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BUILDING OF'DATABASE FOR THE FAST SCREENING OF FLAVOURS AND
FRAGRANCES BY LSflVIS TECHNIQUE

Ristid S' Mihailor, Vukovi6 Lj. Gorica2, Arsid A. Ivanar, Kovaievid L. Divnar, Dordevii M. Sofijar
rlnstitute 

for Medicinal Plant Research "Dr Josif Pandii", T. Kosiuska l, Belgrade, 2lnstitute 
of public Health,Despota Stefana 54a, I I 000 Belgrade, 3Faculty 

of Agricu lture, N;;;rjJr, 6, I I 000 Belgrade-Zemun, Serbia and
Montenegro

Summary

The usage of LS/MS technique for the .fast screening 9f commercial flavours and fragrances was tested. For thispurpose' 19 samples of flavours andfragrancrt iTdi6"rnrt origin *rre onolyrecl by LS/MS. Acquired massspectra were processed and stored in MS library, whose usabiliiy for dffirentiation of samples was tusred bycommon search engines' Further, MS data from created library iere tiinsformed, imporreT, ind smisticallyprocessed to get better insight into dffirentiation power of LS/lis technique applied to selected samples.

Keywords: LS/MS technique, flavours, fragrances, H(.A.

Introduction

In our first contribution in this field, the concept of development of a new analytical techniquefor characterisation of essential oils has been described. Tie concept of liquid sampling massspectrometry (LS/MS), developed in the first instance for the charaiterisation of essential oils,consisted of following main items: selection of hardware components for LS/M5 analytical
system (a), selection and LS/MS working conditions (b), selection of software for essential oilmass spectra processing (c), testing and optimisation of items a to c (d), acquisition ofessential oil mass spectra and preparation of appropriate MS libraries (e). At tirat time LS/MStechnique was tested on--a wide range of 

"s"ntiui oil samples and promising results openedwide range of possibilities in tlie application or lsrnas tec'hnique ; the field ofcharacterisation of these products I I ].
In the next phase, our efforts were focussed to comparison of similarity of LS/Ms spectra ofpure samples, to those which could be obtained from the analysis of diluted samples andloralready acquired appropriate standard GC/MS data files, as well as enlargement of initiallyprepared spectral libraries for available essential oil samples. It was conchfued that similaritybetween the native, composite and extracted LS/MS ,p..t.u were enormous, which couldelevate expansion of newly created spectral Iibraries wiih already acquired data by commonGC/MS [2,3].
Furthermore, LS/l\4S technique was tested
several Thymus species [4], as well as for
selected essential oils [5].

for the fast chemical screening of essential oils of
fast quantification of certain major constituents in

Although compositions of flavours and fragrances are used for quite different purposes, thereare few details where these could be compaied from the point 
"iri.* "r"r"lvrl. i."ring withtheir characterisation. The most important one is that boih mentioned group lf product are inessence formulations, containing often very complex mixtures of sevlral ing."di"nts. In thecase of flavours, for example, natural, nature-identical, or synthetic u.tlu" (and other)ingredients could be used in formulation of finished product, where named origin can bedetrimental for its price and acceptabirity on the market i6,7].The aim of the present work waJto check usability orr--slMs technique for the fast screeningof compositions of different flavours and fragrances used in pharmaceutical, cosmetic andfood industry.
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Material and methods

Samples selection
Among 2r sampres suppried_by company p.g, (Germany),_l^e^ wgre beronging to the groupof fragrance composititns 1o-+s 9710 ivita-jogrny, a_+s 9729 Qogurt), d_460650 (bambibabv), d-4606s2.(babes), o_+ooos r 11o1a;. J_+;o;il iu;ty urrr,,i;;;_;6ir6s4 (baby care),d-4142s9 (od itarie), d_4606s61han) a .r.u.;, a_+ooiii o";; ,",r), Urr.,, (ogurr& vanila)' d_4s9.732 lcerearv jogurt). i-ii;B' d"gi-urr, *rl. i_/ti+sz (naturela),d-414493 (gino), d-4t44941fott splav)i,a_qaonsr."i".-"i""r, o_*?oi* i*0",0, d 460782(voodoo lounge), and remaining z io tin. giorp 

"rd""r.. [d_0030.139 (strawberry flavour),and d-0035'061 (mint flavou-r;1. r'urttrer 6^aromu .omporitions, supplied by companyFirmenich (Germany) a^nd designated as dentifrice ,..i"r_rro. dentistry), were f_52.723,f-52'722T, f-52.72rr, f-52.72ir, i_sz.ll9T, and r_s,z.izlr.Next r0 mainry fiuir aromacompositions (orange. mandarin, walnut, "rr*0, ,-r."u-*u"..y, caramel, chocolate, vanilla,lemon and coconut), were p.odu"ts of Lachema r;";ti.; co. (Belgrade). Milk aroma wasproduced by Quest (The,Neiherlands),lemon, ,,ru*u...v,-J,.,d .urpb.rry flavours fiom Eterika(serbia and Montenegro), and ratest j'r.rit rr;;;.r;;;riiion, [wird straw berry (02-601 piA,011897)' bilberry (,1s3501279), raspberry (186040031), black currant (ot3oot22)and redcurrant (1864900o)l from other supplieri. ihree additionJ perfume compositions [s_r 024g0(musk S), s-r0g046 (carat), and s_ ioso:z (birch)l *... oioired by Symrise co. (uK).Approximaterv a tr1tr.9r serecred-sampt., i+l; *;;;;;"ce compositions (24), and otherhalf - flavour compositions (25). 
-r

