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SOMX ANALYTICAL PROBLEMS IN FLAVOUR RESEARCH* 

The study of the voIatile components of biological specimens involves the more 
gene& problem of analysing trace amounts of organic compounds in compiex mix- 
tnres of unknown composition which~occur in she vapour phase over the specimen. 
Biogenic voIatiIes play 211 important role in the plan: and animal kingdoms, particu- 
1x1~ as a means of communication, vit., pheromones12. During man’s evoIution the 
original chemicaI language was repkced by speech; however, the w of smell and 
taste are still important in choosing the foods most su.itabIe for the organism. Accord. 
ing to Amoore ec aL3, trimethyhnine and isovaieraldehyde are man’s pheromones 
that communicate the qr;ality of food. 

The composition and content of biological voIatiIes are us~&~ determined by 
analysis of the vapour phase, or its condensate, over the specimen. Thk method has 
&II termed headspace anaiysi?. 

The versions of headspace anaLysis +A developed to da& can be divided into 
two major groups: those dealing with vapour in a state of thermodynamic equilib- 
rium with the specinen and those in which equilibrium is not reached and the speci- 
men belongs to soxaIIed open systems. The analysis of bioIogicai voIatiIes, including 
food odows. falls into’tbe latter group. 

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

(I) The aromaxarrying material consists of substances betonging to diKerent 
cksses of compounds. Many of them result from naturaI bioIogicaI processes or arise 
during subsequent treatment of the product. Organic acids, alcohols, esters, amines. 
ddehydes, ketones, &tones, phenols, suIphur compounds, hydrocarbons and vari- 
ous o+&ers are almost always present. The smelI of boiled meat, for exampIe, consists 
of over 500 com.ponen&. 

(2) Within each cIass there is ako 2 considerabk concentration range, the 
difference between the content of individual compounds som&imes being severti 
orders of magnitude, from fOm3 to IO-“. The latter circumstance de-creases the 
sensitivity of mass spectrometry (MS) owing to the “memory” of substances present 
at hi&l COQCCQtKitiOQS. 

(3) Another difkulty is a wide boiling range of aromacarrying substances, 
which include gases 2nd compounds bailing at 300°C. 

* This retiea- is the text oFa kture read by the author at the .WOKOW Ancf~ricni Con$rence. 198t?. Tt 
review only work cxrki out at the author’s institute and does QOC cover the fieid k generai. 

- Headssa ;ur;iiyis is bfwn idca~ wkh axxaly& of t&e cqrilibrium \zponr phase (the EW 
m&hod). which is incomct as Exadspace at@-sis aIso kioks t.k srcdy of nou-c@itium spans- 
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TABLE I 

(4) A final problem is the very \ow odour threshold of some principal com- 
ponents. According to Dravnieks and CYDonneI’, the thresholds of some compounds 
are of the order of IO- 10-10-1x g/ml, and for mercaptans and sulphides even Iower, 
and they depend on the medium. 

Hezlce the iden’rifcation of the components of odours, whose concentration in 
food may be as low as O.oO1~O, cannot be accomplished directly even witi the use of 
the most sopGsticated techniques 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-ass spectrometry (GC-MS). 
The practicaliy achievable sensitivity of MS analysis is three orders of magnitude 
FMJOitX witI3 natural flavour specimens than titb the individual pure SubstanceS. 
fnvestigation of odour-related substances, therefore, necessitates the developmat of 
methods for (i) extraction and concentration, (ii) essentially complete _m chromato- 
graphic separation of the tixture and (iii) identification of the individual compc- 
nents. 

Before considering in brief each of *&ese, it should be noted that the determi- 
nation of Bavour substances in food as such is impossible, as these substances cannot 
be completely extracted without destroying the quality 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 a 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- 
Mes, as a&in itself is odoud~ but produces disuiphides under the action of aKinas& 
On the other hand, some substances are hxalized in the texture of specimen. An 
aqueous extract of cheese~for exampie, has an acidic pH. We have shown, however, 
that vo!atile amines from the vapour phase can easily be concentrated, and 40-6Q mg 
of amines can be obtained as salts from 1 kg of cheese’. 

