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A method for the quanrita~e analysis of major C&fre$h tomato volatile wan developed wing Tenax 
trapping and CaCll enzyme deactivation. Information WQJ obtained on the concantrations of (2)-3- 
hexend, hexanal. 1-purten-knc, 2-iaebutyl cyanide, 2- and 3-methylbutanolrr, (E)-Z-hexenal 0 - 2 -  
heptcn& €-methyI-5-hepten-Z-one, (Z).3-humal, >-isohutyi-le. and 6-methyl-!%hepta-Z+l in fresh 
ripe tomatoen. The identitlea of component$ were anfinned by GC-MS methods. Rehigeratol rtorsge 
(2 OC) of froeh ripe tomatoea was found wlpad to a lowering ofthe concentration of U~)-3-htrenal apd 
other volatiles In the macerated tomato. "hi8 provides a scientific basis for the informal subjective 
observation that such cold starage is deleterious t o  fresh tomato 5vor .  It is & of intcrcst in regard 
t o  the g e n d y  expre3ncd belief that these is lack of 5vOr  in fresh market tomatoes. 

It seems generally socepted that ripe tomatoes. pur- 
chased io supexmarkets in t h e  United Statw. lack the 
desirable yoma and tkvor associated with rim tomato- 

Ace, Rutgem. Pntio. FM785, Seserianin. Oregon n. Ace 
yellow, and High beta. Fresh market tablo tomtaed w0:0 
obtnined from I o d  supermarkets. The supermarket va- 

picked directly from the plant in the tield. -There b v e  
been a lnrte number of studied fumed out 011 the idor- 
tification of the volatile flavor components of fruh tc- 
mames. which have been reviewed (Bunmy et aL. 1971: 
Dirinck ct d, 1976; Stevens et  al w7; Wright snd Harrie. 
19%). Despire these Onrgely quditativc) studies there arc 
some questions unanswered pam'cularly regarding the 
a d  qunndtotke woccnkationa of the idmdfied voiatile 
wmponcnu Such quantitative data are neaJaary for the 
full undersranhng d thc rok of thc individual componpnta 
in fresh tomato flavor. One malor problem with gumti- 
tarkc d y S i S  has been that some of tho snzymcprcduced 
volatile fkvor components are themselves degraded by 
other tomato uuymu before or dwinr the volatile imlm 
tion by conventional methodo. Thh was fim pointed out 
by Kazeniac aud Hall (1370) who showed that (Z)-3-bex- 
enal was largely rearanged to ( E ~ d - h s c d  by the tomata 
medium in about the same order of t i n e  needed v) imhte 
the volarilos by the fnster conventional methods (ca 2C-60 
mid. 
In the present study we set out to flrst develop a 

workable quantitative method for the an&k of the mjor 
volatile flavor componenw of fruh tomataea and then w 
apply it to the vvious forms of fresh tomatoes. 

A number of koporbnt %tudiea on the nonvolatile flavor 
(or tnste) compmenm of fresh tomatoes have bem carried 
out in recent years (Buesher. 1975; Kader et aL. 1978; 
Stevens et  d. 197:). 
EXF'PRIMEUTAL SECTION 

Mnrcrials. Vine-ripened m'maw eampls~ w k  grown 
on experimental fields in Davis and Albany, CA. during 
1985 and 1986. These included rhe  fobwing vatietier 

Western h g ~ o n a l  Research Center, AgncuItursl Re- 
search Service. US. Department o f ~ c u l t u r e ,  Albany, 
Cdf& 94710. .. . .  

riati" were not aec&ateIy known but were probably 
Sunny. Contesa, or related varieties. Unless otherwise 
stated, tomaw sampln ware stored at room temperature 

