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Fresh Tomato Aroma Volatﬂes: A Quantitative Study

Ron G. Buttery,* Roy Teranishi, and Louisa C. Ling

A method for the quantitative analysis of major Cy~C, fresh tomato volatiles was developed using Tenax
trapping and CaCl; enzyme deactivation. Information was obtained on the concentrations of (2)-3-
hexenal, hexanal, 1-penten-3-one, 2-iscbutyl cyanide, 2- and 3-methylbutanols, (E)-2-hexenal, (E)-2-
heptenal, -methyl-5-hepten-2-one, (Z)-3-hexenol, 2-{sobutyithiazole, and 8-methyl-5-hepten-2-ol in fresh
rips tomatces. The identitles of components were confirmed by GC-MS methods. Refrigarator storage
(2 °C) of fresh ripe tomatoes was found to lead to a lowering of the concentration of (Z)-3-kexenal and
other volatiles in the macerated tomato. This provides a scientific basis for the informal subjective
observation that such cold sterage is deleterious to fresh tamato flavor, It is also of interest in regard
to the generaily expressed belief that there is a lack of flaver in fresh market tomatoes.

It seems generally accepted ‘that ripe tomatoes, pur-

chased in supermarkets in the United States, lack the
desirable aroma and flavor associated with ripe tomatoes
picked directly from the plant in the field. There have
been a large number of studies carried gut ex the idexn.
tification of the volatile flavor components ¢f fresh to-
matoes, which have been reviewed (Buttery ot al., 1971;
Dirinck et al., 1976; Stevens et al., 1977; Wright and Harris,
1985). Despite these (largely qualitative) studies there are
some guestions unangwered particularly regarding the
actual quantitative concentrations ¢f the identified volate
compenents. Such quantitative data are necessary for the
full understanding of the role of the individual componants

in freah tomato flavor. One major problem with quanti- .

tative analysis hns been that soma of the enzyme-produced
volatile flavor components are themseives degraded by
other tomato enzymes before or during the volatile isola-
tion by conventional methods, This was firat pointed out
by Kazeniac and Hall (1370} who showed that (2)-3-hex-
enal was largely rearanged to (£)-2-hsxenal by the tomato
medium in about the same order of time needed to isolate
the \)rolatiles by the faster conventional methods (ca. 2080
min). . .

In the present study we get out to first develop a
workable quantitative method for the analysis of the major

volatile flaver components of fresh tomatoes and then to -

apply it to the various forms of fresh tomatoes.

A number of important studies on the nonvolatile flavor
{or taste} components of fresh tomatoss have been carried
out in recent years (Buesher, 1975; Kader &t al, 1978;
Stevens et al, 1977). _ .
EXPERIMENTAL SECTION ) .

Materials. ‘Vine-ripened tomato gamples ware grown
on experimental fislds in Davis and Albany, CA, during
1985 and 1986, These included the following varjeties:

Western Regional Research Center, Agricultural Re-
gearch Service, U.S. Department of Agriculture, Albany,

California 94710. . . :

Ace, Rutgers, Patio, FM785, Severianin, Oregon II, Ace
vellow, and High beta. Fresh market table tomatoes were
obtained from local supermarkets. The supermarket va-
rieties were not accurately known but were probably
Sunny, Contessa, or related varfeties. Unless otherwise
stated, tomato samples were stored at room temperature
{25 °C) untll used. - )
Authentic reference chemical compounds were obtained
from reliable commercial sources or synthesized by es-
tablished methoda. (Z)-3-Hexenal was cbtained by the
CrOy-pyridine oxidation of {(Z)-3-hexenol in CH,Cl, fol-
lowing the procedure of Kajiwara et al. (1975). All com-
pounds were putified by gas-liquid ¢hromatography (GLC)
separation. Thig was particularly important for the in-
ternal standards 2-octanone and 3-pentanone because
small coneentrations of impurities in these ¢could interface
with the analysiy, Etbyl antiozidant 330 (ca. 0.01%) was
added to the purified aldehydes, which were stored at
froezer temperatures and used within a few hours. Satu-
rated CaCl, solution was made by adding an excess of
CaCl, to water and then boiling the solution in an open
Exlenmeyer flask for 1 h to remove volatile impurities.
Diethyl sther {anhydrous) was distilled, and a trace (ca.
0.001%) of Ethyl antioxidant 330 added. It was stored In

. _ the dark and waed within a few days.

