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ABSTBACT

Chuao Geok Koon, SI.Sc.

The Unlverslty of t{anltoba,
October, L966

A $tudy of the trIavor Components of Onions

MaJor professor: Luclen J" LaCrolx

Canned samples of twenty varleüj.es of onlon (¡lltuur
cepa) were studled. wlth an electron capture gas chromaüo-
graph. varlous ohromatograue ürere obtalned from both the
petroleum ether e:rtract anil headspâce sampres of these
varletles, A strlklng varletal dlfference ln the fLavor
components waE demonstrated ln the chroúatogram patterns.

About twelve conponents were readlly d.etected and

separaüed. ln each chromatogran of petroleum ether extract
of each onlon varlety" Of these, two Eeegt to be lmport_
ant ln d.etermlnlng flavor. Flve corilponents were detected.

ln the head,space sanoples of ühe ca¡ned onlons, only one

of the componerlts was assumed to be of some lmportance ln
relati.on to pungency ratlng. Further f.nvestlgatlons on

these components wourd be of praetioar lnterest.
A statlsti.carly st_gnlficant correlaü1on coefficLent

(r = 0"lþ6) was found between the pyruvate test of fresh
onlon samples and the organoleptlc evaluatlon of the
pungency of canned onl0n samples of these twenty varlet-
Les "
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The comblned. helghts of peaks ll and f from ühe

hexane extract of canned onlons were posltJ.vely corrs-
lated (r = 0.66) wlttr pungency as determlned by the

organoleptlc test.
The suocessful appll-catl_on of a gas chronna.tographlc

method ln the analysls of the fLavor conponents of onlon

varletles 1s fully descrlbed. !ùlth further research the

practlcal use of gas chromatographlc nethods for routJ.ne

evaluatlon of onlon pungency on a connerclal basls ls
envisaged 

"
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TNTBODUCTION

The study of onlon flavor ls of both practlcal ancl

acade¡nlc lnportance. chernlsts are lnteresbed. ln lsolatlng,
ldentlfylng and characùerlz1ng the flavor components of
onlonn By means of preparatlve methods chenlsts mlght be

able to syntheslze Èhe deslrable flavors for commerclal

uses. Food technologlsts are lrr need of a rellable and

obJecflve nethod for the measurenent of onlon flavors ln
ord.er to select hlghly flavored raw onlons and malntaLn

a stand,ard. leve1 of quallty" plant breeders are concernecl

wlth the developnent of elther nl1d or pungenü varletles
to neet the clenands of the food lnd.ustry. Wi.th the
d.evelopment of sul_table method^s of pungency ratlng, a

serles of sta¡d.ard grades eourd be establ-ished for the
con¡nerclal trade.

Durlng the last thlrty years, numerous methods for
measurlng onf.on flavor have been descrlbed. ln the rltora-
ture" The determlnatlon of total volatl1e reduclng sub-

stances and ühe aeasureneat of total surfur have been

utll-Lzed. to evaluate the pungenoy of onlons. Howeveru

these methods are not wldely accepted as a means of
standard.lzlng the quallty of raw onlons or as a tool for
routlne evaluatlon of onlon flavor" The two naln drawbacks

of these method.s are that they do not always agree well
wlth the taste panel evaluatlon a¡¡cL the procedures lnvolved
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are lengthy and therefore not suLtabre for routlne
analysts. rn recent years, $chwrnner and Heston (1961)

suggesfed a method for estlnoatlng the enzymatlc d.evelop-

ment of pyruvlc aold ln onlon as a measure of lts pun-
gencyn A hlghly slgnlfloant correra.ülon was found beü-
ween Èhe a¡nount of the enzymatlcalty produced pyruvlc
acld ln the Juloe of conmJ.nuted. onlons a¡¡d orfactory
threshold ooncentraülon of ühe Juloe (schwlmuer and Guaclagnlu

1962, " Gas chro¡natography has been useð suooessfurry ln
separatlon, lsolatton and. ldentlflcatlon of onlon flavor
oomponents (Carson and. Wong, 1961a). The developnent of
the technlque of electron capture gas chronatography may

enable the food. technoroglst to acourately evaruate the

lntenslty of onlon flavor on ühe basls of quanÈltatlve
and quarltatlve results obtalned by thls procedure"

Prellmlnary results (LaCrolx et a1" 1966) showed. a

strli<lng varLetal dLfference of the flavor eomponents of
onlons uslng electron capture gas chromatography. The

lnvestlgatlon hereln descrlbed and dlscussed. was an

extenslon of thls gas ehronatographlo technlque ln the
evaluatlon of flavor of oommerclal prooessed onlons"

Also, an attempt was made to lsolate the lndtviÕua}
components aad to establlsh thelr orfactory responsesn so

th.at the ciraraoterlsü1c chromatogram of each varlety mlght

be related to pungency aE evaluateö by organoleptlc tests.



BEVïEI¡J OF LITERATTJRE

It Ls a well looown fact that ol1s of .{.111um,

preparecl by süean ô1stllIatlon of ground tlssues, have

an lnherent, oharacüerlstlc, pungent od.or (Jones and Har:nn

l-963). Besults fno¡n recent lnvestlgatlons on the lso-
latlono ldentlfloatlon a¡rd characterlsatlon of the fravor
oomponents revealed. that organlc sulfur compounds are the

najor oomponents responslbre for thls property (carson and

Iaiong, 1961a; Jones and. l{ann, l-963; Bernhard et al. L96t+i

Saghlr et al. Lg64; Jacobsoa et aL, Lg6&\ .

fn the nlneteenth century Sennler (L9gZ) postulated

the presence of allyl n-propyr d.lsulfld.e ln garltc olr.
I'fany years later Challenger and. Greenwood. (Lgtlg) isolated
n-propyl ühlolfron onlon volatLles by absorptloa wlth
mercurlc cyanld,e" Nlegi.sch and. Stabl (]-956) then ldentl-
fled n-propyl thlo} and. n-propyl dleulftde from the raw

onj-on volatlles. There was no lnd.lcatlon of the presence

of allyl n-propyl dLsulflde ln theln süudy" Becently

Carson and Wong (1961a) tdentlfled. several sulfur con-

pounds ln the onlon volatlles a¡rd extraoüs, through the

use of gas ohromatography, lnfrared spectrophotometry

and. chemLoar derlvati.ve method"E, lhey ld.entlfled n-propyl
thlol, dlnethyl d.lsulftd.e, rnethyl n-propyl trlsulfldeu
dlnethyr trlsulflde, nethyl n-propyl dtsulfläeu d"l-n-propyl

d.lsulfld.e and. dL-n-propyr trlsulflde. NeLther nonosulfldes

nor allyl n-propyr ölsulflde were detected 1n thelr stud.y.
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More reoentl"y, Bernhard et gf,'.(1964) reported the presence

of dlallyr monosurflôe and. arryl arcohol ln Alllum vola-
tlles. oaks ,eü ar. (l-96l+) anarysed the sulfur compound.s

fron garllc head.space and hexane extracü wlth electron
capture/flane lonlzatlon dual chan¡rel gas chronatography

and cletected the presenoe of methyl nercaptan and the

nono, dl and trisulfld.es of d.lmethyl, methyl a1ly1 and.

