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The Si2nificanea of ON in Tobacco and Tobacco Smoke

Definition$

pH is a measure of the acidity or alkalinity of an aqueous

solution. The scale is from 0 - 14 with neutral at pH7. Above pH7 the

solution Is alkaline and below pH7 it is acid. The pH scale is logarithmic

which means that for a change of lpffunit there is a 10 fold change in

acidityor alkalinity. The strict scientific definition of pH is the

negative of the logarithm to the base 10 of the hydrogen ion concentration.

From the above It-is clear that since pH Is the measure of the

concentration of hydrogen Ions it can only be measured in an aqueous

solution. Terms such as the pH of a gas and the pH of a leaf are loose

terms and not strictlyscientifically correct. In practice the gas or dry

material is dissolved. extracted or suspended in a specific volume of pure

water which has a pflof 7.0 and the pH of the solution Is measured. For

example, to measure the pH of tobacco. smoke condensate, 5 cigarettes are

smked by machine in the usual way for analytical smoking onto a Cambridge

filter pad. The filter pad is extracted In 50ml of chemically pure water

and the pH is measured by placing the probes of a specially designed Instrument

into the solution and reading the measured pH off a scale.

Buffer Solutions

Not all solutions change In pH when a %mll amount of acid or

alkaliis added. This is because the solution Is said to have buffering

capacity. A buffer solution Is thus one that prevents any sudden change in

hydrogen ion concentration,or pH, when acid or alkali is added to it.
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Ruffer solutionsusually consist of a w*ak acid and one of Its salts, for

example. acetic acid and sodium acetate or sodium dlhydrag*n phosphate and

disadium hydrogen phosphate. buffer solutions are therefore used for

calibratingpH mators. It should be reneftered that a cmplex mixture of

products such as an extract of tobacco smoke or tobacco leaf may have weak

buffering capacity and thus quite zovere changes may need to be mde to a

bland, construction or materials specification before itsignificant change

in pH is seen so that the buffering capacity ef the product or its smoke is

overridden.

pH of Tobacco

For most practical purposes, solutions made fr= the styles of

tobacco used In tigarette mnufacture are acid. Sam Maryland tobaccos and

air cured fermented tobaccos are Just alkaline as are many tobaccos used in

cigar manufacture.

Typical values are:

PH

Flue Cured 5.45

Air cured (Burley) 5.80

Oriental 4.90

Mar-iland 6.60

p-H of Tobacco Smoke Solutions

Flue-cured Tobacco

Plant position and puff nufter both affect the pH of the smoke from

cigarettes md& from flue-cured tobaccos. Generally low plant position

C:D
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leaves give a more acid smoke than upper plant position leaves (See Figure

1). Early puffs an a cigaretto tend to be more acid than later puffs in

higher plant positions. whereas the lower plant position leaves give a

smoke that bscmws more acid with increasing puff number.

Effects of pfl on Smoke

Nicotine Is one of the most impartant components of tobacco

suoke. Nicotine is chemically classified as a base. which means that it has

a pH above 7 in Its pure form. Nicotine, however behaves in a complex

manner when in a neutral to acid solution so that it becomes a salt with

either one or two salt groups attached to the molecule (See Figures 2 and 3).

These forms are generally referred to within the company as:

Free Base Nicotine. Extractable Nicotine or Unbound Nicotine which

are equivalent to the unprotonated form show in Figure 2 in neutral

to alkalint solution,

and

Xon Extractable Nicotine. Salt Form Nicotine of- Bound Nicotine which

are equivalent to the mono and diprotonated for= in Figure 2. in

acid solutlon.