Isolation of Volntile Concentrats from Tomatoes.
The tomato sample (L00 g at 25 °C) of ca. equal pieces cut

.from three different tomatoes (of the same lot) was

blended (blender bladey rotating at 13670 rev/min) for 30
3. The blended mixture was allowed to atand for 180 o
longer, and thex saturated CaCl, solution (100 mL at 25
°() was added all at once and the mixture blended for 10

8 Five milliliters of a water solution containing 50.0 ppm

2-octanone and 50.0 ppm 3-pentapone was then added and
the mixture blended for 10 & The mixture was then placed
in a 11, flask containing an efficient magnetic stirrer.
Purified air (3 L/min drawn from outside the laboratory
"and passed tbrough activated charcoal) was led into the
flask viz a Teflon tuba and passed over tha vigoreusly
“stirred mixture and out of the flask through a Tenax trap

This arficis not subject ta U.S. Cogyright. Pub!laMd 1987 by the A;'naric‘an Chemical Soclety
~T. Agere. Foed cHem., 35 (4>, Sto~s9¢(r927).
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joints at each end and containing g column of Tenax
(14-cm length X 2.2-em i.d.), 10 ¢). Reduced pressure (ea
730 mm from an aspirator) was applied to the end of the
trap to produce the air flow. All connections were either
Pyrex or Teflon. The isolation wos continued for 60 min.
The trap was then removed and axtracted with 100 mL

.of freshly distilled diethyl ether. .The ether axtract was

then concentrated to ca. 100 uL.ona warm water bath and
Vigreux distillation columns,

Volatile concentrates were obtamed from skiced tomato
in essentually the same except that the tomato was out fnto
ca. 3-mm-thick slices Instead of being blended.

" Capillary GLC Annlysis. The capillary column used
for most of the study was a 30 m X 0.25 mm (id.) fused
silica DB-wax wall coated columan., The carrier gas was
helium at a flow velocity of 13 cm/s. The GLC oven was
held for 15 min at 30 ?C after injection, then programmed
at 4 °C/min from 30 to 150 °C, and then held at the upper
limit. Sample size was 2 uL gplit 1/20, The injector
temperature was 150 °C. The gas chromatograph was a

‘Hewlett-Packard series 5830A W’lth electronic peak area

measurement.

Responge factors (fid) were determined relative to the .

internal standards 3-pentanone and 2-octanone by maldng
known solutions in hexane. Relative recovery factors were
also determined against the internal standards by malking

known solutions in water and carrying the mixtures.
" through the isolation and GLC analysis procedures.

Capillary GLC-MS Analysis. This was carried out
as described previously (Buttery and Ling, 1985) on a
modified Consohdat,ed 21—520 cydo:dal type mass spec-

‘trometer.

RESULTS AND DISCUSSION
Before quantitative data could be compared between 'the

" different tomato samples, it was necessary to develop a

workable method for the quantitative analysis of the to-

Figure 1. Capillary GLC analysis of the Tenax-isclated volatiles from vine-ripened fresh tomatoes. For GLC conditions see text.
+ (cousisting of a Pyrex tube with standard ball and socket

mato volatlles, Several methods wexe tried (including
direct sclvent extraction and vacuwm steel distillation)
befors the adoption of the final method, described in detail
in the Experimental Section. A metRod was needed that
could obtain a quantitative analysis of the valatiles at
about the time a fresh aliced tomato might be eaten at its
most desirable flavorful stage. The method had to over.

