
J. Agric. Food Chem. 1988, 36, 1247-1250 1247 

Nakel, G. M.; Haynes, L. V. “Structural Identification of the 
Methoxymethylpyrazine Isomers”. J. Agric. Food Chem. 1972, 
20, 682. 

Parliment, T. H.; Epstein, M. F. “Organoleptic Properties of Some 
Alkyl-Substituted Alkoxy- and (Aky1thio)pyrazines”. J. Agric. 
Food Chem. 1973,21, 714. 

Pittet, A. 0.; Hruza, D. E. “Comparative Study of Flavor Prop- 
erties of Thiazole Derivatives”. J .  Agric. Food Chem. 1974, 
22, 264. 

Rizzi, G. P. “Some Reactions of Methylpyrazines with Organo- 
lithium Reagents”. J .  Org. Chem. 1968, 33, 1333. 

Roberts, D. L. “Process of Imparting a Popcorn-like Flavor and 
Aroma to Foodstuffs and Tobacco by Incorporating Pyrazine 
Derivatives Therein and the Resulting Products”. US. Patent 
3 402 051, 1968. 

Seifert, R. M.; Buttery, R. G.; Guadagni, D. G.; Black, D. R.; 
Harris, J. G. ”Synthesis and Odor Properties of Some Additional 
Compounds Related to 2-Isobutyl-3-methoxyyrazine”. J.  

Agric. Food Chem. 1972,20, 135. 
Shibamoto, T. Chemistry of Foods and Beverages; Charalambous, 

G., Inglett, G., Eds.; Academic: New York, 1982; p 73. 
Takken, H. J.; van der Linde, L. M.; Boelens, M.; van Dort, J. 

M. “Olfactive Properties of a Number of Polysubstituted 
Pyrazines”. J. Agric. Food Chem. 1975, 23, 638. 

Vernin, G. “Heterocycles in Food Aromas. I. Structure and 
Organoleptic Properties”. Parfums Cosmetiques Aromes 1979, 
29, 77. 

Wehrli, A.; Kovats, E. “Gas-chromatographic Characterization 
of Organic Compounds. 111. Calculation of the Retention 
Indexes of Aliphatic, Alicyclic, and Aromatic Compounds”. 
Helv. Chim. Acta 1959, 42, 2709. 

Wright, R. H. The Sense of Smell; CRC: Boca Raton, FL, 1982; 
p 77. 

Received for review January 12, 1988. Accepted April 20, 1988. 

Quantitative Studies on Origins of Fresh Tomato Aroma Volatiles 
Ron G. Buttery,* Roy Teranishi, Louisa C. Ling, Robert A. Flath, and Donald J. Stern 

A method developed for the quantitative analysis of tomato volatiles has been extended to cover the 
C5-C13 range of fresh tomato aroma volatiles. This method showed that the pulp and skin (+ some 
adhering pulp) had the highest concentrations of volatile aroma compounds of the tomato. The fluid 
showed smaller concentrations of (ZJ-3-hexenal. No significant contribution was found from the seeds. 
A study of some unusual varieties containing high and low levels of carotenoids showed differences that 
were generally consistent with the view that 6-methyl-5-hepten-2-one, geranylacetone, p-ionone, and 
related compounds are derived from oxidative carotenoid breakdown. 

Although there have been numerous qualitative studies 
of the aroma volatiles of foods, there have been very few 
quantitative studies. This is especially true with tomatoes. 
This is partly due to the complex mixtures of components 
involved, their usual very low concentration, and the 
variability with different isolation methods. A knowledge 
of the concentrations of aroma volatiles in a food is, how- 
ever, very important to the understanding of each com- 
pound’s role in the perceived aroma of that food. Some 
of the authors had previously developed a workable me- 
thod for the quantitative analysis of C&, tomato volatiles 
(Buttery et  al., 1987). It seemed desirable to extend this 
method to a wider range of volatiles and to apply the 
method to determine the principal location of volatile 
aroma compound production in the tomato. This infor- 
mation could be useful in the basic understanding of to- 
mato aroma. 

Considerable evidence regarding the lipids as the source 
of the C6 aldehydes in tomatoes has been published by 
other authors (Kazeniac and Hall, 1970; Galliard and 
Matthew, 1977) and also for other foods such as tea leaves 
(Hatanaka and Harada, 1973). Buttery et  al. (1969) and 
Stevens (1970) have thought that C8, C13, and CI8 terpe- 
noid-like aroma volatiles of tomato might be derived by 
oxidative breakdown of carotenoids. The availability of 
the method for the quantitative analysis of tomato volatiles 
gave the authors the opportunity of supplying some ad- 
ditional information in this area. 