LS/&IS analytical system and working conditions
Apparatus has been built on the platftrm of Hp G-lg00c GCD analytical system, whosemainframe' split-splitless injector equipped with automatic liquid sampler (ALS), detector anddata station were used without uny rod-ifi.ation as,rr. ur.r.t"re of the new system. Standardcapillary GC column has been ieplaced with fused siLica capillary (i.d.=ltio p,.,, l:5 m),which was used as the transfer line between injector ano vs detector. Injector, transfer line(oven) and detector were heated at 250 'c, i60 'c aid-zao oc, respectively. To enablenormalALS operation-duration of analytical runs was.*i.na.a to 3 minlte"-pri. sampres ofselected flavour and fragran...orporitions (200 rrl *...-ir.rected in rpiir r"o. (r:60) byALS equipped with-nanoliter adapt., in : ..p.titionr.'cu;;, gas was helium. Electron impact(EI) mass spectra of sampres were acquired in the 

^t, ,ung'+0-400.

selection of software for processing of essentiar oir mass spectraFor processing of the acquirel ry.i lo::11u, two types of software were used. probabilitymerge search (PBM)' revision B0'01, urd Ntsr vrs slu..r,2.0, as well as additional softwarefor conversion of data between two'm.ntion.o data ro.,nut.. Further analysis of normalisedmass spectral data was achieved by hierarchical .rurt"r unuryri, lHca;, where SpSS software(ver. 10.0.1) was efficiently used.

Results and discussion

The average retention time of peak appearing in virtual "columnless chromatograms,,obtainedby LS/MS analysis was very short 
'(aboui 

30 ,."onds;. However, peaks mainry were ofirregular shape, asymmetric, and far u*uy of thos" 
"rp""ted theoretically. The example ofsuch a chromatogram is shown in Figure l.
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Response of detector. is obviously too high, although capillary with higher restriction wasused' as wall as injection volume of only 200"n1. tn spite of this, the structure ofcorresponding mass spectrum appeared acceptable (Figure 2).
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Fig' 2' MS of the peak presented in Figure I [Dentifr ice 52.723flavour (Firmenich)]

From data files obtained by multiple injections of all sampres, the library of composition offlavour and fragrance,mass spectra(flrg9:.,1, consisting of 49 records has been created.Evaluation of possibilities of it, use for diffeientiation oI nuuou. and fragrance compositions,according their mass spectra was conducted using two search engines. pBM search wasapplied directly' giving excellent differentiation beti,een ex.amined samples in the majority ofcases' It should be noticed that it was expected from the search engine to recognise analysedsample in the Iibrary, and to put that sample as the first on ihe list of possible hits. one suchresult is given in Figure 3, where hit list obtained f.om 
"."ated 

dataLase fo, e*ampte massspectrum (Figure 2) is presented.
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dentifrice ffi,*iniJt'. fiffi
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ffi$ffi;*l
:::(ll :.rilll

ff#'#$=1 #lfl;#r$f#s$$$
list for MS of the peak given in Figure I [Dentifric e 52.723 flavour (Firmenich)]

It could be seen that PBM search result for all three records from the MS library, whichappears in the appropriate window presented in Figure 3, point at the better match quality (94)for the first record' The first suggesied result is the-right one, other two results are numericallyfar from that, indicating clear differentiation betweerithese spect.a.
Knowing that PBM search algorithm uses selected number of peaks from mass spectrum oflibrary record' with the biggest value of specificity, and compares them with spectra ofunknown' we have decided to evaluate Nisr r.u."h engine, in order to achieve betterdifferentiation between mass spectra. Subsequently, library Jrrn. mass spectra of flavour andfragrance compositions was translated from HP to Ntsr 

-format, 
necessary for putting NISTMS Search 2'0 software into operation. From the difference of pBM search algorithm, NISTsearch algorithm takes into account and operates with all peaks from thenrurrr[.o.um of thesample.

rn f3 case of comparison-of mass spectra of different commercial composition of flavoursand fragrances, NIST search engine gave better results than the pBM one.At the end, hierarchical cluster analysis (HCA) was implemented on mass spectra from thelibrary fL2005' It showed grouping of clusters, which upp.ou., usage of total mass spectra ofcomposition of flavours and fragrances for their characterisation und diff"..ntiation (Figure4).
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Ou"O:oi.:^o"sing Ward Method (Rescaled Distance Cluster Combine)J5101520?5
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Fig. 4. HCA of totar mass spectra from the ribrary fL2005 (49 records)

It should be noticed that sample, whose basic characterisation has been given as an examplein Fig' I -3 [Dentifrice.52.72i flavour (Firmenich) :e 
-iiiii, at the end of cluster presentedin Fig' 4' belongs to the sub-cluster 

"ontuining 
six similar flauorr compositions of the sameorigin' Although distinction, which could be eitimated from mentioned sub-cluster (visually)seemed foggy, results obtained by LS/MS were perfeci una qrit" clean prove of certaindifferences, approving huge differentiation potentiaf of LS/MS technique.

Conclusions

Clear differentiation of samples
flavours used in dentistry, ind
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belonging to different
fragrances), as well as

groups of products (fruit flavours,
those within the same group was
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achieved by the use of LS/MS technique. However, screening of different compositions of
flavours and fragrances_ such the way, requires work with targe- VS-tibraries, covering wholespectrum of these products. Moreover, data obtained by LS/MS should be correlated withthose obtained by GC/FID, GCiMS, and o_thers, actually required. Subsequently, our further
gfforts in the application of LS/MS in the field of flavours und f.ug.unces will be focussed inthis direction.
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