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Although smoke-curing as a technological and food preserving 
method has a oentury - old history there are but few data regarding 
Its chemical and physico-chemical nature*

The most part, of earlier researoh was aimed at studying 
technological problems of smoking (1 ,2 ,3 ), determining composition 
of smoke (4,5,6,7) and others (8,9,10)* Quite a number of data 
about ohemioal and mochqnical nature of smoking are of a general 

^ or hypothetical character, The lack of deep knowlogdo hampors 
improvement of smoking technique and teohnology inoludlng such 
alluring methods as electric smoking and smokeless ourlng by 
smoking preparations*

Therefore a systematio and profound study of smoking problems 
began in the All-Union Soiontifio Resoaroh Institute for Moat 
Industry (Moscow) in 1958. This paper deals with the first 
Results of this work on researoh of ouring components* i*c,those 
oomponents of smoko, whioh ponetrato into the product and give 

|  it particular odour, flavour and othor proportios*
Methods of researoh

Collection of ouring components. Methods used in the study 
°f odour and flavour of the other fdod-stuffs did not fit our aim 
because of two reasons at loast: l) Tho presenoe of large quantities 
of volatile substances in the produoto itself (meat, fish) hinders 

(identification and isolation of ouring oomponentsj 2) The isola- 
cion of smoko constituents direotly from smokod produotc in 
<111''.titles sufficient for a subsequent separation, on a dostilla-
4. j1011 tube, for instance, requires processing of hundreds and
■4-1,^ov. sands of kg of smoke-cured produots, asking thus the study
tactically impossible.
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Therefore curing components were collected by means of 
sausage models. Among various models (oasings filled with cotter, 
®inced paper, solutions of gelatine eto) oasings filled with 
distilled water gave the best results. Curing components of smoko 
Penetrated into suoh models rather intensively and accumulating 
Phenols were completely similar to those of an ordinary sausage 
smoked under the same conditions.

Curing components of smoked models were extraoted and 
divided into main organic groups along the scheme based on methods 

ilof the organic analysis and chemical investigations of woods (14-,15). 
The phenol components wore divided on a rcotifioation tube 

(with the capaoity of 10 theoretical plates) in an atmosphere 
of nitrogen at the pressure of 3-4 mm of merourial ooluran.

Several methods of oliromtctography of smoke phenols on paper 
here used (16,17,18,19,20 eto.). The method (20) gave sufficiently 
good results. For a better division the chromatograms were passed 
through the solvent 3 times. Aliphatic aldehydesand ketones won. 
ohroraatographed on the paper, processed by dimethylphormamid, 

the form of 2 ,4-dinitrophenylhydrosones (21),
The infra-red speotroraetry was used for identification of 

one of the cyolio ketones.
The antioxidant aotivity of different fractions of smoking

components was determined by the accelerated kinetio method (22).
was used

The diffusive method of Reddish and Roulet ( 2 3 V T c o m 
parison of bactericide strength of the extraoted ouring fraotions.

A simple, spectacular and quick method was developed for 
ji the determination of the rate of penetration of phenols into the 
j Product during smoko-curing and storage. The method consists in

recoiving a reprint of phenols from the cut of a smoked produot
» 0 .
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Results and dlsouseIon

A complicated mixture of the organic compounds which penetra
ted into the models was divided along the schemo (fig,l) into 
similar fraotions? phenols, neutral stibstanoes (inoluding hydro- 
°arbons and aldehydes, ketones, alcohols), adds, organic bases 
end carbohydrates.

The isolated groups of substances were studied in regard to 
their antioxidant, baotericlde and ¿nrganopeltio substances* The 

ftpesults of the determination of the antioxidant aotivity for 
different smoking fractions are shown on fig,2# Tho ourvos presont 
the aooumulation of peroxides depending on the oxidation time 
V/hen similar quantities of a fraotion (0,02$) are added to the 
fat. The comparison of the curves shows, that whifc* oarbohydrnt o, 
k&ses and neutral substances practioally possess no ontioxid; j,t 
Properties and adds possess these properties in a small degree, 
Phenols significantly inhibit tho fat turning ranoid.