dlalIyl, I{ethy1 ¡1-propyl cllsulflde was founÖ Ln trace

amounts" No ethyl sulflde was reported ln elther onlon

or garllc ln thetr paper, From thelr stud.Lee, they

suggested ühat meühy1 and a-propyl çulfldes are the prlncl*
paL oonstltuenüs ln onlon v¡hereas ally1 anct nethyr sulfld.es

are the maln constltuents ln garllc" ¿l slnllar concluslon

was also reported by Saghlr e.!. 91. (L964) tn the study of
the dlstrlbutlon of nono and, d.lsuIfliles ln the common å,lllr¡m
food, specles, They lnôlcated that garIlc volatlles contaln

Iargely allyl rad,l-cals and. only snall anounts of nethyl

and u-propyl radlcals, ûnlon, on the other hand, apparently

contalns malnly methyl and n-propyl radl.cals and only snall
anounts of al1yl radloals"

fn the last few years, a nechanlsn whlch lead.s to

the llberatlon of the charaoterlstlc od,or fron the oomml*

nuted onlon Èlssues has been establlshed. Evld.ence has

been acoumulated to suggesü that ühe characüerlstlc od.or
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of onlons arlses as a resurt of the lnteracülon of s-substl-
futed L-aystelne sulfoxlde derlvatlves and the phospho-

pyrld.oxal enzyne allllnase or L-cÍstelne sulfoxlde lyase
when the onlon tlssues are ln.Jured or d,lslntegrated
(Carson and, Wong, I96lb; Vlrüanen a¡rd Spare, 196l; l962;
Kupleckl a¡od vLrtanen, Lg6o; sshwlmner et al" l-960; lg6Ll
Sohwlmmer and Mazells, Lg63) 

"

The flrst derlvaülve of s-substltuted L-eystelne
sulfoxlde was lsorated from garrlc and. ldentlfleö as s-
aIlyl L-cystelne sulfoxld.e whrch Ls also cal,led al11tn.
When a1111n ls treated v¿lth a preparatlon of garllc oon-

talnlag the enzyre arrlinase Lt glves rl-se to arrlcLn
(c11a11y1 thJ-osul-fJ.nate), pyruvate and anmonla aocordlng to
the followLng equatlon (Cavalllto et aI. lp4&a, U; J-gt+j;

Stoll and. Seebeck, 1951):
0
ê

?CHr=ç11-CHZ-S-CHZ-CH-COOH + HrO atllluase_ CHr=C¡1-g*,
0I

-S-S-CHZ-CH-CH'+2CH3COCOOH + Z NH3

Al11clno unllke ühe od,orless arllrn, has the typlcal od.or

of fresh garlleu f,t is, however, unstable and volatlre,
afüer heatlng, lt glves rlse to the sulfldes (carson and

Wong, 1961a).

Followlng the dlscovery of alll1n and alllcln 1n

garl lc, S-nethf,I L*cyetelne sulfoxld,e (ÞICSO), S-n-propyl
L-cystei.ne sulfoxlde (pcso) (vlrùanen and i{atlkkal arLglgal
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and cycloalllln (3-nethyl 1r4 thlazane 5-oarboxyllo ac1ð

l-oxld.e)(Vtrtanen and Matlkkala, 1959b) have been lso-
lated. fro¡n onlono The phosphopyrldoxal enzyme allllnase
(Schwlnmer et aI. f960) and L-cystelne sulfoxlde lyase

(Schwlmrner et aI, 1961) have been found ln onlon" These

enzynes have been charaoterlzed by Sohvrlrttmer anä Slazells

( 1963 ) a¡rd. schwtrnmer ( 1963 ) ,

Nunerous nethods for measurlng the pungency of
garllc and. onlons have been establlshed. clurlng the pasü

ühi.rty years. Platenlus (L935) and. Kohnan (Lg5Z) deter-

¡olned the onlon pungenoy by measurlng the vo1atlle sulfur
evolved by stean d.lstlllatlon, Although a hlghly slgnlfl-
cant oorrelatlon was found between the dry welghb and

onlon pungency by thls üeohnlque, lts naln drawback

was that lt d,ld, not offer a rapld. and, Êensltlve method.

for routlne work (H11kensr1964)" Lang et al, (194t+)

and. Faber (L949;1957) evaluated. the pungenoy of onlon

anil garllc o11 on the basls of total reduclng substa,nces.

Howeveru thls ¡nebhod. clld, not always agree too well wLÈh

the subJecttve response of a taste panel (Wtlkens el.96l+).

turrler (1945) d.eveloped, a photomeùrlc method for the

eetLnatlon of volaülle sulfur ln onlon as a üeasure of

f.ts pungencyø

fn recent years, Schwlmner and l.leston (1961) pub-

llshed a paper In whloh they suggesteð a raplil neühod fon
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estlnatlag the enzymatlc d.evelopnent of pyruvlc aclil ln
onlon as a rreasure of lts pungencyo A hlghly slgtrlflcanü

correlatlon beËweea the amounts of enzymatlcally produoed.

pyruvlc aclil ln the Julce of the commluuüed, onlon .and the

olfaotory threshold conoenüratlon of the Julce was found^

(Schwlnner and. Guaclagnl, ¡.962\. $ohwl¡nner ancl Weston

(1961) also useil thls pyruvate method to grade the onlon

pungency of d.lffereut varletles. They found that weak onlons

gave 2 to 4 ¡r moles; noöerate onlons B to 10 ¡r moles and.

