsion and Arabic gum by heaing the orange oil up to
60 °C for %2 hou. Remove the oil from the hea and slowly add the Arabic
gum. Stir for 15 minutes.

c) Addthe essntia oils to the orange oil mixture, then add the water and keep
agitating for anather 15 minutes.

d) Homogenize the mixture & 211 ky/cm?.

Notes: There is no mention in the ingredients of magnesium carborete. It probably
refers to using very fine magnesium caborete & a filtering aid. When filtering a
‘dimy’ substance avery fine inert powder can be used to prevent the filter from
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beaming clogged. 211 lg/cm? is the presaure to which a “homogenizer” is =t (see
Sedion 3.2.3).

Souce www.uni-hohenheim.de/~www44Q'V TP/stevia/lBO/B2

2.6.Another Redpe
Thisredpeistaken from “FoodFlavourings’ by Joseph Merory (seeBibliography).

Cola Flavourings Base Qil s:

46.8g Lemon Oil — California mld pressed  3.50g Nutmeg QOil
14.20g Lime Oil — distill ed 0.01g Nerali Ol
10.65g Cassaor Cinnamon Oll 24.84g Orange Qil

Note: The esentia oils soud beterpenefree

Disslve in 11fl. oz. of 95% acohd. Agitate and add 5fl. oz. water. Hold at 15°C.
The mixture will separate and the dea portionis kept andfiltered if necessary.

Phospharic Acid Sdution:
0.5fl. oz. Phosphaiic Acid USP85% (liquid)
3.5fl. oz. Water

Cola Nut Extract:

Mix 1251bs Colanut with 25gal. warm water at 50°C. After 1 hour, mix with 25gal.
95% alcohd. Stir the mulch twice daily. After 3 days take off 31 gals of the extrad.
Add 19gas. of water and leave the remaining mulch for a further 2 days dirring
twice daily before removing the final 19 gal. of extrad and adding it to the previous
extrad.

Cola Flavour:

12fl. oz. ColaNut Extrad (see &dowe) 32fl. oz. Lime Juice

2 fl. oz. Vanill a Extrag* 32fl. oz. Caramel —add proof

2fl. oz. Ceffeine 12fl. oz. ColaFlavour Base (see dove)
100fl. oz. Water 12fl. oz. 95% Alcohd

16fl. oz. Glycerine

*The origina sourcegives along, detailed description of how to prepare the vanill a extrad from
vanillabeans. It has been left out for brevity.

4 fl. oz. of flavour and Y2fl. oz. phasphaic add solution are alded per galon o
syrup.

Note: The redpe does not say how much sugar isto be alded per gallon d syrup.
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3. General Notes On Cola Recipes

3.1.Rumours

Some people who have performed chemicd analysis on CocaCola daim that it
contains the following ingredients. cinnamon, numeg, vanill a, glycerine, lavender,
fluid extrad of guarana, lime juice and aher citrus oils. CocaCola themselves admit
that their drink contains at least 14 ingredients. There ae some rumours that cocacola
had to annource to some Muslim courtries (including Morocco) that the glycerine
they used was produced from vegetable matter and nd from pig fat.

3.2.Cola Emulsions And Emulsifiers

Colais awater-based drink although it is flavoured with al. This presents a problem
sinceoil and water do nd mix and an emulsifier is nealed to crede astable beverage.
If the mla has not been sufficiently stabili sed the oil and water may separate during
storage. Originally coca-cola was nat intended to be bottled and stability was less of
an isaie. The original reape (Sedion 2.1) does not contain an effedive emulsifier,
although alcohd and caramel will have some positive dfed.

3.2.1.Alcohd Flavour Extraction

The method from the original reape (Sedion 2.1) instructs that the oils siodd be
mixed with ethand (alcohd) before a little water is added. Esentia oils are a
complex blend o hydrocabors and akygenated organic compounds (see Sedions
1.1.1 1.1.2and 4.8). The hydrocarbors have no pdarity, will not interad with the
alcohd and will separate once the water is added. The compounds that contain
oxygen will i nterad with the dcohd and form a more stable enulsion with the water.
Thus this process credes two pheses, a flavour extrad (clea part) and a washed all
(cloudy part); the flavour extrad is used in the @la.

Treding the oils with alcohd will affed the flavour dlightly since some of the
moleaules in the oils are removed. However, the hydrocabon moleaules that are
removed (such as limonene and aher terpenes, see Appendix A5) do nd contribute
much to the dharaderistic flavour of citrus oils. The dcohd extradion has a marked
affed on the emulsion stability becaise the moleaules that are removed are the most
hydrophobc, and therefore the ones that are most likely cause the emulsion to
brea&kdown. Also the hydrocarbon moleaules will nat contribute to the surface targe
onthe oil droplets reducing the dfeds of eledrostatic stabili sation.

