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introduction
C u r in g  o f  m eat i s  an a g e - o l d  t r a d i t i o n a l  p r o c e s s ,  w h ic h  h a s  b y  now 

Srovm o u t  i n t o  an i m p o r t a n t  t e c h n o l o g i c a l  o p e r a t i o n .

I n  t h e  e a r l i e s t  s t a g e s  o f  m a n k in d 's  e x i s t a n c e ,  a t  th e  t im e when i t  

I ° o d  s u p p l y  s y s t e m  was o r g a n i z e d  a lo n g  th e  l i n e s  o f  h u n t in g  and f i s h i n g ,  

° ne o f  th e  f i n d i n g s  o f  t h o s e  d a y s  was t h e  r e m a r k a b le  f a v o u r a b l e  i n f l u e n c e  

o f  th e  w o o d f ir e - s m o k e  on k e e p a b i l i t y  and o r g a n o l e p t i c  q u a l i t i e s  o f  f o o d s .

The amazement on t h i s  w o n d e r f u l  f e a t  o f  c u l t u r a l  d e v e lo p m e n t ,  how- 

evers seems t o  h a v e  h ad  a  c o n t i n u i n g  s t u p e f y i n g  e f f e c t  on th e  i n t e r e s t  

I*1 the  r e a l  h a p p e n in g s  o f  t h i s  p r o c e s s .  And w h i l s t  t e c h n o l o g i c a l l y  many 

lmP rovem en ts  w e r e  made, o n l y  p e r h a p s  25  y e a r s  a g o ,  when P e t t e t  and Lane 
(8) d id  t h e i r  i n t r o d u c t o r y  w o rk  on t h e  c h e m ic a l  c o m p o s i t i o n  o f  ..rood 

Snio k e , a  r e a l  i n t e r e s t  awoke i n  an u n d e r s t a n d i n g  o f  t h i s  im p o r ta n t  i n  

d u -o tr ia l  o p e r a t i o n .

According to the published material on this subject, we may under- 
Scribe the statement of Tilgner (47) that, what was once a haphazard 
Process, must now be closely controlled (40)* A scientific base has to 
ta:k;e the place of an empirical one, if mechanisation and automatization 
^  ari increasing mass—production should be succesful. Also is it clear 
dat the basic scientific rules of smoke-curing diould be valid for b th

m e a t-  and f i s h - s m o k i n g  i n d u s t r i e s .

Therefore our Institute, aiming at contributing to this effort, 
taken in hand a>0  ̂ the work involved in answering one of the basic ques-

0ris5 i . e .  t h e  a c t u a l  c o m p o s i t i o n  o f  wood sm oke.

Definitions
S m o k e - c u r in g  may b e  d e f i n e d  a s  t h e  com bined  a c t i o n s  o f  co m p on en ts , 

G a i n e d  b y  p a r t i a l  t h e r m a l  d e c o m p o s i t i o n  o f  v e g e t a b l e  m a t e r i a l  m o s t l y  

* ° ° d> on f o o d - p r o d u c t s ,  u n d e r  s u i t a b l e  c o n d i t i o n s  o f  t e m p e r a t u r e  and huml 

d l t y 5 w i t h  t h e  aim t o  i n f l u e n c e  f a v o u r a b l y  c o l o u r ,  t a s t e  and f l a v o u r ,

WeH  a s  c o n s i s t e n c y  and k e e p a b i l i t y .

Th.ysjmi ijy a smoke—composition can be considered as a polydispe 
System of single, charged, colloidal particles and their aggregates,
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°°nsisting of solid, fluid and dissolved components, in a mixed air- 
gaseous components medium. The particle radii vary between 0.01 and 
® (i (10 ^ cm), with an average radius of 0.1 p,. The distribution of 

components between the colloidal particles and the dispersing 
medium will be governed by a dynamical equilibrium between both and 
show a temperature dependance and connected with rospectivo 
charging conditions. The variation in particle range as well as the 
above mentioned distribution will be controlled in the first place 

the conditions under which the thermal decomposition has taken
Place (3 3,3 6,4 0,48).