Microbiological studies were conduoted with tho mioroflora 
>hioh is most tipioal for sausages: sporoforming - B,subtilis, 
megaterium and B,mesontericus, conditional p&thogcnlo - ooli- 

tacillus and B,proteus, as well as on the staphylooocoua culture.
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-§---tori.c.-1-de_cffeet_Pi_the_curin^ fraotions of smoko
Table 1

.____Bactericide zones (mm)
^test-cultures

» Fraotions
1 phenols ’ acid meutfaüT j 

:substanoes basio ibärböhyd-; Tatp
ö* subtilis 15 24 5 Z 0
Ö* megoterium 23 25 3 4 0

mesenterious 22 27 5 0 0
coli oomm 

• Proteus 
^aphiiooooous

18 15 6 2 0
14 • 8 0 0 0

aureus% 20 20 8 2 Ö

!ah
The results obtained by the Reddish and Roulot method (table 1), 

0>/ the differcnoics In the baoterloldc strength of tho fraotions 
, 6* 8tudyI a) Far from possessing a baoterioido ©ffoot, carbo- 

r-to subst&noes stimulate the growth of baoteriaj b) Organio 
w S nd mjJcturcs Of neutral substances possoee rather weak bao- 
5j 0i' Properties* o) Summarised phenols and aoldsshow the
^Orr

' :;t buCtoriol<io cffeot regard to all bacteria,Including

h

°ioGonio flora.

Onder experimental conditions tho mixture of phenol substances
j .

o be the most effective with regard to B«ooli oomm and
Otn

Us> which are killed with more difficulties or not killed aii b
y the other curing fraotions.

The- results of tho organoloptic test of tho ouring frr'ct’c- n 
DQQch °

s®okc aro shovm on tabic 2.



Organoleptic characteristics of smoke-curing fractions

il

Fraction—i— i tl
•i{ Colour •

•*
Flavor

tS Odour

Mixture of all 
heutral compounds Light

brown Acrid,fatty Beouliar, not 
pleasant

Summarized acids Dark-yellov/ Sour Aorid, sour v/ith 
a shade of aoctio 
aold

Organic bases Slightly
yellowish Almost wi

thout any 
flavor

Peculiar, not pleasant

Corbohydratos Reddish-
brown

Without any 
flavor

Very weak with 
a shade of oaramol

Aromatic aldehydes Colourless - Pleasant with a 
shade of almonds

Hydrocarbonip part 
of neutral sub
stances Dark-yellow Peouliar, not 

pleasant.
Summarized phenols Light birovm Acrid Complicated phenol 

odour, rather 
pleasant.

I [Different quantities of these curing fractions viere intro
duced into minoes, which were subsequently used for preparing 
8umples of sausages. It was found that all fraotions exoept 
Shenods had a negative influence on the flavour and odour of the 
Prepared samples. Sausages in which summarised phenols were added, 
W  sufficiently satisfactory flavor and odour, although the 
Gutter differed a little from the usual odour of smoke-cured 
^Usages, 'r

rihus preliminary study showed that the group of phenol 
°°mpounds is one of the most promising for a subsequent investi
gation,

3 « -



As a result of experiments with a number of models, summary 
Phenols were isolated in quantities suffioient for distillation 
into separate fragtions (for an example of distillation soe 
table 3)« These narrow fractions were characterised according to 
tiioir boiling temperature, oontent of metoxile groups* refraction 
index and moleoular weight. ?»SiS-2

Charaoteristio of phenol fxaotions of beef smoko.
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f a c 
tions ! 1 ™ ? ° -  'Fre8BUr^of . rature ̂ *tions(*) • *

••
:Speoifio
weight•»