The redpe in Sedion 2.6 spedfies that the essentia oils are “terpene free”. Alcohd
extradion will remove these mmpound however, there ae other extradion methods
that do nd require dcohd (see Sedion 4.8.1and 4.8.2for detail ). It seems unlikely
that cocacolasold in Muslim courntrieswould be with prepared using alcohd.

3.2.2.Emulsifiers

Severd ingredients can be alded to give the mla alonger term stability. Coca-cola
seans certain to contain glycerine however, pepsi-cola’'s website does nat list
glycerine & an ingredient in any of their beverages. Gum Arabic is commonly used as
an emulsifier in colas and is included on Pepsi’s ingredient list. New gum Arabic
substitutes made from starches are avail able for use in soft drinks and may be eaier to
mix.
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Caramel, added to cola primarily for its flavour and colour, can also ad as an
emulsifier. However, it can ony stabili se an emulsion d very fine oil droplets.

Weighting agents can also be alded to help prevent the oil and water phases
separating (seeSedion 1.5.5. These substances are oils with unwsually high densities
(greder than the density of water). They are mixed with the flavouring oils © that the
overal density of the oil phase is the same & the density of water (1 g/ml). Weighting
agents therefore stop the oil droplets, contained within the emulsion, migrating to the
surface under the influence of gravity. A common weighting agent is brominated
vegetable oil (BVO), however this appeas to be banned in Europe and oy contained
within beverages manufadured in the USA. Even in the USA the anourt of BVO that
can be added to abeverageis grictly limited.

Glyceol ester of wood rosin (E445, extraded from the stumps of pine trees) is
another weighting agent that is smetimes used in citrus flavoured drinks. There ae
some concerns abou the dfeds that it has on several organs within the human bod,
it is therefore limited to lessthan 100 ppn within soft drinks. Other weighting agents
suitable for citrus based drinks, such as sucrose aetate isobutyrate, are avail able from
chemica companies.

The densities of various flavouring oils are shown in Sedion 4.8.3 most are in the
range 0.85g/ml to 0.90g/ml. An exception is cassa oil, which has a density dlightly
greder than the density of water; therefore alding more cada oil will i ncrease the
density of the oil phase and increase the stability of the enulsion.

3.2.3.Mixing
Severd industrial madines are widely used to mix foodemulsion. Normally these use
a shearing adion to lbre& large droplets up, rather than a simple stirring adion
(Figure 3.2).

Shearing Force
Water
oil —_ E—
<—

Shearing Force

Figure 3.1: The sheaing of large oil droplets.

Presaure homogenisers force liquid through a valve & high velocities (50 - 200ms™Y)
and presaures up to 10 000 gi (69 MNm™). The valve gap is about 15 - 300 microns
and dl dropsin thesize 0.1- 0.2microns’ are formed. Two-stage homogenisers force
the liquid through a second \elve & alower presaure (400- 500 i, 2.8- 3.4MNm?)
to bre&k up any droplet flocs that form exiting the first value. These madines tend to
be quite large and wse severa pistonsto provide the presaure.

Colloid mill s consist of two concentric discs separated by a gap of 50— 150 microns.
One disc remains dationary whil e the other spins at 3000— 10 000rpm. The enulsion

1 micron = one 1000" of a milli metre.



General Notes On Cola Recipes- 19

is reaed between the discs producing droplets that are 1 — 2 micronsin size. Colloid
mill stend to be much small er than pressure homogenisers.

The mixing of the emulsifier with the other ingredients is criticd. Often the gum
Arabic isfirst mixed with a small amourt of water before it is added to the flavouring
oils. Other ingredients, such as caramel and citric add are usually added as lutions
to insure that they mix in easly. For stable enulsions it is usually estimated that the
oil droplets shoud be no kigger that 3 microns, however if a good emulsifier is not
used the droplets shoudd na excead 1 micron.

3.2.4.Acidulants

The sugar/add balance in colas is very important for “mouth fed” and taste.
Phosphaic agd o citric add are alded to creae acddity (see Sedions 4.6 and 4.12).
Citric add is said to have alight and fruity charader, whereas phasphaic add is said
to have aflat, drier flavour. In addition to these aeds the cabon doxide (COy) in
caborated drinks also ads as an important addulant; creaing cabonic agd in water
(seeSedion 4.5.

3.2.5.Antioxidarts

Oil based flavourings are vulnerable to deterioration by oxidation becaise ar
beames trapped in the anulsion duing the mixing process Colas dorit seem to have
antioxidants routinely added however, other soft drinks contain various chemicds to
prevent oxidation. These include mmpounds that contain tocopherol s°.

