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EFFECT OF FRICTIOE SMOKE DENSITY 
PROPERTIES OF ELECTROSTATICALLY

Of ORGANOLEPTIC 
SLICK EL PRODUCTS

Chemical composition of smcke n " largely dependent 
on the method of smoke generation. The composition of smoke 
generated in open hearth and the composxtior: of friction smo­
ke show considerable differences (6*12). The amount of air 
present in the process of generating smoke undoubtedly 
affects the quality of smoke. Since the quality of smoked 
products depends on the smoke components, it is the factors 
affecting the quality of smoke that influence the quality 

of smoked products,

EXPERIMENTAL METHODS

1 , choice of Wood for Generation_of_Smoke
For the,.generation of smoke we used beech logs cut in the 
shape of parallelepipeds with the sides lo x 18 x llo cm., 
with moisture contents 21%.

2. p-onoration of Friction Smoke.- For the gen««-, 
fcion of smoke we employed a friction type generator, a con- . 
struction of our own for this purpose. The friction surface 
between the beech log and the friction disc was 2o x 36 cm.,, 
and pressure o,3o kg/sq.cm. The rate of rotation of friction,



disc was 12oo r/min, 
introduced by means

The smoke generated ay '’riction was 
of fan (with .ha rapacity of 13oo cu,m/hr

into tiie chamber for electrostatic smoking, 'me diluted 
friction smoke was obtained 'oy sucking the air through an
opening (lo x lo cm) situated in front of the fan parallel

with its horizontal axisr

3. Determination of the Smoke Density,- The density 
of the smoke generated ’was measured by the equipment operating 
on the principle of photo-cells, which we constructed for V’
this purpose» The aquipment is constructed for measuring five.,- 
degrees of smoke density, with the common scale divided into 
2o equal degrees. Measurement was made in the delivery pipe 
introducing the smoke into chamber for electrostatic smoking 

(at the temperature of 6o°C).

4. Smoke Washing Procedure.- For determining the 
quantity of the major water soluble smoke components we 
employed the method of conducting the smoke through two 
units for gas washing connected in a serios. The units, 
immersed in ground ice, were cooled from C to +1°C. Both 
friction smoke and diluted friction smoke were absorbed from ̂ 
the chamber for electrostatic smoking and conducted through 
the washing units filled with loo mi of redistilled water 
each. The absorbtion of the smoke from the chamber was done 
by connecting the washing units with Wolf’s tube (with a 
capacity of lo liters), connected with the vacuum pump 
attached to the tap. In every experiment 3o liters of smoke



was conducted through washing units (Wolf’s tube was emptied 
three times).

5. Determination of pH.- The pH value was meausured

by Metrohm AG pH - meter.
b. Total acids content was determined by titration 

with o;ool n NaOH in the presence of phenolphthalein and

expressed as acetic acid.
7. Phenols were determined colorimetrically with 

2,6 - dichlorchinonchlorimid (7). The colour intensity was 
measured by Beckman DU spetrophotometer, at the wavelenght 
of 635 millimicrons. The results obtained are expressed 
throught guaiacol, The standard curve obtained is presented 

in Pig.l.

8. Determination of Formaldehyde in the smoke solu­
tion was done colorimetrieally with the chromotropic acid (lo
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whereas in meat products it was made by means of p'2ae^yl~ 
hydrazine— h; drochioride, Extinction was determined by Becknen,
‘DU spectrophotometer, at the wavelength 01 57c millimicrons.
The result obtained was expressed in formaldehyde micrograms,

9, Determination of'Sensitive Dilution In&ex, fiff 
smoke,- Smoke was diluted by means of redistilled water.
Maximum smoke dilution in which smoke odour and flavour 
could be detected, namely, sensitive dilution index, was 

determined*

10, Preparation of Products for smoke curing,-
In our experiments we used back fat (3o x x 2,5 cm) and 
fresh sausage made of meat emulsion and spice^, stuffed into 
the small sheep intestines 35-4o mm in diameter. Prior to 
putting it into the chamber for electrostatic smoking the ba^k 
fat was given a hot water shower, drained and exposed to

infrared rays,

11, Techniques of product smoke curing.- Smoke 
curing was carried ont (lo-15 minutes) in the electrostatic 
chamber, oonstuction of our own by means of friction smoke 
and diluted friction smoke. She distance between the electro­

des was kept constant - 35 cm. During the experiment the 
voltage was 55 kV and the electric energy consumption was
0.2 to o.5 mA. The processed products were hung on a negatively 

charged hook in the central part of the chamber. Since the 
hoot can rotate vertically, fresh sausage was rotated 

'14 r/min.) during smoking period.



