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Effect of Exogenous Potassium on 
the Reduction in Tar, Nicotine and Carbon Monoxide Deliveries 
in the Mainstream Smoke of Cigarettes* 
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SUMMARY 

Deliveries of tar, nicotine and carbon monoxide in 
mainstream smoke decreased as the exogenous-potassi
um content of tobacco increased. The puff count was 
almost unchanged with added potassium malate, but 
slightly decreased with added nitrate. Potassium malate 
was more effective than the nitrate for the reduction of 
carbon monoxide, whereas the opposite was observed 
in the case of nicotine. Both the exogenous and the en
dogenous potassium contents influenced the reduction 
of carbon-monoxide delivery through a decrease in the 
peak temperature of the burning cone. The pungency 
and off-taste peculiar to the tobacco were eliminated to 
some extent by the addition of potassium malate at lev
els less than 2% expressed as potassium. 

ZUSAMMENFASSUNG 

Der Gehalt des Hauptstromrauches an Kondensat, Ni
cotin und Kohlenmonoxid verminderte sich mit zuneh
mendem dem Tabak von aullen zugefU.hrtem Kalium. 
Die Zugzahl verinderte sich durch zugesetztes Kalium
malat kaum, ging jedoch bei zugesetztem Kaliumnitrat 
geringfiigig zuriick. Der Kohlenmonoxidgebalt wurde 
durch den Einflull von Kaliummalat sticker vermindert 
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als durch Kaliumnitrat, wohingegen sich das Nicotin 
umgekehrt mehr dur_ch Kaliumnitrat als durch Kalium
malat verringerte. Die Verminderung der Kohlenmon
oxidausbeute durch exogenes wie auch endogenes Kali
um erfolgt iiber das Absenken der Maximaltemperatur 
im Glutkegel. Das Zusetzen von Kaliummalat (ge
messen als Kalium) in Mengen von unter 2 o/o fiihrte his 
zu einem gewissen Grad zu einer Abmilderung des dem 
Tabakrauch eigenen beiBenden Geruchs und unange
nehmen Geschmacks. 

RESUME 

Ces travaux ont montrC que la teneur en condensat, en 
nicotine et en monoxyde de carbone de la fumee du 
courant principal diminuait quand la quantitC de potassium 
exogene contenue dans le tabac augmentait. Le nom
hre de bouffCes ne s'est pratiquement pas trouve modifie 
par !'addition de malate de potassium, mais i1 a par con
tee et<! legCrement plus faible a la suite de !'addition de 
nitrate de potassium. La teneur en monoxyde de car
bone a plus fortement diminue dans le cas du malate 
que dans celui du nitrate de potassium, alors que le 
contraire a CtC observe en ce qui concerne la nicotine. 
La moindre production de monoxyde de carbone sous 
l'effet du potassium tant exogene qu'endogene est im
putable a l'abaissement de la temperature maximale 
dans le cOne de combustion. L'addition de malate de 
potassium a raison de quantitCs infCrieures a 2 o/o de 
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Table 1. Cigarette samples. 

Culter Leaf 

Sails Potassium Pressure Potassium Pressure 
added • Weight drop added • Weight drop 

(%) (g) (mm. w.g.) (%) (g) (mm w.g.) 

None 0 1.05 + 0.01 

Malate 0.49 1.05 + 0.01 
Nitrate 0.48 1.05 + 0.01 

Malate 0.91 1.05 + 0.01 
Nitrate 0.90 1.05 + 0.01 

Malate 1.19 1.05 + 0.01 
Nitrate 1.35 1.05 + 0.01 

Malate 1.59 1.05 + 0.01 
Nitrate 1.46 1.05 + 0.01 

Citrate 1.80 1.05 + 0.01 
Acetate 1.83 1.05 +0.01 
Oxalate 1.74 1.05 + 0.01 

Fractional volume: 0.305-0.317. 

potassium a entrainC dans une certaine mesure un adou
cissement de l'odeur acre et du goUt dc!:sagrCable pro
pres a la fumee de tabac, 

INTRODUCTION 

In previous studies (1), it was found that the level of 
carbon monoxide [CO] in mainstream smoke de
creased, believed to be due to the lowering of the burn
ing temperature during puffs, with increase in the po~ 
tassium content of tobacco. Endogenous potassium in 
tobacco leaf is related to other chemical constituents 
and physical properties of the leaf which are also im
portant when tobacco burns. To clarify further the role 
of potassium in the reduction of CO, it is necessary to 
investigate the effect of exogenous potassium added to 
tobacco material. 

