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The study of the volatile components of biological specimens involves the more
general problem of analysing trace amounts of organic compounds in complex mix-
tures of unknown composition which accur in the vapour phase over the specimen.
Biogenic volatiles play an important role in the plant and animal kingdoms, particu-
larly as a means of communication, viz., pheromones®-%. During man’s evolution the
original chemical language was replaced by speech; however, the senses of smell and
taste are still important in choosing the foods most suitable for the organism. Accord-
ing to Amoore er al.2, trimethylamine and isovaleraldehyde are man’s pheromones
that communicate the quality of food.

The composition and content of biclogical volatles are usually determined by
analysis of the vapour phase, or its condensate, over the specimen. This method has
been termed headspace analysis®.

The versions of headspace analysis** developed to date’ can be divided into
two major groups: those dealing with vapour in a state of thermodynamic equilib-
rium with the specimen and those in which equilibrium is not reached and the speci-
men belongs to so-called open systems. The analysis of biological volatiles, including
food odours. falls into the latter group.

The major problems encountered in studying odours may be summarized as
follows.

{1} The aroma-carrying material consists of substances belonging to different
classes of compounds. Many of them result from natural biological processes or arise
during subsequent treatment of the product. Organic acids, alcohols, esters, amines,
aldehyvdes, ketones, lactones, phenols, sulphur compounds, hydrocarbons and vari-
ous others are almost always pment The smell of boiled meat, for example, consists
of over 500 components®.

(2) Within each class there is also a considerable concentration range, the
difference between the content of individual compounds scmetimes being several
orders of magnitude, from 1073 to 1072, The latter circumstance decreases the
sensitivity of mass spectrometry (MS) owing to the “memory™ of substances present
at high concentrations.

(3) Another difficulty is a wide boiling range of aroma-carrying substances,
which include gases and compounds beiling at 300°C.

* This review is the text of a lecture read by the author at the Moscow Analytical Conference, F980. 1t
reviews only work carried out at the author’s institute and does not cover the field in general.
*= Headspace analysis is often identified with analysis of the equilibrium vapour phase (the EVP
mathod), which is incorrect as headspace analysis also involves the sttdy of non-cquilibrium systems.
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TABLE1
RECOVERY OF ISOPROPYL MERCAPTAN FROM HEAVY METAL MERCAPTIDES

Precipitating Retention * Products recovered (%) T . . e

sgent time (min)
isopropyl Diisopropy!
mercaptar disulphide
AgNC; 1 49 43
AgC.H,0, 2 36 4
PB(C,H;0.), 180 44 2
Hg(CN), i) 36 9

(4} A Bnal problem is the very low adour threshold of some principal com-
ponents. According to Dravnieks and O’Donnel?, the thresholds of some compounds
are of the order of 107'%—10~! g/ml, and for mercaptans and sulphides even lower,
and they depend on the medium. )

Herce the identification of the components of odours, whose concentration in
food may be as low as 0.001 ¢, cannot be accomplished directly even with the use of
the most sophisticated technigues of analysis. Table I shows that the threshold values
are so low that they cannot be measured by gas chromatography (GC) with a flame-
ionization detector (FID) or by gas chromatography-mass spectrometry (GC-MS).
The practically achievable sensitivity of MS analysis is three orders of magnitude
poorer with natural flavour specimens than with the individual pure substances.
Investigation of odour-related substances, thercfore, necessitates the development of
methods for (i) extraction and concentration, (ii) essentially complete gas chromato-
graphic ssparation of the mixture and (iii) identification of the individual compe-
nents.

Before coasidering in brief each of these, it should be noted that the determi-
nation of flavour substances in food as such is impossible, as these substances cannot
be completely extracted without destroying the guality of odour. What can actually
be determined is the qualitative composition and the relative amounts of the com-
ponents in the vapour phase or its condensate. This limitation is due to a2 number of
factors. Some substances enter the air as a result of enzymatic or chemical reactions.
The odour of onions or garlic, for example, appears only after cutting these vegeta-
bles, as alliin itself is odourless but produces disuiphides under the action of alliinass.
On the other hand, some substances are localized in the texture of specimen. An
aqueous extract of cheese,-for example, has an acidic pH. We have shown, however,
that volatile amines from the vapour phase can easily be concentrated, and 4060 mg
of amines can be obtained as salts from 1 kg of cheese’.