12. Organoleptic Analysis of Produces,- Colour, 
tasle, odour and tenderness of products were evaluated by 5 
judges after 24 hours storage.

RESULTS AND DISCUSSION

For the sake of clarity, the results of our study 
will be presented in two parts.

1. Analysis of Friction Smoke

The tentative chemical and organoleptic analyses of 
full friction smoke i.e. of air-smoke mixture, made immediately 
after its natural formation and the analysis of the same 
mixture actively diluted by air show certain interesting 
characteristics. The density of original air-smoke mixture 
leaving the friction generator was 5 - 15 units of the second 
order, while the density of actively diluted friction smoke 
was only 8 - 1 5  units of the first order. According to that, 

the original smoke was characteristically dense, friction 
smoke, while the air-smoke mixture was so much diluted that 
"the difference between the two was readily observable.

In Table 1 are shown the results of the tentative 
analysis of the most important water soluble components of 
the original and diluted beech friction smoke. Contrary to 
expectations, the concentrations of phenol and especially oj. 
formaldehyde were evidently higher, even to a considerable 
extent, in diluted than in the original air-smoke mixture.
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The fact that the diluted friction smoke has a higher phenol 
and formaldehyde content than the original, i.e» full smoke, 
is directly related to the fac%' that the smoke generated in 
open hearth (when pyrogenic destruction is slower and the 
flow of air more free) contains almost identical quantities 
of these components. Both facts indicate that the more free 
flow of air, especially at the moment of thermal destruction, 
namely immediately following the generation of smoke, is an 
important factor not only from the point of view of physical 
structure and rough composition of smoke but also from the 
point of view of absolute and relative concentrations of the 
most important chemical components of smoke. It is, of cour̂ «. 
very difficult to explain the exact mechanism of this phe­
nomenon} this would require numerous and complex studies.
For the practical aspect of meat technology, however, there 
remains an important conclusion that by diluting the friction 
smoke at the right time before it gets cooled, we obtain the 
air-smoke mixture which is identical in composition with 

the smoke generated in open hearth.

Unlike phenol and formaldehyde, the acid concentra­

tion in smoke is reduced by dilution (Table 1), which ecu 
be seen from both the absolute content of aoids per 1 litre 

of smoke and the pH value of water solution of smoke.

The analyses of flavour and odour (Table 2) are 
in agreement with the chemical analysis of original smoke an
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diluted air-smoke mixture. They show that the sensitive 
dilution index for the characteristic flavour of The solution 
of original friction smoke is l:2oo, while for the solution 
of the diluted smoke it is found to be even l:3oo. These 
differences are even greater in odour, for which the sensi­
tive dilution index in the original smoke was l:loo, while 

in diluted smoke it was even l:2oo.

2. Study of F r i c t i o n  S m o k e  E f f e c t  
o n  P r o d u c t s

In order to determine the degree and the rate of 
deposition of smoke consituents in meat products, we smoke 
cured some meat products electrostatically by means of original 
and diluted friction smoke. We selected back fat and fresh 
sausage. The former was selected ior its high fat content, 
the latter for the high concentration of water.

The results shown in Table 3 might induce the 
oonclusion which seems to be in contradiction with the data 

shown in Table 1. Namely, the phenol and formaldehyde 
contents are higher in diluted than in the original friction 
smoke, while in smoked products the situation is almost 
reverse. This can be easily explained if we remember that 
the original friction encke is considerably denser than 
the diluted smoke and therefore the original smoke contains, _ 
larger quantities of smoke constituents. This accounts for a 
considerably higher ionization of its particles in the 
slectrostatio field, which in turn causes the sedimentation

to be faster.