Authenbk reference chemical compounds were obtaiued 
from reliable commercial s o u r m  or synthesized by es- 
tablished method& (Z)-bHexenal was obtained by the 
CrO,-pp.dine oxidation of (2))d-hexonol in CHzCI, fol- 
lowins the procedure of Kajiwjiwara et d. (1975). All com- 
pounds were p d e d  ?JY gas-liquid clyomatnpphy [GLC) 
eapuration. This WBS particularly important for the in- 
ternal ataudarda 2 - h o n e  and 3-pentanone because 
small concentrations of impurities in these could intmface 
with the ad* Ethyl nntioridant 330 (a 0.01%) was 
added to the purified aldehyde. which were storod at 
lkeazur temperatures and used within a few hours. Satu- 
rated CaC12 solution was made by adding an excess of 
CaC12 to water and then boiling the solution in an open 
Erlenmcyu flsak for I h to  remove volatile impurities. 
Diethyl ether (anhydrous) wa8 diatiued. and a trace (w. 
0.001%) ofEthyl antioxidant 330 added. It waa stored in 
the dark and used within a few days. 

' ' Isolntion of Volntile Concentrate from Tomatoes. 
The tomato sample (100 gat 25 "C) of ca equal pice- cut 

.from three differear tomatoes (of the name lot) was 
blended (Mender blader rotating at 13 670 rcv/min) for 30 

' s. The blended mixture wea allowed to stand for 190 s 
longer. and then saturPted CaCl, solution (100 mL nt 25 
"C) m a  added all at  once end the mixture blended for 10 
a FivP milljlitere of a water solution containing 50.0 ppm 
Zoctanone and 50.0 m m  3-pentanone wm then ndded and 
the mixture blended far 10 k The mixiare was then ph.4 
In a 1-L f h k  containing an efficient msgnotic stirrer. 
P d e d  air (3 L/min drawn from a b i d e  the laboratory 
'and pasaed through activated charcoal) WLW led into the 
flask via a Teaon tube and passed o m  thc vigorously 
"Stimd rniztmc and out of the Dssk through a Tenax trap 

. 
(25 "C) until u.Ed ' 



.. 
Fa%:510-833-8795 Dec 8 '94 11:01 P.03/07 ' 

il I n I 7 

I I 
0 T I E  I N  MINUTES 20 

F l a r e  1. CapillPry GLC analysis of the Ten~-iaolattd volatilet 
I (cousisthg of a Pyrci tube with stmdsrd ball and socket 

joints a t  each end and containing a column of Tenax 
n4-m length x 22-an id.). 10 g). Reduced presaure (0- 
730 mm from an aspirator) was applied to the end of the 
trap to produce the air tlow. AU conndons were either 
Pyrex or Teflon. The isolation.- contiuued for 60 min. 
The trap waa then removod and extracted with 100 mL 

.of.freshly distilled diothyl ether. .Tha ether extract was 
thcn conmeat fd  to ca 100 S o n  a warm water bath and 
Vigreux diatihtion columns. 

Volatile concentratea were obtained from sliesdtoma& 
in e r senWy the Lame except that the tamatn waa cut bto 
UL 3-mm-thick slices inatesd of being blended, 

CapUlW GLC Andy& The capillmy column lucd 
for moat of the study wm a 30 rn X 0.25 mm (id.) fused 
silica DB-wax wall coated column. The carrier gaa was 
helium a t  a flow velocity of 13 an/% The GLC oven WILT 
held for 15 uin at 30 O C  injection, then programmad 
at 4 "C/mm from 30 to 150 "C, and then held at the upper 
limit Sample size was 2 pL split 1/20. The injector 
temporature was 150 *C. The gaa chromatcgraph will a 
'Hewlett-Packard sui- 5880A with electronic peak ares 
m w u r u n e n t  

Reaponae factora (tid) were determined relative to the 
intemsl &dards 3-pentanone and 2 d o n e  by Wng 
known solutions in hexane. Relative recovery factom were 
also determined againat the internal standards by maldng 
) m o m  aolutionv in water and wrrying the mirturca.  

Capillary GLC-MS A d y a i s .  This waa carried out 
aa described previouely (Buttery and Ling, 1986) on a 
modified Conaolidated 21-620 cycloidal type m#s spec- 

' thmugh the isohtiltion and GLC malpia procedures. 