It is worth noting that the aroma-carrying vapour phase is not at equilibrium
in the thermodynamic sense, and orly a certain quantitative composition of volatiles,
the proporticns of which may change, may produce the sensation of a full-value
odour. Concentration of caviar odour under vacuum, for instance, may be carried
out for 6 h; after 10 h some defects may be noted, but if one adds water and leaves the
mixture closed for several hours the odour will be restored completely®. This oper-
ation can be repeated several times with the same specimen. Hence we are dealing
here with an open system where the required proportioas of volatiles are maintained
only for a certain period of time. :
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- Exact values of absolute concentrations of volatiles in food cannot be caicu-
lated from vapour phase composition data®. The vapour pressure of a compound /in
the gaseous phase over a-biological specimen, inclyding food. is described by ihe
following equation*?;

= P.Xz:

where P, is the vapour pressure of the compound over the specimen, P; is the satu-
rated vapour pressure of the compound at a given temperature, X; is a molar fraction
of the compound in the specimen and y; is activity coefficient of the compound in the
specimen. The activity coefficient varies greatly with the nature and environment of
the compound and therefore assumes different values in different micro-areas of the
specimen:

Xy = Xype + Xaym + Xge + Xgip + Xaitew + ---

where the subscripts denote the micro-areas: fatty (f), muscle (m), connective (c}
tissues, lipoprotein (Ip), structured water (sw) [ayers, etc:

The gaseous phase over the specimen is continuously supplied with “ater
which evaporates together with the volatiles. As water in the specimen is usually in
the structured state, the rate of evaporation is largely a function of texture of the
micro-area, and the X and y values in different micro-areas change very irregular. For
this reason the content of 2 compound in the specimen does not correspond te and
cannot be inferred from that in the vapour phase.

[n our opinion, the development of a theory for the study of saturated vapour
phases over complex, non-equilibrium and non-stationary open systems is one of the
major objectives in the analytical chemistry of biological specimens. Such a theory
shauld provide information about the initial state of the system and predict its chan-
ges within reasonable time intervals in the future.

An unavoidable stage in flavour investigations is the concentration of aroma-
carrying components. This is usually carried out by the following methods:

(1) distiilation, including sublimation under vacuum or with sample water
vapour;

(2} extraction with [ow-boiling solvents and carbon dioxide;

(3) bubbling through with inert gases;

(4) adsorption on carbon, silica gel or polymeric material with a [ow water
vapour absorption such as Tenax, Amberlites, Norit and Porapak R and Q. Desorp-
tion is carried out with a stream of inert gas at 200°C and abave or with a solvent,
followed by distillation. The use of Polysorbimide-I and Carbochrom-K5 sorbents
for the analysis or organic compounds in Leningrad air has also been reported!®.
Literature data on the adsorption capacities of sorbents and the decomposition and
transformation of organic compounds during desorption at high temperatures are
scarce and limited mainly to modet systems compossd of simple monofunctional
compounds, usually unable to react with one another®-!t. For this reason, the method
of extraction from polymeric scrbents with a solvent seems tc have considerable
advantages'®.

Every method of concentrating and preparing a sample for analysis suffers
from the risk of introducing impurities or losing some components. Taking into



yg . Y. i . . " IR.V.GOLOVNYA

.account that sometimes substances present at the fg-to_pg-i2 g level are essential
components, exceptionally high demands are placed on the so{vent purr*y Thermal
treatment and contact with oxygen from the air should be kept to 2 minimum. The
solvent is eliminated in the cold or at room temperature with the use of a rotory
evaporater or, with mopentane by vacuum freezing &om —80°C mto traps at
—196°C. -

The sample acrivity should be biologically controlied at each stage. The meth-
ods chosen for extraction and conoentratlon of feod. odours shou.ld be conttoiled by
the olfactory test. ‘

After making certain that the concentration method has been chosen correct!y,
i.e., the concentrate possesses a full-value aroma, one may proceed to amalyse it.
There are several commonly used methaods for the analysis of concentrates: either it is
applied to a capillary colurin with temperature programming and the components
are identified by MS, or it is divided into fractions using preparative GC, each
fraction subsequently being rechromatographed on capillary or packed columns
coupled to a mass spectrometer. This would appear to be a most convenient pro-
cadure. However. as practice has shown, it has produced only modest results during
tae last 25 years. In our opinion, a2 number of i lmportant considerations must be taken
into account: :

(1) First, the odour concenirate represents a mixture of very active substances
that can react with one another even in the cold, and particularly in the chromato-
graph evaporator or in a column at high temperature, giving rise to secondary prod-
ucts. Aldehydes plus mercaptans or aldehydes plus amines may preduce cyclic and
sulphur- and nitrogen-containing compounds®*-!3. Catalytic transformations and ir-
reversible adsorption: to metal paris of the equipment are also possible.

