JJOURNAL O

AGRICULTURAL AND
FOOD CHEMISTRY

J. Agric. Food Chem. 2002, 50, 3401-3404 3401

Application of the Porapak Q Column Extraction Method for
Tomato Flavor Volatile Analysis

CHAMORN MANEERAT,! Y AsuyosHI HAYATA ,*T HIROSHI KozUKA,*
KoJl SakamoTo,8 AND YUTAKA OsaJIMAT#
School of Bioresources, Hiroshima Prefectural University, Shobara, Hiroshima 727-0023, Japan;

College of Hiroshima Bunkyo Women'’s University, Kabe Hiroshima 731-0295, Japan; and Hiroshima
Prefectural Food Technological Research Center, Minami-ku Hiroshima 732-0816, Japan

The Porapak Q column method (PQM) was compared to the method of simultaneous distillation
extraction (SDE) under reduced pressure for extraction of the volatile compounds produced by tomato
cv. Momotaro. The PQM was found to be effective at trapping and isolating many low and high boiling
point volatile compounds and at producing the very desirable natural ripe tomato flavor of extracts.
The SDE method was less effective in isolating the higher boiling point volatile compounds and caused
deterioration of volatile compounds due to the heating process that takes place during extraction,
resulting in an unpleasant boiled green tomato flavor of extracts. The advantages of using the PQM
are its simplicity and its high efficiency in isolating many volatile compounds from nonvolatile materials
at room temperature. A total of 367 volatile compounds were isolated by the PQM. Of these, hexanal,
(2)-3-hexenal, (E)-2-hexenal, 2- and 3-methylbutanol, and 2-phenylethanol were relatively more
abundant than other compounds and (2)-3-hexenal showed the highest relative amount.
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INTRODUCTION by detecting volatile compounds present in the headspace over

Porapak Q (ethylvinylbenzenalivinylbenzene polymer) is a sample of tomato with a sensor (electric nose technology)

: 11), or by the solid-phase microextraction method [adsorption
a substance used to pack the column in gas chromatograph)f . i .
(GC). The Porapak Q column method (PQM) was recently of volatile compounds on SPME fiber coatint?f]. Compared

developed to concentrate volatile components in fodds | to the Porapak Q column extraction method, these methods are

is an easy and rapid method compared to the conventionalrelatively expensive and difficult. Moreover, it is difficult to

headspace sampling method and the steam simultaneous distil'—SOIate high boiling point volatile compounds f“’“_" nonvolatile
lation extract (SDE) method. It is capable of (1) trapping material by most of the conventional dynamic headspace

micropolar and nonpolar compounds regardless of low or high Samr?“gg orl S.DEh.mrt]ethodsd Buttgryh etda13(j develoqed a h
boiling point, (2) concentrating volatile compounds in solvent, method involving high-flow dynamic headspace sampling with
(3) extracting volatile compounds at room temperature, and (4) excess anhy_drous sodium sulfate in purge-and-trap for analysis
giving natural flavor to extract samples. It has been used for of Furaneol in tomato.

analyzing volatile compounds in green t@, 6ake(3), Perilla The aim of this study was to determine the usefulness of the
frutesceng4), and muskmelon (). Porapak Q method for the extraction of tomato volatiles. The

The aroma of tomatoes plays an important role in consumer volatile compounds of ripe tomato fruits obtained by the PQM

acceptability. The volatiles of tomatoes have been studied verywerﬁ z?jnalyzed and compared to those obtained by the SDE
thoroughly by the headspace sampling method. In these studiesfnet od.
the headspace of tomato puree was concentrated by flushing

the puree with nitrogen and capturing the released volatiles on MATERIALS AND METHODS

a trapping material (purge-and-trap method)g), by concen- Materials. Ripe tomato fruit (cv. Momotaro) was harvested from a
trating the headspace volatiles at the head of the GC columngreenhouse at Hiroshima Prefectural University, Hiroshima, Japan. Each
using a combination of pressure and low temperat@re.Q), tomato sample (100 g) consisted of pieces cut from three different

tomatoes and was blended for 30 s. The blended mixture was then

* Author to whom correspondence should be addressed (teleph@he hgld for 3 min to produce the volgtile§)( After holding, the blenged
08247-4-1772; fax+81-08247-4-1772; e-mail yhayata@bio.hiroshima- ~Mixture was centrifuged for 20 min at 10af)and 0°C. The resulting
pu.ac.jp). supernatant was filtered by a glass filter vacuum (17G4, Pyrex Inc.,

THiroshima Prefectural University. Corning, NY) and then subjected to each extraction method.