.. "trometn. . .; 
ICESULTS AND DSCUS~ION 
Before quaititative data Muld be empared betareen the 

different tomato samples+ it wm neceseary to develop a 
wmlrable method for the quantitative d y a i e  of the to- 

I I I ]  

40 
I from h e r i p e n e d  frssh tomatoes. For GLC conditions Bee text 

mato vo la th .  Several methods we10 tried (including 
direct solvent extraction and vacuum steel distillation) 
More the adoption of the final method, d e e c r r i  in detail 
in h Experimental Section A metEod was needed that 
wuld obtain a quantitative aualysia of the vaktilcs at 
about tho time afieah diem4 tomatomight be eaten at its 
m& dfakable flavorful stage. T ~ s  method had to over. 
come the Purrher urrymotfc deterioration of the (enzy- 
matically) ipitially formed volntilos. Thia was largely 
achieved in the present wmk by fncoi-pomting a meaas t o  
deactivate the enzymea (after the initid formation of de. 
sirable volatile$ and by keeping the sampling period 
relatively short Become of the dif6cultias of a completely 
comprehensive analy8is of the whole range of tomato 
v o l a t h ,  it was detided to concentrate the present study 
on the  volatile% in the cn. C& range. 

E s s e z ~ ~ y  the quantitative method involvcd the fol- 
lowing gfepg: (1) hlendii of the tomatoes and holding the 
miaUn for 3 min to produce +e voladles; (2) sddition of 
=bated CaC1, mlulion to deactivate tho enzyme systems: 
(3) addition of internal standards; (4) Tenax trapping of 
the volatiles by weeping with a fast air flow; (5) GLC 
analysis of the T~nax extract A discussion of the baais 
of the method and results of testinc the method with.* 
modd system are outlined later. 

GLOMS anal- wan also d c d  out to verify the 
, . identitie of nlI components studid. Figure 1 show a 

chromatogram of the volatiles isolated aa described. The 
identities of the compounds are alw, shown. Au com- 
pundn had been proviouly identi6ed by a numher of 
workers [cf. Buttery et aL (1971)l. AU major components 
in the C& range could he identified except for t com- 
ponent laheled 'unknown A". which bnd a retention t ime 
between thme of (EWheptcnal and 6-methyl-Shepten- 
%one. The aldehydes (Z)+hexenal and hex& form 
Wng"  peaks on polar stntionaxy GLC phases such as 
DB-war. probably due to keto-tnol tautomerism. The 
tautomerism would shii  mom tavard the enol form in I . -  



Blended Tdmato) 
IMm 'pin. 

. .  . .  . .. : ... 
, .  . .  
I !. . .  
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20nc - b, (q3-herm.1 - AO.IS(O.O&~S) ais o m  24 
2-lroburylthlazoled 0.0s (0.01-.07) .0.01 0.004 0.01 

6S-methyl-S.bepten- A 0.02 (0.01-0.04) o.oa 0.0% 0.008 
2-01 

'Concentration could not bo dotMnin0d tsliabb for % md S 
methylburnnnlr h c a w  of ialvont p d  m m a e .  

ad-hexena i  because of the conjugation of the enol (1) 
and 3 double bonds. A sirmlar situation occurs with 
phenylaoetaldehyde . Nonpolar stationary phases do not 
give sufficient separation of t h a r  two C, aldehydes. Un- 
f-ably, the reliable quantitative anslysis of  2- and 
3-methylbutanals was not always passibla because they 
were frequently obscured by the solvent peak 

VineRipe OI. Room-Ripened and Green Tomatoes. 
Table I camparea the Spslysis found for blended tomatas  
ripened on the plant to those from blended tomatoea 
prnehesed~~localmarketsandthenripncdfcoatlsast 
%week at room.hpwatuxc.. Also,rhown in Table I are 
the analper found for blended green tomatoes and for 
sliced vine-ripe tomatoes. The results are the avoragen 
&om at h t  fve sampLa, and data in parentheses show 
the range f a d  in samples studied As might be expected, 
the concdrations ofvolaliles found for the peen tomatce 
were markedly lower thnn those found far the rips toma- 
twp There did not aeem to lx much difference, however, 
hctwrrn the concentrations found for vine-ripened and 
mom-tempaature-ripenedsnprmar~ tom- at least 
for the mhtila in the C,-C, range. We did not find any 
mujor differences in the C& volatile8 of a number of 
different types of vineripe or room-ripened fresh market 
type tomatoes (e& Rutgem Paiio. A n .  Sunny, Contesaa) 
or pr0cess-me tomato (e&, FM785). although there were 
some &or differences. We did fd signifiuurtly lower 
concenfrations of (Zb3-hexenal and h d  for the  
vine-ripened fruit in 8ome f low varieties such as Ace 
Yellow and High Beta The Ace Y a w  variety at0 
ahowad a much lower concentladon of 6methyl-bheg 
ten-2-one. a probably 1ywpmAerived fragment , 