strong onlons 15 üo ?O F noles of pyruvate per g of onlon,

itlore recentJ.y the pyruvate rnetbod has beea exüended to

evaluate ühe pulng'ency of connerclally dehyilrated onlon

powcler (Sohvslnmer -gÞ. al.1964),

$ohwl¡nner and i{eston (196}) suggested other method"s

based. on propertles of ùhe sulfur volatlles, such as thelr
antlblotlo actlvlty (Vlrtanen and Matlkkala 1959b); thelr
reaotlon wlüh N-ethyl malelnld.e (Carsou and. i,Iong, I959ai

Schwi¡oner et al, 1960) and thelr reactlon wlth thtanlne to

forn ultravloleÈ llght absorblng analogs of alllthlamlne
(Morgan , L9tr6J 

"

Organoleptlo tests have been used. ln subJectlve

evaluatlons of food flavors (l,tttte , L957) " One of these

nethocls has been enployed to evaluate onlon pungenoy anö

lt ls werr correraüecl wlth the pyruvate nethoð (schwl¡¡ner

and. Guadagal,196?) " Ia addltlonu thls method has also been
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used. Ln assoclatlon wlth gao chrornatography to esüabltsh

the oÖor thresholds of sone ongarrLc conpound.s ln food

flavors (Guadagnl et aL.I963l" It has been suggested. that

the smel1 sensatlon nlght be used. dlrectly to evaluate

the oclor strengüh of each eonponent as it escapes fron
the column (Burrn J_96l+) or the detector (Hartrlann, gg al.
J-963) of a gaÊ chronaüograph,

hllthln the last ftve yearsr gâs chronatography has

been used to a greaüer extent to stud.y the volatlle
components of garllc (Beraharö eÈ 9..1964; Saghlr et al,
I96Li; Oaks eq gt. Ig6t+; Sohultz and. tiehrnann, Lg6S) and

onlons (Wllkens ,!964; .Carson and tJong ,l-96J.a; Saghi.r et â1 ,

I96t+; Mackay et af . 196&; Lacrolx et al, Lg66),

Of these stud.les, Oaks et aI.(196¿l) ilemonstraüed.

the advantages of uslng electron capture gas chronato-
graphy üo stuÕy the sulfur compor.mds of garllc. Saghlr

et eL. (J-96t+) reported. on the ôlstrtbutlon of sulflil.es

1n the flavors of some connon Alllum speof.es " La0rolx

et alu G966) exanined, the flavors of slx onton varletles
þy uslng electron oapture gas chromaüography and found. that

there appearecl to be varletal dlfferences ln the flavor
components of onlons" Thelr flndlng has subetantlally
supporteê the statenent glven þy Platenlus (1941) tirat
the Lnherent charaoterlstlo of varletles had. the most

pronounceil lnfluences on pungeüof, The exüenelon of the



gas chromatographlc nethocl ln
conmerclally processed. onloas

anoe 6

9

the study of flavors of

ooulä be of great lnport-



ÏNgTRU}ÍENTAîTON

A wllkens Aerograph l.fod,er 660 gas chromatograph
equlpped. wlth an ereotron capture detector cerr contaln-
lng a 250 nc tltrlum souroe was used. ln thls stud.yo The

column was süalnless steel, l0 ft, x l/g ln. O.Dr packed

wlth acld, washed., sr.ra¡r.zed crrromosorb H, 6o/go nesh,
coaüed wlth 5% carbowax zOM. Nltrogen gas was used. as
a carrler gaso A r.eed.s & Norührup speed.omax H, I nv
recorder equlpped wlth a d.1sc charü lntegrato¡'was
connected to the chromatographu

Operatlng condltlons for gas chromatographlc

analysls of petroreum ether extraots and headspace sampres

of onlon varletles are shoun ln Table l.

TABLE I. Operatlng Cond.lülons for Gas Chromato-graphlc Ånalysls of Onlon Samples,

P"täål;åä:t hu" 
H""q"o"""

Sample slze

ïnJeotor üenp.

Detector tenp"

Column tenp"

N2 flow rate
Chart speed,

1"8 2.4 ¡rl
l9ooc

l?40c

:!zoc
?3.8 nI/mln

30 lu/hr.

I,0 mI

l68oc

t? zoc

?30c

32"3 nJ./mln

3O In/trr,

10



MATEBIAL

OI¡ION SA¡-{PLEJ} AND. T}IEIB PREPAE.A.TIONS

Samples of twenty onl.on varleüles (lable 2l were

canned by canpbell soup conpany. The procedure for

preparlng oulon sauples ls outllned' as follows:

one-quarter sectlous of peelecl onlon bulþs (L5-2O

þulbs ) were buli<ed anfl blendect for two nlnutes ln a Warlng

blenilor" Sanples of each vartety welghtng 59, 78, 10 anô

15g roere toppeit wlth hot Lft salt solut1on, leavlng one

quarter lnch for heailspace, Flna]ly, oans vrere sealecl ancl

proce8sed. at z50oF, 15 psl for 30 mlnutes"

AII steps v{ere done as quLckly as possxble to red.Uce

the volatf.le fractlon loss to a nlnlnum (estlmated, 2-J

rnluutes to welgh, top off wlth sa}ü solutlon and. seal can).

rABLE Z" Onlon Varletleso used ln the Preparatlon of
Processed. Sanples for Gas Chromatographlo
Studle s "

l,Ihlte Gra¡lte

Enplre

hcore
Arlstoorat

Ear1y Harvest

Sanpal< tA!

Copper Gem

Early Tellow Globe

Autumn Splce

Autunn Splendor

Flesta

Australlan Brolún

Experlmental Hybrlô #¿+

Pronto

El1te

Aþundanoe

Harvesü Pak

!f 45

Elba

Paceeetfer

t* All varletles were groüm fron onlon seüso

l1



METHOÐS

canned. samples (l0g) of eighteen onlon varletles
as llsted. ln Tab1e Z (Experlmenta1 Hyþrld #4 and Copper
Gem were uot lncluded.) were extracted for ehronatography.
The content of each can (approxlnaüely 280 ml) was dlvtd.eo
lnto duplloate samples. Each of the sanples was extracüed
repeated'ly ln a separatory funnel wlth 100 ml of peüroleurn
ether (up 3o- 4zoÇ). The petroreum ether was obtarned. by
fractlonal d"lstllratLon of commerclal skelly !- (bp 30-60oc),
Exüractlon was repeaüed, unt1l no detectabre peaks appeared.

