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Abstract - The p~sical and chemical processes involved in the 
production and application ot wood amoke are reviewed and discus­

sed. Outlines tor rendering the production ot smoke a more 
controllable process as well as for estimating the concentration of 

individual compounds in the vapour phase, are given. Attention is 
drawn to the tact that conventional smoke contains not on~ 
polJnuclear ~drocarbons, but also is contaminated with nitrosocom­
pounds. The need tor further basic research indispensable tor a 
better understanding ot these processes is urged. 

Developing and application ot smoke to toodstutfs are technological procedu­
res involving several p~sical and numerous chemical processes liDked close­
~ with each other. Comprehensive reviews of these processes were made bJ 
Kurko ( 37, 38), and their pl:IJ sical and engineering aspects were discussed bJ 
Adam and JankovskJ (2) and bJ Adam (3). Recent~ Gilbert and Xnowles (24) 
reviewed the chemistr;y ot smoke f'cmllation on basis ot contemporar;y ana~ti­
cal results published elsewhere. Ruiter (55) and Ziemba (68) gave the toun­
dations ot our actual views concer.ning the tor.mation of "smoked colour" on 
the surtace ot amoked goods. 

Despite the immense amount ot analJtical work done within the recent 20 
Jears on~ few basic tacts, pertaining to the processes 1Dvolved in smoke 
for.mation and application are know.n, whereas the vast amount of details is 
still obscure. This Situation is foremost the result of our limited knowled­
ge concerning both the substrates and the products ot oxidative themodes­
truction ot the raw materiale used for developing smoke. 

Wood, the material most wide~ used for smoke production, consists of 
m~ groups of po~mers which for sake ot simplicitJ are reterred to as cel­
lulose, lignin and hemicellulose. In fact however, there is a varietJ of 
cellulose common~ known as the alpha-, beta- and gamma-cellulose. With 
lignin the situation is even more complicated as there is much uncertaintJ 
regarding some ot its tunctional groups (carb~ls, keto-enol for.ms, etc.J 
and so the structures proposed for lignin b'3 Freudenberg (23) , Forss et al·• 
(21). Goos (25) or Korton (41) differ trom each other. Information relating 
to the structure ot hemicelluloses also is not encouraging ( see: 
B~,Srkman ( 10), B~,Srkman and Person ( 11), Kawamura and Higuchi ( 27)) • The most 
wideapread opinion is that these three groups ot polJmers in wood are partial­
~ linked with each other bJ chemical bonds. 
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While the structure of carboh;Jdrates is a more or less regular repetition ot 
the structure ot the respective monosugars, that of lignin is oomplicated, 
and - as postulates Freudenberg {2~) - is tormed at random during its bio­
a,nthesis. According to Brown (1~) and Neish (4?) the bioa,nthesis ot lignin 
starts from phenylalanine and sb1k1mic, terulic aDd p-coumaric acids 

and ;yields the respective 4-lcydrox;y-phel:IJlpropane derivatives (see: Kin (29)). 
Freudenberg (~) is tracing these derivatives back to p-coumaric, coniteric 
and sinapic alcohols. The ratio ot these derivatives is changing 1'rom one 
wood variet;y to another as it is exemplitied in talrle no. 1. 

TABLE 1. Percentaga share ot main com.ponents in lignin in two 
varieties ot wood ( atter Freudenberg (2~)) 

Derivatives ot beech spruce 

----------------------------------------------
coniteric alcohol 49 80 
sinapic alcohol 46 6 
coumaric alcohol 5 14 

Concerning the formation of smoke, one is justified in saying that it starts 
with the breakdown ot these bonds where the vibrational energ;y is equal or 
almost equal to the bond energ;y. However the bond energies are depending on 
the size and shape ot the macramolecules and it is impossible to predict 
their precise value. Theretore - although temperature will be alwa;ys the 
decisive tactor - the actual path ot thermal breakdown ot the wooden substan­
ce will depeDd hi~ on wood variet;y, and even on the degree ot disintegra­
tian ot wood. All these tactors ;yield a ver, rich assortment ot possible 
reaction mechanisms or their dominant path&• Same aspects ot these processes 
will be discussed below-. 