Western Regional Research Center, US. Department 
of Agriculture-Agricultural Research Service, Albany, 
California 94710. 

EXPERIMENTAL SECTION 
Materials. Tomatoes were grown on experimental 

fields at Davis, CA, during 1987. Tomato breeding lines 
used included the following: E6203, LA1563, ACC29 (Ace 
Yellow), ACC36 (High Beta), FM785, V80007-2-2-4, 
ACC81, XPH5498, Lassen, and GS-12 (Goldsmith-12). 
Freshly picked vine-ripe tomato samples were stored in 
the laboratory at room temperature under normal labo- 
ratory (fluorescent) lighting and used within 3 days. Au- 
thentic reference chemicals were obtained from reliable 
commercial sources or synthesized by well-established 
methods. They were purified by GLC separation before 
use. Freshly distilled diethyl ether and saturated CaCl, 
solutions were prepared as described previously (Buttery 
et al., 1987) except that it was found necessary to distill 
the ether through a fairly efficient (ca. 10-plate) glass 
helices packed column to remove trace amounts of volatile 
impurities. 

Isolation of Volatiles from Tomato Samples. From 
Whole Tomatoes. Isolation was carried out largely as 
previously described (Buttery et al., 1987). The whole 
tomato sample (100 g at 25 OC) of pieces cut from three 
different tomatoes was blended for 30 s. The mixture was 
atlowed to stand at room temperature for 180 s longer, then 
saturated CaCl, solution (100 mL) added, and the mixture 
blended for 10 s. A standard solution (5.0 mL) containing 
20.0 ppm 2-octanone, 20.0 ppm 3-pentanone, and 5.0 ppm 
anethole in water was then added and the mixture blended 
again for 10 s. The resultant mixture was then poured into 
a round-bottomed 1-L flask containing an efficient mag- 
netic stirrer. Purified air (3 L/min) was then led into the 
flask and passed over the vigorously stirred mixture and 
out of the flask through a Tenax trap (14-cm length X 
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2.2-cm i.d.). All connections and equipment were either 
Pyrex glass or Teflon. The isolation was carried out for 
60 min and the trap then removed and eluted with 100 mL 
of diethyl ether. The ether extract was concentrated to 
ca. 50 pL with a warm water bath and Vigreux distillation 
column. The Tenax trap was reactivated by passing a 
stream of purified nitrogen through it a t  200 "C for 1 h. 

Pulp, Locular Fluid, and Skin. Tomato line GS-12 was 
used for the pulp and locular fluid while line FM785 was 
used for the skin. Separation of each part of the tomato 
was generally done on different occasions to keep the 
manipulation time as short as possible (<5 min). In all 
cases a number of tomatoes were used (varying from a t  
least three tomatoes in the case of pulp to ca. 5 kg in the 
case of skins). The fresh vine-ripe tomatoes were opened 
with knives. The pulp (100 g) was fairly readily obtained 
by simply physically removing the skin and fluid with the 
knives. The locular fluid (100 g) was obtained from ca. 
10 tomatoes and filtered through stainless steel screen to 
remove the seeds. Enough skin (100 g) was obtained by 
peeling ca. 5 kg of tomatoes with sharp knives. The iso- 
lation of volatiles from the pulp, skin, and fluid was done 
exactly as described above for the whole tomato. 

Seeds. It  required ca. 0.5 h to separate enough seeds 
(100 g wet weight) from ca. 7 kg of tomatoes (line GS-12). 
The seeds were washed well with water to remove adhering 
fluid and then placed in the blender for the isolation with 
50 mL of water (the seeds did not contain enough fluid of 
their own for blending). The rest of the procedure for the 
isolation of volatiles was exactly as described for the whole 
tomato. 