ln the chromatogran. [he extracüs were comblned., concen_
trated. to a snarl volume by vacuum evaporatlon, then
d.L1uted. to I0 nI wlth petroleum ethero .¿! mfxture of sample
and reference compound. (ôlalryl d.lsurflde) ln a proportlon
oî 2 to I (v/v) was prepared for each duplLcate sanple"
-ån alf-quot of the mlxture and of the sanple alone, for each
varS-ety, urere chromatographed. under ldentlcar cond.ltlon.s,

Headspace fron canned sanpres (? "5g) or ühe twenüy
onlon varietles (Ta¡te Z) were studled. A hole was pferced
through the surface of the top of each oan wtth a carl
plerc lng d'evlce ( Flgure 1 ) . Dl-n-propyJ. dls ulfld.e ( 1.0 ul)
!Ìas lnJecüed lnto the oan then â 1"0 ml sample of heaClspace

was urlthdramr wlüh a one-nlrrltlter hypodermlc syrlnge
l2
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through a rubber septum Ln the centre of the can plercf.ng

device, The nLxture of head.spaoe gases (j.nc1udlng the d.l-n-

propyl d.lsulflde referenee) was lnJected dlreotly lnto the

gas chronatograph. The reprod.uolblllty of thls technlque

for each canned. sample was tested"

(C) JEFEBENCE COMPOUNÐS

DtaIlyI dlsulflde and dl-n-propyl dlsulflde were

used as reference compounils ln petroleum eüher extraots

and, headspace samples respectivel,y. The reteatlon for
each peak record.ed- Ls rel-atlve to these compounds. Dlally1

d.lsulflde (Eastman Kod,ak Company, Rochester 3, New York)

and d.l-n-propyl dlsulfld.e (K ¿ K LaþoratorLes, Inc,,
Plalnvlew, New York) werepurlfied" wlth a ÌJllkens Aero-

graph A-90-P gas chronatograph, A oopper oolumn of 6 ft x

l/4 lnn OÐ, packeô with l!fr carloowax 20M coated. on 60/80

mesh chromoeorb W was used. for thls purpose" The oollected

fraotloas v,iere ldentlfled wlth a Perkla E1mer lllodel 237

gratlng lnfrared. specürophotomeüer. lhe lnfrared spectra

shown ln Flgures 2 and. J were obtalned. frono the repurlfled.

dlally1 dlsulfld.e and dl-n-propyl dlsulflde respecti.vely"

These speetra appeared üo be i.dentlcal to tbose ln the

literature {Jacobsen et a1, L96l+l "



FIGUBE 2. (Upper) Infrared Speotrum of Chromato-
graphlcally Purlfled, Dlallyl Dtsulflde"

FIGUEE 3, (Lower) lnfrared Speotrum of Chromato-
graphloally Purlfled d'l-n*propyl Dlsu1flde'
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RESULTS AND ÐISCUSSTON

Pre]lnlnary results (LaCrolx et aI" 1966) of a gas

chronatographlc study of fravor cor¡ponents of slx onlon

varletles have shown the strlklng varletal dlfferences of
onlon fravor componentg. rn addltlon, ohromatogranas of
one varlety grown und.er dlfferent envlronmental condltlons
gave the sa¡ne patterrrs,

Twenty d.lfferent varletles (raute z) of onJ.on (Alrlun
ceÞa ) were carrned. and chros,atographed by the ¡rethod.s

prevlousry d.escrl"bed" chromatograns of these twenty var-
letles were compared. and. attenpüs were made to correlate
gas chronatographlc results wlth taste panel tests. rf
suoh a coryelatlon was obtalned. then a method. would be

avall"able to the food. technologlst to select the best

varleüy for cannlng.

RÐPRODIJC AND PEå.K
OF REFETTENCE Cç)ÞIPOUNÐ

Four lnd.lvi-dual sanpres of l.l pr dtallyr dlsulff.de
ln petroleun ether were analysed by gas chromatography

under cond.ltlons ldentlcal to those used for analysls of
petroreum ether extracts, Beproduclblllty of retentlon

L6
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tlure and peak helght of thls reference conpound ls shown

ln Flgure 4 and Table 3.

TABI,E 3, Beproduelblllty of Retentlon Tlne and-
Peak HeLght of DialLyl Ðlsulflde

IaJeoËlon
Peak helght

( c¡a, )
Retentlon tLne

( m1n" )

lst
?nd.

3rd

4ttr

Mean

7 "70

7.80

7 "?Q

7 "?O

7 "73

2.59Q

2"590

2.580

2.58Q

2"581

The absolute standard devlatlon (áabs) and relatlve
standard d.ev1atlon (drel) of peak helght and retentlon tlme

of dlallyL dlsuLflde were calculated as folLows:

ó abs 6 rel-. x 100
d jbs

=Ít

of
of

6

6

abs of peak height = I

abs of retentlon tlne*

0-0503 " ó rel
( re;"-

0, oo57

peak helght = 0"65%

reüentloo ttl"o 
,zz%

( x-n) 2

n-1



FIGUEE þ" Chronatograns of Four InJectlons
Dlallyl ÐlsulfLde,

of
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(Ð). REPBODUTIBILITT OF CHRO}TATOGP"Í\i{ PJI.TTERNS

Chronatograns of dupllcaüe samples of petroleum

ether extracts of TeIIow Globe onLons (Flgure 5) and

Emplre onlons (Flgure 6) de¡nonstrated excellent agree-

¡nenü of patterns beùween d.upltcate samples" Eeproducl-

bllity of the relatlve retentlon of each lndlvldual

peak can also be obtalned fron these chronatograuso

The calculated relatlve retentlons of lnÖlvldua}

peaks 1n Flgures J and 6 are llsted ln Table 4,

Chronatograms of canned onlon sanples wlth and

wlthout reference, for eaeh varlety are shown Ln Flgures

5-ZZ^
In these ohrornatograms, reference peaks are r€prêÊ€rl*

ted by lBr and. other pealrs are labelled wlth 1, ?t ) etc"

Peaks that exhlblt lctentlcal relatlve retentlons ln each

chromaüogram are labelleô wlth the sane nunbers. The

peaks that appear before the number one peak are solvenü

peaksu Besldes these solvent peaks, flve to tvrelve read.lly

d.etectable conponents were recorded ln each sample, SLnoe

these components were separated Ln a hlgher temperature

range than headspaoe oomponents, they nlght be assumecl to

þe responslble for taste to a greater extent than od.or.