* Bunkyo Women's University. . .
§ Hiroshima Prefectural Food Technological Research Center. Porapak Q Column Extraction Method. For the purposes of this

#Present address: Kyushu Women's University, 807-8586 Yahatanishi- Study, we followed the procedure described by Shimoda et alThe
ku Kitakyushu, Japan. filtrate was immediately passed through a column (11 cm length
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Figure 1. Capillary GC analysis (DB-Wax) of volatiles isolated from fresh tomatoes using the PQM.

cm i.d.) packed with 10 mL of Porapak Q (580 mesh, Waters Co., RESULTS AND DISCUSSION

Milford, MA). After the column was washed with 100 mL of deionized .
water, adsorbed compounds were eluted with 80 mL of diethyl ether. ~ OUr experimental results show that the Porapak Q column

The eluate was dried over excess anhydrous sodium sulfate for anothetN€thod successfully isolated tomato flavor. Fresh concentrated
3 h after the addition of an internal standard (50 of 0.1% Porapak Q extracts possess a very desirable natural ripe tomato
cyclohexanol) in order to remove the residual moisture in the extracts. flavor, which differs greatly from the aroma of SDE extracts,
The volume of the extracts was reducecM®0uL by evaporating the  which give an unpleasant boiled green tomato flavor. Similar
solvent under a gentle nitrogen stream. One microliter was drawn for results have also been reported in studies of green2ieand
volatile analysis by capillary GC/GC-MS. For quantitative analysis, myskmelon). The PQM, therefore, has been shown to be more
the relative amount of_volatlle compounds was quantified relative to favorable for the extraction of odor concentrates in a manner
the peak area of the_ mtemal _standard. The Porapak Q column Wasthat preserves their natural aromas.
regenerated by washing with diethyl ether (60 mL), methanol (80 mL), . .
and deionized water (100 mL). Chromatograms of the volatile extr_acts of tomato fruits
Simultaneous Distillation Extraction Method. For the SDE produced by Porapak Q are _shown figure 1, gnq those
method, we followed the procedure described by Shimoda et)alA( produced by SDE are shown kigure 2. Both qualitative and
2-L round-bottom flask was used as the sample flask to contain 100 quantitative differences in the two extracts were observed. A
mL of the filtrate and deionized water of an equivalent volume. A 200- total of 367 volatile compounds were isolated by the PQM, and
mL V-shaped bottom flask containing 100 mL of diethyl ether was 271 were isolated by SDE. Hexanal){3-hexenal, (E)-2-
attached to the solvent arm of the SDE head. The vacuum line was hexenal, 2- and 3-methylbutanol, and 2-phenylethanol were
closed when the sample started boiling. The separation of volatile relatively more abundant than other compounds in the Porapak
compounds was carried out under reduced pressure (75 mmHg, 65 q extracts, wherea&}-2-hexenal was relatively more abundant
C) for 60 min. The condenser of the SDE head was cooled with a 3 other compounds in the SDE extracts. The PQM allowed
mixture of water and ethylene glycol at5° C. After the addition of high boiling point volatile compounds to be isolated from

internal standard, the extract was dried over anhydrous sodium sulfate . . .
and concentrated te20 uL under a nitrogen stream beforeul was no_n_volatll_e material at room temper_a’;ure, Whereas these_ high
drawn for GC/IGC-MS analysis. boiling point compounds were too difficult to isolate by using

Gas Chromatography Analysis. The composition of volatile the SDE methpd. These results may be attributed to the fact
samples was analyzed using a Shimadzu GC-17A (Shimadzu Co., Ltd. that the PQM involves the use of porous polymer beads that
Kyoto, Japan) equipped with a 60 m0.25 mm fused silica DB-Wax trap many volatile compounds regardless of low or high boiling
capillary column (J&W Scientific Inc., Folsom, CA) and FID detector. ~ point, resulting in a natural tomato-like flavor of extracts. The
The oven temperature was held at 4D for 10 min, increased from  SDE method, on the other hand, caused serious decomposition

40 to 220°C at 3°C/min, and then held at 22 for 30 min. The of volatile compounds during extraction and was not able to
carrier gas (He) flow velocity was 30 cm™8. Sample size was AL isolate the high boiling point compounds, leading to a change
split 1/20. The injector and detector temperatures were 230 and 250 the flavor of extracts. In SDE extracts, green aroma
°C, respectively. _ compounds such as hexand)-8-hexenal, and (E)-2-hexenal
Gas Chromatography—Mass Spectrometry AnalysisThe com- \yare reduced by 2—4 times compared to the compounds found

position of volatile samples was identified using a QP5050 GC-MS in Porapak Q extracts (data not shown). Kazeniac and &)l (

system (Shimadzu Co., Ltd.) with selected ion monitoring. The column - - w N .
and oven conditions were the same as those described for GC amalysisexplaIned that .the reduction of "green” aroma ::ompou”nds In
Compounds were identified primarily by comparing their mass spectra .fomato flavor might cguse th? appearance of the “cooked” aroma
with the mass spectral data of standard compounds in the NIST library IN tomato products via heating process.