1. PRODUCTION OF SMOXE 

As has been pointed out in an earlier paper {seea Miler (4~l) the production 
ot smoke trom wooden material is a two-step process, wherein the substrate 
is degraded thermallJ in the absence ot atmospheric Q%Jgen ;yielding volati­
les and charcoal, and the volatiles react in tur.n with atmospheric ox;ygen in 
the adjacent oxidation zane. This zone is torming a la;yer arouDd the combus­
ted material, most otten making itselt visible in form ot a tlame• 

The amount ot heat evolved during combustion is ver, high aDd is depeDdent 
on the alemental composition ot the combusted material (see: J4eunier (42)), 
tor wood it has the value ot approx. 4750 kcal/kg. This tact together with 
the low specitic heat ot gases causes the temperature of the oxidation zone 
to attain ver, high levels. It is lmow.n (see: Miler (44)) that uDder coDditions 
ot natural air dratt (convection) the temperature o:r the glowing zone in saw­
dust is within the range 860-940 °c. Combustion under conditions o:r :rorced 
air dratt ;yields higher temperatures. Bor,s et al. (15) basing on their recent 
investigations pertormed with alder wood {alnus incana) found the following 
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relationship between combustion temperature and air flow rate: 

-a2. (u..U.) 
'm•e - A 

T = ------------------ ••••••• (1) B.u 

where: T - temperature of the combustion bed 
u - air flow rate 
u.- air flow rate 'ielding the highest combustion rate of wood ~ 'm) 
A,B-constants 

The' present also numerical values for all constants present in the above 
formula covering the range of air flow rates from 7 cmsec-1 through 35 cmsec-1 , 
moisture contents in the wood from 0 " till 37,24 " and two particle sizes: 
0.48 mm and 1.07 mm. Using these data the temperatures corresponding to the 
higbest combustion rates were calculated trom equn. (1}, and the results are 
given in table no. 2. As a rule, tha, exceed 1000 °c. · 

TABiiE 2. Tamperatures and air flow rates ,ielding maximal combustion 
rates of alder sawdust (calculated from data of B~s et al. 
( 15 )) 

------------------------------· ----------------------Average particle 
size of sawdust 

(mm) 

0.48 
0.48 
0.48 
1.07 
1.07 
1.07 

Moisture 
contents 

(") 

o.oo 
6.57 

31.64 
o.oo 

14.12 
37.24 

Optimal 
temperature 

(deg C) 

1389 
1409 
1171 
1246 

998 
1226 

Optimal air 
flow rate 

(cmsec-1J 

28.8 
24.5 
26.2 
32.7 
28.8 
26.7 

----------- ------------------------
The high temperature of the OXidation zone, its :1JDmediate proximit;y to the 
degrading wood, and the low amount of heat liberated during thermal degrada­
tion (260 kcal/kg - Klason et al.(31)) cause that the temperature of the deg­
radation la,er practicallJ to be equal or almost equal to that of the oxidation 
zon~. This fact must of course intluence the rate of thermal degradation of 
wood, which process can be described b' the kinetic equation of first order 
(Stamm (61)}. For thermal degradation of beechwood logs Miler (451 found data 
which can be eXpressed in form of the following equations: 

L = Lu• (1 - e-k • t) 

Lu = ~~2~-!-t~-=-~221_ 
100 + 8.493 •(T - 453) 

k = eXp ( 8.3478 - :aQL!-36 ) 
T 

where: L - percentage loss of wooden matter 
T - temperature of degradation (deg K) 
t - duration of the degradation process { min) 

••••••• (2) 

••••••• (4) 
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The linear torms ot equn. ( 2) and equn. ( 4) have the tollowing correlation 
coetticients, respectivel;ya r 2 = -o.92107 and r 4 = -o.9998~. In this respect 
the p;yrot,sis ot wood is resembling that ot ~d.rocarbons, which also tollow 
tirst order kinetics (see: Blaszczuk: (12)). 

Experimental data published b;y Kuri;yama (~6) make it possible to have an 
insight into the degradation kinetics ot the main groups ot wood components. 
From the pertormed calculation tollows that cellulose, pentosans, the sum ot 
cellulose pantosans and lignin, the methox;yl groups, and the total mass ot the 
wooden substance degrade in accordance with :rtrst order kiiletics. In the coapu­
tations the actual amount of the compound was expressed in percentage ot its 
initial amount • In table no. ~ the values tor A and B ot the Arrhenius equa­
tion 

B lnk=A--
T 

••••••• (5) 

are given alongside with the respective correlation coe:t.'ticients'• 

TABU!: ~. Values ot constants and correlation coe:t.'ticient tor the 
Arrhenius equn. pertaining to p;yrot,sis rate ot "Konara" 
wood ( calculated trom data published b;y KUri;y ama (~6)) 