62+2 0 1.07 + 0,01 52+2 

61 +2 0.36 1.07 + 0.01 50+2 
61 +2 0.48 1.07 + 0.01 50+2 

60+2 0.89 1.07 + 0.01 48+2 
60+2 0.91 1.07 + 0.01 48+2 

58+2 1.22 1.07 + 0.01 . 48+2 
58+2 1.10 1.07 + 0.01 46+2 

56+2 1.69 1.07 + 0.01 44+2 
56+2 1.78 1.07 + 0.01 44+2 

56+2 
56+2 
56+2 

• Percentage values on the basis of the acll.lal tobacco weight. 

EXPERIMENTAL 

A number of investigations have been reported on the 
effect of exogenous potassium and/or sodium on the 
burn rate (2-5) and smoke components (6-10) of 
tobacco. However, there has been no report on the ef
fect of these exogenous alkali-metal ions on the forma
tion of CO because of their effect on the burning tern-· 
perature of tobacco. 

Cutter and leaf laminae of bright tobacco (cv. MC), the 
same as used in the previous experiments (1 ), were cut 
to a width of 0.8 mm. Aqueous solutions of potassium 
salts (30 ml) were sprayed on 200 g samples of the cut 
tobacco. The shredded control sample was sprayed 
with 30 ml of water. The samples were then dried for 
about 20 min at 45 "C. Sample cigarettes were made 
from these shreds with ordinary cigarette paper (perme
ability: about 10 ml I cm2 I minI 100 mm w.g.) and ~ 
length and circumference of 70 mm and 25 mm, re
spectively. After conditioning at 22 "C and 60% relative 
humidity for several days, the cigarettes were weight 
and pressure-drop selected (Table 1). With a constant 
packing density per cigarette, the mean value of the 
pressure drop decreased as the amount of potassium 
salt increased. This seems to be due to some decrease in 
the fractional volume of the tobacco because the appar
ent density of the shreds increased slightly with the 
increase in the amount of the additive. As shown in 
Table 1, however, the difference between the fractional 
volume of sample and control-cigarette tobaccos was 
small. The amounts of exogenous potassium shown in 
Table 1 were lower than the values expected (0.5%, 
1.0%, 1.5% and 2.0%). These data indicate the effi
ciency of salt addition by this procedure to be in the 
range from 72% to 98%. The methods used for deter
mining tar, nicotine, CO, and potassium were the same 
as described previously (1). Temperature measurements 
were made with a thermocouple, as reported previ
ously. Sensory tests were carried out by an expert panel 
in our Institute. They scored the evaluation for the 

The present paper describes the effect of exogenous 
potassium not only on CO but also on tar and nicotine 
in the mainstream smoke and its relationship to changes 
in the burning temperature. The use of potassium 
malate as a tobacco additive for reducing these smoke 
components and improving the aroma and taste of 
tobacco smoke is discussed. 
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pungency and off-taste of smoke peculiar to the 
tobacco. 

RESULTS AND DISCUSSION 

Effect of Potassium Malate and Nitrate on 
the Puff Count 

Figure 1 shows the effect of exogenous potassium on 
the puff count, an index of tobacco combustibility. The 
puff count decreased slightly as the potassium nitrate 
increased. On the other hand, it remained almost con
stant with added potassium malate. Potassium and so
dium nitrates are both known to accelerate tobacco 
combustion. In this case, the predominant role for 
combustion is played by these alkali metals (2), whereas 
the promoting effect of nitrate anion is considered to 
be attributable to the oxygen evolved by thermal de
composition of the nitrate. The effect of the nitrate on 
the reduction in puff count in the present experiment is 
consistent with past observations (2, 3, 6, 9). 

