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STUDY OF CURING COMPONENTS OF SMOKF

Ve I.Kuhrko, L,F.Kelman, Perova P,V, (All-Union Scientific

Research Institute for Meat Industry, Moscow),

Although smoke=curing as a technological and food pruuorvfa~
Method has a century = old histoxzy thcre.are but fow data re;ording
its chemical and physico-chemical nature,

The most part of carlier rcsearch 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 chemigal and mochanical nature of smoking arc of a general

3 .‘nrhypothetioal character, The lack of deep knowlegdo hampors
improvement of smoking technique and technology including such
alluriag methods asrglectrio smoking and smokelcss ouring by
Smoking preparations,. |

Thercfore a systematic and profound study of smoking probdlems
began in the All-Union Scientific Resoarch Inctatute for Moat
Industry (Moscow) in 1958, This paper deals with the first
results of this work on research of curing componentpy 1.c,.those
OComponents of smoke, which penetrate into the pro@uct and pive

, Wit particular odour, flavour and othor propertics,

Mcthodsg of rescarch

Collection of ogring“gomponcnfs. Methode used in the ctud-

0f odour and flavour of the other fhod-stufis did not fit our aim
because of two reasons at loast: 1) Tho presence of large quantities
°f volatile substanccs in the products itself (meat, fish) hinders
the 3dentification and isolation of ouring opmponents; 2) The isola-
“loa of smoke constitucnts dircetly from smokod products in

Wititics sufficicnt for a subsccuent scparation, on a destillae

e e —————— R ————

Yion tube, for instancc, requires proocssing of hundemds and

housandg of kg of smoke-cured products, making thus the study
Practically impossible,
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Therefore curing componcnts were collected by means of
Bausage models., Among various models (ocasings filled with cottc,
‘minccd paper, solutions of gelatinec etc) ocasings filled with
distilled water gave the best results., Curing components of smolic
Penetrated into such models rather intensively and agcumulating
Phenols were completely similar to those of an oxdinary sausage
8moked under the same conditions.

Curing components of smoked models were extracted and
divided into main organic groups along the scheme based on méthods
‘wOﬂ the organic analysis and chemical investigations of woods (14,15),
The phenol components were divided on a rcotification tube

(with the capacity of 10 theorctical plates) in an atmosphere

: [ of nitrogen at the pressure of 3~4 mm of mercurial oolummw,
j Several methods of chrometography of smoke phenols on paper
were used (16,17,18,19,20 etc.). The method (20) gave suffiolently
| good results. For a better division the chromatograms were passcd

through the solvent 3 times, Aliphatic aldehydesand ketones worc

chromatographed on the paper, processed by dimethylphormamid,
@in the form of 2,4-dinitrophenylhydrosones (21),
The infra-red spectrometry was used for identificatlon of
One of the oyolic ketones.
The antioxidant activity of different fractions of smoking
Components was determined by the accelerated kinetio method (22),
The diffusive method of Reddish and Roulet (2; gggg 6 OM=
Parigon of bactericide strength of the cxtracted ocuring fractions,
A sinmple, spectacular and quick method was developed for
# the detormination of the rate of penetration of phenols into the

dF Product during smokc-curing and storage. The method comsists in

Tecoiving a reprint of phendls from the cut of a smoked product

(21}).
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A complicated mixturc of the organic compounds which penetra-
ted into the models wes divided along the scheme (£ig,l) into
Slrilar fractions! phenols, ncutral shbstances (inoluding hydro-
‘arbons and aldehydes, ketones, oloohols), acids, organic bases
“nd carbohydrates,

The isolated groups of substances were studied in rcgard to
Yheir antioxidant, baotericide ond drganopeltic substancos, The
€sults of the determination of the antioxidant aotivity for
Ufforent smoking fractions are shown on fig.2, The ourves present
the acoumulation of peroxides depending on the oxidation time
When similar quantitics of a fraction (0,02%) are added to the
fat, The comparison of the curves shows, that whike oarbohydirat s,
[Yases and neutral substances practically possess no antio:-idei.t
Properties and scids Possess these propertics in a amall degree,
Phenols significantly inhibit the fat turning ranocid,