Chemically smoke is as yet a very much undefined matter. One 
°hould be ready to expect any compound, combined out of C-, II- and/ 

0-atoms. The presence of the following homologuous groups can be 
accepted as probable: aliphatic and aromatic hydrocarbons, the lower 
•Representatives of the aliphatic alcohols, aldehydes and ketones,
^ranched and unbranched mono— and dicarboxylic acids, phenolic com 
Pounds with carbonyl-, alkyl-, (esp. C ^ ) ,  carboxyl- and methoxyl- 
sPbstituents, furan- and cyclo-pentane derivatives and polycyclic 
compounds. As individual compounds may be mentioned: formaldehyde, 
^etaldehyde, acetone, formic acid, acetic acid, propionic acid, phenol, 
cpeosol, guaiacol, vanilline, catechol, 2 . 6 •-di-methyl-pyrogallol and 
fheir 4-methyl-,4-ethyl- and 4-propyl-derivatives, furxural, methyl- 
Cyclo-pentenoloni Under smoke-curing conditions reactivities between 
Several compounds may be high (3 S4 S7 j8 >2 0 926 j30-35j40sH 8)•

CRiteria OF QUALITY OF SMOKE
When faced with this intricate physical and chemical structure 

 ̂Slnoke, one may expect smoke curing to be a very complicated process.
Methods in practice in industry are based upon trial and errof, 

Procedures depending very much on the human factor and climatic condi- 
^i°hs, causing great variations in product quality and material re­
t i r e m e n t s .

Efficient measures of control have to based on a thorough under- 
iahding of -the curing process itself.

In cold- as well in hot-smoking (for meat up to 25 and 45 t0
^  respectively) partial diying of the product and denaturation
°f ihe proteins occur, influencing product consistency and palatability. 
TheSe factors are controlled mainly by technical procedures.



Other objective indices of quality of smokes may be classified 
according to their effect on colour and gloss, taste and odour, anti- 
°xidant properties, bactericidal and bacteriostatic activity, besides 
CaRcinogenic or toxic properties.

a* 0°lour and gloss. In a review by Tilgner (1) he mentions that the
Required surface-colouring does not depend upon the amount of phenols 
Present (4)? but on the presence of chemical compounds of a neutral 
Mature, mainly resins (60). Ziemba (61) finds that these neutral com­
pounds possess a distinctive colour, which deepens readily, probably 
4ue to polymerisation or auto—oxidation. There seemed, however, to 
exist a correlation between the amount of these neutral compounds 
and that of the phenols, hence the percentage of phenols in smoke should 

considered as a measure of its colouring properties (53,62).
In connection of our own observation that the absence of aide— 

hydic reacting compounds deprives a smoke—condensate of its meat- 
colouring properties, these facts point to the possibility that 
Resins and tannins may be considered to be colouring agents in some 
curing. Reactions between proteinic amino-groups and carbonyl-compounds 
3c smoke should not be left out of consideration.

Whilst salting may have its affect on the deposition of colour­
ing agents (4 0,6 3), artificial colouring remains open.
■S^ste and odour. Tilgner (1) considers only those smoke components 
which are readily volatile in steam (aldehydes, ketones, acids, phenols) 
Responsible for the specific flavour of smoked products. In contrary 
i° Guinot (2,2 7), who prepared a so called "liquid smoke" by subject­
ing a smoke condensate to steam distillation in order ro remove un- 
desirable components (2,26,27). Acids are considered undesirable in 
gReat quantities (2,47), phenolic compounds are probably important 
(2,3 4,40). Interesting are the identification of methyl-cyclopente- 
n°lone believed to cause the formation of the tangy flavour (6 4) and 
ihe non-enzymatic formation at 196 °C of maltol out of maltose (65)* 

Faulkner and Watts note the oxydative destruction of the red- 
c°loured compound astaxanthin in shrimps during smoke-curing (13)• 

oxidants. a conserving effect by smokecuring’ is in particular 
i° be expected of phenolic compounds, which are known anti-oxidants.

Watts and Faulkner (18) found positive results with several 
li(luid smokes and a synergetic effect between smoke components and 
asc°Rbic acid (20, 21). Their results are supported by Erdmann (15)and 
Rideal (6).