FIGIIBE 5" Chromatograms of Dupllcate Samples
of Ear1y Tellow Globe onlons.

{A) Chromatogran of the sanPle

(B) Chromatogran of the sanple wlth
reference

(C) Chromatogram of the ÖuPllcate
sample

(D) Chromatogran of dupllcate sanple
v¡lth ref erence "

Abbrevlatlons used tn these flgures are:

16x, Lxo 2x anð' lx refer to attenuatl'on.
!B¡ lnd.ioates reference Peak'
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1x2x

5(A)

ç/¡\

ú(c)

n/¡\1x

minutes



FTGURE 6. Chromabogra&s of the Duplloate Sanples
of Eruplre Onlons,

(A) Chronatogram of the sanple wf.th
reference

(B) Chrornatogram of the sample

(C) Chronatogram of the ÖupIlcate
sanple wl-th referenoe

(D) Chromatogran of the dupllcate
sanple.
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TABLE 4. Rela-tlve Retentlons of
Peaks lu Chromatograns
Ether Extracts"

the Numbered
of Petroleun

Peak
No"

Relatlve retentloas
and. óabs ó ret (ø,

I
2

3

4

5

6

7

I
9

l0

11

L2

B

0.5?6 t
1.293 t
r.t+52 !
I,gg3 f
z,t6o t

!
?"579 L

3.23t !
3"Bf? i
4.883 t
5.?A4 t
6^55g:

9.151 t
I"000

0 "0206
0.0099

0,0338

0 
" 
0378

0.0616

o. o97l

o "L?gg
0,2t+76

o , rg13

o "2636
0 "3041
o ,6741

3 "576
a.77L

2"396

r "996
2 "85r
3,765
¿l. ozo

6"796

3.9L7

t+.557

4 "636
7 "366



FIGUBE 7. (A) Chro¡natogra¡n of h{hlte Granlte
Onlons wLth Beference

( B) Chromatogram of lJhlte Granlte
OnJ-ons

FIGURE B" (A) Chrornatogram of A,utumn Splce
OnLons wlth Reference

(B) Chrornatogran of Åutumn Sploe
Onlons.
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FIGLIRE 9" (A) Chromatogram of Enoore onlons
wlth Reference

(B) Chromatogram of Encore Onlons

FIGUBE 10" (A) Chronatogram of ¿l,bundance Onlons
wlùh Reference

(B) Chronatogram of Jtbundanoe Onlons



2t+

e (A)

e(B)

10(A)

J_r/\Jf/

12 L+ 16 18 20

mÍnutes;



FIGUEE 11" (A) Chromatogran of Harvest Pak rAt
Onlons v¡lütr Referenoe

(B) Chronatogran of Harvest Palc NA0

Onlons

FIGIJIIE 12o (A) Chronatogran of .å.utumn Splend.or
Onlous wlth Refereace

(B) Chronatogran of Autunn $plend.or
Onlons
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FÏGUBE 13" (A) Chromatograu of Flesta Onlons wLüh
Reference

(B) Chromatogran of Flesüa Onlous

FfcUBE 14, (A) Chromatogran of Arlstoorat Onlons
wlth Reference

(B) Chronatogran of Arlstoarat Onlons
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FIGIIRE 15" (A) Chroroatogran of Australlan Brorua
OnLons wlüh Ref"erence

(B) Chromatogram of Australlaa Brown
Onlons

FIGUEE 16" (A) Chromaüogra¡n of Ellte Onloas wlth
Beference

(B) Chromatogram of, ElLte Onlons
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FIGUBE 17. (A) Chronatogran of Early Harvest Onlons
wlüh Beference

(B) Chronatogran of Early Harvest Onlons

FIGUBE 18" (A) thronatogran of trl tl5 Onlons wlth
Beferenoe

(B) Chronatogran of U 45 ontons
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FIGIIEE 19, (A) Chronatogran of Sanpak rAs Onlons
wlth Beferenoe

(B) Chronatogran of Sanpak rAr Onlons

FIGUBE 20. (A) Chronatogran of Pacesetter Onlons
wltb Reference

(B) Chromaüograg¡ of Pacesetter Onlons
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FIGURE 21"

FIGUEE 22"

Chromatograo of
wlth Beference

Chromatogram of

Pronto Onlons

Pronto Onl-ons

(A)

(B)

(A)

(B)

Chromatograûr
Reference

Chromatogran

of Elba Onlons wlth

of Slba Onlone
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Although d,ata regard,lng the relatlve contrlbutlon

Ëo flavor of equlvalent amounüs of the lnd.lvldua1 conpon-

ents ls lacklng, conparlson oan be rnad.e of the chromato-

gran patterns, based on the orgaaoleptlo evaluatlon pre-

seated lu Table 6"

By observatlon, lt appeared thaÈ conponents ln the

peak rar¡ge fron I-7 nay be the nost lnporüant to the

fl-avor of these can¡red sanples. Anong these seven peaks,

peak ¿+ and ? seem to be preôomLnate" The sun of the

peak helghts ls related (r = 0"66, slgnlflcant at p = 0,05)

to the ord.er ln ühe pungency ratlng obüalned frora the

organoleptlo test. l,Ihereas, a rather lower correlatlon
coefflclent (r = A,54, signlflcant at p = 0"05) between

the helghts of peak | ln these chromatograns and. the

organoleptlc test of these sanples was obtalned.

From thls lnfornatlon, the isolatlon, i.dentlfloa-

ülon and organoleptl.c evaluatlon of peaks 4 and, 7 may be

of prlmary concern. Slmllar studles on the other flavor
conponents ln the oanned. onlon samples would, be of

conslderable lnportaace"

Ia addttlÖn, lf the organoleptlc ooefflolents of

the Ltrillvi.d.ual conponents were establlsheclu an attempt to

correlate the sum of prod.uots of peak area ald. ühe organo-

leptlc coeffloLent,s of these oonponents wlth the onLon
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pungency evalt¡ated by organoleptlc tests would therefore

be posslb1e.

(F) " BEPRODUCTBILITY OF CHROIYIATIGBAM PA.TTERNS OLI.IEADSPJTCE
s.å.MPr,Þs

Reproôuclbl11ty of the headspace technlque 1s sholqn

ln chromatograrns of Flgures 23 ar.rð, ?Lt, In these chromato-

grams obtalned from üwo lnJectlons of head.space samples

of each varlety, a close agreement ln the retentlon of

each lnd.l-vJ-d.ua} peak was obtalned.