______________________________________________ ,_ 
Process A B r 

Losses in total mass ot wood - 2.1468 2006·.16 -o.98458 
Degradation of total cellulose 5.~891 4692e20 -o.99955 
Degradation of pantosans 1~.4547 7406.58 -1.00000 
Loss of summaric mass ot cellu- - 1.0'785 2216.~9 -o.96296 lose, pantosans and lignin 
Loss of meth.oJeyl groups 1.~400 ~06~-~6 -o.94810 ____________ , 

----------------------------------

The value of the term B in table no } indicates also how susceptible the 
given component is to thermal degradation. Namel;y for a tirst order reaction 
one can writea 

dv 
- = dT 

••••••• (6) 

where: dm v = ~ - reaction rate. 

From the data given in table no. ~ one can see that pentasans are most sus­
ceptible to thermal degradation, cellulose being in the second, and methox;yl 
groups in the third place. From Kuri;yama's data follows that lignin - when 
taken alone - does not obe;y the above mentioned rulese Moreover there is a 
bidirectional course ot its degradation process - first indicating an incre­
ase ot the amount of lignin, much exceeding its initial amount, and then fol-
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lows a decrease well below the initial amount. This reaction rate could be 
satisfactoril;v expressed b;v the following formula: 

TL= v8 - (v0 + Vp) •••••••(?) 

where 1 v L - degradation rate of lignin 
Tc - degradation rate of Cellulose 
vp - degradation rate of pantosans 
vs - degradation rate of the total amount of cellulose, 

pentosans and lignin 

Appl;v 1ng equn. ( 6) to formula ( ? ) one gets 

This ridiculous behaviour of lignin can be explained b;v assuming that during 
degradation of wood there occurs same reaction between the depolymerizing 
carbo~drates and lignin, which loosing same of its methox,l groups eXh.i.bits 
some sites in excited states. It follows that the elegant degradation 
mechanism elaborated for homogeneaus po~mers, lik:e po~ st;vrene ( see: Cameron 
and J4cWalter ~ 16)), is not full;v applicable to wood. To the two main steps 
postulated for homogeneaus pol;vmers, i.e.: a/ formation of radioals at the 
chain ends, b/ unzipping of the pol;vmer chains ;vielding volatile mono- and 
oligomers (see: Vasile et al. (66}) in wood we have to add one step more, na­
mel;v the interaction of different kinds of mono- and oligomers to from non­
-volatile pol;vmers degrading at higher energetic levels along a mechanism 
path differing from that which the parent pol;vmers are taking. 

Gilbart and Knowles {24) suggest an elegant degradation mechanism for cellu­
lose assuming that the i.r).itial reaction is an acid-catal;vsed h;vdro~sis to 
glucose. This is in full agreement with the above mentioned step no "a" for 
degradation of homogeneaus pol;vmers, and possibl;v is true. However, from data 
presented b;v KUr!Jama (loc·. cit.) indicating that there is a conversion of 
alpha-cellulose into beta-cellulose and gamma-cellulose one is inclined to 
sa;v rather that unzipping of the aligned J>O~mer chains is the primar, pro­
cesB. For such an unzipping can t~ place at lower energetic levels, as 
pol;vmer chains usuall;v are aligned in bundlas b;v means of h;vdrogen bonds. 
Nevertheless the scission of glucoside radioals takes place although pro­
bab~ this is becoming pronounced at temperatures above 140 °C. At these 
temperatures there is little chance of having an;y of the "free water" 1nit1al­
l;v present in the wood. However, there is enough water originating from split­
ting awa:, h;vdrox,l groups, therefore there is some chance for acid-catal;vsed 
h;vdrol;vsis, which probabl;v involves some sort or radical mechanism (OH radi­
cals). The Splitting awa;v of h;vdox,l groups from cellulose and hemicelluloses 
to form water is described in litersture ( e.g. KJ.ason (31~ ~i;vama (36)). 
Nevertheless the detailed mechanism of the p;vrol;vsis of wood still remains 
unk:nown, and the theories of Rice .and coworkers (52, 53) so frui'f;full;v applied 
to the p;vrol;vsis of h;vdrocarbons are not ful~ applicable here·• The presence 
of ox,gen bound with the wood constituents has to be taken in account ( see: 
J4eunier (42)), as it alters the reaction mechanism b;v introducing h;vdrox,l 
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radioals which are said to be essential to initiate and propagate chain rea­
ctions in combustion processes (see: Lewis and von Elbe (40)). An excellent 
example of the complexit;y of reactions taking place during degradation of 
ox;ygen-caontaining organic substances is given b;y Osman et al. (51) for the 
case of thermal alk;ylation of aromatic nuclei with ar,l-benz;yl ethers. 