It is woti noting that the aromacarrying vapour phase is not at equiiibri-um 
in the thermodyntic sense, zd only a certain quantitative composition of voiatiles, 
the proporticns of which may change, may produce the sensatioc 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 severai hours the odour will be restored completeIf_ This oper- 
ation ca.~ tpZ rep&cd ~veral times with the Same specimens. Hence we are dealing 
here with an open system where the required proportions of votatiles are maintained 
only for a certain pGriod of tinI& 
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Exact vakes of absoIute concenuations of voIatiks in food cannot be c&u- 
iated from vapourphase composition data’. The vapov pressure of a compound r‘in 
the gaseous phase over a- biologicai specimen, ;LncIuding food. is described by ‘the 
folIowing equation4.g: _ 

where P, is the vapour pressure of the compound over the speknen, Pi is the safx- 
rated vapour pressure of the compound at a given temperature, Xi is i moIar fraction 
of the compund in the specimen and yi 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 k different micro-areas of the 
specimen: 

where the subscripts denote the micro-areas: fany (f), muscte (m), connective (c) 
tissues, Iipoprot+n (Ip), structured water (sw) Iayers, etcl. 

The gaseous phase over the specimen is continuously supplied with n-a&, 
which evaporates together with the volatiks. As water in the specimen is usually in 
the structured state, the rate of evaporation is Iargely a Function of texture of the 
micro-area, and the Xand 7 vaIues in di@rent micro-areas change very irreguku. nor 
this reason the content of a compound in the specimen does not correspond to and 
cannot be i&&red from that in the vapour phase. 

En our opiniori, the development of a theory for the study OF saturated vapour 
phases over compIe.u, non+x@ibrium and non-stationary open systems is one of the 
major objectives in the analytical chemistry of biological spximens. Such a theory 
shouId provide information about the initS state of the system and predict its chan- 
p within reasonable time intervak in the future. 

An unavoidabk stage in flavour investigations is the concentration of aroma- 
carrying components. This is usually czrried out by the FoLIowing methods: 

(1) disti.Uation, inciuding sublimation under vacuum or with sample water 
vapour; 

(2) extraction with [ow-boiIing Avents and carbon dioxide; 
(3) bubbling through n-i& inert gases; 
(4) adsorption on carbon, silica gel or poIymeric materiaI with a Iow water 

vapour absorption such as Tenax, AmberIites, Norit and Porapak R and Q_ Desorp- 
tioa is carried out with a stream of inert gas at 200°C and above or with a sokenf 
foLIowed by distiUation_ The use of Polysorbimide-1 and Carbochrom-KS sorbents 
For the anaiysis or organic compounds in Leningrad air has ako been rep~rted’~. 
Literat& data ou the adsorption capacities of sorbents and the decomposition and 
transformation of organic compounds durmg desot-ption at high temperatures are 
scarce and Limited mainly to model systems composed of simpIe monofunctional 
compounds, usually unabIe to react with one anothe?*L1. For this reason, the mehod 
of extraction from poIyrneric scrbents with a solvent sazms to have considerabk 
advantagez$ t _ 

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



ztimt_tkatsometimes subs~ces present at the 10: ~“~LO~L” g IeGei are essentid 
m*nti* exceptiolEdiy high dernaiids are plzced cIl_the soIvent ptity-. -l-h-al 
treatmeztt and co&zct with oxygen &cm the air should be kept tc a mEmum_- The 
solvent is &m&a&d in the cold or at room tf3lipeFrature witi the use ofa rot&y 
evaporator or, with isopentane, by vacuum &e.zi.ng from -80°C into tips at 
- 196°C. 

The sample ativity should be bioicgically controkd at each stzge. The meth- 
c& cb&en For extnction abed concentration of feed-cdours shotid be contra&d by 
tlted~~ 

- . 