(2) A second consideration is the absence of chromatographic columns,
packed or capillary, that can ensure good separation of the several hundreds of
organic compounds belonging o different classes that are usually present in an odour
concentrate.

In the 1960s our experience showed that peak overlapping cannot be com-
pletely excluded even for compounds with a similar functional group when one
column is used, and three or four columns with different polarity characteristics
should be employed’-'“. This point of view was supported in 1979 when, based on a
mathematical assessment of various experimental settings in gas-liquid chromatogra-
phy!5, it was shown that a system of four columns with different polarities is the best.

The complex character of natural aroma-cartying compositions necessitated
the development of a mew approach to the identification of their component
parts!®19,

Our first step in analysing an odour is a gualitative estimation, using chemical
reactions, of classes of organic compounds that are essential to the odour. This
procedure is controlled organcleptically.

The next step is the trapping of these classes from the headspace. Trapping of
selected classes of compounds using stable derivatives has several advantages: it
increases the relative concentration of each component and decreases the probability
of peak overlap, as each sample contains compounds with similar functional groups.
Interaction with other reactive organic substances is essentially excluded. Our ex-
perience has shown, however, that the known reactions developed for milligram
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amouats should not automatically be applied to microgram and nanogram amcunts
without special testing. A common technique in studying suiphur-containing com-
pounds, for example, is trapping of hydrogen sulphide, mercapfans, sulphides and
disulphides with solutions of lead(I) acetate, mercury(Il) cyanide and sometimes
with silver salts and mercury(II) chloride.

Our results on testing the applicability of these reagents for concentrating
microgram and nanogram amounts (Table I) indicate that the recovery cf mercap-
tans from mercury and silver mercaptides is not quantitative. Lead(II) acetate ab-
sorbs not only hvdrogen sulphide but also mercaptans but recovers oanly 449 of
them. The method described for the regeneration of mercaptans from mercury mer-
captide?® yields only 38 % of n-butylmercaptan. As is evident from Table I, none of
the salts listed, can ensure quantitative and selective trapping of mercaptans.

Our further experiments have shown that the recommended method for the
regeneration of mercaptans, sulphides and disulphides from the mercary(IT) chloride
precipitate (upper line in Table 2) does not yield a quantitative recovery?!. Howaver,
when the temperature was increased and the reaction time decreased, especially after
addition of a reducing agent, we obtained almost complete recoveries of mercaptans
and sulphides. .

These modification were successfillly applied te the analysis of sulphur-con-
taining compounds in the flavour of boiled meat, to the products of the Maillard
reaction and other samples! 22,

We now consider another examgle stressing tne necessity to apply test reac-
tions recommended for compound trapping. Table 2 lists several substances taat are
generally used for the recovery of carbaonyl compounds precipitated as 2, 4-dinitro-
phenyihydrazones. [t can be seen that the most promising reagent is n-dimethylami-
nobenzaldehyde, and that the recovery decreases with increasing number of csrbon
atoms in the carbonyl molecule'®. Recently we khave found that 2,4-dinitrophenylhyd-

TABLE 2

REGENERATICN OF #-BUTYL MERCAPTAN, DI-n-PROPYL SULPHIDE AND DIETHYL DI-
SULPHIDE FROM MERCURY(I[) CHLORIDE PRECIPITATE

Regereration Recovery (%}
conditions
n-Butyl Di-r-propyt Diethyt Di-n-buryl
mercaptar sulphide disulphide* disulphide**
HCI, 20°C. 40 min 38 9 28 i3
HCI, 56°C, [0 min 49 g1 28 2
HCL, 60°C, 8§ min 8t 92 £7 2
HCI, 70°C, 4 min S7 95 23 3
HCIL, 70°C, 4 min, K,CyO x> 95 97 st 3
CsH,SH, 20°C, 20 min 52 67 |3 g
C;H,SH, 100°C, 3 min 63 99 It 27

* Ethyl mercaptan was determined chromatographicaily as a product of diethyl sulphide decompo-
sition, but not quantitatively at the analysis temperature.
*% Di-n-butyl sulphide is the product of n-butyl mercaptan oxidation.
*x An agqueous solution of petassinm oxalate {100 gl in this experiment)} was added before the addition
af concentrated hydrochloric acid.
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REC&‘YERY OF ALDEH‘{DES AND KEI'ONES FROM- 2,4—DVPH MONCCARBON‘YL COM-
POUNDIS -