The results given b;y Kishimoto and Hirano (~0) for thermal degradation of 
wood in the absence of ai» are a clear-cut demonstration of the diversit;y 
of compounds obtained in this process. These data are a firm basis for sta­
ting that alread;y during the first stage of smoke production, i.e. during 
the degradation process, all hitherto known substances essential for wood 
smoke, are formed. Hence the oxidative step of smoke production most probabl;y 
induces onl;y quantitative changes in the initial pattern of volatile degra­
dation products, but will not lead to s;ynthesis of new substances on a big-
ger scale. Besides, the oxidative step is suppl;ying energ;y for propagation 
of the reactions. 

The quantitative changes occuring in the oxidative zone seem to be far rea,.. 
ching, as can be deduced from the data collected b;y Kiler et al. (4~) for 
the case of total phenols. The susceptibilit;y of this reaction to changes 
in ox;ygen concentration according to these authors can be written as 

where: Cph - concentration of phenols as resorcinol 
C0x - concentration of air ox;ygen 

••••••• (11) 

The susceptibilit;y of this reaction to temperature Changas was found to be: 

~~~ {8 ) dT = cph • T + b ••••••• (12) 

where: a and b are constants 

Jrom the latter follows that there exists a temperature ;yieldiDg the highest 
amount of total phenols, namel;y 

••••••• (1~) 

The above correlates well with the findings resulting trom data presented 
b;y Borys et al. (15) which indicate also a curvilinear dependence between 
the amount of the formed individual compounds, and the air flow rate or 
combustion temperature. Benzo{a)p;yrene, which is focussing so much of public 
interest, also indicates a similar dependence, although its maximum usuallJ 
i& at or above the upper practicable limits of air flow rate or temperature. 
This is in agreement with results published b;y Lam (~9) and. in the majorit;y 
of cases also with those given b;y Grimmer et al. (26}. The linear correla-
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tion between the contents of benzo(a)p,rene and combustion temperature found 
b' Toth and Blaas (65) probabl, is reflecting the particular conditions un­
der which these authors produced their smoke. Unfortunately the' do not give 
details pertaining to moisture contents in wood, mesh size etc. Moisture 
contents and particle size of the cambusted material have a marked effect 
on the amount of benzo(a)p,rene and are capable of changing the slope of 
the curve fram positive to negative values (see: Bor,s et al-. {15)). These 
two factors have also a pronounced influence on the combustion rate of wood. 
From data published b' Bor, s et al. ( 15) one can derive that this interde­
pendence has the form of a bell-shaped curve. The' enable also to find opti­
mal conditions of bur.ning the sawdust ,ielding the highest possible combus­
tion rates. These conditions were calculated and are shown in table no. 4. 

TABLE 4. Optimal moisture, temperature and air flow rate conditions 
,ielding highest combustion rates of alder sawdust 
(based on data of Bor,s et al. (15)) 

-------------------------------------------------------------------Average par­
ticle size 
of sawdust 

lmm) 

0.48 

1.07 

Optimal 
moisture 
contents 

( %) 

o.oo 
16.18 

Optimal 
air f.low 
rate 
(cmsec-1) 

32.64 
43.11 

Optimal 
combustion 
temperature 

(deg0) 

1322 

942 

Maximal 
combustion 
rate 

( gmmin - 1cm -2) 

o.B36 
1.110 

As can be seen from these data the coarser grades of sawdust have a higher 
combustion rate, whereb, a definite amount of moisture is indispensable to 
reach the maximal combustion rate. The moisture enables also to keep the 
combustion temperature at a lower level although at the expense of a higher 
air flow rate. 

These findings indicate that combustion temperature, moisture contents and 

grading of the wood as well as air flow rates are means which can be used to 
control the combustion rate of wood. However, until such functional rela­
tionships will be established for an, of the major smoke components and also 
until we get exact knowledge on the contribution of these components to the 
overall smoke flavour or other important features, we are not entitled to 
sa, that this wild process, which the self-propagating combustion of wood 
indeed is, has been tamed. It is an immense amount of work, which still has 