Microbiological studics were conduoted with the miocroflora
hghioh 1s most tipiocal for sausages: sporeforming -~ B,subtilis,
+megaterium and B,mesontericus, conditional pathogenio - 60li-

|baci11lus and B.proteus, as well as on the staphylogocous culture.
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Table 1
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Bactericide zones (mm)

|
|
|
j
|
|
|
|
|

fest-cultures -~ gzaCtions:neufral : loarbohyd-
B . puenols _203d  substanoes 02810 rate
8 subtilis 15 24 5 2 0
8 megoterium 23 25 3 4 0
!B- mesenteriocus 22 27 3 0 0
“i- Coli comm 18 15 6 2 0
" | % proteus 14 302 0 0 0
: !Staphiloooocus
| aureus 20 20 8 2 6

b
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et r—

The results obtained by the Reddish and Roulet method (table 1),
jahow the differcncics in the bacterioide strength of the fractions
AFQEr 8tudy: a) Far from possessing a bacterioide e?toot, carbo-
1?drat0 substgnoes stimulate the growth of baoteria; b) Organic

Ay

"8 and mixtures of neutral substances possess rather weak bace

4 N.'iGif‘ properties; o) Summarized phonols and a01ds show the
;{G Cot bacterioide effect with regard to all baoteria,including
’7imr°fsnio flora, |
Under experimental conditlions the mixture of phenol substaneecs
;bved to be the most effective with regard to B,00li comm and

D
Qtr°t°us, which ave killed with more aifficulties or not killed

a
1 by the other curing fractions.

R The Tésults of the organoleptic tcst of the ouring frretlc o

;t beg

S 8moko axro shown on table 2.
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Table 2

Organoleptic characteristios of smeke-curing fractions

Fraction ; Colour j Flavoxr f Odoux
Mixture of all Light Deouliar, not
heutral compounds brown Acrid,fatty  pleasant
Sumnarized acids Dark-yellow Sour Aorid, sour with
a sha&e of acetio
acid
Organic bases Slightly Almost wi- Peculiar, not
yYellowish thout any pleasant
flavor
Corbohydrates Reddish-~ Without any Very weak with
brown flavor a shade of oarancl
Aromatic' aldehydes Colourless - Pleasant with a

shade of almonds

Hydrocarbonipe part

of neutral sub- Peculiar, not
Stances Dark-yellow - pleasant,
vurmarized phenols Light birown Acrid Complicated phenol
odour, rather
pleasant,
‘ Nifferent quantitles of these curing frastione were intro-

Quced into minces, which were subsequently used for preparing

‘| Samples of sausages. It was found that all fraotions cxoept

| Phendrs had a negative influence on the flavour and odour of the

drepared samples, Sausages in which summarized phenols were added,
hag sufficlently satisfactory flavor and odour, although the
lattor differed a little from the usual odour of smoke-curcd
SQusagos.

Thus preliminary study showed that the group of phenol

®ompounds 1s one of the most promising for a subsequent investi-
8ation,
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As a result of experiments with a number of models, summary
Merols were isolated in quantities suffieient for distillation
into separate fractions (for an example of distillation seec
teble 3). These narrow fractions were charsoterized ascording to
thoir boiling temperature, content of metoxile groups, refraction

index and molecular weight.,
Tables 3

Charaoteristic of phenol fractions of beef smoke.

Weight .Speoitio ‘Content {Refrao~ Mofcou-

i
$ Tempe-—‘Pressurdof Pra0~ of tion ler

tions : rature itions(%) VOLERt motoxslqindex  iweiint
1 5864 4 6,00 1,1121 3,96 - x/ 13
2 6470 4 5,73 1,117 13,2 - x/ J2
B 70-76 4 5162  1,0099 13,35 127
4 76=79 4 7,52  1,0985 9,9 1, 45328 107
5 7989 4 7043  1,0987 9,18 1 13332 104
6 89-109 b 7068  1,1224 12,6  1,5398 152
7 109-111 4 828 1,1833 30,4  1,5%32 178
8 111-114 L 10,76  1,1872 33,2 1 989 1IN
9 114119 3 Dy V48 1, y1827 Jl,4 5)17 -
10 119-126 4 8 73 1 1652 27,9 1, '5413 162
126 Rest ,)6
6456
Washed out 11x22
Total 2,64%
L.osses ’3\-%

x/ ma of mercuxy column? '
atrospheric nressure - 739 mm,

mable 3 shows that narrow phenol fractions differ from each
Other ascording to some i»ndices and thorcfore are to differ
Sccording to chemieal composition and tholr proporties, Mleroblolo-
8lcal investigations showod that the fractignn of the type 8, 9

and 10 had the strongest bacterioide effeot,
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Antioxidant properties of the fractlons stroggthen as the
Molecular weight and boiling temperature grow (L£ig.d). While tr:
Mtioxidant activaty of the first fractions (table 4) s rathou
Veak, that of tho fraotiens, boiling at 119-126°C and 4 mm of
| the merourium column (type 10), 1z no less tham that of butyl~
| *1tolucne (table A). _