3.2.6.Preservatives

Carborated soft drinks can suppat the limited growth of micro-organisms. Acidulants
provide some protedion since alot of micro-organisms are nat tolerant to addic
condtions, however such substances are @nsidered to be asafe guard and nd a
primary barrier to microbia growth. Other substances sich as silphu dioxide (SOy)
and kenzoic add can be added as preservatives (seeSedions 4.2and 4.14). These two
substances are normally added together becaise they have asynergistic dfed; SO,
ads against micro-organisms and benzoic add guards against yeasts.

3.2.7.Foaming Agents
Foaming agents are alded to soft drinks 9 that a good real is formed on pouing.
Sapoins from bark of Quill aiaor yuccatrees are often included to fulfil this purpose.

& Tocopherol isthe chemica name for vitamin E. Teapherols are moleaules derived from tocopherol.
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4. A Review Of Ingredients

4.1.Alcohol

Alcohd refers to ethand that has the formula CH3CH,OH, (C;HgO) and hes a density
of 0.79 g/ml. It is used in some of the redpes to remove the more hydrophobc
moleaules (terpenes) from the esentia oils thus creding a more stable oil/water
flavouring emulsion. The dcohd is naot later removed from the mixture but once the
syrup is completed and subsequently diluted it is present in very small quantities.

The @ncentration d acohd in a solution is normally increassed by distill ation
however, it is not posshle to get above 95.8% alcohd using this method. For this
reason most “pure” dcohd is ld as 95% alcohd. Higher purities of alcohd can be
obtained using chemicd processes and 1006 alcohd is ld as absolute alcohd.

4.2.Benzoic Acid (E210) & Benzoates (E211)

Both o these mmpound are alded to soft drinks as preservatives. The sodium (Na)
salt of benzoic add is more soluble than the add (Figure 4.1) itself and is more
commonly used. Un-dissociated add moleaules (formed from the salt in solution) are
resporsible for the ati-microbial adion and this is optimum in the pH range 2.5 4.
These preservatives are dfedive ajainst yeast but not baderia and so are usualy used
in conjunction with sulphu dioxide (seeSedion 4.14.

On M o

@ (b)

Figure 4.1: Moleaules of (a) benzoic add and (b) sodium benzoate.

X

4.3.Caffeine

Caffeine is an akaloid (Figure 4.2) foundin cola nuts and numerous other plant
matter. It has limited solubility in water and is often added to drinks as the more
soluble dtrate of cafeine. There is between 70- 100mg of cafeinein a aup d coffee
and 1@y of nea cdfeineis enowgh to kill aperson.
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Figure 4.2: The cdfeine moleaule.
Souce “CoffeeVol 1: Chemistry”, edited R J Clarke & R Maaae(seeBibli ography).
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4.4.Caramel (E150d)

Caramel colours are amorphows, brown to brownish materias resulting from the
caefully controlled hea treament of food grade cabohydrates in the presence of
small amourts of food grade adds, alkalis or sats. They are often liquids with very
fine particles suspended in them (coll oid suspensions) and have adensity of between
1.25and 1.36g/ml. Caramel is added primarily for its colouring properties however it
will also ad as an emulsifier. If caramel isto be the only emulsifier the drops of ail in
the enulsion real to be exceptionally small (abou 1 micron).

Caramels have arange of pH values and the one that you wse shoud have alow pH
(2.5- 3.5 that is matched to the acdic environment of the mlaitself. Youshoud aso
ched that the isoeledric point is lower than pH 1.5 (seeSedion 1.4.4). Caramels that
are gpropriate to colas are often cdled “negative”, “acid proof”, “class IV” or
“ammonium sulphate type” caamels. These caamels are made by heaing
cabohydrates in the presence of ammonium sulphate and they have negatively
charged particles that match the negatively charged droplets in the wmla emulsion.
Failure to choose an appropriate caamel may cause caamel particles being attraded
to the negatively charged al droplets in the mla anulsion, resulting in a sediment
forming at the bottom of the mla. Since the caamels are so aadic cae shoud be
taken when handling them.

Souce www.caramelworld.com/solution_center/basics of caramel colors.asp, “Beverages’ by
Alan H Varnam and Jane P Sutheralnd (seeBibli ography).

4.5.Carbon Dioxide (E290)

Carbon doxide (CO,) is the only gas siitable for creaing fizzy drinks and 2— 3
volumes are alded to the water used to dlute the syrup. Water containing CO; is
addic and has an odou dueto the formation d carbonic add (H.COs):

H,O + CO, = H,CO,

The cabonic add isan important addulant (seeSedion 3.2.3.
Souce “Beverages’ by Alan H Varnam and Jane P Sutheralnd (see Bibli ography).