Recgen: &a- af Rzeorery (%) Formation
. carbor aroms of
i . byproducts
the carbonyt )
campaund -
Levutinic acid oG, 2080  +
Eevulinic <
acid + H,S0, Ci-Cy | 8055 +
a-Ketaglutaric acid C.-Cq - 30-60 +

=-Ketoglutaric
acid + 2,4-DNPH of

f: orm&denycc Cy-Cy 60100 +
N, N-sz;-.r.hy:ammo— C.-Cg 108 - -
oxalic acid C-C,;- 500 ~

razones may produce both syn- and ansi-isomers when analysed directly on capillary
columns and thus give two peaks instead of one. The proportion of syn-isomers
depends markedly on solvent and temperature?®

The above examples demonstrate that GC and MS analysis of microgram and
smaller amounts of compounds require the testing of existing procedures and the
development of special techniques and approaches. This is, in fact, an important area
of organic analytical chemistry, not only with respect to favour chemzstry but
particularly with regard to monitoring environmeatal pollution. -

Extraction of specific compound classes from the volatiles of a specimen is
necessarily followed by the separation of these classes into individual compounds and
their ideatification. We have developed standardless methods for the GC identifi-
cation of compounds within several classes. The method is based on the maximum
utilization of intermoiecular interaction energy.

An advantage of GC for studying intermoiecular interactions is that retention
characteristics are affected by many features of these interactions. As retention
characteristics are closely related to thermodynamic parameters of sorbent-com-
pound interactions, they offer some information about the molecular structure of
sample compounds. Tke character of the interaction in this instance should be chosen
so as to reveal essentially the structural peculiarities of the compound. The establish-
ment of molecular structure by means of GC was given the name ‘‘chromatoscopy™
by Kiselev?*.

A series of studies oa the calculaticn of thermodynamic parameters from
Kovats retention indices performed in our laboratory has demonstrated that inter-
molecular interactions during GC do provide certain information on compound
structure?3-2¢_ The conditions for the identification of the components of a mixture of
unknown composition are as follows:

(i) choice of the most selective and effective co!umns,

{ii) good reproducibility of retention characteristics; -

{(iil) sensitivity of the retention parameters to structural changes and the avail-
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TABLE4 - -
COMPARISON-OF KOVATS RETENTION INDICES OF SULPHUR COMPOUNDS FROM
THREE BOILED MEAT SAMPLES

Samples: A, Longissimus dorsi, 2-year-old cow, Moscow, 1973; B, Longissimus dorsi, [-vear-old butl,

Potsdam, G.D.R., 1974; C, shoulder-blade, 3-year-old cow, Potsdam, G.D.R., 1975. Analytical con-
ditions=10 77 Apiczoa M on Chromosorb W, glass column (210 x 0.4 cm L.D.), temperature, 130°C, FID.

No. A B C No. A B C
¢1973) (1974) (1975} (1973} (1974} (1975}
I 541 546 554 20 - otg -
2 60Q 603 60G 21 1026 Q30 1025
3 - 648 650 jin 1040 1437 1036
4 676 - - 23 - 1044 -
5 701 690 687 24 1051 105¢ 1053
6 727 720 736 25 1071 1072 1670
7 770 76X 768 2 1083 108G 1088
g 796 799 803 a7 1103 §11}] 1105
e gig g4t 19 38 ILES [1i3 1130
1o 853 - £53 a9 1137 1127 tizg
It 872 875 873 3Q i14s5 [t53 L1147
2 889 889 - 31 162 - 1156
I3 905 907 902 32 LTI 1173 1168
14 919 - 922 33 PE79 1187 1182
Is 933 - 936 34 1201 1201 1199
i6 546 - - 35 - 1218 1213
17 971 972 e76 36 1327 1235 12350
I8 - 982 - 37 1246 1258 1248
i9 1602 1002 992

ability of a simple mathematical relationship between retentior and molecular struc-
ture.

Specialists concerned with the investigation of volatiles know that it is virtually
impossible to compare the data in the literature on the separation of odour com-
ponents and their identification. as the GC parameters in most instances are 0ot
reported.

After extensive testing, we recommended the Kovits retention index system for
identification purposes’-**. These indices are directly proportional to the free energy
of dissolution {or adsorption. in gas-adsorption chromatography), and therefore rep-
rescnt an additive functicn of the number of functional groups and structural frag-
ments of a molecule. For this reason, the Kovdts retention indices seem to be the most
convenient identification parameter.