Organoleptio studics showed rather intexesting results,

It vas found that while the fraotions of the type 1,2,3 (table 3)
‘ghad o "phonoleguainool® odour and the last frastions (6,7,8,9,10)
®hoq . spcoific phensl odour too, the miadd frastioms (4,5) had

i) & difforent spooial odoux, approaching to some degree to the

e

=1 Snoky flavour,

Organoloptic asscssment of sausages with differcmt quantities
%f the fraotioms N 1-10 showed, that all the fractioms oxocpt
¥4 and N 5 gave the productc an outside flavour,

Though the seusagos with the phonol fyaotions N 4 and N 5
Were not oompletely idontiocal to those madle gooording to tho
teohnology gonerally used, their teste qualitiocs wexre found sotis-
‘h Hactory, At the same timc the flavour of nomasmoked sausagos
Tthout theso fraotions was unplessant,

These result soom to show, that in the becch smokec there
“re phenol oompeunds participating in the ocomposition of the
ibecific smoky flavour.

We tried to detormiro the gualitative eomposition of the
YMenol fractions by means of paper ohromategraphy.




8 =
Table &4

Antioxidant activity of phenol fractions of
beech smoke

——— - s i g
Prac. § Fem0 _Of oxidution. - - et oo e X
ton
. Perpxide index 3 %
1 _U_%s 120 1400
027" o197 0,297
v 60 120 180
4‘ 0,022 0,041 0,507
VI 8o 120 190 R4S 255
0,018 0,031 0,040 0,113 0,164
VII 75 145 _ 205 263 225 385 445
~ 0,002 0,025 0,04 0,06 0,062 0,089 0,154
B/ 60 185 290 340 iz 403 475 515
"~ 0,016 0,031 0,047 0,063 0,073 0,093 0,125
B, o0 amo 275 335 S 515 s
0,012 0,022 0,038 0,048 0,082 0,120 0,164
Ix 60 195 315 375 465 895 ... 928
0,015 0,027 0,047 0,055 0,104 0,126 0,182
ﬁ‘& 60 180 330 415 51a_ . R
0,0093 . 0,020 0,031 0,046 0,066  ° 0,085 0,1
e
X/

Butyloxitoluene (0,02% added to the fat) is & oonmon
antloxidant, used for comparicon,




»

e
The chromatograms of all the 10 fractioms showed 17 diffcrent

staing, including thosc seen only in ultra-violet rays. The follow-

tng substances werc identified: phenol (carbolio acld), metacrecsol,

guaiacol, methylguaiacol (fractions 1=5), pyrocatechol, methyl

ethers of pyrogallol and its homologues (presumably, mcthyl ond

dimothyl others of methyle, ethyl- and propylpyrogallol)

(fractions 6-10), We did not succeecd in scparating methyl cthers

of pyrogallol and its homologucs, since thoy had a singlc stain,

The lack of w;tnesses prevented us from identlifying some
Other compounds too,

Such phenols as ethyl - and propylgualasol, orthocresol
and L and{é; -naphthols. wexre not found,

The identification of the rest of phenol oompounds still
renaing the task for further investigations,

A white orystellinc substance with a speoific odour vas
isolnted from the phonol Factions N 4 and N §, Tho rcaction with
2,6ydichloro—-quinone~chlorimid did not show a blue coloration,
typical for phenol compounds, The reaction with the chloride of
iron gives a violet coloration} which disappeers with the addition
of saturated solution of sodlum blocarbonate, This rcaction is
typical for methyloyclopentenclonc, The same yesulis were obl:’rcd
with the pure rcagont, The melting temperature of the 1solated
substancc was 105,5°, that is the melting temperature of the : v
Nethyleyclopentenolone,

The infra~red spectrometry was used for an additional study
of this substance, It was found to be completely ldentical to
Methyloyclopentenolone (Figes).
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The presence of thic smemesde kctonce in phenol fractions
15 duc to the fact that it cxists in two tautomeric fLorms:

R 1 )