together with a Kovats index comparison of the obtained compounds ~ The PQM for tomato volatile analysis after blending of the
with standard compounds. tomatoes and holding the mixture for 3 min involved the
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Figure 2. Capillary GC analysis (DB-Wax) of volatiles isolated from fresh tomatoes using the SDE method.
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Figure 3. Relationship between sample volume and relative peak area of important volatile compounds in tomato sample by the PQM. Volatile
compounds: cis-3-hexenal (C-HEX), trans-2-hexenal (T-HEX), hexanal (HEX), cis-3-hexenol (C-HEO), trans-2-heptenal (T-HEP), 1-penten-3-one (PENT),
2-isobutylthiazole (ISO), 6-methyl-5-hepten-2-one (METH), 3-methylbutanal (METB), f3-ionone (BIO), 2-methylbutanol (2-METB), 3-methylbutanol (3-
METB), methyl salicylate (METS), geranylacetone (GER), and 2-phenylethanol (PHE).

following steps: (1) centrifugation of the blended mixture at peak area ratio, whereas that &){2-hexenal was 3.86 peak
0° C; (2) passing the filtrate through the Porapak Q column area ratio. With the Porapak Q column method, the tomato
immediately, followed by washing with 100 mL of deionized homogenate is centrifuged at°@ and is then immediately
water; (3) eluting the adsorbed compounds with 80 mL of isolated by the Porapak Q column withir-80 min, so both
diethyl ether; (4) addition of internal standard; (5) drying over low temperature of sample and very short time during extraction
excess anhydrous sodium sulfate to remove residual moisture;may have diminished the conversion 63-hexenal toE-2-

and (6) GC analysis of the Porapak Q extracty-3-Hexenal hexenal. It has been reported that the important volatile
showed the highest relative levels of volatile compounds isolated compounds for fresh ripe tomato flavor a@®-3-hexenal, (E)-
from the Porapak Q extractsZ)c3-Hexenal was previously  2-hexenal, hexanal, 1-penten-3-one, 2-isobutylthiazole, 6-meth-
reported both to have the highest concentration and greatestyl-5-hepten-2-one, 3-methylbutangkionone, 2- and 3- meth-
importance in the tomato flavor isolated by a headspace ylbutanol, methyl salicylate, geranylacetori€)-2-heptenal, and
sampling technique and to be an unstable compoung, @3); 2-phenylethanol (7), and these compounds were identified in
it was apparently largely isomerized ttans-2-hexenal during  the Porapak Q extracts in the present study. Our results also
isolation and analysislg, 17). Due to cis—trans isomerization, indicate that the PQM is able to extract alcohol, aldehyde,
the level ofcis-3-hexenal was lower and that vans-2-hexenal ketones, and nitrogen-containing compounds from fresh toma-
was higher in the study carried out by Baldwin et &l).(To toes.

avoid deterioration ofis-3-hexenal during headspace sampling  The PQM was repeated five times, and the reproducibility
(~60 min), it was therefore necessary to deactivate the enzymeof important tomato volatile compounds is shownTiable 1.
system by adding Cagto the tomato homogenate (7). In the  With regard to the coefficient of variation of these compounds,
present study, the relative amount of (Z)-3-hexenal was 5.62 that of (£)-3-hexenal was relatively high (29.6%) because of
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Table 1. Percent Reproducibility of Some Tomato Volatile Compounds
by the Porapak Q Column Method

compound % Cve compound % Cve

3-methylbutanal 135 6-methyl-5-hepten-2-one 15.7
1-penten-3-one 9.4 Z-3-hexenol 18.0
hexanal 13.4 2-isobutylthiazole 3.3
Z-3-hexenal 29.6 methyl salicylate 16.2
2-methylbutanol 16.0 geranylacetone 21.8
3-methylbutanol 17.9 2-phenylethanol 15.9
E-2-hexenal 13.9 [-ionone 16.9
E-2-heptenal 14.7

2 Coefficient of variation obtained from five experiments.

Table 2. Percent Recoveries of Some Tomato Volatile Compounds by
the Porapak Q Column Method

% recovery

compound I I Il
3-methylbutanal 100 0 0
1-penten-3-one 100 0 0
hexanal 99.1 0.9 0
Z-3-hexenal 98.05 1.85 0
2- +3-methylbutanol 99.4 0.6 0
E-2-hexenal 98.4 1.6 0
E-2-heptenal 73.8 211 5.05
6-methyl-5-hepten-2-one 97.1 29 0
Z-3-hexenol 86.8 132 0
2-isobutylthiazole 95.9 4.1 0
methyl salicylate 100 0 0
geranylacetone 835 10.8 5.8
2-phenylethanol 99.99 0 0
f-ionone 79.9 14.0 6.1

its instability (7), whereas others ranged from 3.3 to 21.8%.

Maneerat et al.

column extraction method may become a satisfactory alternative
technique for tomato flavor analysis.
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