IG

PHENOL CONTENT AND FORMALDEHYDE ONE IN BACK FAT AND FRESH 
SAUSAGE TREATED WITH FRICTION SMOKE

Table 3.

product friction smoke minutes mg %

phenols formaldehyde

B F original lo o,ol8 o,o41

oLPvo0
*

oA A 15 o,o26
C T lo o, ol2 o,o26
K diluted o,o4515 o,ol7
F S

original lo o,ol8 o,175
S A 
E U 15 o,o26 o,235
s s
H A 

G
lo o, olo o,14o

diluted
15 o,o25 o,31o

E

Because of that, on the products treated with original smoko, 
larger quantities of all snoke consitituents are found. 
Therefore, the fact that in both back fat and fresh sausage 
smoked by means of diluted friction smoke, phenol and formal­
dehyde contents are lower, is not in contradiction with the 
reverse proportions of these constituents found in air-smoko 

mixtures.

The changes in the surface colour (Table 4) of 
smoked products are in perfect ageement with the above state­
ment, since back fat and fresh sausage treated with original 
smoke have as a rule a darker colour than the products treate 
with diluted air-smoke mixture, A similar conclusion may be 
drawn as regards the flavour of the products smoked by means
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of original or dilutee smoke (Table 4). Finally, the fact 
that the above organoleptic changes are more readily observable 
on back fat than on fresh sausage is quite natural and is 
also in accord with the above conclusion.

Finally, we wish to point out a fact which is of 
importance for the technology of smoking. Namely, that the 
concentrations of formaldehyde are considerably higher in 
»-fresh sausage than in back fat, it is not the case with the 
phenol« This may be due to the well-known fact that formalde­
hyde is soluble especially in water, while phenols are 

soluble almost equally well in water and in fats.

CONCLUSION

1, The concentrations of phenol and formaldehyde 
in diluted friction smoke are higher than in original full 
smoke. This can be proved by both chemical and organoleptic
•analyses. The concentrations of acids are reduced in propor­

tion with the dilution of smoke.

2, The concentrations of phenol and formaldehyde 

of products smoked in the electrostatic field increase in 

proportion with the absolute density of smoke.

3, The concentrations of formaldehyde are higher
in products r.ith high moisture contents; phenol concentrations 

do not depend on the content of fat and water.



' 

' 

- l.) 

..... , .l.JL1_utin; 3till wnrn frL.;tior.. s ol.:c in time ths 

:.i1· smoke: !!11.:xt 11.re ~ s obt1.ined tte coinposi -c:.i_o1i. :)f which matcho ;_ 

i;_ll) .8ffi1)k:C c C' ~118 orcn hc...:rth) 



EFFECT OF FRICTION SLIOKL DENSITY ON ORG.UJOLEPTIC 
PROPERTIES OF ELECTROSTATICALLY SiIOKED PRODUCTS

Summary

Tentative chemical and organoleptic examinations of- 
full friction smoke, that is the air-smoke mixture immediately 
after its natural formation and the same mixture actively 
diluted with air current show that concentrations of phenols 
and formaldehyde in the diluted friction smoke are higher 
than in the original smoke of full composition. Acid concen­
trations decrease with smoke dilution. Diluting still warm 
friction smoke in time the air-smoke mixture is obtained the 
composition of which matches the smoke of the open hearth.

On purpose to study the degree and rate of collec 
tion of smoke components in meat products; electrostatical 
smoke curing by original and diluted friction smoke w
carried out with products with high fat content - back fct 
and products with high water content - fresh sausage. These 
examinations indicate that formaldehyde concentration is 
higher in moisture-rich products, phenols concentration are 
the same regardless of fat content and water. Phenol 
concentration and formaldehyde one in products smoke cured 
in the electrostatic field increase with the absolute smoke

density.