2 m t
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The importance of phenolic compounds as anti-oxidants has been 
recognized by English workers (31-35>50)* A systematic investigation 
°n the anti-oxidant properties of the homologuous groups of the 
Phenols, carboxylic acids, alcohols, aldehydes and ketones has been 
carried out by Kurko (6 4). He found activities comparable with that 
°f BHT with the phenolic compounds, boiling at 119-126 u/ 4 mm Hg,

which are supposed to be methyl-ethers of pyrogallol and their ethyl 
and propyl- derivatives. Such compounds have been identified by Fusako 
as well (6 6).

Kurko a.o. (6 4) performed also microbiological studies and found 
fhe strongest bactericidal effect with phenols and acids.
Carcinogenic and toxic substances. While in electrostatically smoktd 
sausages 1 . 9 to 1 0 . 5 ¡ig of 3 .4 .-benzpyrene has been found (67)» while 
Signer and Muller (4 7) showed the presence in 1 m^ of dense smoke 
°f 5*6 p,g of 3 .4 .-benzpyrene and 7»1 ug of 1,2,5 »6-dibenzanthracene. 
According to their opinion the main factor contributing to the 
formation of these compounds is a too high temperature in smoke ge 
deration, which should be kept below 300 C.

The increased frequency of stomach cancer by manifold use of 
smoked foods according to a Leningrad investigation is mentioned 
Cy Tiigner (/ĵr) is ascribed by Dungal (68) to home-cured
Iceland mutton and trout. Results of investigations on tobacco- 
smoke may be useful in this respect.

Attention to toxic substances is drawn by Watson (6 9) and (38), 
V7ho estimate up to 25 p.p.m. of arsenic in smoked fish when arsenicum
"treated wood was used as a smoke source.

A t h o l s  of c o l l e c t i n g  and  a n a l y s i s  of smoke- com pon en ts

Analytically a wood smoke tends to be both a fascinating and a 
lightening proposition. Analysis afterwards, i.e. by study of omoked 
deducts of important compounds may prove to be an unhappy business. 
fiowever, there is no indication at all to•chow the necessity of 200 
°r m°re compounds to be present in a smoke-curing process. On the con-

in future simple synthetic "liquid smokes" may prove to be suffi 
°ien+ -fviQr a excellent, rapid cure.

directing chemical analysis of smoke to the investigation of comr- 
t̂tds present and their properties will lend the basis for a systemati 
earch on the smoke—curing process, which may lead to new processing

Methods (7 2).
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To collect a representative smoke condensate 5 methods arc avai­
lable s
a‘ Gravimetric precipitation on mechanical filters 
°’ lmPinger interception 
c* Ibermal precipitation (8 ,1 1 ,5 4)
d‘ Absorption (6 4,7 0) 
e° Electrostatic precipitation.

Any collecting system used has to possess the capacity to diminish 
effectively mutual reactions between individual compounds— which seem 

be light — and acid—catalysed and optimal at a acidity of pi- 4 "k° 
5".ijosses may otherwise be heavy (61,71)* Cooling, dilution, use of 
Suitable absorbing reagents apart as well as combined methods, are
needed.

Consideration of the factors particle diameter-range, presence 
oi impounds in solid, liquid and gaseous phases, partly as colloidal, 
°harge^j aggregates, the handling of large volumes of gas, analytical 
handling possibilities, method characteristics and last, but not least 
the aim at 100 f  efficiency, leads to the application of electro-static 
PreciPitation, aided by thermal precipitation, with the simultaneous 
hsorption of of gaseous components by continuously spraying in and 
^movingcut0f the collecting system of a suitable absorbing liquid.

further analytical handling of this smoke condensate might have 
'to encompass any known separating or identifying method or apparatus.

c°ksiteration OF PROCESS-COLLECTING METHODS
Indications regarding the lines along which a systematic mvestiga- 

d°n on the composition of smokes could be run may be found in the 
eshlts of two modern smoke-curing processes; the use of liquid ^mokes 
d hho electrostatic curing.
¿¿3 n̂id smokes

The trade products belonging to this group (5^s^^) bave a 
c°mmon origin in the condensates of traditionally generated smokes. 
Ihese condensates are subjected to refining and concentrating opera 
hions, as a result of which neither gaseous, nor in lesser degree,
v°latile components are contained.