A comparison of the GC separation of sulphur—containing substances from
three sampies of boiled meat differing in the time of sampling (1973-76) and prepared
in two laboratories'? demonstrate that the retention indices provide individual
characteristics of a biological specimen cven without identification of all the com-
ponents (Table 4). The use of Kovits retention indices allows ane to trace the fate of
each peak and its interpretation and to compare the results with literature data.

The next important stage is the choice of the most selective columns for sep-
arating a mixture of compounds with a similar functional group. In doing this we aim
to exploit to the maximum extent the differences in intermolecular interactions be-



256

TA.BLES -

Vet

-3 TR.V.GOLOVNYA"

COLUMN SYSTEMS USED. FOR ANALYSIS OF SOME C[ASSES OF ORGANIC COMPOUNDS

Compatnds Conditiars Co[zinu_-.: -
Amines 120, 150°C; 4% Apiezon L + 1% KOH _
; packed cotumns 5% Tritor X-305 + 059 Na, PO,
. 5% PEG-1G00 + .59 Na;PO;
3% Temzoxvethyleneamine +
0.59% Na,PG, + 2% PEG-10060
on Chromesorb G
Monocarbonyi 120°C; 5‘}; Apiezon M
compounds packed columns 75 Triton X-305
5 PEG-1000
lO‘/ TCEP
temperature programmiag 109, Apiezon M
(3-5°C/min) 10% PEG-10600
Monocarbonyl 25°C; SE-30
compouads, in capiliary column
the form of -
24-DNPH
Sulphur compounds &0, 130°C; 109 Apiezon M
packed columns 109 Triton X-305
109, Sikicone OV-17
1094 PEG-1000 in
Chromosorb W
Methyl estses of 20°C; . 3% SE-30
fatty acids packed and 5% OV-225
capillary 3% Silar 5CP
colamns 1094 Silar 10C

tween the compounds studied and the selective stationary phase, including the donor-
—acceptor Interactions. For the determination of column selectivity we proposed a
simple method based on caiculating the difference in the excess free energies of
mixing, §(4GF), between compounds with similar boiling points and belonging to
different homologous series. The calculation is based on Kovéts retention indices and
has been described in detail for the selection of columans for sulphur-containing com-
peunds and monocarbonyls?’ 29,

It should be noted that choosing columns according to differences in excess free
energies of mixing allows one to select rot oaly the most selective stationary phasa
but also ihie eptimal temperature for analysis.

Based on 8(4GF) values for the classes of organic compounds of interest, we
have selected optimmum couditions for analysis on three or four columns which reduce
to a minimum the number of possible mistakes due to peak overlapping. Table 5 lists
coilumn systemns probosed for the analysis of amines, wbonyt— and sulphur—oontam-
ing ccmpounds and methyl esters of fatty acids.

Over 250 equations of the general form shown below, d&scnbmg GC behaviour
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for each series as 2 function of number of carbon atoms and boiling temperature
-have been. proposed for standardless identification:

I=A+ Bn [ =A+ Bn + Cfn
Tpon. = a + bI » Toir. = 7 + B + 7)

where I = Kovits retention index, n = number of carbon atoms in the radical R and
A, B, C,a, b, 7, B = coefficients. The equailons were constructed orn the basis of GC
data for 800 compounds in 60 homologous series:

Amines: n-R-NH,; iso-R-NH,; (n-R),NH; CH,NH-n-R; C,H.NH-z-R:
C.H,NH-#-R; (--R);N; (CH;),N-n-R; &50-C;H;NH-#1-R; tert-C . H NH-n-R; sec.-
C HgNH-n-R; iso-C{HgNH-n-R; iso-CsH,; -NH-n-R; CoH , NH-n-R; (C,H,),N-n-
R: (GH;),N-n-R

N
ﬂ:\ R G/R_ [:B/R. (3/:%
N7 N Nt
Sulphur compounds: n-R-SH; ise-R-SH; HS-(CH,},.-SH; (#-R),S; n-R-S-isg-R
CH=CH-S-n-R; CH, =CH-CH,-S-n-R; CH=CH-CH,-S-R; HS-(CH),-S-n-R; (-
R),S,: n-R-S-CH,-S-n-R: n-R-S-n-R°; i50-C;H--S;-n-R; i50-C Hy4-S;-n-R; sec.-
C4H9-SE-H-R; .C&Hg’Sz'n—R; &O—CSH\: [-SI-H-R;' tét‘t--CSHl E'S:'"‘R; CH?_ =CH-
CH,-S,-n-R; CH;-CO-S-n-R; C,H;-CO-S-n-R; C;H;-CO-S-n-R; CH;-S-CH(n-R)-
S-CH;; CH;-S-CH(n-R)-S-C,H; CZHS—S—CH(H—R)-S-CZHS:

@ : L} s ©/ ©/CH25R

- ; R-CH=CH-COH; n-R-CH=CH-CH,CH
H
=CH-COH; CH,-CO-n-R; (n-R),_CO; (iso-R),CO.

