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Evaluation of Flavor Characteristic Compounds in Dill Herb
Essential Oil by Sensory Analysis and Gas Chromatography
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Oils obtained from different growth stages of dill were categorized into three groups by a quality
rating test of their aromas. The aroma of oil corresponding to 50% fruit formation was the most
favored. According to the odor assessment of each volatile compound by the sniffing method of gas
chromatography, a-phellandrene, 3,9-epoxy-1-p-menthene, myristicin, 8-myrcene, and (Z)-dihydro-
carvone were the preferred components, while (E)-dihydrocarvone and elemicin were the least
favored. A regression equation, which included myristicin and elemicin, could explain the differences

among the five kinds of oil.
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INTRODUCTION

Dill, Anethum graveolens L., is an important condi-
ment crop from which both herb and seed have been
extensively used in all kinds of flavoring including those
for baking mixes, sauces, salads, and seafoods. In the
food industry, the herb and seed have been largely
replaced by dill oil obtained by steam distillation from
freshly cut, entire herbs including stalks, leaves, and
fruits or from separated mature seeds. The two oils
differ in composition: seed oil is characterized by a high
content of carvone and limonene (Guenther, 1950;
Koedam et al., 1979), while the herb oil contains, in
addition, significant amounts of a-phellandrene and 3,9-
epoxy-1-p-menthene (Schreier et al., 1981; Lawrence,
1980), both considered among the most important
odorants of dill herb (Blank and Grosch, 1991). The
contents of these main components have been found to
vary according to geographical origin, harvesting time,
growth conditions, and isolation procedure (Koedam et
al., 1979; Huopalahti and Linko, 1983; Huopalahti,
1984).

The aim of the present study was to determine
whether there are differences in the composition of the
essential oils from dill herb at different growth stages
and to identify the odor characteristic compounds
produced by dill herb grown in Cuba.

MATERIALS AND METHODS

Materials. Dill herb was harvested at the “Suchel” Ex-
perimental Agricultural Station at different growth stages:
100% flowering, lower than 50% fruit formation, 50% fruit
formation, and 100% fruit formation.

Sample Preparation. Essential oils from four different
growth stages were obtained by atmospheric steam distillation
(60 kg in each case). In addition, a fifth sample of an old oil
(10 years old) was prepared.

Gas Chromatography. Analyses were conducted with a
Pye Unicam 204 instrument equipped with a flame ionization
detector and a SPB-1 fused silica column (30 m x 0.25 mm
id., film thickness 0.25 um). The column was temperature
programmed from 50 to 200 °C at 4 °C/min and held at the
final temperature until the chromatogram was complete.
Carrier gas (hydrogen) flow rate was 0.6 mL/min, and injector
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and detector temperatures were 220 and 250 °C, respectively.
The samples were injected in the split mode with a 1:20 split
ratio.

Gas Chromatography—Mass Spectrometry. Analyses
were performed on a Unicam Automass 20 equipped with a
BP-17 fused silica column (30 m x 0.25 mm i.d., film thickness
0.25 um). The column was temperature programmed from 80
to 220 °C at 4 °C/min and held at the final temperature until
the chromatogram was complete. Carrier gas (helium) flow
rate was 0.8 mL/min. Mass spectra were recorded at 70 eV.

Identities of compounds were established by comparing
mass spectra with those of authentic reference substances or
with the Wiley/NBS mass spectral data base. Furthermore,
identities were checked on the basis of retention data with
reference substances.

Quantitative estimations were made by relating individual
peak areas to the total area of the reconstructed ion chro-
matogram (obtained by recording the total ion current from
the injected sample in the GC—MS system, without involving
calibration factors).

Sensory Evaluation. Odor Assessment. The sniffing
method of GC (Guadagni et al., 1966) was used to describe
the characteristic odor of each volatile compound of dill herb
oil by well-trained panelists. Samples were injected into a GC
with the parameters described earlier. Effluent from the
column was split at a ratio of 1:1.

Quality Rating Test. The five essential oils were evaluated
by a 4-point quality scale (4, very good; 1, uncharacteristic)
according to five well-trained panelists using the sniffing
method (Larmond, 1977).