. coma the further enzymatic detariaration of the (enzy-

matically) initially formed wvolatiles. This was largely
achieved in the present work by Incorporating @ means to

" deactivats the enzymes (after the initial formation of de-

sirable volatiles) and by keeping the sampling period
relatively abart. Because of the difficulties of a completely
comprehensive analysis of the whole range of tomato
volatiles, it was decided to concentrate the present study

_ on the volatiles in the ca, Cy~Cy range.

Essentially the quantitative method involved the fol-
lowing steps: (1) blending of the tomatoes and helding the
mixture for 3 min to produce the volatiles; {2) addition of
saturated CaCl, solution to deactivate the enzyme systems;
(3) addition of internal standards; (4) Tenax trapping of
the volatiles by sweeping with a fast air flow; (5} GLC
analysis of the Tepax extract. A discussion of the basis
of the method and results of testing the method with.a
maodel system are outlined later.

GLC-MS analysis was also carried out to verify the

. identities of all components studied. Figure 1 shows a

chromatogram of the volatiles isolated as described. The

identities of the compounds are also shown. All com- -

pounds had been previously identified by a number of
workers [cf. Buttery et al, {1971)]. All major components
in the Cy~C; range could be identified except for a com-
ponent labeled “unknown A®, which had a retention tima
between those of (E)-Z-heptenal and 6-methyl-5-hepten-
2.one. The aldehydes (Z)-3-hexenal and hexang] form

. “tafling” peaks on polar stationary GLC phases such as

DB-wax, probably due to keto—enol tautomerism. The
tautomerism would shift more toward the enoi form In

b‘l " T
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Table [. Comparison of Quantitative Analysis of Valatilas
of Blanded Samples of Presh Vine-Ripe (Average Ace, .
Rutgers, Patioc Varietios), Room-Temperature-Ripenad
{Markot) and Green Tomatoes {Acn), and Frmah Sliced
Vine-Ripe {Ace) Tomatoos (Concontrations in ppm aof
Blended Tomato)

room " vine
temp ripe
compoumd vinn ripe ripe greem  sliced

2- + S-mathyl- » = Q3 (Q1-05)* o g - 8
utanal
& 0.5 (0.2-0.9) 0.3 0.03 02

hexanal 3.0(20-3.7) ° 61 0.3 0.9
im]:_y 1 cyanide 0.06 (0.01-0.1) 0.1 0.02 0.1
— {Z}-3-hexe_l;ld ¥ 12 (3-16) 13 1.5 52
. %+ 3methyl: 24 0.6 (0.2-2) L6 <0005 20
butansi
~ (E)-2-bexonal A 11 (04=1T) L3 013 021
. -~ (E)2-bepteral + 0.05 (0.01-0.1) 0.1 <0005 0.005
unknown A 0.24 (0.04-0.4) 0.4 . <0008 08

= & G-methyl-5-hspten- #£0.16 (0.09-0.3) 0.3 002 01

—

> (Z2)-3-hexenol ~

2.one
4 0.18 (0.08-0.5) 016 008 24
2-1sobutylthiazole~ 0.03 (0.01-07) 001 0.004 0.01L
1’_,-ii-!:.'m‘th:;rl-fnh.api‘.lm A 002 (0.01-0.04) 008 0008 0.008
2-0l

*Concentration could not ho determined reliably for 2- and 3-
methylbutanals becouse of aclvent pask intarference.