By the term ““standardless identification™ we mean a method that consists of a
column system specially designed for a mixture of compounds with a similar func-
tional group, selected to ensure optimum separation, and allowing a mathematical
refationship to be established between the GC behaviour of a compound and its
physico<chemical properties. The identification may be performed on a computer by a
special program developed on the basis of chromatographic data®-16,

The relationship between retention index and number of carbon atoms may be
expressed in the form of linear or fractional-linear equations. The linear form is used
for identification by an operator whereas the fractional-linear form is more con-
venient for computer analysis. Table 6 shows similar equations for sulphur<oatain-
ing compounds. -

An additional test of correct identification in all instances may be coincidence
of boiling points calcuiated from exp"rﬂnental retention indices obtained on all col-
umns.

Carbany! compounds: r-R-C

) Table 7 presents equations for calculatmg boiling points on columas of Ap-
iezon L, Triton X-305 and PEG for primary, secondary and tertiary amines. There s
good correspondence between the calculated and experimental values. In some in-
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COE“EICIEHTS OF THE EQDA"'ION I =A% "B -E- Cin ANB STANDAR.D’DEVIAIIO\ (o') OFI FROM
e o _ o » ; - % X -
Stationary = Coefficient  Homolegous serées - - ) T - .
phase - - - — —
- - . - . n-Mercap- x-Dinier- Methyl- - Hexyl- - Isopropyb . tert.-Butyi-
tar -eaptans n-alkyl- gyl o nmalkyl-. | naltyl- -
_ suphides -~  sulphides . sulphides . . selphides
Apizca M A 3311 "678.0 - 4075 . - 8656 - - SISE - '562.3
- B 100.6 1008 1610 - i - 1014 -7 996
.C -a 30 —66 14 . st - s 62 -
c 02 - 04 04 9.6 a8 . 0 - 032
OV-17 A $09.4 831.0 498.9 952.7 - &04.6 . 638.1
B 109.7 T 568 100.8 596 99.9 989
C- -24 —137 11 LX) 58 . 66
c 03 Qs i.3 6.6 Q.1 2
Triton X-305 A 5009 1330118 SN 589.S 10128 6575 699.6 -
B 1018 93.1 0.7 100.6 igf4 97.3
C -7 —I39 20 g4 88 - 83
- & &4 85 88 HE B G4 0.6
PEG-10060 A 3643 . 12569 633.8 1065.4 7178 7372
B 100.9 9Q.5 1018 99.8 S9.1 8.8
C —27 —-180 - 39 86 o2 1]
-2 0.6 8.6 0.8 1.4 .5 0.5

stances these equations helped us tc reveal some mistakes in the reported boiling

' points of amines and carbonyl- and sulphur-containing compounds.

The observed regularities form the basis for constructing a computer program
aimed at the identification of volatiles in complex mixtures. Tabls 8 presents, as an
example, data introduced into 2 computer when analysing an amine mixture®-16. The
output from the computer consists of 2 list of identified substances, tentatively identi-
fied substances poting the pature of the functional group and boiling point, and a
separate list of Kovits retention indices for unidentified compeounds. Fable ¢ sum-
marizes the results of computer-aided identification of amines in six foodstuffs, that
we st::hed during the last 3 vears. Resul-.s for prewous years have been revxewed
earlie :

‘An mtcr&etmg problem was encountered in studying the unpleasant odour that
arises durmg the storage of casein and coprecipitate (milk protein precipitated by
CaCl;). We have found that amines, but not carbonyl compounds as mentioned in
the Lterat-_me are responsible for this odour. A correlation has been established
between the accumulation of amines in casein and coprempxtatc odour and the
deterioration of thsir nutritionzl value: 84 % and 579 for casein and copreczpztate,
respeciively, after storage for 1 year (ref. 30 and TFable 10).

Takble 11 presents our results on the identification of sulphur-containing com-
pounds in velatize comporents of boiled beef and in Maiflard reaction products®>.
The analytical scheme in both instances was identical (Fig. I)..