CLo~cnol and diketonc, which easily pass into caoh other,

The properties of methylcyclopent enolone in the cnol form
are similar to thoqe of phenols(with alkalies it mckes salts of
the pheneolate types it dissolves casily in aleoohol, cther cte),
During the distillation of curing componcnts of smoke it is
lsolated together with phenols,

Methylcyclopentenolone -has a spccifio odouy with a shadc of
dricd mushrooms and, partly, roasted nuts., We belleve, thot
iﬂmethylcyclopcntenolonc is onc of the components of smokc, wlich
tauses the formation of the tangy flavour,

Othexr ketones and aldehydes of smokc pencirating through
the casinge of sausage models, arc: formeldehyde, acctic and butyric
ialdohydos, furfural, traces of vanillin, acctone and methylethyl-
ketone,

Using the method (24) we found, that phenols of smoke

ctrate into the middie of dry sausagces both im the proccss of

bire—-curing ond during the drying. They rcach the middle of the
ﬁtathqo approximately 25-<30 days aftcr curing,

This faect indicates that the penetration of smoke=~curing
Componcnts into scusages in the process of curing is of diffuslve
Naturc., The rate of the penetraticn of the phenols through casings
denonds on the concentration of smoke; composition of minces o1 d

1

the material of casings. The rate of the penetration throu

Natural casings is higher than through artificial.,




Conclusion
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Practically all groups of organic substances of snoke
Penctrate through casings in the process of smoke=curing:
bhenols, acids, bases, ncutral compounds, caxbohydrates,
hydrocarbons,

Phenols, espcelally their high-bolling frnctions, pcssess
the strongest antioxidant and buctcricide propertics,

The odour of such groups of substanccs as acids, hydro-
carbons, bases and oarbehydrates, is far from fangy flavour.
J&A crystalline substancc, identified as methyleyclopentenolono,
was isolated from the phenol fractions bolllng at, opproxiwetl 1.~

76-89° and 4 mm of the mercurium column,

It is believed that methylcyclopentenolenc and other
noutral substances (furfural, alcohol), = probadbly somc phenols
too, = participate in the formation of the specific heady tangy
flavour,

Perhaps the pungency and shade of smoke of thils flavour

arc given by the compounds of formaldchyde end methyl alcohol

«‘wpe-
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SCHEME OF A GROUP ORGANIC ANALYSIS OF SMOKE-CURING
COMPONENTS

-
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SUMMARY OF THE PAPER "STUDY OF CURING COMPONENTS CI'

Vi I.KUhrkO y el e ..w: o VoL B0V

The article decals with the first results of the systematic
Wearch carried out by the All-Union Scientific Research Institute
Moot Industry (Moscow) with the aim of studying chemical and
V816 0~chemical problems of smoking, since the lack of this data
Wedes further improvement of smoking technology.

The main groups of smoking components, i,e, ocomponents

doh penetrate into the product and give it speoial odour,flavour

=

{ other properties, wexc isolated from beech smoke by the =&
hods developed,

It was found that emongst these groups of smoking compcnents
“ids, organio, bases, neutral substances (aldehydes, ketoneca,
QO°hols), hydrooarbons, phenols, ocarbohydrate compoudds/ ! ovcic

W aolds are the most effectlive bacteriocldes, Only high-boilﬁp

|
he1101 fractiona were found to " strong antloxldont,

It is assumed on t . rovndr of organcleptic estimation
ht the smoke compoaenir, puncis.ting through casings and
gkiicipating in the developrori »f the tangy: flavour, inolude
o] compounds and neutral substanccs of the type 6! aromatio
l%hydes and ketones (furfurol, methyloyclopentonolone eto,),
The following smoking components were identified by methods
?Organic analysls papeo® cromatography and infra-yed spectrometyy:
meW (carbolic acid), metacresol, guaiacol, methyl-guaiacol,
”@ﬂ*cunOW, methyl ethers pyrogallol and its homologues, form-

g
yde, acetic and butyric aldehydes, furfural, traces of venilla,

h

U
| “Oae, methylethylketone, methylcyclopentenolone,




UNTERSUCHUNG VON RAUCHERBESTANDTEILEN DES RAUCHERRAUC!.D

(Zusammenfassung)
~WQI»\F;urko H J .l'.l Al B L e s LCXTOWE e

In diescm Artikel werden dic ersten Exrgebnissc deyr in dem

AlluniOns*Forsohungsinstitut filr Fleischwirtschaft (WNIIMP,Moskau)
dwohgefﬁhrten Untersuchungen, die die Klérung dex chemischen und
D%“ico—ohemisohen Fragen der RHucherung zum Zweck haben,dargelegt,

s wurden mit Hilfe der ausgearbeitcten Methodlk aus dem

Whenrauch die Hauptarten der R¥ucherkomponente isoliert, d.h,.