(Z)-3-hexenal because of the conjugation of the enol (1)
and 3 double bonds. A similar situation occurs with
phenylacetaldehyde . Nonpolar stationary phases do not
give sufficient separation of these two C; aldehydes. Un-
fortunataly, the reliable quantitative analysis of 2- and
-3-methylbutanals was not always possible because they
were frequently obacured by the solvent peak
Vine-Ripe vs. Room-HRipened and Green Tomatoes.
Table I campares the analysis found for blended tomatoes
ripenad on the plant to those from blended tomatoes
purchased from local markets and then ripened far at least
:1.week at room.temperature.. Also.shown in Table I are

" the analyses found for blended green tomatoes and for

sliced vine-ripe tomatoes. The results are ths averages
from at least five samples, and data in parentheses show
the range found in samples studied. As might be expected,
the concentrations of volatiles found for the green tomatoes
were markedly lower than those found for the rips toma-
toes, There did not seem to ba much difference, however,
hetween the concentrations found for vine-ripened aund

roam-temperature-ripened supermarket tomatoes, at least .

for the volatiles in the Cy=Cy rangs. We did not find any
major differences in the Cs—Cy volatiles of a number of
different types of vine-ripe or room-ripened fresh mariret
type tomatoes {e.g., Rutgers, Patio, Ace, Sunny, Conteasaa)
Or process-type tomato (e.z., FM785), although there were
some minor differences. We did find significantly lower
concentrations of (Z)-3-hexenal and hexanal for tha
vine-ripened fruit in some yellow varieties such as Ace
Yellow and High Beta. The Ace Yellow variety also
showed a much lower concentration of 6-methyl-5-hep-
ten-2-cne, a probably lycopene-derived fragment. .
* Although a thorough study was not carried gut on the
compounds larger than ca. C,, the analysis alao showed
concentrations of 0.05 ppm for methyl salicylate, 0.03 ppm
for geranylacetone, 0.01 ppm for 8-ionone, and 0.03 ppm
for 2-phenylethanol for the vine-ripe Ace tomatoes.
Tomatoes Stored at Refrigerator Temperatures,
~Table II lists the concentrations found for tomatoes that
had been ripened a week at room temperature and then
stored at 2 °C for 7 dayn. Two types of samples were

gtudied. The samples labeled A wera taken directly from

Dec 8 '94 11:01  P.04/0°

Takle IK. Average Concontrations (ppm) Found for
Volatiles of Ripened Tomatoes Held at 2 °C for 7 Days

 (Blended at 3 °C (A) and 25 °C (B)) and for Market “Ripe”

Tomatoes
direct

compound ripeA rpe B market
1.pantan-3-0ng 0.2 02 C 02
hexanal 023 13 1.2
isobutyl cymida . 005 0.04 0.2
{Z)-3-bexonal 1.3 - 4.8 3.9
-+ a-methylbmoh 031 0.04 1.2
{E)-2-bexennl 03 .17 0.6
(E)-2-heptenal gor - 0.02 0.01
@-m, -S-hepten.2-one 03 0.3 o 0.09
{Z)-3-hexenol 0.02 0.08 0.03
2-isobutytthiazole 0.008 0.01 0.006

€-methyl-6-hapten-2-o0l 0.04 0.a3 0.02

the 2 °C refrigerator and blended immediately. The
samples labeled B were warmed to rcom temperature (25
°C) before blending. The temperature was checked by =
thermometer inserted into the middle of the tomato. Also
shown are data froma sarnples of apparently “ripe™ tomatoes
obtained directly from a supermarket and analyzed within
a few hours with the tomatoes at room temperature (25
°C). The data shown are averages from at least five {so-
lations. Similar results were also obtabned with refrigerator
storage of vine-ripened Ace tomatoes.

It can be seen, by comparing Table IT with Table I, that
the concentrations of hexanal and (Z)-3-hexenal are ca. 10
times higher in the reom-temperaturs and vire-ripened
tomatoes thon they are s those stered at 2 °C and blended
without warming. They are ca. 3 times higher than the
gamples labeled B where the tomatoes were allowed to
warm to room temperature before blending. The samples
obtained directly from the market showed similar con-

centrationg of the C, aldehydes to the cold-stornge B
samples. Tomatoes Tcept by supermarkets are usually
stored at refrigerator temperatures (after ethylens ripen-
ing) to prevent spoilage. It is not surprising then that the
conoentrations of the Cg aldehydes for the market and the
cold-storage B samples are similar.