Aftermaking ctmah that the conczn~ticn imdmd has been chosen c&rrectiy, 
z&the ~n~tratepo~aliill-vaIzrz~oma,onemayprczceed toan&eit 
There are-several ccmmcnty IE& methcds for the zna&sis cfccncentr&es: QfJGr it is 
applied to a capillary coEuun with temperature programming a.ad the ccmpcnen&s 
are ideatied by MS, or it is divided &to fractZons using preparative GC, ezch 
fraction subscquzntly being rechrcmatcgraphed cm capillary OF packed w1umn.c 
CCUPM EO a ENS ~~trometm. This would apw tc by a EIIOS~ CQDW&II~ pro- 
cedure. However. as practice has shown, it has prcduced only modest rest&s during 
tie last 25 years. in our opinion, a number of important ccnsiderztions must be taken 
into account: 

(1) First, the cdour ccncentrate represents a mixture of very active substances 
that caiz react with one another even in the cold, ard pzrticulariy in the cbromatc- 
graph evepci-ztcr OF in a cohnn at high temperature, giving rise to &z%zondvy prcd- 
UC&L Aldehydes plus mercaptzns or aldehydes plus amines may prcduce cyclic and 
sulphur- aad nitrogencontaining ccrnpcund~~“~‘~. Catalytic transformations and ir- 
reversible adsorpticr; to metal parts of the equipment are &c possible. 

(2) A second consideration is the absence of chrcmatcgraphic cdumna, 
packed or capillary, that can ensure gcod sepa~ztion of the several hundreds of 
organic ccmpcunds belonging LO di6erent classes that ark usually pr5sent in an cdcus 
ccncen*Jate. 

In the l%!k cur experience showed that peak overlapping cannot be com- 
pletely excluded eveu for compounds with a similar frmcticnai group when one 
column is used, and three or four cclumns with different p&&y characte+tics 
should be empl~yed’~~~. This point of view was supported in 1979 when, based on a 
mathematical a_ nent of various experimental settings in gas-liquid cbromatcgra- 

pby”, it was show *&at a system of four cohunns with di.Eerent pdarities is the best. 
The complex character of natural arome+znying compositions necessitated 

the development of a new approach to the ide&iiicaticn of their component 
p&P’? 

Onr fbzt step in analysing an cdcur is a qualitative estimation, using chemical 
reactiozts, of classes of-organic compcunds &hat are essstid to tie odour. This 
procedure is ccntrclLd crgancieptically_ 

The next step is the ‘mpping of these classes from the headspace. Ttipeg of 
selcted ciasses of ccmpcumis using stable derivatives has several advantages: it 
in- the relative ccncentraticn of each component cad decrees 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 bzs shbwn, however, that the known reactions developed for milligram 
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amounts shouId not auromaticaily be applied to microgram and nanogram amoun’~ 
without special testjng. A common technique in studying suiphur~ntaining com- 
pounds, for exampie, is trapping of hydrogen sulphide, mercapians, sulphides and 
disuIpbides with solutions of Iezd@lJ acetate, mercury0 cyanide and sometimes 
with silver salts and mercury(H) chloride. 

Our results on testing the applicability of these reagents for concentrating 
microgram and nanogram amounts (Tab!e I) indicate that the recovery cf mercap- 
tans from mercur$ and silver mercaptides is not quantitative_ Lead(U) acetate ab- 
sorbs not only hydrogen suIphide but aIso mercaptans but recovers onIy 44% of 
them. The method described for the regeneration of mercaptans from mercury mer- 
captide’O yieids only 38 % of n-butyhnercaptan. As is elident From TabIe I, none of 
the saits listed, can ensure quantitative and selective trapping of mercaptans. 

Our further experiments have shown that ‘he recommended method for the 
regeneration of mercaptans, suIpbides and disuIphides from the mercnry0 chIoride 
precipitate (upper Line in Table 2) does not yieId a quantitative recove$‘. However, 
when the temperature was increased and the reaction time decreased, especiaiiy after 
addition of a reducing agent, we obtained almost compIete recoveries of mercaptans 
and &&ides_ 

These m-cation were successtX.I~ appiied to the anaiysis of suIphur-con- 
taining compounds in the flavour of boikd meat, to the products of the MailIard 
rerrttion and other sampks”~“. 