Relati-ve retentlon of eaoh of the seven peaks shown

In chromaüograns of headspace sanples ürere calcul-ated.

and. l1sted ln Table 5.

ÎABLE 5. Belatlve Retentlons of ühe Seven Peaks
Becord.ed 1n Headspace Sanples.

Peak
Noo

Belatlve retenùlons
ancl d aþs 6f ret (%\

I
2

3

t+

5

6

7

B

0"039 t
0.05g j

t
o,o8o :
I "L2? 

t
0.252 t
o"555 !
o"g3o t
1.000

0 "0000
0 ,0008

0.0015

o "oo18
0 "0029
0,0014

o "0052

0 .000

t.379
l.g?5

L"4W

1"150

o "25?
o "559



FIGUBE 23" (UPPer left and rlghü)

Chromatogralle of Two InJeotlons for
Head.space Sanple of Arlstocrat Onlons

FIGURE 2ll" (Lower left and rlght)

Chrornatograns of [wo InJectlons for
Head,spacõ Sannple of Jtutumn Splenitor
Onlons



-L
O

X

1X

l-6
x

I
2x

10
 L

2 
14

m
in

ut
es

,

10
 7

2 
14

 1
6

m
in

ut
es

18

\¡
)

tü
)



3t+

(G).. gliRglsgggFÀuÊ 0F HEApsp*,cE sArqprEs oF c4NNEp
ONION SÀÌYIPI,ES

chromatograms of head.spaoe sanples of twenty onlon

varletles are shown ln Flgures 23 - l+2" Beference peaks

are lnd,lcated by rBr and. the rest of the conponents are

nuubered. by ühe ord,er of effluence, lhe nunber one peak

shown ln every chromatograr of these heailspace sample le
an alr peak" Flve üo slx flavor oonponents were recorileil
ln each of these chromatograms. chromaËograms of head-

space sanples gave the lower bolllng conpoaents whlch

nalght be lnportant üo the snell and,/or taste of these

canned. samples,

CornparJ.son waÊ made on the basls of ùhe organo-

reptlc and. pyruvate tesüs wlth the chromatogram patterrc,s"

rt appears that there ts no slgnlflcant relatlonshf.p
þetween the apparent reratlve peak heLght of the conpon-

enüs present ln bead,space sanples wlth pyruvate or
orgauolepblc tests. However, readlly deteotable amounts

of peak I were present ln a number of strong onLon vâr-
letles sueh as !ühlte Granlte, vl 45 and Autunn splendor.
From thls Lt Ls assuraed that thj-s coaponent nay be

lmportant for flavor"
An equll1bri.um exlsts between the sulfur conpound

preseuË as a gas ln bhe head"spaoe and that conpound. d.ls-

solved ln the llquld fractlon of a canneil onlon sample,



FIGURE 25 (Upper left) Chromatogram of Headspace
sanple of llhlte Granlte Onlonso

FIGURB 26 (Center left) Chromatogran of Head.space
sanple of Ear1y Yellow Globe Onlons.

FIGURE 27 (Lower left) Chromatogran of }íeadspace
Sanple of Enplre Onloas,

FIGURE 28 (Upper rlgttt) Chronatogran of Head.space
Sanople of Autumn Splce Onlons 

"

FIGUBE 29 (Center rlght) ChromaËogram of Heaäspaoe
Sample of Abundance Onlons.

FIGUBE 30 (Lower rlght) Chromatogran of Head.spaoe
Sarnple of Enoore Onlons "
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FIGURE 31

FIG{.ÍBE 32

FTGUNE 33

FIGT.¡RE 34

FIGUBE 35

FIGURE 36

(Upper left) Chromatogram of Heailspaoe
Sanp1e sf Harvest Pak tAr Onlons

( Center lefü ) Ct¡rornatogran of l{ead'space
Sanple of Flesta Onlons

(Lower left) Chronatogrann of Headspaoe
Sample of Ellte 001ons

(Upper rlght ) Chromatogram of Head.spaoe
Sanple of Australlan Brown Onlons

(Center rlghü) Chro¡¡atogran of Headepace
Sanple of '*r 45 Onlons

(Lower rlght ) Chronatogran of Head.space
Sanple of Early Harvest Onlons
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FIGURE 37

TIGIJRE 38

FIGUBE 39

FIGUBE 40

(Upper left) Chronnatogran of Head'spaoe
Sanp1e of Elba Onlons

(Center left) Chromatogran of liead'space'sanpre of Eiperlmentai Hybrlô #tl onlons

(Lower left) Chromatogran of Headspace
Sanple of SanPak rAf Onlons

(Upper rlght) Chromatogran of Heaäspace
Sanp1e of Paoesetter Onlons

FIGIJBE 41 (Ceuter rlght) Chrornatogram of Headspaoe
SanPle CoPPer Gem Onlons

FIGURE 42 (Lower" rlght) Chronatogran of HeaÖspace
SamPIe of Pronto Onlons
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The peroentage of the compound exlstlag i.n ühe gaseous

süate may be lnslgnlfloant and. yet a nlnute amount may

result ln a slgnlfloant sensatlon of small. However, d.ue

to varLablllty ln voraüLllty, partltlon coefflclent and.

odor strength of the varlous surfur compound,s, gas ohrona-
tographlc d.eüernlnaülous of the petroleun ether extracË
are llkely nore lnportant lnd.loators of onf.on pungency

than deternlnatlons of headspaoeo

Neverühe1ess, further lnvestlgatlon on the ldentl*
fi.oatlou and organoleptlc evaluatlon of heailspaoe conponents,
nay ald. ln d.etermlnlng the reratlonshlp of these compounds

fo those Ln the petroleun ether extraot" such data would

be useful ln estabJ-lshing a proceÕure for the gas chromato-
graphLc evaluatlon of onlon pungencyo

Results sho¡ra ln Table 6 are from the organo).eptlo

evaluatlon of onlons whlch were tested at the euallty
coutrol Laboratory of canpbelr soup corapany J.n Toronüo"
Four Jud.ges were asked to rank the varletles by conpar-
lng then to the standard varleüy, Earry yerrow Gloþe"

Sohwlmner and. !$eston

crlblng the pyruvaÈe meÈhod

(1961) publlshed. a paper d,es-

for evalluaülng onloR pungencyc
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TABLE 6" Besults fron
ül_oa of Onlon

ühe Organolpetlc Evalua-
Pungenoy"