4.6.Citric Acid (E330)

A caboxylic add (seeAppendix A4) that is abundant in lemons and limes, making up
abou 8% of their dried weight. It is used extensively in foods and dinks as a
preservative and as flavouring. It has a demicd formula of
COOHCH,C(COOH)(OH)CH,COOH (Figure 4.3), (C¢HsO;) and hes a density of
1.665g/cm®. Normally 1 ¥2times the amourt of phaspharic add is added for the same
feding of aadity on the palate. Citric agd is also said to be lighter and fruitier than
phosphaic agd.
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Figure 4.3: The dtric add moleaule.
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Souce “Beverages’ by Alan H Varnam and Jane P Sutheralnd (seeBibli ography).

4.7.Cola Nut
Also known as guru, goora or bissy nuts. They have a cfeine content of 2.16%
which can be extraded by soaking the nutsin alcohd.

Souce “FoodChemistry” by H-D Berlitz & W Grosch (seeBibli ography).

4.8.Esential Oils

These oils are a @mplex mixture of moleaules, some of which dsslve more realily
in alcohd than athers. The exad composition d ead al will vary depending on the
source and extradion method. The nstituent moleaules can be broken down into
three céegories:

» Hydrocarbors compound — These ae made up from atoms of carbon and
hydrogen orly. They do nd redily disolve in water but can form an
emulsion if an emulsifier is used. Common moleaule types include terpenes
and monaerpenes (seeAppendix A5).

» Oxygenated Compound — These ae organic moleaules that contain oxygen.
Examples are esters, aldehydes, ketones, alcohds, phends and axides.
Because they contain pdarising oxygen atoms they will be less hydrophobc
than the hydrocarbon moleaules (seeAppendix A4).

» Miscdlaneous Compound — Including adds, ladones, sulphur compounds
and ritrogen compound.

It is the oxygenated compounds that contribute most to the oil’ s flavour. Different oils
will have different propations of hydrocarbons and axygenated moleaules, therefore
different oilswill have different soluhiliti es in alcohd. Citrus oil s have large anourts
of terpenes and are not very soluble in alcohd. However other oil s have much larger
quantities of alcohds and esters, and are soluble in much small er volumes of alcohd.
Sedion 4.8.3summarises the cmpasitions and solubility of the essentia oils used in
colas.

4.8.1.Flavour Extraction

Extradion processes can be used to remove the hydrocarbon moleaules, particularly
the terpenes, which have little cntribution the flavour and are very hydrophobc.
Terpene free esential oils are marketed for use in beverages. As mentioned above
(Sedion 2 and 3.2.]) some la redpes suggest that the essential oils are mixed in
alcohd to remove terpenes, resulting in a mixture that will form a more stable
emulsionwith water.

Other commercial extradion methods are avail able including distill ation and courter-
current extraction. This latter method involves using methana and hexane; the
methand dislves the oxygen containing compound and the hexane dislves the
hydrocarbon moleaules, the methand is easily removed after extradion. Distill ation
may result in the lossof some of the more volatil e flavour comporents.

Souce “Beverages’ by Alan H Varnam and Jane P Sutheralnd.” Common Fragrances and Flavor
Materials’ By Kurt Bauer and DorotheaGarbe (seeBibli ography)
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4.8.2.0Il Extraction

There ae several ways to extrad essential oils from plants and the molealar
composition d the final oil will depend to some extent on the method wsed, athough
many oils can orly be extraded by one method

* Cold Pressng (Expresson) — This is probably the most desirable method for
flavouring oil s but is normally only used for citrus oil s. Terpenes are extraded
from the plant materia by this methods and a subsequent process such as
distill ation a courter-current extradion, is needed to make aterpene freeoil.

* Liquid CO, — Liquid CO, at 10 °C and a very high presaure is used as a
solvent to remove the essentia oils from plant material. Once d atmospheric
presaure the CO, easily escapes leaving no residue. This process does not
remove terpenes and can therefore aeae aterpene freeail .

e Steam digtillation — This is probably the most common extradion method.
Stean is used to bre&k down the plant material and the essentia oils are
released as vapou which is then condensed. This methodis nat recmmended
if there is an dternative becaise insoluble terpenes are extraded and
additional terpenes may be aeded when the plant material is heaed. Also
some of the more volatile flavour moleaules may be lost. Terpenes may be
removed from the oil by a subsequent digtill ation process however even more
of the volatile cmmporents may be lost.

» Sdvent Extraction— Solvents are used to remove the oil s from the plants. This
method is not suitable for flavouring oils because solvent residues will taint
their flavour.

Souce “Common Fragrances and Flavor Materials’ By Kurt Bauer and DorotheaGarbe,
“Development In Food Flavours’ Ed. G GBirch and M G Lindley (seeBibliography).

4.8.3.The Properties Of Essential Oils

Note: Alcohd inthe ‘solubility’ Sedionrefersto ethand. For more detail abou the
constituent moleaules eAppendix A5. Exad compasitions, solubility and densities
depend onthe courtry of origin and the extradion method.