The @chmqu&c of standardless GC identification of odour components de-
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"TABLE 7

EQUATIONS RELATING KOVATS RET E\ITION INDICES OF ALIPHATIC a-AMINES WITH
"THEIR BOILING POINTS, T, (Na,PO,)

T, caleulated from

Equauo!: Amtine T, from
literature
& % $t Fige S
e Primary i
T, = :&’ Propyl 54.5 57.1 s46 525 49-£0
IT.:
T, = ‘°;’ — 127 Bugyl 79.8 815 79.9 78.6 7879
Amyl 104.8 1059 [05.3 104.6 104
EG
T, = :’!“ — 153 Hexyl 1288 £30.3 129.9 1299 129130
Heptyt 154.5 1547 154.6 1546 iss
[ra\;;PEG -
T, =2 15 203 Octyl 179.1 E79.1 179.2 179.4 179.6
1.1084 - 05 Secondary
= _—— i 4 . .3 T4 7.
Ty, = 666 e + 1245 Dimethyt T 6.7 6.5 7 G
Diethyt 533 53.6 51.¢ 52.8 555
4968-10°
T =350 — cfk——— Dipropyt 1110 110t 109.7 107.7 11¢.5
Ii3e + 40Q
Dibutyl 16i.3 161.¢ 1628 163.7 139.6
3.293-10¢° R
=437 — o———— i 4 203. 202 202 199, 2025
Ty 37 FEE © 73 Diamyi 03.0 02.0 G 7 )
r 163 1.7-1¢°
= 3 e~ aa——
® 100 FEG — 334
20185-10°
=876 — — - — Terziary
=8~ een e
TABLE 8
DATA INTRODUCED INTO COMPUTER
Amine groups {g) Columns Egquarior: Tolerable errar
(i} coefficlents i comparisons
Primary Tertiary i=f, L= Qg + b + 84 < +5 units
q; = alkyt = Symmi. Apiezon L
trialkyl
Secondary
g, = symm. dialky! g; = dimethylalkyl = 2, 8::-" = £5°C
Triton X-305
qs; = methylalkyl qs = diethylalkyl i=3, To = A, + B I + 7 +“D 6 = +20 units
g
g = ethylalkyi qgs = dipropylaikyl PEG-1000
qs = prepylaliyl Q1o = others and
heterccyclic
campaounds
Values: 4f = I, — [-; P = “‘max " number of ciasses; f = “max."” aumber of columas; N¥; = “max.”

number of peak on each column




TABEE® -~ - -

VOLATILE AMINES IN THE ODOUR OF EOOD PRODUCTS = -~ .- -

Type”  Amine - " “Boiled Salfmorn Bread - Charakh ~Casein -~ Copreci~- -

- .- beef - - - - " cheese T .. pitate

B ’ Crust Crumb =
Primary Methyl T # + + o+ +* = RS
Ethyi +* - .+ +* + +
" Isepropyl + - + + + - -
. - Propyl + + + O+ + - -
Fsobutyl + Tak + + + " +

- Busyl . + — - + - -
&)imyl + —_ +4 + 7 L KR +
- Amyl - - + + R - -
Hexyl - - + + - ~ -
Heptyl - - + + - +* +
- Octyl + % —_ _ — - - _
Second- Diﬁ:cthy! + 4% <+ + - + =
ary Diethy! + + + + + - +
- Di-n-propyl - + + + + + + -
Diisopropyl + + + + +* — -
Methyi-r=-propyl - - - - - + _
Di-n-butyl - + + + + - -
Diisobutyl - - + o+ o+ _ .
Methyl-r-butyl - - — — - - +
" Diispamyl + - - - + - =
- Methyl-n-butyl - - - - - - +
N-Propyl-rz-butyl - - — - - _ +
Isopropyi-a-butyl + - - - - - +
Ethiyl-n-hexyl - - - _ - _ -
Ethyl-r-heptyi % - — — _ - +
Methyl-r-octyl — - - _ . +
Tertiary Trimcthy! + + + + + + +
Triethyl + + + o+ = M X
Tripropyl - - + . + _ +
\Mathyl@ipropyl — — - - - + _
Triisobutyl - -~ + o+ _ T ~
Diethyl-sec.-butyi - - + — - - -
Dimethylformamide - - - - _ _ _
Dimethylamide - - - - _ _ -
Dicthylbutyl - —- -+ + - < -
Dipropylisopropyl - - - - - + -
Dipropyiisobutyl - - - - —_ + -
Dimethylhexyl - - - - - - + +
Dipropyl-tert.-butyt - - - - - o+ +
" Dhpropyl-sec.-butyl - - + - = - _
Dimethylheptyl + - - - - + +
Dipropylamine . + — - - - + -
Dimethylcyclohexyl - - - - - + +
Dipropylpropasgyi - - - - - + -
Dimethyloctyt - - + = - R —
Hetero- Piperidine - + + + + + +
cyclic  Pyridine” + + + + + + +
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Type .