to be done, and it must be done if we will deal with a controlled process 
in future. 

In search of methods for controlling the thermal degradation of wood1fric­
tion generators were developed some ,ears ago, and relativel' new is the 
method of producing wood smoke b' treating the wood with overheated steam. 
The first method is well described in literature (see: Adam (4~ Klettner 
(32)), while the latter - known as the Fesemann procedure - is covered b' 
n~erous patente (see: Fesemann (18, 19), Becker (a)). However, the simple 
fact that friction generators have not gained ~ massive industrial appli­
cation ma, indicate that among others the flavour of friction smoke is not 
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full;y competitive to traditional smoke. Also experiments perform.ed b;y Kers­
ken ( 28) gave no clear evidence for the competitive position of smoke ob­
tained b;y the Fesemann procedure towards that of traditional smoke. In the 
majorit;y of cases the scores for salami were inferior to those öbtained for 
the same sausage when sm.oked traditionall.;y. However, when the Fesemann 
smoke was produced at }40 °c and the product assessed after five d~s of 
storage, the scores for flavour were comparable to those obtained for a tra­
ditionall.;y smoked product·. The results obtained b;y Kersken ( loc. cit.) indi­
cate also that the higher the temperature of smoke production in the Fese­
mann procedure, the lower is the acceptance ot the smoke flavour. This re­
sult is exactl;y the contrar;y of that which would be expected from experience 
with traditional smokes and from experiments with two-stage smoke generators 
( see: Tilgner et al. {62)). Whatever is the actual situation with the above 
two methods of smoke production, the;y allow to obtain smoke with low contents 
of pol;ynuclear ~drocarbons and hence the;y deserve more attention and iuves­
tigations to bring these smokes to the flavour qualit;y comparable with that 
of traditional wood smoke. 

TABiiE 5. Averagaal percentage shares in the total under-peak area 
found in GLC anal;ysesb/ for nine phenolic compounds isola­
ted from alderwood smoke (after Olkiewicz (50» 

----------------------------------------·-----------------------------------
Compound 

Phenol 
3~et~lphenol plus 
4~et~lphenol 

---~2~-2~-!!E!~!!!~~!!_!!~~!!=~-----· 
1 2 3 4 5 6 

2~ethox;yphenol 5.49 5.01 5.06 3.40 3.97 5.00) 

mean sum 

2~ethox;y-4-met~lphenol 6.76 6.49 6.93 4.51 4.87 6.29 l 18•72 t 2•28 
2~ethox;y-4-v~lphenol + 2 4 4 :z 4 J 2-methox;y-4-all;ylphenol ·.59 • 1 3.07 ~·1 4.15 3.46 

;h:!~tox;y-4-transprope~l-4.53 4.97 4.99 3.71 4.33 5.16 

2,6-dimethox;yphenol 
2,6-dimethox;y-4-met~l­
phenol 
2,6-dimethox;y-4-all;yl­
phenol 

24.65 21.47 22.82 31.83 29.00 19.55~ 

19.73 19.92 22.64 26.10 22.24 16.78 ( 

7.03 8.96 4.85 5.44 6.63 8•43 I 
53.01 :t 6.57 

Sum 80.16 79.32 78.68 84.68 82.15 74.04 79.84 :t 3.58 

-----------------·-----------------------------------------------------------
a/ average is defined as ;y = ... ___! ______ ·J usup (A0+A1u+A2u2+A7..u3)du 

usup - uinf "' 
(seea Bor;ys et al. (15)) uint 

b/ for anal;ytical details see Bor;ys (15) 

c/ for combustion conditions see Bor;ys et al. (15} 
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The influence of wood variet;y on smoke flavour, well known from e:xperience 
and established in exper:lments ( seea Tilgner et al. (63)), ma;y be partialcy 
explained on basis of the aforementioned fact that the basic patter.n ot smoke 
compounds is formed during thermal degradation of wood, 8Dd hence is to some 
extent reflecting the differences in the chemical constitution of the wood 
varieties. As the smoke flavour is mostl;y depending on the patter.n of pheno­
lic compounds, so these variations ma;y be traced back to the ratio of pheno­
x;ypropane- to methox;y-phenox;ypropane- to d:lmethOJQ-Phenox;ypropane derivatives 
in the combusted wood. In gaschromatographic anal;yses of phenols extracted 
from smoke obtained b;y combustion of alder wood under various combustion 
conditions, Olkiewicz (50) determined the averege percentage-shares of the 
under-peak: area for the main nine components. The results are shown in table 
no. 5. 
Although these compounds comprise onl;y approx. 80% of the total under-peak: 
area, the;y are a good representation because the remaining 20% is made up b;y 