' ' Although a thorough study was not carried out on the 
,cdmpounds larger than ck C, the  analysis ale0 showed 
concentrations of 0.05 ppm for methyl salicylate 0.03 ppm 
for gemnylacdane. 0.01 ppm for 8-ionone, and 0.03 ppm 
for 2-phenylethanol for the vineripe A n  t o m a h .  

Tomatoes Stored at Refrigeraror Temperatureb. 
..Table II lkts the concentrations found for tomBtoc8 that 
had been ripened a week d room ternperahre and then 
&xed at 2 "C for 7 &~IL T w o  types of samples were 

- studied T ~ P  somples lnbplpd A were taken directly from 

' 

' .  , 
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rnmp0-d rip A ripoB market 
1-pn- az 023 0 2  
hcupJ. 0.23 L3 1 3  
hbubl cynnida O B  a04 0.2 oa- 1.9 4.0 3.7 . %+Srneth$x&nals 031 0.04, 1.2 
L%?.hUEMl '0.3 0.17 0.0 
i6j-2 be tbnal 0.61 ' 0.02 0.01 
& n r d S - h 4 ~ 2 - .  0 3  0 3  0.09 
( Q 3 - W  0.02 0.08 0.03 
%-Loh-k am 0.01 0.m 
&metbyb6hSpten-Z-d 0.04 0.03 0.02 

the 2 "C refrigerator and blended immediately. The 
nnmplea Iabded B were warmed to rwm temperature (25 
'C) Mora blendink Ths t ampamre  was checked by a 
thermometer i n s d  into the middle ofthe tomato. iuao 
shown are data from samplea of apparently "rip" tomakes 
obtained dire& from a nrp-ket and analyzed ethin 
a few h with the tomatoes at room temperature (25 
"0. Tha data shown are averages from at least flve isc- 
laticma S i  results WM alro obtdned with rehigerator 
storage of +ne-ripened Ace tomahes. 

It can be seen, by cornparins Table II with Table I. thnt 
the concentrations of heranal and 05hexenaJ  are e a  10 
Umes higher in the room-temperature and vine-ripened 
.tomatoe, then  they are in those stored at 2 'C and blended 
without warming. They are ca. 3 t h e e  higher than the 
eamples labeled B where the tomatoes were allowed to 
warm h mom temperature before blending. Ths camplea 
obtained directly from the market showed similar con- 
esnpnriona of the C aldehdes to the cold-storage B 
samples. Tomatoes ecpt by supermarkets are u + l y  
atored at rd+xdor temperatures (&I ethylene ripen- 
inp) to prevent spoilage. It is not surprising then that the 
c ~ n - t i o ~  of the C6 aldehydes for the market and the 
cold-storage B ramplea are similar. 

reaction. the activity of an enzyme sy9tem is dependant 
.on the tamperature. It ir therefore understandable that 
le% of t h e  enzyme-produced C. aldehydes are found a l th  
the tomatoes blended immediately d k r  removal from cold 
. storage. However, the apparent partial dmctivdian of the 

a q m e  s m  by the storage at 2 "C with the B Bamplw 
does not seem to have a simple explJnation but may be 
the result of some types of normal tomato mctabolkm. 