CassaOll
Souce Steandistillation d leaves and young twigs from Cinnamomum
casda (both cinnamon kerk and led oil s are obtained from
Cinnamomum zeylanicum).

Composition:  Contains up to 90% cinnamal dehyde with lesser amourts of eugenadl
and aher compound. The compositionis smilar to that of cinnamon
bark ail but cinnamon led oil has abou 70-90% eugend and abou
7% cinnamal dehyde.

Sdubility: 1 partin 2,in 80% acohd. Will form a dea solutionin 3 parts 70%
alcohd.
Density: 1.0451.065g/ml @ 25°C



Coriander Oil

Souce

Composition:

Sdubility:
Density:
Lavender Ol

Souce

Composition:

Sdubility:
Density:

Lemon Qil
Souce

Composition:

Sdubility:
Density:

Lime Qil
Souce

Composition:

Sdubility:
Density:

Neroli Oil
Souce

Composition:

Sdubility:
Density:
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Steam didtill ation o partially dried, fully ripe fruits of Coriandrum
stivum.

Main comporent islinalod (60-80%). The remainder is mainly
terpene hydrocarbons including a-pinene and y-terpinene (abou 5%
ead).

1 part in 8in 63% acohd. 2 partsin 1in absolute dcohd and 1 mrt
in 3 7®6 alcohd forming a dea solutionin the ésence of terpenes.
0.8630.878g/ml @ 25°C

Steam didtill ation o freshly cut flower tops from Lavandua
angustifolia (French lavender oil), Lavandua spica (Spanish spike
lavender oil) or ahybrid o the two (lavindin al).

Chief comporents are dcohds and esters. The composition varies
considerably depending on the source French isupto 6% linalyl
acdate (ester). Spanish spike has far morelinalod. Lavindinis
between the other two.

Between 1 @rtin 5,to 1 prt in 3in 70% acohd, with Spanish spike
oil being the most soluble.

0.8800.895¢g/ml @ 25°C

Pressed ped of Citrus Limon (lemon petitgrain is from steam

distill ation o leaves).

Depends on variety of lemon. Contains mainly terpenes — limonene
(abou 65%), B-pinene and y-terpinene (8-10% ead). The lemon
flavour is chiefly from citral (aldehydes) (3-10%).

Soluble 1 part in 12absolute dcohd. Probably will not form a dea
solution due to wax-like cnstituents.

0.8510.855¢g/ml @ 25°C

From whole mld pressed fruit or stean distill ed fruit from Citrus
aurantifolia.

Cold pres=d: 50-60% limonene and 10% each of B-pinene and y-
terpinene. The lime flavour come from citral (4.5-9%). The steam
distilled ail has 0.5-2.5% citral.

Cold pressed: 1 part in 0.5 @rt 95% alcohd. Stean distill ed: 1 part in
5 90% alcohd.

0.9100.915¢g/ml @ 25°C

Steam digtill ation d the flowers of Citrus aurantium (bitter orange
tree.

Depends onthe flower source and dstill ation method bu has abou
30% linaloadl.

1 part in 2 8®6 acohd.

0.8680.880g/ml @ 25°C
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Nutmeg Ol
Souce Stean distill ed from nutmeg, the dried fruit of Myristica fragrans.

Composition:  Abou 90% terpene hydrocarbors. Very similar to maceoil .
Sdubility: 1 partin 3-4 parts 90% acohd.
Density:  0.8620.882(West Indian), 0.8830.917(Indoresian) g/ml @ 25°C

Orange Oil (Swes)

Souce Pressd pedsof Citrus snensis.

Composition:  Limonene over 90%. Aldehydes include dtral, octanal, decanal.
Estersinclude octyl and reryl acdate. The exad compasition depends
onthe source

Sdubility: Soluble 1 partin 7 prtsacohd. A clea solutionwill not always
form because of the presence of waxy non-volatil e substances.
Density: 0.8420.849g/ml @ 25°C

Orange Oil (bitter)
Souce Pressd peds of Citrusaurantium.
Composition:  Limonene over 90%. Lessaldehydes and more esters than swed
orange.
Sdubility: Soluble 1 partin 7 partsalcohd. A clea solutionwill nat aways
form because of the presence of waxy non-volatil e substances.
Density: 0.8450.851g/ml @ 25°C
Source www.ibiblio.org, “Common Fragrance and Flavor Materials’ by Kurt Bauer and Dorothea

Garbe, “Anaysis Of Essential Oils By Gas Chromatography And MassSpedrometry” By Y oshiro
Masada (seeBibli ography).

4.9.Glycerine (E442)

Glyceine, adso known as glycerin and glycerol, has the demicd formula
HOCH,CH(OH)CH,OH and haes adensity of 1.26g/ml. It can be obtained from either
animal fat or vegetable matter, therefore you shoud ched if you intent to make a
vegetarian cola

e
H,C— CH— CH,

Figure 4.4: The glycerine moleaule.