;Content ¡Refrae-
. Of tfOB
.motsxilqindex

;Moieou*
.lar
¡weight

1 58-64 4 6,01 1,1121 3,96 - x/ 13?
2 64-70 4 5,71 1,1117 13,2 - x/ 123
9 70-76 4 5,62 1,0999 13,35 - x/ 12"

4 76-79 4 7,52 1,0985 9,96 1,5328 109
5 79-89 4 7,43 1,0987 9,18 1,5332 164
6 89-109 4 7,58 1,1224 12,6 1,5398 152
7 109-111 4 e ee 1,1833 30,4 1,5332 178
8 111-114 4 10,74 1,1872 33,2 1,5549 171
9 114-119 3 5,48 1,1827 31,4 1,5517 -

10 119-126 4 8,73 1,1652
t

27,9 1 5413 162

126 Rest 1,56
6,56

Washed out 11,22
Total 92,64*
Losses 7,36*

x/ mm of morcury column’
atmospherio pressure - 739 mm.

Table 3 shows that narrow phenol fraotiono differ from each
other according to some indices and thorefore are to differ
According to chemical composition and their properties* Miorobiolo
Sioal Investigations showed that the fractions of tbo typo 0, 9

10 had the strongest baotcrioide effect*
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Antioxidant properties of the fraction» strengthen as the 
molecular weight and boiling temperature grow (£lg«3). Whilo the 
antioxidant aotiYiiy of tho first fractions (table 4) is rathe?. 
Wenkf that of tho fraotieat, boiling at 1X9-126°C and 4 mm of 
tho raorourium, column (typo 10), is no less than that of butyl» 
°xitolucne (tablo 4)#

Orgonoloptio studies showed rather interesting results.
It was found that whilo tho fraotions of tho typo 1,2,3 (table 3) 
W  a nphonol-gualaool* odour and tho last fraotions (6,7,8,9,10) 
hod a epeoifio phenol odour too, the mlddo fraotions (4,5) had 
a different apodal odour, approaching to ion dogrea to tho 
®Moky flavour.

Organoloptlc asoosoment of sausages with different quontltlc 
°f the fraotions If 1-10 showed, that all the fraotions exoept 
# 4 and N 5 gave tho produotc an outoldo flavour.

Though tho sausagos with the phonol fraotions 8 4 and N 5 
*ero not oonpletoly ldontloal to those made aoeordlng to tho 
technology genorolly used, their taste quelitloo were found satis» 
factory, At the same time the flavour of noasmoked sausages 
Without thoso fraotions was unpleasant.

Those result soom to show, that in tho becoh smoke there 
°*e phenol oompounds participating in tho oonposltlon of the 
ai>Gcific smoky flenrour.

Wc tried to detormlno tho Qualitative •opposition of the
^’or*ol fractions by means of papor ohromatograply.



Table 4
Antioxidant activity of phenol fractions of 

beooh smoko
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XV

i i i

'ru i  —

lx

Timo of oxidation1•« Perûxido index

-s; lh ~
120 1400

0,XP7 0,297
60 120 180 s * ->r

0,022 0,o41 0,507
60 120 150 255 -_255

0,018 0,031 0,040 0,113 6,164

75 145 205 265. 325 385
0,002 0,025 6,04 6,06 0,062 0,089

/ 6 0 185 290 340 405 475
0 , 0 1 6 0,031 0,047 0,063 0,073 0,093

60 180 275 335 445 515
0,012 0,022 0,038 0,048 * 0,082 0,120

60 195 315 375 465 495
0,015 0,027 0,047 0,055 0,104 0,126

60 180 33o 415 51o 5 8 0

0,0093 0,020 0,031 0,046 0,06(5 0,o85

445
0,154
515

0,125
545

0,164

0,182
r  ■ ) •**r •• -

0 , 1  ■ ú

V Butyloxitoluene (0,02# added to the fat) la a oonnon 
antioxidant, used for comparison.