Known are several U.S.A. products, one prepared out of hi y 
V0°d, others used by Watts and Faulkner (20,21) or Erdman (15)*

The method of Guinot (2,2 7) who refines by subjecting his con­
densate to steam distillation and extraction by ethylacetateof
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essential components, seems a bit odd in view of Tilgner's opinion 
°n the steam volatile components being responsible for the specific 
smoke-aroma (1). However, Guinot reports a strong and desirably smelling 
extract , reacting positively with phenol-reagents.

Lapshin (5 7) concentrates and distills off unwanted components 
Ly heating up to a headtemporature of 135— ̂ 4-0 °C. The diluted rest, 
containing O .96 ,2 volatile acids, 1.67 fb total acids with a trace of 
formic acid, 0.1 carbonyl-compounds, O .84 p phenols and no alcohols 
°r furfural, flavoured perhaps not quite as strong or as pleasant
as normal smoke.(40)

Toriyama (28,44) prepares liquid smokes by precipitating compo­
nents in a high tension electric field at 10 kV and uses it, after 
diluting with water, as a filling liquid with tinned fish. Gaseous 
m°^e oomponents won't be present therein, as those are not precipi— 
ta/ted electrostatically.
■Ŝ eC-trostatic smo^ing

In this method, similar to the industrial Cottrell process, smoke 
OE1Ponents are transferred on the products by the action of a 20 to 60 

^  high-tension field.
The products may either act themselves as earthed electrodes 

(^,6 3,70) or the smoke particles are charged by passing a corona 
aelh before entering the smoking-chamber, where they precipitate 
y actions of their own space charge.

Although the colour developed seems to be darker than traditional- 
^ (3 4,40) fish smoked by this method tasted a little more acrid. Re- 
a ively volatile phenolic anti-oxidants were less deposited (35)*

However, these results do not prove the components in the gaseous 
ase to be inactive in regard to the curing process (50»54)»

-composition and generation
According to their respective principles methods of generating

sm°kes can be divided into 4 types:
'^¿itional. Great variations in air speed, temperature and humidity 
arG Sported by Tilgner (47). In a systematic test on 21 charges room 
erriPeratures were found to vary between 86 and 200 C and estimated 
Ul,1ng tines between 23 and 80 minutes.(5 9) • If seems therefore 
Hrobable that any consistency of smoke—composition can thus be

f°und.
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Mechanical smoke—generators, of which at least 26 types have been 
developed, operate in a much more controlled way (47)«

friction generators smoko is produced by the friction heat when 
a dilock of wood is pressed against a serrated steel surface revolving 
at a high speed- Several types are known (40j4"1s54)*
-ti generator operating on the principle of the fluidized oed, has been 
developed at Torry Research Station (309 35»50).
The temperature of the very finely divided wood can be regulated 
Ruite accurately in a variable air speed. Constancy of composition 

the smoke produced seems to be satisfactory. No figures are, ho.; 
evers yet available.

A comparison between types b and c may be found in Table 1, 
containing figures of Husaini and Cooper (7) and of Tilgner (54)«
-d collection of literature data is compiled in Table 2.



Table 1. Comparison o f  d i f f e r e n t  t y p e s  o f  smoke
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Table 2. Comparison of smoke-compositions

Author Type of 
wood

Type of 
smoke 

generator g/m

Pettetund
Lane (8)
RuSz
a,°.{70)

oak

beech
oak
alder
fir
birch
Poplar

open 4OO 
fire 800 

1200

£

electric 
burner 
300+20 °C

gner beech
oak
alder
fir
birch
Plane
Pine
lime
aspen

mechanical gr/m^ 
burner

beech
beech
oak
oak
oak+beech

mechanical gr/m^ 
burner

electric
burner
400+20°C
(furfural
spent
wood)