INFLUENCE DE LA DENSITE DE LA FUMEE DE FRICTION SUR LES 
PROPRIETES ORGANOLEPTIQUES DES PRODUITS FUMES ELECTRO-

STATIQUEMEN T
%

Résumé

Les examins d’orientation chimiques et organolep­
tiques de la fumée de friction pleine, c’est à dire du

mélange fumée-air immédiatement après sa formation naturelle 

et de ce même mélange activement répartie par le courant d’air

démontrent que les concentrations du phénole et du formaldé-

chyde dans la fumée diluée de friction sont supérieure que 
dans celle de composition pleine. Les concentration des acides

baisses avec la dilution de la fumée. Par . la dilution au 
moment juste, de la fumée de friction encore chaude on obtient 
un mélange fumée-air qui e3t, par sa composition congruente

a la fumée du foyer ouvert.
Dans le but de l’examen du ■ jgré et de la rapidité 

de concentration des composantes de la fumée dans les produits 
de viande, de-* essais on été fait pa^'la méthode électrostatique

et avec la fumée originale et diluent' s ur’des produits contenant
* t

une quantité importante de graisse - lard :torsal et des produits

ayant une grande concentration d’eau - saucisses. Ces examens 
démontrent que les concentrations du formaldéhyde sont plus 
Scandes dans- les produits riches on humidité, les concentra­
tions des phénoles sont égales sans égard au contenu en graiss. 
°u eau. Les concentrations des phénoles et formaldéhydes dans 
les produits fumés dans un champ électrostatique augmentent 
avec la densité absolue de la fumée.



BJIKflHME iyCTOTH KOIITLUIBHOrO BHMA.nOJEHlASMOrO 
B $PHKUMOHHHX flHMOFEHEPATOPAX HA OPrAHOJIEHTM- 
HECKHE CBOÖCTBA IIPOHyKTOB 9JI3KTP0CTATHHBCK0r0

KOHHEHHH

P E  3 K) M E

OpMeHTMpOBOqHHe XWMHH0CKH0 H OpraH OJI0IITHHGC — 
KH0 HCCJIOÄOBaHHH IlOjIHOrO JpHKIJKOHHOrO HBIMafT.G. HHMO- 
B0 3flymH0it CMOCM HQIlOcpGflCTBGHHO llOCJIO GO GCTGCTBGHHOrO 
0Öpa30BaHHH W TOft 5KG CMGCH QKTHBHO pa3 pGÄOHHOÄ B03Hym- 
h o ö cTpyofi noKa3HBaiOT,^to KOHUOHTpaiiHH (Jonona n JopMajiB- 
nomaa b pa3pQ3KGHHOM Jphkuhohhom HHMy ÖOJ1BHI0 ■yQM b opn— 
rKHajiBHom ataiy nojinoro cocTaBa» C pa3 pG3KGHHOM hbimq koh-
IlGHTpaUHK KHCJIOT nOHHKOIOTCH« CBOQBpOMGHHHM pa3 pQ3KOHWGM 
GD̂ e ropH^oro JpHKUHOHHOro aBiMQ nonynaoTCH HBiM0-B0 3aym- 
Han CMGCB,no csooMy cocTany cooTBOTCTByiomafl aHMy otkph- 
TBDC TOnOK.

B U.GJ1HX MCnHTQHHH CTGITQHH M CKOpOCTH OTJIOJKG- 
HHH KOMnOHGHTOB flBMa Ha IIOBCpXHOCTH MHCHBIX npOJtyKTOB,
ÖBIJlO npOBGflGHO 3 JIGKTpOCT aTH^IQCKOG KOIIHQHHQ OpHTHH QJIBHBM 
H pa3pGXGHHHM #pHKUWOHH£IM HBOAOM npoayKTOB C ÖOJIBIHHM C O- 
aepJKaHHeM «Hpa-cnHHHoro ummca h nposyKTOB c öojiBmofi
KOHUGHTpaUHGfi B Omj-C OC WC OK . 3TW W C  CJIOHOBaHHH nOKaSHBQ- 
MT.tlTO KOHU0HTPaUWW JOpMaJIBHGrHflOB öojibiho B CHPBIX npo- 
ayKTaxj KOHUGHTPaiiWW JeHOJia OBWHaKOBBIG HGCMOTPfl Ha CO-
aopKaHHQ acwpa t .g . b o b h . B nponyKTax k oh hghh x b gjigk-
TPHHQCKOM nOJie BHCOKOrO HanPBJKCHWH KOHUQHTpQIJHH jGHOjia 
w JopMajiBaerwna B03pacTaK)T c aÖcojnoTHOii rycTOTofi bboio.
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