Varlety
Organolept lc evaluat lon
fr of stand,arcL varlety
(nean of four Judges)

w45

Uhlte Granlte

Auüunn Splend.or

Experlmental Hybrtö #4

Ertcore

å,rlstoerat

Ellte
Early liarvest

Harvest Pak rA8

Abund.anoe

FJ.esta

Enplre

Australlan Brolra

Copper Gen

Auüunn Splce

Pacesetter

$anpak f A t

Pronto

L85"5

166. o

lrl+.1

110"3

109"7

100.0

100 
"0

I00n 0

96.6

95,t*

93.2

9L "2
9l-^2

9L,2

82"4

7t+.7

73,5

73 "5
I
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A hlghry slgnlflcant correratlon r¡ras found. between the

anount of enzymatleally d.eveloped pyruvate present 1n the

Julce of connlnuted onlon anô the olfacüory ühreshold.

ooncentratLon of ühe Juloe (sohwln.mer and. Guad.agnl , L96z).
rn thelr paper they also showed. that a htghry slgnlfloant
correlaÈlon exlsted, between the üota1 pyruvate aad the

t'nreshold. concentratlons of the tweaty lots of onlons"

The pyruvate nethod. was recently utl]lzed. to evaluate

ühe pungency of commerclally d.ehydrated onlon powd.er

( Schr¡lnner .g[ gL, L96t+\ .

The pyruvate neühoil was used Ln thts study to
evaluate the pungenoy of fresh onlon sanples of twenty

oalon varletles" The results obüalned. from the pyruvate

nethod, are lLsted ln Tab1e ? "

Results fron the organoleptlc evaluatlon of canned.

sanples and ùhe pyruvaüe methoil for estl¡natlng the pun-

gency of these twenty onlon varletles (fresh onlons) were

conpared,u A coryelatlon coeffloleat r = 0.46 (slgplfl-
canü at p = 0"05) was conputed.. These results lend. sup-

porË to the clata presented þy Schwlnmer and Guadagnl

(L962) and also suggest thaÈ the relatlve pur¡gency of
onlon varletles rernalns unchanged wlth thls type of
processlng.
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TiIBLE 7" Results fron
of Evaluatlng

the Pyruvate Method
Onloa Pungency

Varleùy Pyruvaüe ooncentraülon*
(¡r noles /nI)

Whlte Granlte

Copper Gern

Yr 45

Australlan Brown

Early Yellow Globe

Elba

Flesta

Early Harvest

Harvest Pak rA!

Hneore

Autunn Sptoe

Autumn Splend.or

Enplre

Arlstoerat
Pronüo

Abund.anoe

Sanpak rA t

Paoesetter

Expenlnenüal Hybrld #¿+

36"25

35"50

33"75

32,50

3r.90

31.00

30 "50
29 "00
29"00

?8.1+O

28 $a
27 

"50
?,6"90

26,80

26"90

25"0o

24,80

2l+.OO

23 
"5Q

Tþe values presented. in thls table areof üwo determlnatlons, Ðupllcates wlthgreater than 6fr were d.lecârded."

fUbr,r/[lru)

the an8€w ffi.ê^:t:iÜilÂ

ülEtr---a 1rar

$-ri5re!,'rr



GBNE.BAI, DTSCUSSION AND CONCLUSION

Ehe gas chromatographlc nethod. for anaLysls of
onion flavor components d.esorlbed in thls lnveetlgaülon

ls rapld., sensltlve and, rellable" An excellent repro-

d.uclblllty of ohromatogran patüerns, of relatlve reten-
tlons and. of peak helghts lnd,lcateô that thls nethod. tras

an ad.vantage when used. ln quantltatlve and. qualltatlve
analysls of onlon flavor, The extrenely sensltlve and.

selectlve eleotron capüure d.etector can ln some cases

ornlt the clean up procedure ln the prellnlnary sample

preparaflon" By conblnlng the solvent extractlon and

heaclspace üechnlques, one ls able to isolate nost of

the volatlle components of a v¡lûe bolllng range from

any given onlon sanple. Furthernore the carbowax colunn

whlch gave a couplete separaülon for nercaptans and. sul-
fld.es (Carson and l-Iong r¡.959lo') has glven a successful

separatlon for the flavor conponents of onlon varletles.
Further ¡nod.1flcaülon and. ad.dltlon of some anclllary
d.evlces to thls lnstrunent wourd. nake lt ¡oore sultable
for routlne work"

The results of the prellulnary study {La0rolx et al o

L966) showed a strlktng varletal d.lfference anong the

flavor components of onlons " The envlroae¡ntnal- oond.ltloas

appear ts have llttle effect on the varleüal composltlon"

Eesults of the present sùud,y on the flavor conponents of
Ltz
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canned onlon sanples also showed. a stri_klng varletal
dlfference as revealed. by the gas chromatographlc rnethod..

Of the twenty onlon varletles studl-ed, no two varletles
prod.uced. ldent lcal chro¡natogran patterns,

Besults of the present study d.enonstrated that
peaks 4 an:d,7 of the petroleun ether extracts were the

predonlnate conponents oonürlbutlng to the flavor of canned

onlon sampleso A statlstlcally slgntflcanù oorrelaülon

ooefflclent (r = 0,66) was found beÈween the su¡o of the

helghts of peaks t+ and, 7 and. the organoleptlc test of these

samples, whereas a lower correlatlon coefflclent (r = 0"5¿l)

was found betvreen the peak helght of peak f alone wlth the

pungency ratlng of these samples. Of the components

presenf Ln the head.space chrornatograns, peak 7 appeared. to

be the only one whlch may have sone lnportanoe ln relaülon

to flavor,
Results presented. ln gas chromatographlc analysls

of onlons showed a large number of cornponents whloh could.

have a relatlonshlp to flavor. It !¡ould be posslble by

further research to ehenlcally ldentlfy and rate the od.or

strengüh of all of these conponentsu however, furÈher

lnvesflgaüions of the coúnponents representeð by the peaks

prevlously mentloned may be the nost fruitfu] lnltlal
undertaklng"

An attenpt to comelate these conponents wlth the

pungency obüal"ned. fron organoleptlc evaluaülon oould then
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be nad,e by lsolatlng ühese chronatographlcally separated,

coupotrents and, establlshlng an org4noleptlc coefflolent
for eaeh. Eventually, the sum of the producüs of peak

area and. organoleptlc coefflclent of eaoh co&ponent may

þe used. as an lnd.ex of the overall flavor of onion samples.