1t In Imowm (Schwimmer, 1981) that, o8 for any chemical
reaction, the activity of an enzyme system is dependant

.on the tamperature. It is therefore understandable that

less of the enryme-produced Cy aldehydes are found with
the tomatoes blended immediately after removal from cold

. storage. However, the apparent partial deactivation of the

enzyme systems by the storage at 2 °C with the B samples
does not seem to have a simple explanation but may be
the result of some types of normal tomato metabolism.

(Z)-3-Hexenal has been indicated by thorough panel
methods to be quite important to fresh tomato sroma

.{Guadagni et al., 1972; Kazeniac and Hall, 1970). The

resuits in Table II then seem to provide an explanation
of why tomatoes purchasad at supermarkets Iack the flavor
of tomatoes ripened on the vine: i.e., because the super-.
market tomatoes produce considerably smaller concen-. -
trations of (2)-3-hexenal on cutting. This is especially true
if the purchaser atores the tomatoes in a refrigerator, which
geems to be common practice among the United States
public. .

Our findings that refrigerated storage leads to a loga of
fresh tomato faver gives scentific support for the informal
subjective observation that such cold stomge is deleterious
to fresh tomata flavor (LLammers, 1981). The findings are
also interesting in regard to work carried out by ather
authars studying cold storage of green tomatoes. Buescher
(1975) and Kader st al. (1978} found lower levels of sugars,
acids, and total volahla in the ripe toratoes if the green
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Tahle ITI. Odor Thresholds and log Odor Units for Major
Volatlle Compounds in Sliced Vine-Ripe Ace Tomatoss

odor log
. ‘threshold, . odor

- compound ppb unite
{Z)3.hezenal 0.25 43
3-methylbutanal® 0.2 3.0
B-ionone " 0.007 25
1-paotan-J-one 1 : 23
hexanal ’ 4.5 23
{Z)-3-hexenol ‘ 70 ) 15
(Z)-2-hexenal 11 11
S-methylbutanol 2856 0.9
2-isphutyithiazols . 3.5 0.5
B-methyl-5-hepten-2-one 50 0.3
methyl salicylate 40 ol
geranylucetona [ -0.3 -
(E)-2-heptenal ! 13 =04
mabutyl cyunide 1000 -1.
2-phanylethanol 1000 =2

4 Canrentrotion not known with certainty.

tomatoeg had been stored at 2-56 °C for some time before
ethylene ripening.

Relative Qdor Contributions of Components. Froem
the quantitative data found for sliced fresh ripe tomataes
(Table I), it was possible to calculate the number of odor
units (17} for each of the major compounds. The oder unit
was defined by Guadagni et al, (1968) as the ratio of the
concentration of the compound divided by ita threshold
concentration. This value can give some idea of the order
of {mportance of the volatiles to the total odor. Table IIT
lists the major frash tomato volatiles with their odor
threshalds (Buttery et al, 1971) and & calculation of their
log odor units in sliced fresh vineripe Ace tomatoes.
Compounds with the most odor units are listed first. From
Table III the major contributors to the odor would be
expected to be (Z)-3-bexenal, S-ionone, 1-penten-3-one,
hexanal, (Z}-3-hexenol, (E}-2-hexenal, 2- and 3-mathyl.
atanal, 2-isobutylthiazole, and 6-methyl-5-hapten-2-one,
Most of these compounds bad been suspected to be im-
portant previowaly to the aroma except for 1-penten-3-one.
The 2- and 3-isomers of the methylbutanals and methyl-
butanols have almoest the same odor thresholds (and GLC
retention tHmes), and only the 3-isomer was listed. The
methylbutanal peak was frequently obscured by the sol-
vent peak, and its exact concentration (and hence log odar
unit valae) is tentative. A water solution of eight of the
compounda with the highest Ios odor units, at ca. the
concentrations as listed for sliced tomato in Table I, was
judged to be.very similar to fresh sliced tomato by a panel
of 16 judges. :

Develapment and Testing of Quantitative Method,
Partly because or their dynamic nature the volatiles of
tomatoes are particularly difficult to isolate and analyze
quantitatively. We spent soma tima developing a workable
method, discussed below.