The chromatograms of all the 10 fractions showed 17 different 
stains, including those scon only in ultra-violet rays* The follow
ing substances were identified: phenol (carbolio acid), metacrcsol, 
guaiacol, me thylguaiacol (fractions 1-5), pyrooatcohol, methyl 
ethers of pyrogallol and its homologues (presumably, methyl and 
dimethyl others of methyl-, ethyl- and propylpyrogallol)
(fractions 6-10), We did not suoceed in separating methyl others 
of pyrogallol and its homologues, since they had a single stain*

The laok of witnesses prevented us from identifying some 
other compounds too,

Suoh phenols as ethyl - and propylgualaool, orthocresol 
and pi and 1$ -naphthols. were not found.

The identification of the rest of phenol compounds still
remains the task for further investigations*

A white crystalline substance with a opcoific odour was 
isolated from the phenol factions N b and N $• Tho reaotion with 
2,6ydlchloro—quinone—ohloriraid did not show a blue adoration, 
typical for phenol compounds* The renotion with the chloride of 
iron gives a violet ooloratlon', which disappear* with the addition 
of saturated solution of sodium bicarbonate. This reaotlon is 
typical for. methyloyolopentenolone* The same results wore obtr :■ v'od 
With the pure rcagont* The molting temperature of the isolated 
substance was 105,5°, that is the melting temperature of the y-no 
toethylcyolopontonolono*

i
The infra-red spectrometry was used for an additional study

of this substance. It was found to be completely identical to 
^ethylcyclopcntonolonc (Fig,4).
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The presence of this ketone in phenol fractions
is due to the fact that it exists in tvo tautomcrio forms:

I koto-cnol and dikotonc, v/hich easily pass into caoh other.
The properties of methylcyclopentenolono sLn the onol form 

similar to those of phenols(with alkalies it moJccs salts of 
the phenolate type? it dissolves easily in alcohol, other etc), 
during the distillation of curing components of smoke it is 
isolated together with phenols.

Mothylcyclopentenolone has a specific odour with a shade of 
üried mushrooms and, partly, roasted nuts. We believe, that 
'toethylcyclopentcnolone is one of the components of smoke, v/1 ieh

V.

Causes the formation of the tangy flavour.
Other ketones and aldehydes of smoko penetrating through 

the casings of sausage models, are: formaldehyde, aoctic and butyric 
aldehydes, furfural, traces of vanillin, acctono and methylethyl- 
ketono.

Using the method (24) we found, that phonols of smoko 
Penetrate into the middle of dry sausages both In tho process of 
smoke-curing and during the drying. They reach tho middle of the 
^sausage approximately 25-30 days after curing.

This fact indicates that the penetration of smokc-ourlng 
components into sausages in the process of curing is Of diffusive 
haturc. The rate of the penetration of the phenols through casings 
depends on tho concentration of. smoke, composition of minces rrd 
the material of casings. The rate of the penetration throu. h 
Natural oasings is higher than through artificial.
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3 ogConclusion

to

Practically all groups of organic substances of smoke
penetrate through casings in the process of smokc-ourlng: 
Phenols, acids, bases, neutral compounds, carbohydrates, 
hydrocarbons.

Phenols, especially their high-boiling fractions, possess 
the strongest antioxidant and bactericide properties*

The odour of such groups of substances es acids, hydro
carbons, bases and oarbohydrates, is far from tangy flavour.
A crystalline substance, identified as methylcyclopcntenolono, 
v/as Isolated from the phenol fractions boiling at, approximrt 
76-89° and 4 mm of the merourium column.

It is believed that methyloyclopentenolono and other 
neutral substances (furfural, alcohol), — probably some phenols 
too, - participate in the formation of the specific heady tangy
flavour.