0-3-Hexmal hns been indicated by thorough panel 
methods to be quite important to fresh tomto aroma 

. (Guadagni e t  al, 1972; Kazenkc and Hall, 1970). The 
results in Table II then seem to provide an explnnation 
of whytamatoes purchased at aupermerkets lacktho flsvor 
of tomatoes ripened on the vine: Le., because the super-. 
market tomatoes produce considerably smaller concen-. .' 
tratims of 0-3.hcxcnal on cutting. Thh u CspeciaUy true 
iftha purchaser ~torea the t o n d o e s  m B refigerator. which 
seems to be common practice among the United State8 
public. 

Our findings that refrigerated storage leads to a loas of 
f r u h  tomato flavor gives sdentifc sum for the informnl 
mbj& o k a t i o n  that such cold s t o v  is deleterious 
to &ah tomnto flapor h e n ,  1'381). The fmdiip are 
also interesting in regard to work carried out by other 
autharj s w g  mld storage of green tomatwa Busseher 
(1 975) pnd Kader et al(1978) found lower levela of sugars, 
~ c i & l ,  and total volatiles m the ripe tomatoes if the green 

It is Lnown ( s c h ~ ,  1981) that, DB for any Chemid 

. 
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.Concon+nTtion not Immwitb c e r t d i w .  , 

tomatoes had been stored at  2-5 'C fm Some time befme 
ethylene ripenhg. 

Belarive Odor Contributions of Comprments. h o r n  
the quaniitative data found for sliced fresh ripe tomatoas 
(Table D, it waa possible to cslnrlate the number of odor 
unita(UJforeachoftheqoejorconwu~&. Tbodorunit  
was de6ned by G u n d n p  et al. (1966) a8 the ratio of the 
concentration of tbo compound divided by ita threshold 
concentration. This value can give mme idea of the order 
of importance of the volatilea to the total odor. Table Ill 
lirrtr ths major fresh tomato volatlles vlth their odor 
thrrsha& (Buttery et & 1971) and a calnrlation of the& 
log odor unite in sllcsd fresh &ripe Ace tomatoes. 
C a p e u a d s  with the moet odox t d t a  pnW h k  Rorn 
Tabk IZI the malar contributors to tbe odor would bo 
expected to be (Z)-3-berenal, p-ionone, 1-pentenJ+ne. 
hexand. (Z)-3-hexenol,,~)-Z-hunnal. 2- and 3-methyl- 
butanol, 2.isobu~Ithiwle. and &methyld-hepten-Z-one. 
Mom of c k s e  cornpouvda hnd been suspected to be im- 
pedtant preriously to the mma except for l-pentcn-3-one. 
The 2- and 3-isomers of the methylbutanoh aad methyl- 
butanols bwe almost t h e  name cdor tbrukolde (and GLC 
retention dmsa), aud only the 3-iwmer was listed. The 
mechylburPnal peak was frequently obscuted by the sol- 
vent peak. and its - concentration (and h u m  log odor 
unit d u e )  is tentative. A water solution of eight of the 
compounb w'th tho highest lo odor units, a t  UI. the 

judged to be Vet7 S i k h  t0 &wb shed t o m  by a PMd 
concentrations an listed for slice 3 tomato in Table I, wan 

of 16 judges. 
Development a n d  TeBtjng of Quantitative Method. 

Partly because or the= dynamic naturi the volatilas of 
tomatoes me particularly difficult to isolate and analyze 
awn%elv. We went Borne time developins u workable . .  
mithod ,~d i s&ed  Gelow. 

vdatilm 
initiauy produced b y  onzyme nctias when tomato tiasue 
is cut, chewed, or otherwise broken up we the campounds 
i m p o r k t  to the p=rupeption of Preeh tomato flavor by the 
cmumer. As mentioned earlier however, if the broken 
tissue is hdd for too long, further enzyme action takes 
place that - -do the compounds first formed. We 
felt. therefore, tra thc &is, tbat it RW mCCSUi7'tu fint 

, ' '  b r e d  the tissue (blending seemed the moat uniform and 
._ reprodweable method) and hold the.broken tisue fox a 
I. set period (the period 3 rhin 1 ~ 3 1  chosen 89 it w89 found 
7 .  that the cone-tiori of (Z)-3-herenal reached a maxi- 
k -. cium a t  ~ 1 .  3 min). A t  that point deactivation of the 