We KIGW consider another example stressing the necessity to apply test reac- 
tions recommended for compound trapping. TabIe 3 Lists several substances tiat are 
generally used for the recovery of wbanyl compounds precipitated as 2&din.itro- 
phenylhydrazones. It cao be seen that the most promising reagent is n-dimetiykmi- 
nobenzaidehyde, and that the recuvety decreas es with increasing number of cvbou 

atoms in the carbony moIecuIeL*. Recently vie have found that 2+dinitrooheuylhyd- 

TABLE 2 

REGENERJI-LTON OF n-BUiYL MERCAPT_4--, DI-n-PROPYL SULPEUZj AND DIETKYL DE- 
SULPHIDE FROM MERCURY(K) CHLORIDE PREcIPIT_‘E 

3s 92~ 
49 9I 
61 92 
97 35 
9S 97 
52 67 
63 99 

l Ethjf me_mptan WY determined chromatogmpbica& .zs a pmduct ofdiethyf suipbide decompo- 
sition, but aot ~titatively at the znlqsis temperature. 

* Di-n-butfl suiphide is the product ofn-butyl meruptau oxidatioa 
- AQ aqworrs soktioa of pctassinm o.xalate (LOO $ in &.s eqxs5111cnt) ~a5 added before the addition 

of c~ncentrattd hydrochloric acid 



mzO~es may produce ‘both sq’n- and anti-isomers whm andyseed directly co capillary 
cohmms and thus give two peaks instead of ooze. The proportiorr of XJTZ-isomers 
depends markedly on solvent and ternperaturez3. 

The above e_xampks demonstrate that CjC and MS analysis of microgram and 
smaller amounts of compounds require the testing of existing procedures and the 
developmenf of special techniques and approaches. This is, in fkt, an important area 
of organic analytic@ chemistry, not only with respect to Bavonr chemistry but 
particullruiy with regardi to monitoring environmental poilutioo. 

Extrixtio~ of specific compound classes from the volatiks of a spe_tien is 
necessarily folIowed by the separation of these ctasses into individual CO~II~OLJ~~S and 
their identikation. We have developed standardless methods for the Gc identifi- 
cation of comp&nds within several c!asses. The method is based on the maximum 
utikatiorr of intermoiecular interaction energy. 

An advantage of GC for studying intennokcular interactions is that retemion 
characteristics are affected bq nany features of these interactions. &s retention 
charac’,eristics are closely rek&d to thermodynamic parameters of sorbent-com- 
pound interactions, they oEer some information about the molecular ztruchxe of 
sample compounds. The character of the interaction in this instance should be chosen 
so as to reveal essentially the structural peculiarities of the compound. The estabiish- 
meat of rrtolemlar structure by means of Gc_wa.s given the name “chromatoscopy” 
by Kisele~J. 

A series of studies on the calculation of thermodynamic parameters from 
Kov&s retention indicer; performed in our laboratory has demonstrated thhat inter- 
noIecu1a.r interactions during CX do provide certak information OQ compokd 
str~ctu&~~*“_ The conditions for the identification of the components of a mixture of 
unknown composition are as follows: 

(i) choice of the most sekctive.and effective columns; 
(ii) good reproducibility of retention characteristics; . . 

(iii) sensitivity of the retentiozx parameters to structurai changes and the avail- 
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l-ABLE4 

CO%fPARE0X- OF KOVATS REI-EMXON INDICES OF SULPHUR COMPOUNDS FROM 
THREE BOILEnD MEAT SAMPLES 

Samples, & LOngissrmus do_ 2-, EWOI~ ww, Moscow, 1953; B. Lmgisim~ dorsi. I-year-old hu& 
Po~~~III, G_D.R, 1974; C. shoukkr-blade, Z-year-old COW, Potsdam, G.D.R., i975. Ad~ticd COG- 
ditionsrl0”,~ Ap!aon hi OIL Cbro5osarb W, @ss cd- (310 x OAcmLD.),teepera~ iX'C.FtD. 