Statistical Analysis. The numerical sensory scores were
submitted to analysis of variance and Duncan’s test. The
percentage composition of volatile compounds was subjected
to arc-sine transformation for correlation and stepwise linear
regression, using the SPSS computer package (SPSS, 1987).

RESULTS AND DISCUSSION

The quality sensory scores for the five kinds of dill
herb oil were examined by analysis of variance. The
result (Table 1A) showed that the F value was signifi-
cant at the 1% level. Since a significant difference was
found among the samples, Duncan’s test (Snedecor,
1956) was used to further process the data. The result
(Table 1B) indicated that the aroma of 50% fruit
formation dill herb attained the largest sensory score
among the samples, while that of old oil was the
smallest; the other three samples were not significantly
different at the 5% level.

© 1995 American Chemical Society



1308 J. Agric. Food Chem., Vol. 43, No. 5, 1995

Table 1
(A) Analysis of Variance
for the Different Kinds of Dill Herb Oil
source of variance df Ss S2 F
among samples 4 8.6 2.15 10.75¢
among judges 20 4.0 0.20
total 24 12.6 0.52
(B) Result of Duncan’s Test

for the Different Kinds of Dill Herb Qil?

100% <50% fruit  50% fruit 100% fruit
flowering formation formation formation old oil
b b a b c

¢ Significantly different at the 1% level. ® Samples with different
letters were significantly different at the 5% level.
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Figure 1. Reconstructed chromatogram of 50% fruit forma-
tion dill herb oil.

Table 2. Odor Assessment of Volatile Compounds of Dill

Herb Oil
peak no.® compound odor description
1 a-thujene warm-resinous
2 o-pinene pine-like
3 B-myrcene fragrant, fresh
4 a-phellandrene dill-like, fragrant, fresh
5 limonene citrus-like, fresh
6 fB-phellandrene fragrant, fresh
7 p-cymene citrusy, fresh
8 o-terpinene lemony-citrusy
9 o,p-dimethylstyrene sour
10 3,9-epoxy-1-p-methene  dill-like, floral, fragrant
11 trans-dihydrocarvone caraway-like, sour
12 sabinol woody, sour
13 3,9-epoxy-p-cymene? sour
14 cis-dihydrocarvone cooling, fresh, minty
15 carvone caraway-like, cooling
16 isopiperitenone? minty
17 thymol spicy
18 elemicin® woody, sour
19 dillapiol warm-woody
20 myristicin nutmeg-like, fragrant

¢ Peak numbers refer to Figure 1. ¢ Not previously reported as
dill herb volatile compound.

Figure 1 shows the reconstructed chromatogram

obtained by recording the total ion current of the 50%
fruit formation dill herb oil, while the identities and
aroma description of each volatile compound by GC odor
assessment are given in Table 2. Among the 20
compounds, peaks 4 (a-phellandrene) and 10 (3,9-epoxy-
1-p-menthene) gave the best aromas. On the other
hand, five compounds, i.e., peaks 8, 11—13, and 18, were
found to possess a sour aroma and were not considered
to be characteristic of dill herb oil. Of these compounds,
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Table 3. Percentage Compositions of Various Kinds of
Dill Herb Oil

peak 100% <50% fruit 50% fruit 100% fruit

no.® flowering formation formation formation old oil
1 0.25 0.36 1.06 0.86 0.54
2 3.12 3.42 3.17 2.64 2.45
3 1.27 1.25 1.56 0.96 0.64
4 20.55 20.15 24.88 18.18 9.62
5 14.17 14.52 11.92 11.80 13.59
6 9.73 9.24 8.21 7.32 6.62
7 9.14 8.39 13.38 13.64 20.35
8 0.37 0.19 0.34 0.34 0.29
9 0.19 0.17 0.18 0.30 0.11
10 13.64 13.81 14.85 12.44 11.30
11 0.46 0.36 0.29 0.65 3.92
12 0.40 0.49 0.50 0.56 0.79
13 0.54 0.56 0.34 0.80 0.50
14 0.74 0.79 0.99 0.72 0.13
15 14.18 14.49 14.50 19.58 15.56
16 0.45 0.43 0.40 1.58 1.84
17 0.25 0.16 0.16 0.62 0.30
18 0.16 0.10 0.05 0.16 0.22
19 0.88 0.64 0.31 0.05 0.14

20 0.10 0.11 0.20 0.10 nd?