Production of Fresh Tomato Volatiles. Tha volatiles
initially produced by exzyme action when tomato tissua
is eut, chewed, or otherwise broken up are the compounds
important to the perception of fresh tomato faver by the
congumer, As mentioned earlier however, if the broken
tisgye is beld for too long, further enzyme action takes
place that can degrade the compounds first formed. We
felt, therefore, for the apnalyis, that it was necessary to first

. break the tissue (blending sesmed the mest uniform and
reproduceable method) and hold the broken tissue fora -

set period (the period 3 min was chasen as it was found
that the concenmration of (Z)-3-herenal reached a mazi-

Bum at ca. 3 min). At that point deactivation of the

T
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enzyme system would prevent deterioration of the already
formed desirable volatiles. Although sliced or diced to-
matoes would be closer to the form in which fresh tomatoes
are usually eaten, the unifermity cbtained by hlending was
important for the efficient and reproducable isolation of
the volatiles. Analysis of volatiles from sliced and diced
tomatoes showed lower total concentrations of the sama
volatile compounds in ca. simiar proportions as were found
in the blended samples except that the relative concen-
trations of (Z)-3-hexenol and the methylbutancls were
generally higher in the sliced and diced torate.
Deactivation of Enzymes. A number of methods of
deactivating the enzyme were congidered. Schreier
and Lorenz (1980) usad CuSO, to deactivats tomato en-
zymes., Enzyme systems are known to be deactivated by
high comcantrations of NaCl and other salts (Schwimmer,
1981), and this method was used by Murray and Whitfisld
(1975} for a number of vegetables. We did not want to uss
copper or other heavy-metal salts because thess are lmown
to react with sulfur compounds and catalyze chemical
autoxidation. Saturated NaCl solutions were found to
cause some slowing of the change of (Z)-3-hexenal to
(E)-2-hexenal, but use of saturated CaCly solutions was
found to be congiderably more effective. The concentra-
tion of (Z)-3-hexenal was unchanged after 3 h with CaCl,.
The w3e of bivalent ions such as Ca?* or Mg®™ was sug-
gested to us by Schwiramer (1985) as these are effectiva
in precipitating enzyme gystems. CaCl; bad also been
recently used to deactivate enzyme systeras in cucumbers
(Geduspan ard Paeng, 1986). : .
It is intaresting that the commen domestic use of sal
oo sliced tomato (e.2., in a tomato sandwich) would tend
to deactivata the enzymes somewhat and thua preserve the
concentration of (Z)-3-hexenal artd hence frash tomato
flavor.
Terax Trapping of Volatiles. Isolation of volatiles
by the now well-known method of Tensx adsorbant trap-
.ping provides. minimum interference with the blended
tomato. Qther methods were txied such as vacutm gtaam
distillation and direct solvent exiraction but were not as
suitable as the Tenax trapping method. The conventional
Tenax trap is roughly 0.64 <m in outside diameter and
2.5-7 cm in lengtk (Murray and Whitfisld, 1975; Olafs-
dottir et al,, 1985). In previous work with plant volatiles
(Buttery and Ling, 1985) touch larger traps were used
-based on caleulations of conditions needed to isclate the
low concentrations of volatiles found. Model systems of
water solutiong of typical plant volatiles at room tem-
perature (25 *C) were considered. A flow of gas (air has
been used for most of the work) was passed gver the stirred
sclution and then out through the Tenax trap. By sirple
modifications. of some equations developed by Burnett
{(1963), the total volume (V,} of sweep gas needed to
transfer a percentage (P) of a compound in water solution
to the Tenax trap at 28 °C can be caleulated

V, = ~V.K In ((100 - P)/100]

where K is the air to water partition coefficient of the

compound at 25 °C and V,, is the volume of the water
solution. The X value for hexanol is 7 x 107 2t 25 °C
(Buttery et al., 1969), and calenlations using the above
equation show that ca, 200 L of sweeping gas is idealy
needed to sweep 50% of hexanol over to the trap for a
solution volume of 200 mL. This is a flow rate of roughly
3 L/min for 1 h. The use of saturated CaCl; would in-
crease K (the air/water partition coefficient) somewhat by
the “salting out™ effect, requiring a smaller flow rate of

- ‘swoep gas for a 50% transfer.