Prodn&m of Fresh Tomato Volatiles. 
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enzyme syarsm would prevent deterioration of the already 
formed desirable volatile% Although diced or diced to- 
matoea would bo doaerto the fom in which fr&Ib tomvy9 
am rwaUy earen. the uniformiW obtained by blmding- 
important for tho efficient and r e p r o d u d e  iPoIation'of 
the v&. Anal* of volatiles from sliced and diced 
tomatoes s h m d  lowar total concentrations of the w e  
vdatibcompounds inca. 3imsarproporciam eswuefound 
in the blended saxuples ercept that the telarive concen- 
trations of LZ)-S-bexenol ond the ~ethylhutnuoL were 
geoually higher in the sliced and diced tomato. 

Deactivation of Enzymes. A number of metb.ods of 
dmctivating the enzyme ~ysrmu v m e  considmd SChker 
and Lorem (1980) wed CuSo, to doacdvnte tomato en- 
zymes. Enzyme s y s r u r u  are known to be deacrivated by 
high eanmnQatioP. af NaCl and otber daltr (Sehtvimmer. 
1981). and this merbod l p a ~  d by hlurray and Whirfield 
(1976) for a number ofvecetsblea We dld not want to use 
copper or other heavy-y.matal d t a  because these a10 h o r n  
to react with sulhu compounds aed c a t a l p  CEamicd 
aukuldation Saturated NaQ solutions were found to 
cauw some dowing of the chanpe of (Z)-3-hexennl to 
(E)-2-hexenal, bur use of saturated CaC12 s o h i o m  waa 
found to be mmiderably more effective. Tbo wncentra- 
tion of ( 2 ) - 3 - h u d  was unchan& after 3 h with CaClr 
The use of bivalent ions such m Ca*' or M P  w89 sue- 
gwted to us by Schwimmer (1985) iu these am effectke 
in prm'pitating e n y m e  6ye.tem~ CoC1, had also been 
recently used to deactivate enzyme 9yatem9 in cucumbers 
(Geduspan and Peng, 1986). 

It is intaresting that the  mmmon domestic USE of salt  
OD sliced tDmDtO ( ea ,  In a tamto sandvich) would taEd 
to dcactivata the enzymes somewhat and tbua preserve t he  
coneennation of (Z ) - . ¶ -hed  a d  hence fresh tomato 
Oavor. 

T ~ n o x  Trappine of V o l d e s .  Isolation of volatilea 
by the now well-known nethcd of Tena~ adsorbent n p  
ping pmvidee minimum intedersnce with the blended 
romnto. 0th m e t h a  were tried such as vacuum 8- 
disrillation and direct solvent uoacrion but were not 89 

suitable as the Tenax happine method. The  convectional 
Tanax trap L roughly 0.64 cm in outaide diameter and 
25-7 an in length Wmrap and Whit&ld, 1975; OMS- 
dottir et aL, 1985). In previous work with p h t  volatiles 
(Buttery and Ling, 1985) much lnqwr traps were used 
b d  on calculations of conditions needed to ko1at.z the 
lop) conmnrratiom of vola& found. Model systems of 
water solutions of typical plant volalilcs at  room tem- 
pemcure (25 'C) were considered. A flow of g;ra (air h3s 
been d for meet of the workl was parsed ow the xirred 
solunon and then out through the Ten- trsp. By simple 
modifications of some equations developed by BWCCLC 
(1963), the totd d u n e  (VJ of sweep gas needed u) 
taansfer a percentage (P) of a compound in water solution 
to the Tcnax m p  at 25 'C wn be calcuiared 

whore K is the air IO water parfition ccefficient of the 
compound at 25 "C and V, u the wlume of the weter 
solution. The K value for boxncol is 7 x 10- xt 25 "C 
(Euticry et aL. 19691, and cdculntions using the above 
oquntion show that ca 200 L of sweepkg tw ia idesly 
nwded to sweep 50% of hslanol over to the wag for a 
2olution volume of 200 mL. 'Ibis is a &v rate of roughly 
3 L/& for I h. The 088 of cnturntod Cnc1, would in- - K (the ai~/wnter parcition coefficient) somewhat by 
the -salting out" effect. requi r i i  a smaller now rnte of 
sweep gas for a 50% t rader .  