Capillary GLC Analysis. Two commercially obtained 
capillary GLC columns were used; both were 60-m length 
X 0.32-mm i.d. fused silica. One was coated with DB-1 and 
the other with DB-wax. The GC oven programming con- 
ditions for the DB-1 coated column were to hold the tem- 
perature at  30 OC for 25 min and then increase the tem- 
perature at 4 "C/min to 190 "C and hold this temperature 
for another 30 min. The GC oven conditions for the DB- 
wax coated column were to hold the temperature at  30 "C 
for the first 5 min and then increase the temperature at  
4 "C/min to 170 "C and hold this temperature for 30 min. 
Carrier gas (He) velocity was 22 cm/s for the DB-1 coated 
column and 32 cm/s for the DB-wax coated column. 
Sample size was 1 pL split 1/20. The injector temperature 
was 170 "C. The gas chromatographs were Hewlett- 
Packard series 5880 and 5890 instruments with electronic 
peak area measurements. 

Capillary GLC-MS Analysis. This was carried out 
on a 60 m x 0.32 mm (i.d.) fused silica capillary column 
coated with DB-1. The mass spectrometer used was a 
Finnigan MAT 4500 (quadrupole) GC-MS. GLC (Kovats) 
indices were used along with the mass spectral data to 
confirm the identities of components. 
RESULTS AND DISCUSSION 

The method developed previously by Buttery et  al. 
(1987) for the quantitative analysis of tomato volatiles was 
extended in the present work to higher boiling compounds 
such as geranylacetone, methyl salicylate, and p-ionone. 
I t  was also extended to evaluate additional minor com- 
pounds such as geranial and /?-cyclocitral. Twenty-five 
volatile compounds were quantitatively analyzed in each 
tomato sample. Identities of components were verified by 
capillary GLC-MS. All compounds in the tables had been 
identified previously in tomato [for a recent review see 
Petro-Turza (1986-1987)] except for P-cyclocitral, which 
was identified in tomatoes for the first time in the present 
work. The unknown had mass spectra (major ions at  m / e  

Buttery et ai. 

Table I. Comparison of Concentrations (ppb) of Volatiles 
in Vine-Ripe Tomato Parts Pulp, Fluid, and Seed with That 
in the Whole Tomato Using the Standard Isolation 
Procedure (GS-12 Tomato Line) 

compound whole pulp fluid seed 
2- + 3-methylbutanals 
1-penten-3-one 
hexanal 
isobutyl cyanide 
(E)-2-pentenal 
(2)-3-hexenal 
1-penten-3-01 
2- + 3-methylbutanols 
(E)-2-hexenal 
pentanol 
(E)-2-heptenal 
1-nitro-3-methylbutane 
6-methyl-5-hepten-2-one 
hexanol 
(2)-3-hexenol 
2-isobutylthiazole 
6-methyl-5- hepten-2-01 
P-cyclocitral 
linalool 
neral 
geranial 
methyl salicylate 
geranylacetone 
2-phenylethanol 
P-ionone 

36 
550 

3500 
17 
86 

10000 
74 

380 
330 
150 
54 
53 

150 
6 

140 
99 
18 
3 
4 
2 

25 
20 
78 

1500 
4 

10 25 0 
350 280 1 

8100 3500 36 
44 30 1 
40 37 0 

11000 6000 10 
140 71 1 
350 460 17 
660 190 70 
220 190 0 
61 38 1 

101 54 1 
200 230 2 
230 22 1 
850 200 21 

97 73 0 
35 46 0 
1 2 0  
3 4 0  
1 4 0  

25 20 0 
8 12 0 

83 110 0 
1900 1300 0 

3 3 0  

41, 137, 109, 81, 152 (Mf), 67, 123, 55) and GLC Kovats 
retention index (1190 on DB-1) consistent with that of an 
authentic sample of @-cyclocitral. Three internal stand- 
ards, 3-pentanone, 2-octanone, and anethole, were used to 
cover the volatiles from ca. C5 to CIS. All analysis figures 
listed in the tables are averages from at least three separate 
complete isolations from different lots of tomatoes. Fur- 
ther discussion of the isolation method is included later. 

Volatiles from Different Tomato Parts. The tomato 
fruit can be divided into four main components: the pulp, 
i.e. all solid tissue left after removal of fluid, seeds, and 
skin; the fluid, i.e. the locular fluid or gel; the seeds; the 
skin. None of these parts are completely separable from 
one another in their undamaged fresh condition. Washing 
of the seeds with cold water removed most of the tomato 
fluid. The skin, however, could not be completely removed 
from the attached pulp. Some of the fluid was probably 
retained in the rather porous pulp. The separation of the 
different parts was carried out as rapidly as possible, and 
the isolation of volatiles started within 5 min (except for 
seeds, which took ca. 30 min). The rapid separation was 
necessary to minimize the volatiles produced by the sep- 
aration process that would cause some tissue damage. The 
concentrations of volatiles (in parts per billion of the to- 
mato, ppb) found in these separated parts (GS-12 line) are 
listed in Table I and compared to that found in the whole 
tomato and discussed below. 