Figure 1. 
Effect of exogenous potassium on the puff count. 
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The reductions in smoke-component levels are shown 
in Figures 2 to 4, which indicate the percentage reduc
tion in the amount of each component with addition of 
potassium. These figures show that tar, nicotine and 

CO are reduced by about 20% by adding 1% to 1.5% 
(w/w) of potassium based on tobacco shred weight. As 
shown in Figure 2, the reduction in tar is mainly de
pendent on the amount of exogenous potassium and al
most independent of the salt type or the leaf/ stalk po
sition. In general, tar is formed by thermal decomposi
tion of tobacco at temperatures below about 450 ·c. 
According to thermal-analysis experiments (6, 11 to 13), 
the initial and the most active temperatures of thermal 
decomposition of organic substances with potassium 
salts are lower than those without salts. The weight 
loss by thermal decomposition is also somewhat small, 
resulting in a larger amount of carbon residue. Perhaps, 
potassium plays such a role in the thermal decomposi
tion of tobacco and this is the reason for the reduction 
in tar delivery which appears to be dependent on the 
amount of exogenous potassium, but independent of 
the kind of salts and the stalk position of the tobacco 
leaf (Figure 2). 
Nitrate was more effective than malate in reducing nic
otine delivery (Figure 3) while the reverse was ob
served in CO reduction (Figure 4). 

Peak Temperature and Smoke Components 

Figure 5 shows the effect of exogenous potassium on 
the peak temperature of the burning cone during a puff. 
The temperature decreased with increase in the potassi
um added as either malate or nitrate. The difference of 
peak temperature, observed with the two salts, ap
peared at about 1% potassium addition; the malate was 
more effective than the nitrate in decreasing the peak 
temperature. 
The effect of peak temperature on CO delivery is 
shown in Figure 6. With increasing peak temperature, 
the CO delivery increased almost linearly, being inde
pendent of the kind of the salts or the leaf/stalk po
sition. It is well known that CO is formed by thermal de
composition of tobacco, combustion of carbon residue, 
and carbonaceous reduction of C02 (14-16). The las.t 
reaction, an endothermic one, is promoted by a higher 
temperature. This is thought to be the reason for the 
temperature dependence of CO delivery (Figure 6). In 
addition, the fact that malate is more effective than 
nitrate in reducing CO delivery (Figure 4) can be ex
plained by the greater influence of malate than nitrate 
on the decrease in the peak temperature (Figure 5). 
Thus, both exogenous and endogenous potassium are 
effective in reducing the delivery of CO by decreasing 
the peak temperature. 
As shown in Figure 7, the delivery of nicotine was rel
atively low with the nitrate at the same temperature. 
The nicotine is delivered from tobacco to smoke by 
volatilization during combustion, and a considerable 
amount of it is thermally degraded. Nicotine degrada
tion is greater in the presence of oxygen than in the 
presence of an inert gas (17, 18). The interior region of 
the burning cone, where the thermal decomposition of 
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Figure 2. Figure 3. 
Effect of exogenous potassium on the tar reduction rate. Effect of exogenous potas_slum on the nicotine reduction 
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Figure 4. 
Effect of exogenous potassium ·on the carbon-monoxide reduction rate. 
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Figure 5. 
Effect of exogenous potassium on the peak temperature. 
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Figure 6. Figure 7. 
Relationship between peak temperature and carbon·mon· 
oxide delivery. 
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tobacco occurs, is oxygen deficient during a puff be
cause of the oxygen consumption during combustion 
(14, 19, 20). Since the amount of endogenous nitrate in 
bright tobacco lamina is very small (21-23), the exoge
nous nitrate is thought to contribute to an increase in 
oxygen concentration during its thermal decomposition 
(24, 25). Thus, it is reasonable to suggest that nitrate is 
more effective than malate in the reduction of nicotine 
delivery (Figures 3 and 7). 

Effect of Organic Potassium Salts 

The effects of several potassium salts of organic acids 
on the reduction in the tar, nicotine and CO deliveries 
are shown in Table 2. With the addition of any of these 
salts, decreases in the deliveries of these smoke compo
nents were observed. 
Overall, malate was slighdy more effective than other 
organic salts in reducing nicotine and CO deliveries. 
Little difference in the puff count was observed with 
these salts. Sensory tests were carried out by an expert 
panel on the cigarettes treated with the malate, citrate 
and acetate. Their comments were as follows: pun
gency and off-taste peculiar to the tobacco were elimi-
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Table 2. 
Effect of organic potassium salts on smoke-component 
deliveries. 

K Smoke components (mg/clg.) 

Salts added 
p,ff 

I count nic· I (%) 
.. , 

otine 
CO 
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