@ Numbers refer to Figure 1 and Table 2. ® Not detected.

3,9-epoxy-p-cymene and elemicin were identified for the
first time in dill herb oil (Pino et al., 1994).

Table 3 shows the percentage composition of the five
kinds of dill herb oil. The composition of the old oil was
the most different. This is not unexpected, because the
contents of a-phellandrene (peak 4) and 3,9-epoxy-1-p-
menthene (peak 10) that contribute to the preferred
aroma were the lowest among all of the samples, while
the amounts of peaks 11, 12, and 18, which contribute
to the sour aroma, were the highest. Consequently, the
aroma of the old oil was the least favored.

With regard to the composition of the old oil, the
following remark should be made. In this sample, a
striking difference in the trans-dihydrocarvone: cis-
dihydrocarvone ratio was observed, in comparison with
the others. As both stereoisomeric dihydrocarvones
probably make different important contributions to the
characteristic dill herb aroma, it seems very probable
that the different ratio of these compounds can have a
marked influence on the quality of dill herb oil. Both
dihydrocarvones had been found to be the subject of
isomerization in dill seed oil (Koedam et al., 1979).

Correlations among the volatile compounds of dill
herb oil are given in Table 4. In general, the correlation
between pairs of components was very high in all cases.
For instance, a-phellandrene (peak 4) had a significant
negative correlation with peaks 7, 11, 12, and 18. This
result indicates a high level of mutual effect among
volatiles during sensory evaluation. That is, compounds
associated with preferred aroma show a strong correla-
tion with others that contribute to the sour aroma.

Correlations between the sensory scores and the
amounts of volatile compounds of dill herb are shown
in Table 5. Seven compounds were found to be at 5%
significance level, i.e., peaks 3, 4, 10, 14, and 20 with
positive correlations and peaks 11 and 18 with negative
ones. This result indicates that the richer the oil is in
B-myrcene, o-phellandrene, 3,9-epoxy-1-p-menthene,
cis-dihydrocarvone, and myristicin, the more favored the
aroma. However, the opposite is true for trans-dihy-
drocarvone and elemicin.

To gain more insight into the characteristic com-
pounds of dill herb oil, stepwise linear regression
analysis was used (Draper and Smith, 1981). The
practical purpose in searching for such relations is the
possibility of using instrumental techniques, e.g. GC,
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Table 4. Correlation Matrix of Volatile Compounds of Dill Herb Oil®
peak peak no.
no. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
1 1 -0.22 022 029 -095 —-0.52 036 032 036 020 -0.17 016 —-0.12 051 042 016 0.27 -043 -0.72 0.51
2 1 0.84 078 0.36 087 -0.86 —0.34 —0.06 087 -0.71 -0.79 -0.36 040 -0.61 -095 -0.67 —-0.78 0.74 0.77
3 1 097 -0.11 070 -0.69 0.12 0.14 099 -0.85 -0.82 -046 0.81 -046 —-0.92 —-0.52 -092 0.50 0.94
4 1 -0.25 066 -0.73 0.18 037 096 -094 —-086 —0.26 0.87 —0.25 —0.84 ~0.31 —-0.89 041 0.96
5 1 0.53 -0.34 -0.52 -0.56 —0.08 0.21 -0.10 —0.11 -0.54 -0.61 —-0.27 -0.52 0.25 0.72 -0.42
6 1 -0.92 -0.07 0.02 0.71 -0.69 -0.89 -0.17 0.38 -0.58 —0.89 —-0.51 —0.46 094 0.46
7 1 0.15 -0.33 —-0.70 0.83 093 -0.09 -042 029 081 027 0.54 -0.77 -0.55
8 1 0.35 0.04 -0.21 -0.19 0.01 062 021 008 036 0.12 —-0.08 0.19
9 1 0.10 -0.60 -0.40 0.73 047 076 0.07 075 -0.13 -0.22 0.35
10 1 -0.83 -0.80 —0.48 0.77 —049 —-093 -0.56 —0.93 0.51 0.93
11 1 0.93 -0.06 —0.82 0.03 0.74 0.05 0.74 -0.43 —0.86
12 1 0.02 -0.70 027 084 023 061 -0.72 —0.71
13 1 -022 0.82 048 0.86 045 —-0.25 -0.34
14 1 -0.04 -0.58 —-0.056 -0.68 0.17 0.88
15 1 0.68 0.97 0.32 -0.71 -0.18
16 1 0.69 0.78 —-0.77 —-0.74
17 1 0.48 -0.59 -0.28
18 1 —-0.22 —-0.94
19 1 0.19
20 1