peak:s, from among which none has a percentage share exceeding 2,%. These re­
sults indicate that the ratio of phenox;ypropane- to 2~ethox;y-phenox;ypropane­
to 2,6-d:lmethox;y-phenox;ypropane derivatives is as 10 1 24 : 66. When compa­
ring this ratio with that of another hardwood (beech) given in table no. 1 
one can see that most probabl;y the 2~ethox;y-phenox;ypropane parts of lignin 
are most liable to demethox;ylation, whereas 2,6-d:lmethox;y-Phenox;vpropane 
parts are relativel;y resistent to this reaction. 

Air components whe:n passing through the combustion bed not onl;y tak:e part in 
reactions with smoke co:nstituents but also can react with each other. The 
reactio:n betwee:n :nitrogen and ox;ygen is well known in inorganic technoloBJ 
and found its industrial applicatio:n in the production of :nitric acid alrea-
43 some 50 ;years ago. However, until the excellent work of llehler (46) :nobod:3 
was aware of the fact that the same reaction leading in first instance to the 
formation of :nitric oxide, ma;y also proceed during the production of wood 
smoke. However, if we tak:e in account the temperatures given in table no. 2 
and the well known relationship linking Gibbs' free e:nerg;y with the equi­
librium co:nstant, i.e.: 

G = - RT.ln(l),) ••••••• (14) 

the:n we come to the conclusion, that M6hler is perfectl;y right. The co:ncen­
trations of :nitric oxide (NO) expressed in parts per millio:n can be calcula­
ted from the formula (approx:lmation i: 

••••••• (15) 

Inserting the respective data take:n from aDJ tables of chemical co:nstants 
one gets the values given in table no. 6. 
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TABLE 6. Influence of temperature on the values of xp and CNO for 
the reaction: N2 + 02 - 2 NO 

-------------------------------------------------------~------------Tempereture 
(deg C) (~ 0:rm 

(ppm) 
-------------------------------------------------------------------

400 1.8~ % 10-1~ 0.11 
600 ~.oo x 10-10 4--.6~ 
800 ~.11 % 10-8 4'7.28 

1000 '7.49 % 10-'7 2~1.'70 
1200 '7.61 X 10-6 '7~9.29 
1400 4.44 X 10-5 1'781·.25 
1600 1.'78 % 10-4 ~5'75.89 

-------------------------------------------------------------------
Of course, NO is easil_J oxidized to N02 and higher nitrogen oxides, never­
theless it is also eagerl~ reacting with organic substrates, in this number 
also with phenols as has been shown in the excellent paper published b' 
Knowles et al. (~~). Therefore the results found b~ Jlehler (loc. cit.) must 
be accepted as a warning that traditional smoke production ·~ lead to the 
contamination of foodstuffs not onl' with pol,nuclear bJdrocarboDS but also 
with nitrosocompounds. Among the latter nitrosoamines m~ be present, as wood 
contains approx. 0.1-o.~2 % of organicallJ bound nitrogen. At the high tem­
peratures existing during smoke production the concentration of low molecu­
lar radicals is probabl' higher than that of higher molecular ones. There­
fore one ma, expect that the amount of low molecular nitrosocompounds will 
be higher than that of higher boiling ones. 

From the above, it follows that the production of smoke is a ver, complica­
ted process, highl' ditficult to control aDd ,ielding a product which besi­
des desired constituents contains also a vast variet' of hazardous campounds. 
As the list of detected hazardous camponents is rather constantl' enlarging, 
so methods for producing a safe and though full flavoured smoke are becam­
ming more and more urgent. It can be foreseen that with the advent of such 
methods the traditional smoke production will be abandoned, although at this 
mament it is impossible to s~ when this goal will be reached• 

2. APPLICATION OF SI40XE 

Application of smoke to foodstuffs essentiell~ is a pbJsical process, whichis 
based on such phenamena as 41tfusion, adsorption, dissolution aDd deposi­
tion in force fields. It is accompanied b' chemical processes, wherein smo­
ke campounds interact with food constituents. 

The pbJsical properties of wood smoke aDd the p~sical factors involved in 
deposition of smoke on surfaces were extensivel_J etudied b' ~oster 22 • 
The mechanism of smoke deposition is comprehensivel_J described in the paper 
published b' Simpson and ~oster (60). From these investigations it became 
known that the particulate phase of wood smoke, amounting up to 9a,5 of its 