NO. -A ;9741 c NO. A B C 
(1973) (1975) (1973) ilPT=#) (19X) 

s41 
600 

- 
676 
701 
727 
7X 
7% 
839 
853 
s72 
8x9 
90.5 
919 
953 
946 
971 

fixI 

s46 554 
603 600 
64S 6.50 
- 

690 
720 
762 
799 
SAL 
- 
S75 
S89 
907 

- 

657 
736 
765 
802 
P39 
S53 
a7; 
- 
902 
922 
936 - 

- - 

972 976 
9S2 - 

1002 999 

20 
21 
22 
23 
24 
2s 
26 
17 
?S 
29 
30 
3L 
32 
33 
34 
35 
36 
37 

- 
LOX 
1036 
- 

to53 
to70 
Las8 
tt05 
I MI 
tt29 
ti4i 
LLS6 
LI6S 
IlS2 
I193 
1213 
I2ia 
IZ-lS 

abiIity of a simple mathematical reiationship betwen retention and moIecuIar struc- 
ture. 

S+alists concerned with the Znvestigadon ofvoIatiIes know that it is ~-irtuaUy 
impossible to compare the data in the literature on the separation of odour com- 
ponents and their identifktion, as the GC parameters in most instances are IIOL 
re.ported. 

After extensive testing, we recommended the Kov5t.s retention index system for 
identifkation purpose~~~~~_ These indices are directly proportionai to the free enera 
of dissolution (or adsorption_ in gas-adsorption chromatography}, and therefore rep- 
resent an additive function of the number of functional groups and structural frag- 
ments of a moIecuIe_ For this reason, the Kov2.s retention indices seem to be the most 
convenient identification parameter. 

A comparison of the GC separation of sutphur-containing subsmces from 
three samples ofboikd meat d’Eering in the time of sampling (1973-76) and prepared 
in EWO laboratork& demonstrate that the retention indices provide individti 
characteristics of a bioIogkaI specimcu cyen without identi&+ion of all the com- 
ponents (TabIe 4)_ The use OF KovSts retention indices a.lIows one to trace the fate OC 
each peak and i&s interpretation and to compare the results Gth Iiteratute data. 

The next important stage is rhe choir of the most sekctive columns For sep- 
arating a mixture of compcunds with a simiIar functional group. In doing this we aim 
to exploit to the maximum extent the difEerences in intermokcular interactions be- 



tenpcratwe prograzxning 10% Apifzon M 
(rsT/&) 10% PEG-1000 

Moo-boayl 

compotiin 
Ihe form of 
2.4DhiH 

22FC; SE-30 
CzplEiary column 

Sulphur compoun& 10% Adaon LM 
10 % TiiCOQ x-305 
lo:/, Szilmx ov-17 
10% PEG4000 iz 

Chrornosorb W 

Methyl esCss of 
fatty acids 

tween the compcmnds studied and the selective stationary phase, including the donor- 
-xceptor interactions. For the determination of cdumn selectivity we proposed a 

simple nehxl baa! on cakulatiag the difference in the excess free energies of 
reixing, &AGE), betmen cmnpouds with sin&w boiiing points and beionghg to 
different homologous series. The atculation is base3 oa Kov&s rerention indices and 
has heen des!ribed in detail for the selection ofculcmms for sulphur-containing com- 
pounds and monocarbonyls”-‘g. 

It &o&d be noted that choosing cdumns according to diEkrences in excess free 
eneqies of mixing allows one to se&t noE only the most selective statiomry phase 
but also the optimal tmqer2mre for anzlysis. 

l&xxi on 6(dGE) vahs for the classes of orgznk compounds of interest, we 
have sekcred optimmn conditjons for analysis on three or four cohmns which reduce 
to 2 IECIUII t&e number of possibk nistaks due to pe& overhp$ng. Table 5 lists 
coimm systems proposed for tie analysis of tines, carbonyl- and sulphtur-ccntin- 
ing compounds and methyl esters of fatty acids. 