Pulp. The pulp forms about 70% of the tomato. In 
Table I it can be seen that the quantitative analysis of the 
pulp showed very similar values to that found in the whole 
tomato except that the pulp has a considerably higher 
concentration of C6 alcohols and (E)-Zhexenal, which may 
be the result of cell damage unavoidably occurring during 
the separation of the pulp. 
Fluid. The fluid (ca. 20% of the tomato) was obtained 

by opening the tomato with a knife and filtering the fluid 
through a stainless steel screen (to remove seeds) before 
isolating the volatiles by the standard procedure. The 
(Z)-3-hexenal, (E)-2-hexenal, and 1-penten-3-one concen- 
trations found in the fluid were about half that found in 
the whole tomato. Concentrations of most other compo- 
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Table 11. Comparison of Concentrations (ppb) of Volatiles 
from Tomato Skin with Those of the Whole Vine-Ripe 
Tomato (FM785 Line) 

compound whole skin 
2- + 3-methylbutanals 
1-penten-3-one 
hexanal 
isobutyl cyanide 
(E)-a-pentenal 
(2)-3-hexenal 
1-penten-3-01 
2- + 3-methylbutanols 
(E)-2-hexenal 
pentanol 
(E)-2-heptenal 
1-nitro-3-methylbutane 
6-methyl-5-hepten-2-one 
hexanol 
(2)-3- hexanol 
2-isobutylthiazole 
6-methyl-5-hepten-2-01 
b-cyclocitral 
linalool 
neral 
geranial 
methyl salicylate 
geranylacetone 
2-phenylethanol 
B-ionone 

27 
520 

3100 
13 

140 
12000 

110 
380 
270 
120 
60 
59 

130 
7 

150 
36 
16 
3 
2 
2 

12 
48 
57 

1900 
4 

27 
400 

9700 
22 

140 
20000 

210 
410 
950 
280 
80 

160 
320 
710 

2900 
86 
12 
2 
4 
4 

28 
17 

250 
1900 

5 

nents were, however, fairly comparable. 
Seeds. The seeds (ca. 0.3% of the tomato) were obtained 

by opening the tomatoes with a knife, filtering the seeds 
on a stainless steel screen, and washing them well with 
water. Most of the water was pressed off, but the wet 
weight of the seed was used for the determination of the 
concentrations shown in Table I. Water (50 mL) was 
added in the blending part of the standard isolation pro- 
cedure to allow the seeds to be broken up properly. I t  can 
be seen that the concentration for the seeds is of the order 
of 100 times lower than that of the whole tomato for most 
compounds. Only (E)-2-hexenal occurs in the same order 
of concentration as that of the whole tomato. But the 
seeds are such a small percentage of the whole tomato (ca. 
1/30th the weight) that none of the seed volatiles could 
contribute significantly to the volatiles of the whole to- 
mato. 

Skin. A similar but different tomato line (FM785) was 
used for the study of skin volatiles, and the comparison 
is made against the whole tomato of that variety in Table 
11. The tomatoes were peeled with sharp knives as close 
as possible to the surface, but appreciable amounts of pulp, 
ca. 1-2 mm thick, still remained attached to the skin. The 
skin obtained in this way formed ca. 10% of the tomato. 
Other more effective methods of removing the skin, such 
as the commonly used processing methods of steam or 
alkaline peeling, however, would produce abnormal vola- 
tiles. Results in Table I1 show that the skin (and adhering 
surface pulp) had a considerably higher concentration of 
C6 aldehydes and a several-fold higher concentration of C6 
alcohols than the whole tomato or the interior pulp. The 
possibility that this may partly be the result of tissue 
damage occurring during peeling cannot be excluded. 