Perhaps the pungency and shade of smoko ®Jt this flavour 
are given by the compounds of formaldehyde esi& »ethyl alcohol
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SCHEME OP A GROUP ORGANIC ANALYSIS OF SMOKE-CURING
COMPONENTS

, INVESTIGATED SUBSTANCES j
HCL Í ETHER

I ETHER SOL,
ALKALI

WATER SOL,
* ALKALI,ETHER
I

ETHER SOL«

NEUTRAL SUBST,

ALCOHOL; ETHER

WATER SOL« ; ETHER SOL«' \ WATER SOL, ;
CO, ETHER

/
r \ { E T H E R  SOL, • ¿WATER SOL,} j 

\ ,* HCT EífiSsft
•ALCOHOL i i PETROLEUM | j 
•— §0L*.____J i___ SOL^ BASIS

;ACIDS

j SOLUBLE NON
VOLATILE SUBST*

» C ARDOHYDI AT IS

Pie. l



y,9 3 Comparative antioxidant stgcnath o f nttcrtof feuc- 
1 torts: i, $. 6 f, I. to f¿-actions: BH T- 6uty(oxitoC:/eric ,
K  control / fat Ont'lf).

4  S  H o u x t

Cm ucs of tfit oxidation o f  /tor* ̂  fat: tt neutral 
’’Oounas. K  acids: qt-pftonots; !/-cm Aohudoatts;O-Oases  

Oottcc. tfne-eonteot tpeimaey poj*. fa t  o n ty f, t - f t o  C.
8Cost lfit oxid a tio n

Fig. k  Jn fem cd  spec teoycants: 
t - (Mice mcthyCcucfoix tt tenotone 
8~ substance investigated.



SUMMARY OF THE PAPER "STUDY OF CURING COMPONENTS Oh i

V. I.Kuhrko ? L.F.Kelmtai, * #V»P«*rora,

The article deals with the first results of the systematic 
search carried out "by the All-Union Scientifio Roaearoh Institute 

5i Meat Industry (Moscow) with tho aim of studying chemical and 
tysico-chemical problems of smoking, sinoo the laok of this data 
'̂ edes further improvement of smoking technology#

The main, groups of smoking components, i#e# components 
rich penetrate into the produot and give it speoial odour,flavour 
 ̂other properties, wore isolated from beeoh smoke by the 
Ê ods developed*

v
It was found that amongst these groups of smoking components 

4°ids, organio, bases, neutral substanoes (aldehydes, ketones,
b. v -
l°ohols), hydrooarbons, phenols, carbohydrate oompoudds/ »lords 
aoids are the most effective bactcrioldos. Only high-boiling 

^ol fraotiona store found to strong antioxidant*
It is assumed on t. of organoleptic estimation

^ the smoke components, poru tj .-.ting through oasings and 
Ijr^lcipating in tho development of tho tangy. flavour, inolude 
&ilol compounds and neutral substances of tho type of aromatio 
oitydos and ketones (furfurol, mcthyloyolopontonolone eto#)#

The following smoking components were identified by methods 
^ganic analysis pape» cromatography and infra-red spectrometry: 
^  (carbolio acid), metaoresol, guaiacol, methyl-guaiaool, 
°catochol, methyl ethers pyrogallol and its horaologuos, form- 
Vdo, acetic and butyric aldehydes, furfural, traces of vanilla,

I ' *

%

■C1-°ha, methylethylkotone, mothylcyclopentonolono#

t
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UNTERSUCHUNG VON RÄUCHERBESTANDTEILEN PEG RÄUCHERRAUC1 ü

( Zusammcnf assung)

W,I,Kurko , L.F.Kelman, P.W.Perowa.

In diesem Artikel werden die ersten Ergebnisse der in dem 
tnions*Forschungsinstitut für Fleischwirtschaft (WNIIMP,Moskau)

•SI'S

^ohgeführten Untersuchungen, die die Klärung der chemischen und 
%öico-chemisohen Fragen der Räucherung zum Zweck haben,dargelegt# 

Es wurden mit Hilfe der ausgearbeiteten Methodik aus dem 
^Eonrauch die Hauptarten der Räuoherkomponente isoliert, d,h,
X°ke Bestandteile die beim Räuohern in das Erzeugnis oindringend 
Selben spezifisches Aroma, Geschmack und andere Eigenochaffen 
eiIeihen.