Glyceine is added to the mla flavour emulsions as an emulsifier and kecause it has
the combined solvent effeds of alcohd and water. It may also ad as an anti-oxidant.

Souce “FoodFlavourings’ by Joseph Merory (seeBibliography).

4.10.Guar Gum (E412)
A pdysacdaride gum that can be used to stabili se enulsion .

4.11.Gum Arabic (E4149)

Gum arabic is a pdysacdaride prepared from the stems and lranches of sub-Saharan
Acacia senegal and Acacia seyal trees. Unlike other paysacdaride gums moleaules
of gum Arabic can adsorb to al droplets in flavour emulsions (see Sedion 1.5) but
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has little dfed on the viscosity of the water phase in solutions below a 50%
concentration. Gum Arabic is lublein water up to a50% solution.

In colas it is used as an emulsifier because of its ability to form a protedive barrier
around al droplets. Care must be taken to use agum appropriate for foodstuffs, also
there ae “emulsion grade” gums that are spedally prepared to be used as emulsifiers
in beverages. Significant amourts of gum are needed to stabilise wla emulsions;
somewhere between 18 and 2246 weight/volume. Gum substitutes made from starch
are now avail able.

Souce www.lsbu.acuk/water/, http://www.foodproductdesign.com/ (articles entitled “Pop Art” and

“Beverage Stabili zers"), “Food Chemistry” by H-D Belitz & E Grosch, “Polysacdarides In Food’ by J
M U Blanshard & JR Mitchell. (seeBibliography).

4.12.Phosphoric Acid (E388

A mineral aad with the formula H3PO,4 (Figure 4.5). It is used as an dternative to
citric add and is substantialy chegper to produce in buk. It has been linked with
osteopaosis. It is a liquid with a density of 1.834 g/ml (at 18 °C). Normally
considered to be flatter and dyer in flavour than citric add. Phospharic add is added
at abou two thirds of the amourt of citric add to give the same feding of aadity on
the palate.

Phosphaic agd is ©ld as 50, 75and 80% strengths.

O

I

HO — P — OH
I
OH

Figure 4.5: The phorsphoric add moleaule.

Souce “Beverages’ by Alan H Varnam and Jane P Sutheralnd (seeBibli ography).

4.13.Sugar

Sugars are cabohydrates, therefore they contain carbon, tydrogen and okygen atoms.
Normal granulated sugar is sucrose; a sucrose moleaule is made from a glucose
moleaule and a fructose moleaule joined together.

Often some of the sugar is replaced with high-fructose crn syrup (HFCS) and
artificial swedeners. There is a small risk that using HFCS will cause the wlato be
contaminated with yeast.

4.14.Sulphur Dioxide (E 220
Sulphur dioxide (SO») is added to soft drinks as a preservative and forms sulphurous
add and thus bisulphate and sulphite ions when mixed with water:

SO, + H,0 = H,S0,
2H,S0, = H* HSO; + 2H* SO%
Anti-microbial adion degpends on undsolved sulphuous add moleaules being
present, this occurs at low pHs. Sulphu dioxide is effedive against al micro-
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organisms but not some yeasts, it is therefore used in conjunction with Benzoic acd
(seeSedion 4.9.

Souce “Beverages’ by Alan H Varnam and Jane P Sutheralnd (seeBibli ography).

4.15. Wder

The mineral content of water is important. High levels of minerals such as iron and
copper can have an adverse dfed on flavour. The stability of emulsions can be
reduced if alkaline water (i.e. hard water with a pH greaer than 7) is used, therefore
cdcium and magnesium carboretes houd be kept to a minimum. Bottled water is
sold with a chemicd analysis printed onthe label; you shoud choose the one with the
lowest concentrations of Ca” and Mg®* ions.

Parameter Maximum Permitted Level (mg/l)

Total Disolved Solids 500 — 850
Alkalinity (asCaCO3;) 50

Chloride 250 — 300
Sulphate 250 — 300
Iron 0-0.3
Aluminium 0-0.2

Table 4.1: Chemicd standards for water for soft drink manufacurers.

In addition to the spedficaionsin Table 4.1the nitrate level shoud be kept below 10
mg/l if the wla isto be caned. Also if the water is to be caborated the level of
dislved axygen shoud be below 1 mg/l. Chlorine can be removed from water by
passng it through a granulated adivated carbonfilter or by reverse osmosis.

Souce http://www.foodpoductdesign.comy (articles entitled “Pop Art” and “Beverage Stabili zers”),
“Beverages’ by Alan H Varnam and Jane P Sutheralnd (seeBibli ography).