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organic matter, is depositing onlJ on dr1 or almost dr1 surfaces, whereas 
transport of smoke compoands to wet surfaces is effected b' the diffusion 
mechanism.e This has been proved valid in experiments Dl8de b' Tilgner et al. 
(50) , Rusz et al. (56), and Rusz (57) who used electrostatical~ filtered 
smoke for sm.oking foods. In the traditional draft smokiDg we usuall' deal 

with a wet surface in the beginning of the sm.oking period, however, with 
elapsing time this surface looses much of its moisture, and hence we have 
to s~ that in such processes probab~ both forme of mass transfer are acti­
ve in depositing smoke compounds on the smoked gooch 

Smoke densi~ is a ve'r3 im:portant factor determiniDg the rate of smoke depo­
sition. Rowever, we m.ust be aware ot the tact that densit' measurements 
usual~ represent on~ the densi~ ot the particulate phase, because the' 
are pertormed either b' measurement of light absorbance or scattering or b' 
some deposition technique ( e.g. absorption on filtere)· • .1\Tevertheless these 
measurements b' no means can be regarded as meaningless -on the contrary they 

are a usetul means because under equilibrium conditions Ner.nst's partition 
rule 

~vap = K 
part 

••••••• (16) 

is applicable. In said tormula Cvap stands for concentration of smoke com­
pounds in the vapour phase, whereas Cpart denotes the concentration ot 
these compounds in the particulate phase. The partition rule m~ be used not 
onl' for determining empiricall' the interdependence between the ooncentra­
tion of smoke compounds in the vapour phase and that of their counterparts 
in the particles, too, it can be used for assessing - 1f not exact~ deter­
mining - the concentration of an;y compound in the vapour phase, provided its 
boiling temperature and latent heat ot vapourization is k:n.own. Name~ when 
in equn. (16) the concentrations are expressed in molar fractions, then we 
can write 

K = exp { öBB - ~) 
R!!TB R'eT ••••••• (17) 

Wherea R.a latent heat of vapourization at the boiling point and 
atmospheric pressure 

öH - latent heat ot vapourization at the vapourization tempera-
ture 

TB - boiling point temperature (deg K) 
T vapourization temperature ( deg K) 
R - gas constant. 

When the latent heat of vapourization is not known for the vapourization 
temperature, which case usuall' is encountered as these values are tabulari­
zed mainlJ for the boiling point temperatures, then it can be calculated 
from the tollowing tormula developed b1 :l!'ish and Lielmezs 20 1 

T + T0.~5298 
s s 

SI = ------------1 + T0.1~856 
s 

••••••• (18) 
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wherea 

ss = ~~;- ••••••• (19) 

Tc~=-=-~--Ts • 
T0/TB - 1 

••••••• {20) 

Tc - denotes the temperature ot the critical point (deg X). 

Jor the ma;jorit;y ot cases, where the value 4~ is unk:nown, it ma;y be calcu­
lated trom Trouton's rule (seea Barrow (7)) • The temperatures ot the criti­
cal point - it not tabulated - can be computed on basis ot the structural 
tormula ot the compound in question and the correlations given b;y Ambrose 
et al. (6). 

Ot course the above tor.mulae are applicable onl;y then when concentrations 
are quickl;J equilibrated and tor compounds which have not signiticant devia­
tions trom Raoult's rule in the given range ot concentrations'• 

Jrom equns (16) and (17) it can be seen that the increase ot the smoke tem­
perature causes an increase in the concentration ot the smoke compounds in 
the vapour phase. This e:xplains also wl:cy hov smoking procedures give a hig­

her "smoking" rate·. However, with higher temperatures the amount ot adsorbed 
substances is rapidl;y decreasing, so as a result there will be alwa;ys an opti-
mal temperature, at which the "smoking" rate is highest. Probabl;y this does 
e:xplain the ma:xima tound b;y Simpson and Joster (loc. cit.) tor the deposition 
ot total phenols on wet surtaces. 

As pointed out by Adam, in smokehouses filled with smoked goods the flow of 

smoke is alwa;ys turbulent - in particular in those smokehouses, where torced 
dratt is applied·. Theref'ore we can take it for granted that mixing ef'f'ects 
exist in the smoke stream and concentration gradients will be f'ound onl;J in 
the nearest vicinit;y of the smoked surf'aces due to their absorption activit;y. 
Not tr,ing to go into details of the m~ existing absorption theories (seea 