Qver 2.50 equations of the general form shown below, &scribing Gc behaviour 



AIUUTI& PROBEhiS IN FLAVOUR RESEARCH 257 _ 

for each series as a function of number of carbon atoms and boiling- temperature, 
. have been_ proposed for standardles~ identification: 

IFrffBtl I = A + Bn i Cfri 
~lxil. =lTi-61 T boil. = ‘i f B/(1 i- ;‘) - 

where I = Kovrits ret&on index, n = number ofcarbon atoms in the radical R and 
A, S, C, a, 6, y, /I = coe5cients. The equaiioas were constructed 011 *e-basis of GC 
data for 800 compounds iu 60 homoIogous series: : 

Anril2e.r: n-R-NH,; k-R-hW1; (n-Rj2NH; C&NH-n-R; C,H,NK-n-R: 
&H&H-n-R; (JZ-R},N; (CH,},N-n-R; ,%o-C,H,NH-n-R; tert.-C.&NH-II-R; sec.- 
C4H9NH-n-R; isa-C&&NH-n-R; iso-C5KLL -NH-n-R; C6K,,NH-n-R; (C,K,),N-n- 
R; (C&),N-n-R; 

SKI$W compounds: rz-R-SK; iso-R-SK; KS-(CH&-SK; (n-R),S; n-R-S-&-R; 
CH=CH-S-ra-R; CHI =CH-CH+rr-R; CH=CH-CH2-S-R; KS-(CKz),+z-R; (it- 
R)L%_; n-R-S-CH,-S-n-R: n-R-S-n-R’; ~.Yo-C,H+~-K-R; i~o-CzEi&-n-R; sec.- 
C&-&n- R; _C,H&-‘L-R; iso-C$I,,-S,-n-R; rerr.-C&I,,-S,-rt-R; CH2 =CH- 
CK,-&-n-R; CH,-CO-S-n-R; C,H,-CO-S-z-R; C,K,-CO-S-n-R. CK,-S-CK@-R)- 
S-CH,; CK,S-CH(n-R)-S-C&E,; C-&-S-CH(n-R)-S-C&; 

0 Hi? 

Carbony~ com~p~~n&: n-R-C< ; R-CK =CH-COK; rr-R-CK =CK-CK,CK 

=CH-COH; CH3-CO-rr-R; (K-R&; (&IJ-R)~CO. 
By the term “standardkss identification” we mean a method that consists of a 

cuIumn system specially designed for a mixture of compounds with a similar E&c- 
tionai group, sekcted to ensure optimum separation, and aliowing a mathematical 
refationship to be established between the GC behaviour of a compound and its 
physico-chemical properties. The idr=ntication may be ~rformeci on a computer by a 
special piogm develop& on the basis of chromatographic datas-16. 

The relationstip 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 fractionaI-Iinear form is more con- 
venient for computer analysis. Table 6 shows simiku squations for sulphurcontain- 
kg compoundr 

An additional test of correct identifkation in a.iI instances may be coincidence 
of boiIing points cakuiaxd from experimental retention irdices obtained on dl cd- 
umns. 

Fable 7 presmts equations for caIcuIating boiling points on columns of Ap- 
i&on L, Triton X-305 and PEG for primary, secondary and tertiary amines. There s 
good corrcspundence between the cakuiatcd and experimental vakes. Ln some in- 



QV-17 A 
B 
C- 
o 

- _ 

Triton x-x< A 
B - 
d 
t 

409.4 831.0 498.9 9527 604.0 638-l 
100.7 - 96-S Icl0.S 99-6 99.9 98.9 

-24 - -137 Ii 54 5s 66 
03 0s I.3 0.6 0.1 02 

5Qo.9 
lOLI3 

-17 
a4 

i 12!.1 
93-i 

-139 
0.5 

PEG-l&JO A 564.3 1256-g 633.8 1065.4 717.8 7373 
B loo.9 90.5 101.s 99.8 99.1 9S.S 
c -27 -IS0 39 S6 02 10” 
Q 0.6 0.6 0-g 1:: 1.5 0.5 

ss9.5 
!00.7 

20 
0.8 

‘5623 
.. 99.6 

_a 
. -0.3 -_ 

6’39.6 - 
973 
83 

0.6 

stances these equations helped us TV reveal some mistakes in the reported bo%ng 
points ofamines and carkonyi- and sts.r@mrconmg compomds. 