Es wurde festgestellt dass unter den isolierten Arten von 
boherbectandteilen (Säuren , organischen Basen, neutralen 

l«fen: Aldehyden, Ketonen, Alkoholen, Kohlenwasserstoffen,
6holen, Kohlonhydratverrbindungen) als stärkste Bakterizide 
ehole und Säuren gelten können, Unter den Phenolfraktionen 
diesen sich nur die hochsiedenden als starke Antioxidantien,
I Auf Grund der organoleptischen Beurteilung kann man annchmcn, 
s unter den durch die Wursthüllen eindringenden Räuchcrbestand-

Or» n
°n Phonolverbindungen und eine Art aromatischer Aldehyde und

(Furfural, Methyloyklopentenolon u,a.) darstellende neutrale
•%

| Dii'o an der Aromabildung teilhehmen#
Anwendung von Methoden der organischem Analyse, Papierchroma-

^-phie sowie Infrarotspektrometrie half uns folgende Räucher
et*
\
:£Uidteile zu identifizieren: Phenol (Carbolsöure), Motakrcsol, 
^ o l ,  Mothylguajakol, Pyrocatechusäure, Methylpyrogallussäure
G Honologen der Pyrogallussäure, Formaldehyd, Essigsäure- und 

^^^eaurealdehyde, Furfural, Spuren von Vanilin, Aocton, Methyl- 
^Iketon, Methylcyklopcntenelon,



SOMMAIRE DE L ’ARTICLE '«L’ETUDE DES COMPOSANTS DE FUMEE1’*
W• Kourko^ /Pe£maa, PPezowa.

Dans oct article on expose les premiers résultats C-jr. 
Perches systématiques» réalisées par l'Institut de rcoicr ' ç 
^ntifiques de l’Industrie des viandes de l’U.R*S»S. Q'o; ce -;
a le "but d'éolairer les questions chimiques» relatives au 

^ e ;  l'absenoe de renseignements de oe genre présente un 
^taclo sérieux pour l’amelioration de la teohnologic de la 
r°duction des alimonts fumés»*

En se servant de la méthode élaborée on parvint h isoler 
la fumoé do hütre les groupes prinoipaux des constituants 

rfumage, c'est a dire ceux,- qui pénètrent h l’intérieur du 
iô uit au cours du fumage et lui donnent 2 ’odeur» spécifique,
1 saveur et autres propriétés.

On a oonstaté que parmi les groupos isolés de constituants 
^ d p a u x  de fumage (acides, bases organiques, substances 
^trosî aldéhydes, cétones, alcools, hydrooarbures, phénols, 
y<i*ates de carbone) les phénols et les acides sont lv-s - -.lé: '- 

les plus effectifs.
Entro les fractions phénoliques ce no sont que ocllcs «iv1 

uno haute température d'ébullition qui sont les antioxy,',anos 
B Plus effectifs.

Se basant sur l ’éxamen organoleptique on peut supposer, que 
tous les constituants de la fumée, qui pénètrent à travers 
^oloppo saucisson seulement los oomposés phénoliques 

substances neutres du type des oldéhydos aromatiques

h
8 cétones, contribuent h la formation de l’aromo doB 

auit8 fumés (furfurol, mcthylcyclopentonolono oto*).
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A 11 al do de l'analyse organique, de la ohromatogrr.pîiii rr.r
| «papier et de la spootrométrie Infro-rouge on parvint à identifier 
les constituants do fumage suivants: phénol (solde phénique), 
métaorosol, guayaool, méthylguayaool, pyroosteohine, Esters 
^éthyliques de pyrsogallol ot de ses homoloques, formaldéhyde, 
les aldéhydes aoétigue oy butyrique, furfurol, les traoes do 
vaailline, aoetone, mothyléthyloétone, mothyloyolopontenolone.
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