lehg Bestandtelle dle beim REuchern in das Emgeugnis cindringend
'in
*MSelben spezifisches Aroma, Geschmack und andere Eilgenschaffen
"leihen,

Es wurde festgestellt dass unter den isolierten Arten von

Rtiuoherbestandteilen (SHuren , organischen Basen, neutralcn
;%ffon: Aldehyden, Kctonen, Alkoholen, Kohlenwasscrstoficn,
Venolen, Kohlenhydratverrbindungen) als stérkste Bakterizide
[*n0le und SHuren gelten kbnnen, Unter den Phenolfraktionen )
’%Winsen sich nur dic hochsiedenden als starke Antioxidantilen,

Y Auf Grund der organoleptischen Beurteilung kann man annchmen,
}%s unter den durch die Wursihiillen eindringenden RH¥ucherbestand-~
}nlﬂn Phenolverbindungen und cine Art gromatischer Aldehyde und
“long (Furfural, Methyloyklopentenclon u,a.) darstellende neutralce
Hopy an der Aromabildung teilhehmen,

Anyendung von Methoden der organtschem Analyse, Paplerchroma-

S

Jﬂﬁgphie sowic Infrarotspekirometric half uns folgende R¥ucher-
KPS

jgfaadteilo zu identifizicren: Phenel (CarbolsHure), Metakresol,

m£&k°1’ Mcthylguajakol, Pyrocatechusiure, MethylpyrogallussHure

.%io Honologen der Pyrogallussiurc, Formaldehyd, Essigcflurc= und

~&Wersaurealdohyde, Furfural, Spurcn von Vanilin, Accton, Mcthyl-
!

I

lketon, Methylcyklopcentenelon,




SOMMAIRE DE L'ARTICLE 11,'BTUDE DES COMPOSANTS DE FUMEE".
W.Kouxko, . Aeblrarn, K Ferzowa.

Dans cct article on expose les premierc résultrtc ¢

kcherchos systematiqueos, réalisées par l'Institut de rc
;%“ntifiqucs de 1'Industrie des viandcs de 1'U.ReS4S. (Jlorco,

M3 1¢ vut d'éolairer les gucstions chimiques, relatives au
e; l'abscnoe de renseignements de cec genre prédsente un
bztacle séricux pour l'amelioration dc la technologie de la

%duction des aliments fumés,
En sc servant de la méthode élaboréc on parvint A isoler

&1& fumcé do hBtre les groupes principaux des constituantis
fumage, c'est a dire ccuxy qui pendtrent b l'intérieux du
fodyy ¢ au cours du fumage et luil donnent 1'odeux, spéoifique,
' saveur et autres propriétés.
On a constaté que parml les groupes is0lés de constituants
11‘“"1‘-13&1141:: de fumage (acides, bases organiques, substances
Ures: aldéhydes, cétones, alcools, hydrooarbures, phén-ls,

g™

J dr"ltes de carbone) les phénols et les acldes sont l.o

§lcs 105 plus effectifs,
Entrc les fractions phénoliqucs ce ne sont que cclles 1

iy
¢ Une haute température d'ébullition qui sont les antdoxy ance

%
Plus effectifs.
Se basant sur 1'éxamcn organoleptique on peut supposcr, que

0
toug les constituants de la fuméc, qui pendtrent & travers

\
T
IlrOlOI)pc du saucisson seulement lcs composés phénoliques

)
log
; ®€ substances neutres du type des aldéhydes aromatiques
df\o
8 cétones, contribucnt & la formation de llarome des

Wits fumés (furfurol, methylcyclopentenolone 0tos)e
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A l'alde de l'analyse organiquey; de la chromategrophic onx
Papier et de la spcotrométrie infru~rouge on parvint & identificr
les constituants de fumage suivants: phénol (acide phénique),
métacresol, guayacol, méthylguayacol, pyrocatechine, esters
méthyliques de pyrrogallol et de ses homoloques, formaldéhydc,
les aldéhydes acétigue cg butyrique, furfurol, les traces de ;
vanilline, acctone, methyléthyleétone, methyloyeclopentenolone,
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