Newsoma (48~ Bergmann and .Antonioni (9)) we can sa;y that it is the amount of' 
the adsorbed smoke compounds at the surface of the smoked goods, which trig­
gers the dittusion mechanism of' these compo~s into the interior of the smoked 
goods. The fundamentals of' this dittusion mechanism are well known and descri­
bed elsewhere (seea Crank (17)) , however in the case of' smoking we have to 
do with a process, where the boundar, concentration, i.e·• the concentration 
ot smoke compounds at the surf'ace of the smoked f'ood, is changing with time, 
and besides at least some of the smoke compounds are partiall;y bound b;y c~ 
stituents of 1he smoked goods. Such interaction has been demonstrated b;y Xoz­
lowski (34) on the example of' guaiacol, phenol and 2-n-prop;ylphenol. This 
author states that phenols with a blocked para position do not interact 
with meat• ~lova et al. ( 35) f'ound in their investigations that phenolic 
compounds present in wood smoke react with aminoacids, in particular with 
those which contain sulphur. ll'or the above reasons the time-dapendent diftu­
sion equation known also as ll'ick's second law, hitherto has no read;y to use 
solutions in literature. We deem that this problem deserves more attention 
f'rom side of investigators, in particular with the ultimate aim to find 
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simple and though exact solutions ot the same t,pe as given b~ Adam (4, 5) 
tor conduction ot heat in smoked sausages• 

As is well k:nown, during smoking - depending on the conditions - a more or 
less pronounced dr,ying ettect is obtained·. This is connected with the dittu­
sion of water from the inside of the smoked item to its outside, and generally 
can be said to be covered b' the classical solutions ot the dittusion equa­
tion {seea Crank: (17)). These solutions were successtul~ broadened b;y Adam 
and Jank:ovsq (2) and .Adam (4, 5) to include also the ettects ot changing 
temperature in the goods. Recent~ Rotstein et al.(54) extended the. classical 
solutions on the case of non-conventional shapes of the dried goods. It is 
worth noting that the;y treated successtull~ also the case of total moisture 
dittusion from the solid bod;v, not on~ the classical conoentration distri­
bution. In the cases where steam is used as a direct source ot heat, atten­
tion should be paid to additional heat transter resistance on the surtace ot 
the heated bod;v due to the tormation ot a l&Jer ot nonoondensable gases, 
escaping trom the heated goods (seea Brown (14)). 

The problem of colour formation during the application of smoke was extensi­
vel;y studied b;y Ruiter (loc.cit.) and Ziemba (loc·.cit.). As these results 
are well known, so this problem will not be dealt with here. 

Electrostatic deposition of smoke, which was so intensivel, studied some time 
ago (seea Sikorski (58, 59), Zander and lletz (67)) now is used sporadical~. 
Most probabl;y this retreat from that procedure can be linked with the growing 
public awareness of the risks connected with contaminating food with pol;vnuc­
lear h;ydrocarbons. As was shown b;y Obiedzinski (49~ the concentration of the­
se compounds in the particulate tarr, i'raction of smoke is extremel;y high, 
and so this risk is not an imaginar, one. This awareness probab~ is also the 
causative factor for the growing interest in smoke tlavouring, usual~ called 
"liquid smokes". Although the vast ma;jorit;y of these tlavourings is still of 
poor qualit;v, there are same which give tlavours equivalent to that ot tradi­
tional smok~. As these products are obtained either b;y distillation or b' 
extraction or b;y same combination there of 1 fram the technological point of 
view there are no hindrances to produce a flavouring with a ta,lor-cut cam­
position. If then there are so ·~ poor qualit;y products on the market, so 
the reason has to be sought both in the lack of k:nowled.ge concerning the 
role of the individual components in the overall smoke;y flavour as well as 
in bad crattmanship. 

Ending, the authors would be glad 1f the above presented few remarks on the 
ph;ysical and chemical processes involved in the production and application 
of smoke will inspire ;you to ;join in the efforts to make these processes more 
understandable and more controllable• •. 
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