4.16.Xanthan Gum (E415

Produwced by the fermentation o the Xathamonas campestris micro-organism on a
glucose medium. Like gum Arabic, xanthan gum is a paysacdaride and it can be
used to stabilize anulsions. It ads as a hydrocolloid increasing the viscosity of the
water phase and daes not ad as a surfadant or adsorb to the surfaceof the oil droplets
oil (see Sedion 1.5.4. Abou 1% Xanthan gum can produce asurprisingly large
increase in viscosity. Xanthan gum is aso very stable acoss a wide range of
temperatures and [H.

Souce Polysactarides In Foodedited JM U Blanshard & JR Mitchell (seeBibliography).
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Appendix Al. Abbreviations

Boili ng Point

Brominated V egetable Oil.

Degrees Centigrade.

Extrad

Fluid Extrad.

Fluid Ounce

Gram.

Grams Per Centimetre Squared, a measure of density (1g/
glem®=1g/ml).

Grams per litre.

Grams Per Millilit re, ameasure of liquid density (1g/ g/cm*=1g/ml).
Grams Per Litre.

Gallon.

High-Fructose Corn Syrup.

Kilogram.

Kilograms Per Centimetre Squared, a measure of presaure.
Kilograms per litre.

Litre.

Pound.

Milli gram.

Millilit re.

Mega Newtons Per Metre Squared, a measure of presaure.
Metres Per Second.

Ounce

The measurement of add/base strength .

Parts per million

Pounds Per Square Inch, ameasure of presaure.

Quart.

Revs. Per Minute

Spedfic Gravity.

Teaspoon.
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Appendix A2. Metric/Imperial Conversions

Note: The name ‘imperia’ normally refers to the UK values and the US values are
usually referred to as * US customary units'.

Volume:
1 UK galon=4.546litres
1USgalon=3.785litres

1 UK fluid ource =28.41millilit res
1 USfluid ource =29.57millilit res

1 UK tablespoon= 15 millilit res (Note: in Australia 1 tablespoor= 20 ml)
1 UStablespoon= 14.8millilit res

1 UK teaspoon=5 millilit res
1 USteaspoon=4.93millilit res

1 UK quart =1.101litres (/4 US gallon= 2 pints)
1 US quart = 0.946litres (1/4 US galon)

Note:
1 litre =1000millilit re =1000cubic centimetres (cc or cm®) = 100 centilitres (cl)

Mass

1 grain = 0.065grams

1 ource =28.349grams

1 pound= 0.454 klograms

Note:
1 kg =1000grams
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Appendix A3. Volume/Mass Conversions
Volume and massare linked to density by the following ssimple eguation:
density = masgvolume
Therefore to convert from a mass (in grams) to a volume (in millilit res) you must
divide the mass by the density. To convert from a volume to a mass you must

multi ply the volume by the density.

Note: It is esentia that you ke the mass voume and density in the crred units.
For example massin grams, volume in millilit res and density in grams per millilit re.

The density of water is 1 g/ml or 1 kg/l, therefore 1 ml of water has a massof 1g and

11 of water has amassof 1 kg.

Note: That the overal density of the oil phase will depend onthe propation o eah
constituent oil .
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Appendix A4. Important Organic Functional Groups

Functional groups are important becaise they dictate the chemicd nature of a
molealle. For example dl simple dcohds will undergo similar readions. In
representing these groups ‘R’ indicaes a simple hydrocarbon group. Therefore
writing R-OH indicaes any simple dcohd, for example CH30OH (methanal) and
CH3CH,0H (ethand).

Benzene Ring
The benzene moleaule (C¢Hg) consists of six carbon atoms arranged in a dosed

hexagon with alternate single and doulbe bonds, eat cabon atom is bonced to a

single hydrogen atom. Benzene rings can form part of larger moleaules.

|
H C H
e TN The simplified
| | The benzenering @ representation o the
A AON benzene ring.
H ? H
H
Alcohd

Group R—OH
Example: CH,CH,— OH

Carboxylic Acid

An -OH groupattached to a hydrocarbon.

Ethanol

A doule bonded axygen atom and an -OH

Group z
R—C\ OH group boneéd to the same cabonatom
which isalso bonad to a hydrocarbon
group.
Example: PAY Acetic Acid —foundin vinegar
CH—C__ on
Ester & Ether

Grou PAC
8} N C/
~

A doulde bonded oxygen atom and an
oxygen atom linking a hydrocarbongroup
are both attached to the same cabon,which
isalso bonad to asecond hydrocarbon
group. Ethers have the linking oxygen bu
not the doude bonded oxygen.

Ethyl Acetate (an ester)



Aldehyde
Group

Example:

Ketone
Group

Example:
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A doulde boncded axygen atom and a
hydrogen atom bonced to the same cabon
atom which isalso bonad to a
hydrocabongroup.

Formaldehyde

A doule bonded oxygen atom and two
hydrocarbon groups bondked to the same
cabonatom.