Quantitative Studies with Different Tomato Lines. 
Samples of tomatoes from more than 10 different lines of 
tomatoes have been studied by the authors. Although a 
thorough statistical analysis was not made, no marked 
differences were observed for the concentrations of C5-CI3 
volatiles found for the vine-ripe samples of the commercial 
lines studied. The analyses found (except for the three 
unusual lines discussed below) were all similar to that for 
the whole tomatoes (GS-12 and FM785 lines) shown in 

Table 111. Comparison of Concentrations of Volatiles (ppb) 
for Different Tomato Lines Containing Different Levels of 
Carotenoids 

ACC29: V80007: ACC36 
low high high 

comDound caroten lvcoDene &carotene 
3-methylbutanal 
1-penten-3-one 
hexanal 
isobutyl cyanide 
(E)-%pentenal 
(Z)-3-hexenal 
1-penten-3-01 
2- + 3-methylbutanols 
(E)-2-hexenal 
pentanol 
(E)-a-heptenal 
1-nitro-3-methylbutane 
6-methyl-5-hepten-2-one 
hexanol 
(2)-3-hexenol 
2-isobutylthiazole 
6-methyl-5-hepten-2-01 
(3-cyclocitral 
1 in al o o 1 
neral 
geranial 
methyl salicylate 
geranylacetone 
2-phenylethanol 
b-ionone 

39 
840 

1400 
63 
77 

11000 
210 
550 
480 
99 
62 

240 
2 
3 

120 
70 

2 
0 
1 
0 
0 

22 
11 

330 
1 

15 27 
650 520 

2500 1300 
5 20 

120 61 
13000 4800 

91 62 
160 1710 
230 120 
100 230 
80 48 
31 230 
73 7 

7 29 
190 140 
33 32 
18 2 
2 3 
2 19 
4 1 

21 2 
10 230 
48 45 

230 990 
3 17 

Tables I and 11. The main quantitative differences that 
the authors have encountered seemed to be caused by 
variations in degrees of ripeness or by storage conditions 
(Buttery et ai., 1987). 

Three unusual experimental lines also studied were 
ACC36, a high-@-carotene line; V80007-2-2-4, a high-ly- 
copene line; and ACC29, a low-carotenoid line. The car- 
otenoid content of these tomato lines had been determined 
by other workers (Stevens, 1970,1986). Analyses for these 
lines are listed in Table 111. These can be compared with 
those of the common commercial lines in Tables I and 11. 
The high @-carotene line (ACC36) showed the highest 
concentrations of @-ionone (17 ppb) and @-cyclocitral (30 
ppb), both known to result from biological or chemical 
degradation of @-carotene. The high-lycopene line 
(V80007), however, did not show any significantly higher 
concentration of the suspected lycopene degradation 
products 6-methyl-5-hepten-2-one, 6-methyl-5-hepten-2-01, 
or geranylacetone. I t  did show a significantly higher value 
for geranial (21 ppb) compared to that of the common 
FM785 line (12 ppb). Geranial could be considered a 
lycopene degradation product. The concentration of all 
of the above carotenoid fragments was appreciably lower 
in the low-carotenoid line ACC29. 

It would be interesting to study the volatile concentra- 
tions in tomato lines varying in unsaturated fatty acid 
content to note the effect on unsaturated fatty acid deg- 
radation products such as (Z)-3-hexenal, hexanal, l-pen- 
ten-3-one, etc. However, the authors are not aware of 
where such tomato lines could be obtained. 

Quantitative Isolation Method. The isolation pro- 
cedure, previously used by Buttery et al. (1987) for C5-C9 
tomato volatiles, was extended in the present study for 
C5-CI3 volatiles. Three internal standards were used to 
cover this range. The most volatile was 3-pentanone, which 
was used as an internal standard for 2- and 3-methyl- 
butanals, l-penten-3-one, and (E)-Zpentenal. The second 
internal standard, 2-octanone, was used for the middle 
range of compounds from hexanal to geranial listed in 
Tables 1-111 (except for (E)-2-pentenal). The third internal 
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found in the present study that a 60-m DB-1 (methyl 
silicone type) coated fused silica capillary was more suit- 
able for most compounds and by holding the column at 
30 "C for the first 25 min gave sufficient separation be- 
tween (Z)-3-hexenal and hexanal. The DB-1 column is 
more stable and the retention data are more reproduceable 
over long periods. However, a 60-m DB-wax column was 
also used for the analysis of certain specific compounds 
and for confirmation that the retention time identity was 
correct in the routine analysis of large numbers of samples. 
The DB-1 column also has the advantage that the aldehyde 
peaks do not show the tailing that they do on DB-wax, 
allowing for more accurate integration. The 60-m columns 
also give higher resolution of peaks, which decreases errors 
caused by overlapping of peaks. 