<t
p

-5T
¡>5
Pi <0 TÍ i—Ití
Gtío
<H

01Q)tí
d ©+3 rçj O i—l
-p ctf

caiH
tíi—I Od+> tí o d +> o

ca ca•HOc3 •H
g

•H
g ca Tí

O•H u
0 Ta

1—10s
tí
3

pi +3 © hO +> O +3 P
+1 0 +> ft

0 . 1 2 O .69 1.36 O .38 1 . 7 1 2.O9 0.07 - 
O.Oé O . 2 5 O .56 0.43 1.80 2.23 0 . 1 2 - 
O . 2 4 O.5 I O .59 O .36 I .69 2.05 0.06 -

1 . 1 0  3 .8 0 8 . 6 9 - 
I. 0 4 4 .3O 8 .O5 - 
O .87 3 . 1 0  7.47 - 
1.43 5.2210.84 - 
O .96 3 . 3 1 8 . 7 1 - 
O . 7 8 3 .0 8 7 .0 6 -

- 5 . 2 4 O.3O O .69
- 5«140 . 30 1 « 57

3.88 0.20 0.66
_ 3 . 7 4  O .25 1.03
- 4 . 5 7 0 . 1 9 0.75

2 .2 3 0 .6 0 0 .4 7

- +0 . 1 3 -
0.09 - 
0.16 - 
0.02 -  

0.12  -  

0.26  -  

0.01  -  

O .23 -
- O .25 -

O.O5 - 
0 . 1 1 - 
0.02  -  

- O.O7 -
_  0.20  -

_ +0.2 0+0.12 -
- 0.267). 13 -

0.21 O.I5 -
- 0.33 0.23 -

0.20 0.17 -
O .25 0 .2 1 -

- 0.61 O.I7 -
O .29 0 . 1 8 -

- 0.45 0.25 -

O.O4 0 .02 - 
0 .2 0 O.O9 - 
0.06 0.01 - 
0.33 O.O7 - 
0 . 1 6 O.O9 -

O .69 3.32 9*°3 
O.7O 3.26 8.56 
O . 5 7 2.45 7 . 5 6  
I.07 3.73 10.55 
O.9I 3 .IO 7.73 
O . 5 9 2.49 7 . 3 8  
O.9O 3 . 3 1 8 .0 1

3 . 6 5 O .25 O .63  
3 . 3 4  0 . 2 2 O .95 
2 . 4 5 O.I9 O.5O 
2 . 1 1 O .23 O .69 
2 .81 O.I5 O .56  
2 . 0 4 0 . 4 2 0.45 
3 . 3 2 0 .2 7 0.66



Paper No. 20

Research on the composition of smoke 

By À.S.J. Koole, M.Sc.

(Summary)
Curing of meat hy smoking is an age-old traditional process, which

y now has grown into an important technological operation.
Its purpose is to exert a favourable influence on colour, taste 

and fiavour as well as on consistency and keepability. Good advances 
e teen made in the technological developments during the last 
years but only in the last few years research has become actively

enSaged in trying to understand the process itself.

bef
Results (Pettet, Husaini, Tilgner, Rusz, Fusako, a.o.), not yet

ng In_tercomparable, do show complicated physical and chemical
ructuresof smokes, both being affected by many factors. Mentioned
a“°* type, particle diameter and condition of the wood used, way of

^fterating and life-time of smoke, as well as temperature and humidity.
Method of depositing smoke-components on and in the products to be 

cUred roust be supposed to play a role.
As for the composition of the smoke, the-accepted-presence of 

( ^ekydes, ketones, carboxylic acids, phenols and furans besides
 ̂XtraneousM comPonents such as methyl-cyclo-pentenolone, phenyl-
°kane and carbon dioxide cannot be considered as a sufficient de- 

8Cripti0n„
•About 200 primary and probably a greater number of secondary 

®Ponents can easily be considered to be present in the gaseous, liquid 
 ̂solid phases.
,ds bo their individual or combined physical and chemical activities 

in the
such

curing process one can only guess up to now. Simplifications 
as considering groups of compounds have their use, but do call for 

0101,12 detailed description.
 ̂ future research on the nature of the smoke curing process and the
eI°pment of new lines will have to be basic as well as applied,Sided v,°y modern instrumentation and carried out by coordinated teams
specialists.

based on this conception the Central Institute for Nutritiorf and 
 ̂Research T.N.O. has recently started research on the analysis of 
by means of modern physical and chemical methods.

of

P
ŝ oke
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