The important feature of Figure 2 is that relatively small changes

in pH between 6 and 8 have a very large effect on the proportion of.free

base nicotine in the smoke.
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Effects of Free Base and Bound Nicotine on the Sensory Prooerties of Smoke

Free base nicotine is the most chemicallyand physiologically

active form because It is most rapidly absorbed. This is because it is a

sma7lormolecule-thana salt form. At a pH of 5.6 very little free base

nicotineis presentand very little wou7d be absorbedthrough the Muth

liningsbut at pH 8 about 60% of the nicotinewould be in the free base

form and would bt rapidly absorbed through the oral eucesa. This Illustrates

why it is ineffectivein terms of nicotineIntaketo puffwithout inhaling

on a Yirginiacigarette.but It Is effectiveto puff on a cigar without

inhaling. As general approximations:

pff Range Z Free Base

Cigar Smoke 8.0- 8.5 sa.00- 82.00

US Blended Cigarette Smoke - S.Z - 6.2 0.22 - 2.20

Virginia Cigarette Smoke 4.S - S.S 0 - 0.5

It is thus clear that productsthat are not designedto be inhaled

such as cigar smoke, pipe smoke and wet snuffs must have a pH that is

alkaline.so that the free base nicotine may be absorbedin the mouth. In

the manufacture of cigars, alkaline air cured and fermentedtobaccos are

chosen. Pipe tobaccoswith the exception of some Yirginiablends are

cased to ensure an alkaline smoke and the pH of wet snuff tobaccos are

adjusted with ammonium salts to be alkaline.

Virginia and US blended cigarette smoke needs to be inhaled for

.$nysignificantnicotineabsorption to occur. The inhaledsmoke contacts

and partiallydissolvesin the mucous linings of the upper airways which

have a pR above 7. At these alkaline pH levels the dissolvednicotine

changes Its form to the free base which Is then rapidlyabsorbed into the
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blood stream. If pharmacological satisfactionin smoking is related to

nicotine absorption then the differences between cigar smoking by puffing*

and cigarette zwking by puffing and inhaling are due to the amount of

nicotine In the smoke and the speed of uptake into the blood stream.

Impact

The sensory attribute most associated with nicotine is described

within the company as *Inpacte. It may be described by consumers as Throat

Catch, Throat Hit, Throat Grip etc. Our defintion of Impact is:

The sudden,,sharp but short lived sensation (typically less than

one second in duration) which is noticed immediately the smoke makies

contact with the back of the throat.

The higher the nicotine delivery per puff of a product the higher

the lopact felt by the inhaling smoker. However, it must be recognised

that the smoke from a Virginia product wfth low pH when compared with a

dominantly air cured product, eq. Gaulaise, with a relatively high pH, will

be perceived as different,even If the nicotine per puff is the saw for

both products. This difference is due to the relative amounts of free base

nicotine in the zwke when they contact the upper airways on inhalation.

The air cured tobacco smoke will produce a shorter. sharper. more intense,

scratchy sensation whereas the Virginia smke will product ..alower amplitude

peak of sensation but it will last for a little longer and be smoother.

'Thisis because them is free base in the air cured smoke that is more

rapidly absorbed, whereas the Virginia s=ke has to be converted to free

base before it is absorbed (see Figure 4). A physiological explanation

of the Impact sensation is that nicotine causes smooth muscle to contract.

The upper airways are composed of rings of cartilage separated by smooth

mu$Cle to form the pathway of branching tubes. The effect of the nicotine

C=@
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is to cause the tubes to contract and then relax again as the nicotine Is

absorbed and diluted by the blood stream where it is eventually deactivated

by conversion to cotinine. The contraction is proparzional to the dose of

nicotineapplied to it. In fact the relationshipbotvatm the applied dose

and the magnitude of the contraction is logarithmicbut for all practical

purposes the more nicotine the stronger the contraction and hence the Impact

sensation. It should also be remembered that free base nicotine is irritant

and there will be irritant sensations that accompany the Impact sensation due

to direct nerve stimulation. The challenge to analytical smokers such as

.,Omga panellisti Is to separate the sensations.