The observed regularhits Form the basis for constructing a computer program 
aimed at tke identicztion of volaties in complex mixtwes. Table 8 presents, as an 
fzxanzp!e, data introduced into a computer when ana&sing an amine mixture4L6. The 
output &om the cmqmter consists of a list of kImtiE& substances, tentatively identi- 
Lied substances noting t&c nature of the functional group and boihg point, and a 
separate iist of KovBts retention icdices for unidentified compounds. TabIe 9 sum- 
narizes the results of compnter-aided identication of amines in six foo&tuEs, tkat 
we swdied during tke last 3 years. E&ults For previous years have been reviewed 
earlie?. _ 

-An interesting problem was encountered in studying tb& unpwt odour that 
arks during the storage of case& and copnxipitate (milk protein precipitated by 
C&l-J. We have fomd that amines, kut not carbony compounds as mentioned in 
the Meramre, are reqomible for tkis odour. A cmrefation has been estabLished 
between -the acc~mmkttion of ties in c&in and coprecipitate odour and tke 
detel$oration of their nutritional value: 84 % and 57 % for ca.seh and coptipitate, 
xqectively, after storage for 1 year (ref. 30 and Table 10). 

Table II psm& our resuits on the identification of sulpkrrrcontaining mm- 
pounds in vck& co&ponents of boiled bezf and IrL ~MaijIard reaction product?‘. 
Tke analytical scheme in ‘botk instan~~was identical (Fig I).. 

The l ~hniques of standardless GC identification of odour components de- 



primrqv 
ROPY[ 

t?Ut)I 

Amyi 

Hexyl 

Heptyi 

octy1 

.%?c0n&r_r 
DimethSI 

DierhyI 

Dipropyf 

Dihutg 

Diamyi 

54.5 57.1 

79.8 515 

iO4.S 105.9 

IX-8 iM.3 

154.5 154.7 

179.t 179.1 

Y-6 

79.9 

105.3 

129.9 

154.6 

179.2 

5x5 49-f0 

is.6 

104.6 

129.9 

1x6 

IX.4 

xi-79 

10s 

129430 

I55 

179.6 

7.4 6.7 6.5 7.4 7.0 

53.3 53.6 il.9 528 55.5 

III.0 I i&I Lo9.7 107.7 110.5 

161.3 161.4 .16r8 163.T I59.G 

zo3.a 2oto 2cQ_Q 199.7 ‘02-5 

TABLE 8 

DATA LNTRODL’CED LXKI COMPUTER 

Amine groups (4) Co!umns E+uiior; Tbkrubk error 
iii coefficcleti- irr comilarisons 