To isolate a reasonable percentage of the volatUes Rom 

v. = -V.P ~n ((Lao - P)/UIOI 
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T d h  N. Persent h w e m  from S ~ d u d  S o l a h a  
Complrsd to Mctanono UbIu th. Tensr IaelaeKon . . 
Pmccd- Described in th. EXDeri~unul SbUon 

ompound % r e d  mmpamd z rao. 
%pen&- 46 o-zbucnnl . 7 5  
l - p c n t t a l ~  , 24 B d y 1 - s b F 4 0 = - 2 *  84 ' '  

h n l  
m-s.hsrmol . 5 3  2. irobutNdde 
S-msthylbutmal 49 amthyi -shc~2-0i  . 93 . .  
WomcLsd for CLC a ionivnon d i e m n r  rap on^. h c t 5 .  

a plant material (within a limited time). it. therefore, 
seemed that rdatively krge flow of sweeping gas 
wouldbe needed. Large flow rat& required krgs diameter 
trape. which $a0 had to be longer ' t o  p r m t  
.breakthrough', i.a elution of. the wlntiies mmpletdy 
through the trap. Calculations showed, however, that 
~weepgasvelodty~htb'Llsm-diametuTenartrap 
used for the present work with 3 L/auiu f h v  xata was of 
the same o r d u  aa that used in the  common 0.64-em 0.d. 
(cn. 0.47-cm ie.) Tenax traps with a cow of 100 mL/mia 
Ah. wng h e n  as the sweeping pas b c u w  it WBB thought 
that anerobic condltians (e.&, by sweeping with NJ might 
pr'duce abnormal volatiles Good remvcziea of aldehyde 
and tupenoid components showed that no appreciable 
oxidation occurred on the  Tenax (which contains a tram 
.of Ethyl a n t i o d a n t  330 left from ether elution). Oxida- 
tion is known tn MCUI on other addsorbanta such 88 char- 
c o d  .&overy of the volatiles from uls traps with solvent. 
w a  uaed because it le mora mnvenlaot than thermal de- 

&covery Using Modd Systems.' To minimize m 
.& handling and recovery, a medaured amount of taro m- 

y d  atandards, 3-pentancmc and 2-0ctanonc, waa added 
f l  o the tomato medium before tb  volatiles war0 isolatad 

e naaons for using these pdcular mmpounds me that 
are chemiCany slmilar to many of the tomato cam- 

nents. theyhavcrstention timca not oecupied by m y  + ignificmt tomato p&, and they are relatively stable. 
With Zheptanone n?l au internal stnndard added to the 

6nal ether concennatp it was found that an avaage of 

solutions under the conditions desclldd in the ExpOri- 
meatal Section @cludhg addition of nu qual volume Of 
saturated CaQz solution). Tho percent recoveries of other 
major tomato volatiles relative to that of zoctsnone ate 
listed in Table IV. Tho m a y  8ecm.v wrmewhat related 
to a compoimd'5 affinity for watei and hema its volatility 
(d. K )  in water rolutionn Tho abroiute rec-av~&~ of these 
mmpounds.are considerably better than those reported 
by Olafudokir et  d. (1085) who used a more conventional 
Tenax trapping method. The fadon, obtained hom the 
percent recovery shown in Table IV. were wed in 4Cu- 
lating the data in Toblu I and IL 
fie- studies with l m o ~ n  sohxtions of compounds 

h g e ~  than Co such as  gtxmvhcofane and mahyl Saiiyktts 
&owed that these aL0 ahowed a bdLu than 50% . .  reo~very 

. . . . . . . . . .  .:;,:. .. : . . . . . . .  . i . , :  : 

61 . (R3.h.x.d . . .  .' 62 .: 
89 . .  

. ' sorption with such large trap. 

/ 81% of 2-oetatlone could be recovered from h o w n  water 
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