Measurement of the Different Qualities of Imoact

It has been noted that cigarettes made frw different styles of

tobacco produce different sensations In the amplitude and duration of the

Impact attribute. The technique used th quantify the peak height and

duration of such sensory responses and thus discriminate between products.

is known as OTime - Intensity Scaling*. This technique has been taught to

all companies within the BAT Group who sent Omega panel leaders to the 1987

workshops. It is a relatively simple technique that has been adapted to

an IBM PC computer where trained panellists operate a Joy stick in proportion

to the magnitude and duration of the sensation. The necessary software to

operate this system 13 held by the Omega Panel leader or Is available from

R&D Centre, Southampton. The data are interpreted statistically using the

Wi:@coxsonmatched pairs signed ranks test.

Interactions between Plant Position, Flavour Amolitude and Wicotine

Within a particular growth of tobacco there is a strong association

between plant position and the amount of flavour produced. Higher plant
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positions usually have the higher amplitudes of flavour and the higher

deliveries of nicotine. It is also likely that nicotinepotentiatesthe

perception of taste by its effects on the sensory receptors so that they

trigger earlier than they would in the absence of nicotine. Excessive

amounts of nicotine would however saturate the receptors so that they are

triggered too early and thus rapidly fatigued. This may explain the generally

held belief that smoking reduces the ability to taste food. -In tests

within R&D Centre no evidence was found to-support the hypothesis that

smokers and non smokers had different powers of sensory perception and

-discrimination.

pH of Sfdestr*am Smoke

Reference to Figure S shows that the sidestroilms=ke from a

cigar is relatively alkaline when compared with the sideitream smoke from

US blended cigarettes. Although cigars produce relatively low weights of

sidestream smoke per minute when compared with a cigarette, the sidestream

smoke from a cigar is relatively more penetrating and higher in aroma

amplitude. It is always very obvious when one person in a room of cigarette

smokers lights a cigar.

The sidestream smoke from all products shows a rapid fall In pH

from the early puffs.-tothose from the middle of the product followed by a

subsequent rise from the middle to the final puffs. Nevertheless. sidestream

smo@e is more alkaline than mainstream smke - this is due to ammonia which

is. relatively, about 200 times greaterthan in mainstream s=ke.

It Is of interest to remember that the low sidestream papers

which have been produced experimentally contain magnesium hydroxide which

is an alkaline additive. Cigarettes made with these papers reduced the

visible sfdestream s=ke pluve to about half the level of a conventional (-n
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cigarette paper but the arom of the sidestrean smoke was at least as great

in amplitude. The sidestream arom from products made with the low

sidestream papers was found to be certainly different to normal sidestream

smoke and fr*quently described as less pleasant on both US blended and

yirginia products.

Factors Affetting the 9H of Smoke

1. Agronomic Practices

The pH of the sail In which tobacco plants are grown may need to

be adjusted for the satisfactory development of the plant from the points

qU&Iityrbf'view of yield and . If soils are too acid or too alkaline then

various diseases may become more prevalent; for example, black root fungus

may occur If the pH of the.sell rises above 5.6 in Burley tobacco. 14anganese

toxicity may develop if the pH of the sail is below 4.8. The tobacco

agrommis-t Is well aware of the need to make soil analysis measurements so

that appropriate levels of fertilizers and pH adjusters may fieadded at

the correct times for the optimum development of the crop.

2. Leaf Yariables

The components of tobacco leaf that show the best correlation

with pH are:

Leaf Yariable Z Co"elation

Leaf Thickness 48.4

Potassium 48.9

Total Nitrogen 72.6

Total Alkaloids 86.2

Total Yolatlle Bases 85.4
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This Shows that the amount Of alkaloid, principally nicotine. is

most highly correlated with the pH of the tobacco. Loaf thickn&zs is

related to both maturity and plant position, the thickest leaves being the

higher plant positions. Immature grades of tobacco would tend to be thicker

than the same plant position that was ripe. The nitrogen, alkaloid and

total volatile bases can all be influenced by agronomic practices. especially

fertilizertype and amunt.