The accuracy of the quantitative analysis found for 
standard solutions of most compounds in Tables 1-111 on 
the average was within ca. f8% of the known concentra- 
tion as reported previously (Buttery et al., 1987). The error 
involved with 2-phenylethanol could be considerably higher 
because of its poor recovery, and the figures in Tables 1-111 
for 2-phenylethanol can only be considered to be of the 
right order. With the very small amounts of volatile to- 
mato components involved, there can be problems in ev- 
eryday routine analyses with trace contamination of the 
equipment. Occasional unexplained specific adsorption 
of certain compounds especially in regard to the higher 
boiling polar compounds can also cause problems. Some 
of these sources of error are minimized by the use of two 
GLC instruments with different polarity columns such as 
DB-1 and DB-wax. 
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Table IV. Percent Recovery Found for Standard Solutions 
Relative to Respective Internal Standards, 3-Pentanone, 
2-Octanone, and Anethole, and Absolute Recovery Using 
Standard Tenax Trap Isolation Procedure 

compound re1 % reca abs % rec 
3-methylbutanalb 50 19 

(E)-2-pentenalb 116 43 

1-penten-3-oneb 83 31 
isobutyl cyanideC 118 96 

hexanolC 82 66 
1-penten-3-olc 64 52 
linaloolc 106 86 
geranialc 92 75 

P-cyclocitralc 84 68 

geranylacetoned 63 36 

geraniolc 70 57 

methyl salicylated 60 35 

2-phenylethanold 3 2 
P-iononed 76 44 

The absolute recovery of 2-octanone was 81%, 3-pentanone was 
recovered 46% relative to 2-octanone, and anethole was recovered 
71 70 relative to 2-octanone. *Relative to 3-pentanone. Relative 
to 2-octanone. Relative to anethole. 

standard, anethole (4-propenylanisole), was used for the 
last four compounds in Tables 1-111. The three internal 
standards were dissolved in water to make a standard 
solution containing 20.0 ppm 3-pentanone, 20.0 ppm 2- 
octanone, and 5.0 ppm anethole. The internal standard 
solution was stored in the dark at 2 "C. Usually 5.0 mL 
of this standard solution was added to 100 g of blended 
tomato or test solution (after first adding 100 mL of sat- 
urated CaC12 solution to deactivate enzyme systems). I t  
had been previously found that an absolute recovery of 
81 % of 2-octanone was obtained by the isolation method 
developed and that an average of 46% 3-pentanone was 
recovered relative to 2-octanone (Buttery et al., 1987). In 
the present study it was found that an average recovery 
of 71 % of anethole was recovered relative to 2-octanone. 
The recoveries reported previously were reconfirmed ex- 
cept for (Z)-3-hexenal, which showed a 64% recovery 
(relative to 2-octanone) in the present study (apparently 
because of shorter storage times of the standard water 
solution). Recoveries found for additional tomato com- 
ponents relative to their respective internal standard are 
listed in Table IV. Most compounds, including the higher 
boiling compounds, are recovered reasonably well. A no- 
table exception is 2-phenylethanol, which gave an average 
of only 3% recovery relative to anethole. This is appar- 
ently due to the low air to water partition coefficient ( K )  
of 2-phenylethanol (the combination of its low vapor 
pressure with its relatively high water solubility). To ob- 
tain a 64% recovery would require ca. 50 times the volume 
of sweep gas used in the present study according to the 
theoretical relation previously derived by Buttery et al. 
(1987). For a 64% recovery this relation simplifies to V, 
= V,/K, where V ,  is the volume of sweep gas, V,  is the 
volume of water solution, and K is the air/water partition 
coefficient. A 50-h trapping period is impractical for the 
large number of samples needed, and there is the possi- 
bility that there could be some changes in the blended 
tomato-saturated CaClz mixture over such a long period. 
For 2-phenylethanol and also for all other compounds, a 
correction factor based on the relative percent recovery 
obtained was used for the figures in Tables 1-111. The 
errors involved would be expected to be greater for com- 
pounds such as 2-phenylethanol where the percent re- 
covery is so low. 

GLC Conditions. In the previous publication (Buttery 
et al., 1987), a 30 m x 0.25 mm (i.d.) DB-wax (Carbowax 
type) coated fused silica capillary column was used. It was 