To isolate a reasopable percentags of the volatfles from
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Table IV. Percent Recovery from Standard Solatians
Compared to 2-Octanone Using the Tenax leciation
Procednra Described in the Experimental Bectlon

compound % roc’ compound % rac’
' 3-pentanone 45 (E)-2-hexenal T3
l-penten-3-one 24 6-msthyl-5-hepten-2-cue 84
hexanal © 87 . (2%baanel .. 4 62
(Z)-3-bezenal - 2-isobwriyithiazale

S-methylbutanol 49 6-methyl-5-hepten-2-¢l =~ 93
*Corractsd for GLC flame ionization detastor responss [actar.

a plant material (within a limited time}, it, therefore,
seemed that relatively large flow rates of sweeping gas
would be needed. Large flow rates required large diameter
traps, which also had to be longer to prevent
“brealtthrough”, i.e. elution of. the volatiles completely
through the trap. Caleulations showed, however, that
sweep gas velocity through the 2.2-cm-diameter Tenax trap
used for the present work with 3 L/min flow rate was of
the same order as that used in the common 0.64-¢m 0.d.
{ca. 0.47-cm ie.) Tenax traps with a flow of 100 mL/min,
Alr was chosen as the sweeping gas because it; was thought
that anerobic conditions (e.g., by sweeping with N,) might
produce abonormal velatiles. Good recoveries of aldehyde
and terpenoid components showed that no appreciable
oxidation occurrad on the Tenax (which cantains & trace

- of Ethyl antioxidant 330 left from ether elution). Oxida-

Hion i3 known to oceur on other adsorbants such as char-

coal. Recovery of the volatiles from the traps with solvent-

was used becauss it i more convenfent than thermal de-

sorption with such large traps. . .
Rocovery Using Model Systems. To minjmize errors

ifi handling and recovery, a measured amount of two in-

Mﬂ standerds, 3-pentancne and 2-octanone, was added
" ko the tomato medium bafore the volatiles ware isolated.

o reasons for using these particular compounds are that

are chemic¢ally similar to many of the tomato com-
‘penents, they have retention times not occupied by any

ignificant tomato peaks, and they are relatively stable.
With 2-heptancue as an internal staridard added to the
final ether concentrate, it was found that an average of
B1% of 2-octanone could be recovered from kmown water
solutions under the conditions described in the Experi-
mentzl Section (including addition of an equal volume of
saturated CaCl, solution). The percent recaveries of ather
major tomato volatiles relative to that of 2-octanone are
listed in Table IV. The recovery seems somewhat related
to 2 compound’s affinity for water and herice its volatility
(¢f. K) in water sohutions. The absalute recovaries of these
compounds are considerably better than thoss reported
by Olafsdottir et al. (1985) who ugsed a more conventional
Tenax trapping method. The factors obtained from the
percent recovery shown in Table IV. were used in caleu-
lating the data in Tables I and IL., .
Preliminary studies with known sohstions of compounds
larger than Cy such as geranylacetone and methyl salicylates
ghowed that these also showed a better than 50% recovery

.o

Dec 8 'S4 11:05

under the above condltions.

Aceuaracy of Results. It is difficult to test the method
accuracy with the tomato itself because of the variation
within tomatoes of the sames lot. Data given in the tables
are averages of at least five different isolations. With the
known standard solutions of the synthetic compounds in
water solution, the average percent deviation from the

P.0¢/07

average of the found concentration with different isolations

for the major components was less than 8%.
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