Sugars in Tobacco

The amount of sugar in cured tobacco leaf is related to the

maturity of the leaf at harvest.plant position and the curing method

used. Typical ranges for total sugar content are:

S Total Sugar

Flue-cured 5 - 30

Air cured (Burley) Nil

Sun cured (Orienul) 5 - is

Thus a typical level for sugars In blends of tobaccos would be:

Total Sugars % dwb Reducing Sugars Z dwb

Virginia Product is - is 12 15

US Blended Product 10 - 14 8 12

Cigar Nil Nil

On combustion. when the cigarette is S=ked, the sugars form

acids.- These acids reduce the pH of the smoke so that the nicotine is held

or moves into the bound form. Thus the Impact and irritation of the smoke

is lowered. It should be remesbered that the Sensation from inhaling free

base nicotine is very Irritantas well as providing the short. sharp "Impact".

Thus the addition of sugars to a blend that contains significant amounts of

low sugar tobaccos. Such is Burley. has an awlicrating effect on the smke.

C=)
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Sugars added to Tobacco

Sugars my be classified In a number of ways but the most usual

in the Tobacco Industry is into areducing Sugars* and *Man Reducing Sugarso.

The difference between a reducing sugar and a non reducing sugar is that a

reducing sugar will precipitate red copper oxide from a complex copper

solution known ax Fabling's solution. Ron reducing sugars will not cause

this reaction. Typical reducing sugars are Glucose. Fructose and Inverted

Sucrose (which is a mixture of glucose and fructose). A typical non reducing

sugar is Sucrose as beet sugar or cane sugar. Reducing sugars such as

glucose and fructose are smaller molecules than sucrose. It is. therefore.

viry probable that the reducing sugars are more chemically active in

most circumstances than the larger sucrose molecules.

It Is for this reason that inverted sucrose or sources of other

reducing sugars are used as components of the primary casing applied to

Burley tobaccos in the manufacture of US blended style products. Some of

this added reducing sugar reacts with free &mine acids from the tobacco

leaf and with the free amino acids from other casing materials such as

cocoa and liqucrice. The reaction between amino acids and sugars is very

dependent an pH. but under the right conditions complex chemical reactions

occur known as Strecker-Mail lard reactions or Agmadcri rearrangements which

produce highly flavoured reaction products. As a side reaction, pyrazines

are also formed which have a characteristic and desirable flavour contribution

to make to the final product.

Hot all sugars added to a primary casing mix react in this way

and there is a proportion of unreac*ed sugar available from the added sugar

as wall as the natural sugars contained in the flue-cured and oriental

components of the blend. This may be further Increased by the addition of

C--
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a secondary casing of sugars; reducing or non reducing and hume=ants.

Frequentlybrown sugar (sucrose)or honey (fructosesainty) Is added to the

secondary casing.

On combustion, during smoking, sugars carawlise and break down

to a mixture of acids. The non reducingsugars. such as sucrose tend to

caramelise more than the more reactive reducing sugars. Caramel has a

characteristic flayour which may add to the roasted toasted notes of US

blended s-tyleproducts. The reducingsugars break down to acids such as

acetic. proprionic and butyric which will reduce the pH of the smote and so

ameliorate the harshnessthat would otherwisebe perceived from Burley

-tobaccos.

The addition of sugar to an Irritant blend cannot be guaranteed

to reduce irritation. For example many immature tobaccos have unacceptably

high irritationwhen smked. but immture tobacco contains more sugar than

the same growth that has been allowed to mature. The addition of extra

sugar to an i"itant immature blendof tobaccas is unlikelyto ameliorate

its smoking quality and my even make It worse.

Addition of Acids to Tobacco

When Burley leaf or tip gradesare smoked as a straight grade, the

smoke produced is usually found to be highly Irritant as well -as very high

In impact. This is due to the high level of free base nicotine and ammonia

content of the smoke. The ax=nia which is strongly alkaline helps to

keep the pH of the smoke high. The addition of weak acids at the 0.5 -

Z.OZ level has the effect of neutralisingthe &=ni&. reducing the pH and

hence amelioratingthe harshness. The most usual acids that are incorporated

in a gurleycasingare citric.lactic.tartaricand aceticacids. As a
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