Iufornatlon of thls type would. be of value to food,

technologlsts, chemlsts and plant breeders. Aware of
the lmportanoe of the pned.omlnate flavor components 1n

onlon samples, food. technologlsts could. attenpt to
preserve these components as much as posslble 1n the

flnlshed proôucts" Plant breeders could. attenpt to
d.evelop varletles whlch conüaln 1arge proportlons of
Èhese components for ca¡rnlng. on achleving the teohnlque

of anarysls of onlon sanples, prant breeders could attenpü

to evaluate obJectlvely a particular flavor conpoaent

content of breedlng llnes. Eventually, they nlght be able

to breed for a specLflc grade of onion u¡hlch wltl have

a hlgher content of the parüioular components that deter-
mlne fhe odor strength of that onlon varLety, Thus

varlous grades of onlons on the basi.s of the content of
the flavor component could be selected to neet the need

of the connerclal market 
"

A statlstLoally sLgnlflcant correla.tlon coefflclent
(r = 0.46) was found.'oetween the a¡rounts of the total
pyruvlc acLd ln the commlnuüed onlon Julce and the organo-
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leptle evaluatlon of flavor of canned samples" Thls

substantlally supports the paper of Schwlmmer and. 'rleston

(fg6f) tnat pyruvate measurement can be used to estlmate

onlon pungency"

Saghlr et e1"(1964) dlô not suoceed ln thelr attenpts

to correlate the total sulflde peak area from the gas chroma-

tograms wlth the enzymatloally prod,uced pyruvateo However,

pyruvate was correlated wlth organoleptlc tests (Schwlnner

ancl Guad.agnl ,L962). Saghlr e_t al.(f ge+) clalned. that thls
faLlure mJ.ght lnd.leate a ]aok of unlformlty of sanple

preparatlon for chro¡natography or a varlatlon ln vola-

tlllty from ülssues¡ or lt mlghü arlse from other causeso

Accord"Lng to the equatlou mentLoned prevlously,

pyruvlc aclil 1s evo]ved enzymatlcally through orushlng of

onlon tlssues and appears stolchlonetrlcally wlth the

anount of alllcln forroed" The allloln f lna}ly, glves

rise Eo a number of sulfi.d.es whlch determlne the pun-

gency of a partlaular onlon varlety" Slnoe the relatlve
concentratl-on of an equlvalent anount of each of the sul-

fld-es to the pungency ls dlfferent, the amount of preoursor

(al1lcln) fs obvlously not dlrectly related to the toüa1

odor strength of lts break down products (sulfld.es) " Thus

Saghlrts atüenpts to oorrelate the total sulflde peal<

area wLth bhe amount of pyruvate produced ln the onlon

Julce d.1d. not suoceed, In ad,dltlon, the llnltatlon of
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the sensltlvlty of a hyd.rogen frane lonlzatlon detector

fo these sulfldes nay be a contrlbuttng factor to thls
faJ"Iure 

"

Among all the nethods avallable for the evaluatlon

of onlon pungenoy, organoleptlc tests are the nost rellablen

However, organoleptlc tests have a nunber of d.lsadvantages

ln routlne analyslso laborlous proeedures are lnvolved 1n

the preparaËlon of samples for these tests" A large num-

ber of sanples and a nunber of Judges are lnvolved and

the results are also lnfluenced by lndlvldual Judgements.

The pyruvate method, on the otlrer hand has a slnple, süand.-

ard.lzed procedure for the sample preparatlon anð for the

pyruvlc acLd determlnatJ-onu However, as prevlously

suggesÈed, Lt ls lllogloa1 üo conclude thaù the measürê-

nent of a sulflde precursor should g5.ve an. accurate

evaluatlon of onlon pungency" Therefore, the pyruvate

nnethod, can be crltLelsed on thls basls and ln fact the

nethod has not found. a general appllcatlon ln the Golltil€r-

olal food. processlng lndustry"

The gas chromatographlc roethod for the analysls of

flavor compound.s ln vegetables, frults and. food products has

been well developed d,urlng the last few years, for lt has

the great ad.vantage of belng slmpleo sensltlve and rapld.

Gas chromatographlc methods have proven to be suooeÊsful

ln the appllcatlon to analysl"s of the flavor oornponents
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of fresh or carrled onlon sampleso However, a standard
proced.ure for naülng pungency of on10n varJ.etles has

not as yet been establlshed, and wLdely acoepted.o



SUPIMÄRY

Electron oapture gas chromatography was utlrlzeä.
ùo stud.y the flavor oonponents from the petroleum ether
extracts a:ed headspace of oan¡ed onlon samples. Excelrent
reproduei.blllty of the chromatograun patüerns, relatlve
retentlons and. peak helghts by thJ.s method. was de¡ronstrated"

chromatogran patterns of petroleum ether extracts
a¡d head.space of oanned sampres of twenty onlon varletles
revealed a strLklng varletal dlfference ln the flavor oo¡¡-

ponents 
"

severar predonlnate fravor conÈrlbutl¡rg conponents

were found ln petroreuu ether extracts and head.space

sampres by connpartng these chromatograms wlth the results
obtalned fro¡n orgaaoleptlc and pyruvate tests. A posltlve
correlatlon (r = A"66) between the suns of helghùs of
peaks 4 and 7 (hexane extract) ana the organoreptlc ratlng
suggesúed that a relatlvely snalr number of oonponent,s

nay be lnportaat for flavor" These resulte enoourage

the bellef that the gas chromatographlc procedure nay

þecome a useful routlne prooedure for onlon flavor evarua-
tlon" Plans for furùher rsoratlon, organoleptlc evaluatlon
and peak area correctLon of eaeh fravor conponent are
proposed ln thls stud.yn Theoretlcarly a hlghry slgnlfJ.-
canü correlatlon between the total correlated peak areas
and, organoleptlc test would^ be expecüed"

48
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A statlstlcally slgnlflcant correlatl.on coefflc-
lenü (r = 0.46) was for¡nô between the pyruvate tesÈ of

fresh onlon sanples and. the organoleptlc evaluatlon of

the pungency of carured. onlon samples of these twenty

varletles 
"

Conventlonal method.s of onloa puagency evaluatlon

were conpared and orltlclzed" Furüher research on the

appllcatlon of gas ahromatographlo method to süudy the

onlon conponents and, üo evaluate the onlon pungency was

was strongly recomrnextded.
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