Aceone

An —OH group bonéd dredly to a
benzene ring.

Thymol
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Appendix A5. Molecules Commonly Found In Essential Oils

A5.1.Terpenes

Terpenes are hydrocabon moleaules which are based around the formula CioHse.
They make up a substantial part of several oils, espedally citrus oils. There ae two
main types of terpene: cyclic and acyclic terpenes.

Cyclic Terpenes

I I
/C\ /C\ CH CH
TN R ) "
C C
H,C CH HCs_ _CH N N
e N HE_ chSH HE ,CHSCHZ
| cls H cl HSCT |CH H cl HSCT |CH
2N PR 2 2 2 2
cHZ cH, CH, CH, ~ed” o
Limonene y-Terpinene a-Pinene B-Pinene
b.p. 178 € b.p. 183 € b.p. 156 € b.p. 164 €

Acyclic Terpenes

CH, CH,

! :
HZ(IJ/ \ﬁ:H HC[)/ \ﬁ:H
HZC\CH CH, HZC\CH CH,

L L

AN
cH,  cH, cH, cH,
Myrcene Ocimene

Ab5.2.Sesquiterpenes
Sesquiterpenes hydrocarbonmoleaules which are based aroundthe formula C;5H24.

CH

C. _C
HC” SC” HYSCH,

I
H.C c
*"NcH H

2

C
\

2 2

I
C
cH, cH

3 3

B-Farnesene
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A5.3.0xygen Containing Moleaules Derived From Terpenes
Many oxygen containing moleaules are derived from terpenes including adds,
alcohds, esters, aldehydes and ketones.

CH, CH, _O CH,
| _oH | __cZo—cH, |
C C C
H,Cc”  CH H,Cc” CH HC”  SCH
H cI: C")H H (|: C":H H cI: é/ ©
*Scq o *Scn o C *"cH H
@ @ @
- - -
cH cH, cH cH, cH cH,
Linalod (an acohd) Linalyl Aceate (an ester) Citra (an aldehyde)
b.p. 198 € b.p. 220 € b.p. 118 €

A5.4.0xygen Containing Moleaules Derived From Benzene

CH=CHC\I\-I HO
O %
H,C—O CH,CH=CH,

Cinnamal dehyde (aldehyde) Eugend (phenyl ether)
b.p. 253 C b.p.121€C

AS5.5.Aliphatic Aldehydes

Aliphatic is the name given to any organic moleaule that has all its cabonatomsin a
straight line.

A0 A0
~ ~

CH,(CH,),C CH,(CH,),C

n-Octandl n-Decand
b.p.171€C b.p. 208 €



Bibliography - 35

Bibliography

Coca Cola History & Redpe

For God, Courtry And Coca-Cola: The Definitive History Of The World’'s Most
Popuar Sdt Drink — Revised, Updated Edition, Mark Pendergrast, Thomsom
TEXERE, 2000.

Big Seaets by Willi am Poundstone NY :Quill (1983. —Thisbookl isabou a number
of seaetesin the world, ore of which isthe ccacolaredpe.

Colloid Science
Basic Principles Of Colloids Science by D H Everette, Royal Society of Chemistry
Paperbads, 1988.

Sufaces, Interfaces And Coll oids by Drew Myers, VCH PublishersInc, 1991.

Food Science& Tednology
Analysis Of Essential Oils By Gas Chromatography And MassSepcrometry by
Y oshiro Masada, JohnWiley & SonsInc., 1976.

Beveages. Tecdhndogy, Chemistry And Microbiology by Alan H. Varnam & Jane p.
Sutherland, Chapman & Hall, 1994.

CoffeeVol 1: Chemistry, edited R J Clarke & R Maaae Elsever Applied [Science
Pubs. 1985.

Comnon Fragrance And Flavour Material: Preparation, Properties And Uses, by
Kurt Bauer & DorotheaGarbe, VCH Publishers Inc, 1985.

Devdopments In Food Flavours edited G GBirch & M G Lindey — Paper 8: Liquid
CarbonDioxide Extraction Of Flavour Materials by D A Moyler, Elsevier Science
Publishing Ltd, 1986.

Food Chemistry 2" Edition by H-D Berlitz & W Grosch, Springer Verlay

Food Engineeing Operations, 39 Edition, by J G Brennan, N D Cowell & A EV
Lill ey, Elsevier Science Publishing, 1990.

FoodFlavourings, by Joseph Merory, AV | Publishing Company, 1960.

Polysaccharides In Foodedited JM U Blanshard & JR Mitchell - Paper 12: Gelling
Hydrocoll oids In Food Product Applications by M Glicksman & Paper 14: The
Seledion Of Hydrocoll oids To Med Functiond Requirements by JK Pedersen,
Butterworths, 1979.