Boiled

Salmon

Bread .
—— cheese

|

Chanakh

Casein

Copreci-
pitate .

- N-Methylpiperedine

N-Ethy!piperedine

- N-nn-Propylpiperedine

Pyrrolidine
a-Picoline

B-Picoline

y-Picoline
2,4-Dimethyipytidine
2, 5-Dimethyipyridine
2,6-Dimethypyridine
$-Ethylpyridine
2,6-Luridine
2.4-Lutdine
2.3-Lutdine

2,5-Dimetkylpyrazine
2,6-Dimethyipyrazine
2-Methoxypyrzzine
2-Methoxy-3-methyl-
pyvrazine
2,5.5-Trimethyl-
pyrazine -
2,3,5.6-Tetramethyi-
pyrazine
2-Methyipiperazine
2,3-Dimethyipyrazine

|+ +
*

IR

|
1
+

R
| A A b ok

SRR
Pttt 1
IR N R A

*®

R R

+ 1

A R N

o

ot

* [dentified tentatively.

TABLE 10

CHANGES N THE RELATIVE NUTRITIONAL VALUE (TEST ORGANISM TETRAHYMENA
PYRIFORS/S) AND THE CONTENT OF SOME VOLATILES IN MILK-PROTEIN CONCEN-

TRATES [DURING STORAGE*

Product Froperty Storage time (months}
)] & 12

Casein ) Nutritional value (%) 100 86 . 84

Coprecipitata 103 7 57

‘Caseirt .

Pyridine Coantent of volatile 3.6 5.5 2.9

2.3, 5-Trunethylpyrazine amines (rel. g} 4£4 24 112

2.3,5,6-Tetramethyipyrazine 89 I84 8.3

Coprecipitat

Pyridine ) 71 156 172

Compounds of the pyridine

series 41.8 602 602
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Meat+ Water (L, w/wy | - . | Mailard’sreactioni | -

" 2h, 130°C (oil-bath) T | Lcysteine, glutaminic -
- .- - I acid, L-lysine, .
T . xylose and water,
, o _ 2 b, 130°C (oil-tath)
_ Broth + 2,4-DNPH + H,;PO,, - -y
fixation of carbonyls - ~ -
and amines, pH = 2.0 Reaction mixture +
~ — - - o 2.4-DNPH + H;PO,,
- . : fixation of carbonyis
- N, , distillation, - and amines, pH = 2.0
126°C - -
L distillatior,
7-10 mmHg, 30—35°C
Condensate + HgCl, + NaQAc

Distillate + HgCl; + NaOAc

Precipitate with HgCl,

&

Regeneration of S-containing
compounds by HCL + K,GC,04
in glass capillary

{

GC analysis on giass columns
with Apiezon M, OV-17, Triton X-305
PEG-1000 at 130°C and Porapak R
for low-boiling compounds at 200°C

identification
FID EPD.
Standardless GC Standardiess GC
idenfification + MS of identification

some compounds

Fig. 1. Scheme of analysis of S-containing compounds in volatile compounds of boiled meat 2n0d Mail-
lard’s reaction. -

veloped on the basis of Kovits retention indices were applied to 2 number of scientific
problems. Over 70 organic bases including secondary aliphatic amines and heterocy-
clic compounds were discovered in various food products®2'~33. These studies have
also revealed the presence in food products of secondary and tertiary amines which
are possible precursors of carcinogenic N-nitrosamines®!+32,



'
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- The accumutation of- organic bases, including heicrccyclic ba.. 5-in vo!atife,

cumponenfs of miik pzotem during storage has been showii to result i an uaneasant
odour and to indicate 2 decrease in the nutritional vaiue of the product.” _ —.___ .

- A comnaarison of volatile comnounds from hoiled mearand Mazaillard reaction

SR OIS 2 YRIARAS LRI ASRAAARSS 210 AL QA Ly jRor- L2 818218

products has shown that the processes that occur during the Maillard reaction cannot
be regarded as :denucal with_those accompanying frying or boiling of food prod—
ucts®S. An important conclusion that follows from the latter finding is that the com- -
mercial flavourings synthesized on the basis of the Maillard neactmu cazmot be used

in the food industry without testing for toxicity.

In conclusion, this analytical approach to flavour research has generai signifi- ‘

cance and may be recommended for the analysis of complex mixtures of biological
volatile organic compounds and environmentzl contaminants.
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