+- 
C’ 
i 
f 
c 
t* 
f 

- 
- 
+* 
i 
i 
c 
i 
- 
- 
- 

L 

- 

i 

- 

L 
.* 

- 

+ 

+ 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

f 

-I- 
- 

- 

A 

i 
- 
- 
i 
+* 
f 
- 

- 

i* 
i- 
i- 
i 

i 
- 
- 
- 

- 
- 
- 

f 
i- 

- 
- 

-- 

- 

- 
- 
- 
- 
- 

t 
i- 

T: -- T 
t 
i 
+ 
- 
f 
f 
i 
i 
- 
i 
t 
L 

L 

f 

i 

- 

- 

- 

- 

+ 

c 
•i- 

2 

+ 

- 

L 

- 

- 

- 

+ 

- 

- 

i 

i 

i- 

c 
7 

+ 

- 

i- 

i 

f 

L 

i 

c 
f 
f 

c 
+ 
- 

- 
- 

- 

- 

f 
i- 
c 
- 
A 

- 

- 

i 

- 

- 

- 

L 

i 

f 

;t 
i-t 
f 
t 
c 
f 
+ 
-Lf 
- 
- 

I 
f 
l r-• 

+ 
+ 
- 
t 

- 
- 
- 
- 

i 
-+ 
+ 
- 
- 
- 

- 
- 

z 

- 

- 

- 

- 

i- 
A 

c 
-5 
_~ 

- 

t 
- 

t 
- 

4-t 
+ 
i 
7 

t 

-- 

c 

- 

- 
- 
- 
A 

i- 

+ 

i 

- 

c 

- 

f 
i- 
i- 
f 
i 

t 
c 
T 

7 

f+ 

f 

f 

_y ~. 
i - 

- 
f -.- 
- 
+ -_ 
- 
- 
i 
- 
i- 
c 
- 
- 
- 

f 
i 
f 

T 
f 
L 

i 

+ 

A 

f 

+ 

- 

- 

- 

i 

i 

- 

f 

- 

+ 

- 

f- 

+ _ -_ 



N-Mettqipiperrdine 
N-Eth~!~t 
N-n-Propylpiperedine 
Pyra-olidint 
@FkOilnC 
BP&line 
p-PzcoIinr 
Z/l-Dimcthylpyridint 
2,5-Dime*yipyridke 
&5-Dimcthypyridinc 
J-Ethylpltidine 
2&Lutid&e 
Z+Lntidine 
2.3-Llltidillt 

f 
- 
- 
t 
i 
f 
t 
t 
- 
t 
f 
- 

l * 
c 
i 
- 
i- 
-I- 

i 

+* 
i- 
- 
- 
f 
+ 
f 
- 
f 
t 
f 
- 

- 

ff 
i* 
t* 
- 

- 

- 

- 
- 

- 
+ 
- 
L 

i 

ff 

t* 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 
- 

f 
+ 
f 
t 
- 
2 

- 

f 

c 
f 
+ 

- 
- 

- 

- 

- 

- 
- 

- 
-_ 
- 
i 
i 
i 
f 
- 
- 
- 
f 
f 
f 
i 

- 
- 
- 
- 

- 

- 
- 

- 
- 
- 
i- 
- - 

- 
- - 

- - 

Py-a- z5-Dime&ylpyrazine 
tines 2$-Dimethyipyrazine 

2-Methoxypyrzzine 
z-Methoxy-hth)I- 
pyrazine 
&35TriniethyI- 

pyradne 
~3.5.6-mrmethyi 

p_y==i= 
i-Methklpiperadne 
ZJ-Dimethytpyrzine 

- 
- 
- 

i 

t 

- 

f 

+ f 

f 
- 

t 
L - 

T-ABLE IO 

CHANGES :N THE RELATIVE NE_JTRIl-IOX4L VALUE {TEST ORGANISM TEZ-R_-fffY_~fEiV.4 

PYRZFUKVHS) XXX3 THE C0XtX~N-I. OF SOSfE VOLATlLES LX MILK-PROTEIN CONCEK- 
TUTES TJURUNG STOR<GE’U 

Proakt Property 

0 6 II 

- casein Nutrilionaf \zfue (Y’J IO0 66 I34 
Coprecipitare 103 76 57 

-ciw?rir 
Pyridinc Content of volatile 3.6 5.5 9.9 
2,3.5-Trimethylpyrzine iimines (reI. T3 4-4 114 1-s’ 
~3,5.~-retL-amcthyipyrazke 8-9 is.4 4%: 
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.- &(-&&‘,&&ti.ni. 

L -cysteine, gkaminic 
&id_ riIysiqe_ 

xylose andmwat& 
2 b, 130°C (oil-bath) 

i 
Reactipn mixture + 
2.4DNPH f E&PO4 ~ 
fixation of _carbonyk 
and amines, pK = 2.0 

with _4pkzonM.Ov-17,Triton x-305 
PEG-1000 at 130°C and Porapak R 

for low-boSing compounds at 2QO* C 

Fig_ I. Scheme of andyxis of S-containing compounds in volatiIe compounds of boiled meat -ad Maii- 
lard’s reaction. 

veloped on t&basis ofKov5t.s retention indices were applied to a number of scienfik 
problems. Over 70 organic bases including secondary aliphatic amines and heterocy- 
clic compounds were discovered in various food productsgJL”S. These studies have 
also rqvealed the presence in food products of secondary and tertiary amin= which 
are possibIe precursors of carcinogenic N-nitrosarn.i&~~~*~‘. 
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