eIf r > 0.88 or r < —0.88, then significant at the 5% level.

Table 5. Correlation Coefficient between Sensory Score’
and Volatile Compound Concentration

peak no. re peak no. ré
1 0.39 11 —0.95
2 0.69 12 —0.82
3 0.92 13 -0.15
4 0.99 14 0.89
5 -0.37 15 —-0.09
6 0.56 16 -0.75
7 —-0.69 17 -0.17
8 0.21 18 -0.88
9 0.49 19 0.28
10 0.91 20 0.97

aIfr > 0.88 or r < —0.88, then significant at the 5% level.

Table 6. Summary of Multiple Linear Regression
Analysis

regression eq
§ =207+ 7.35X5 — 1.22X5
@ Significant at the 1% level.

R2
1.00

SE
55 x 107°

F
170.65¢

to supplement or replace sensory testing in the quality
classification of dill herb oil. The result is given in Table
6. Two volatile compounds, i.e., elemicin (peak 18) and
myristicin (peak 20), were selected in the model. The
multiple correlation coefficient (R?) is 1.00, which means
that this model can explain 100% of the differences
between the essential oils. The partial R? of these two
compounds indicates that myristicin (R? = 0.94) is the
critical contributor to this equation. This compound has
been characterized as an important odorant in dill herb
flavor (Huopalahti, 1986; Blank and Grosch, 1991).

To measure how well the calculated scores agree with
the experimental scores, three new samples of dill herb
oil were evaluated. Their sensory scores were 2.0, 3.2,
and 4.0, and the fitted scores by the model equation
were 2.3, 3.4, and 3.7, respectively. Thus, the fitted
scores using the GC data are as accurate and represen-
tative as the experimental scores determined by the
sensory test panel members. The scope of this study
precluded the repetition of the experiments with the
new samples.

LITERATURE CITED

Blank, I.; Grosch, W. Evaluation of Potent Odorants in Dill
Seed and Dill Herb (Anethum graveolens L.) by Aroma
Extract Dilution Analysis. J. Food Sci. 1991, 56, 63—67.

Draper, N. R.; Smith, H. Applied Regression Analysis; Wiley:
New York, 1981.

Guadagni, D. G.; Okano, S.; Buttery, R.; Burr, H. Correlation
of Sensory and Gas-Liquid Chromatographic Measurements
of Apple Volatiles. Food Technol. 1966, April, 166—169.

Guenther, E. In The Essential Oils; Van Nostrand: New York,
1950; Vol. 2.

Huopalahti, R. Effect of Latitude on the Composition and
Content of Aroma Compounds in Dill, Anethum graveolens
L. Lebensm. Wiss. Technol. 1984, 17, 16—19.

Huopalahti, R. Gas Chromatographic and Sensory Analyses
in the Evaluation of the Aroma of Dill Herb (Anthum
graveolens L.). Lebensm. Wiss. Technol. 1986, 19, 27—30.

Huopalahti, R.; Linko, R. Composition and Content of Aroma
Compounds in Dill, Anethum graveolens, L., at Three
Different Growth Stages. J. Agric. Food Chem. 1983, 31,
331-333.

Koedam, A. A,; Scheffer, J. J.; Svendsen, A. B. Comparison of
Isolation Procedures for Essential Oils. I. Dill (Anethum
graveolens L.). Chem. Mikrobiol. Technol. Lebensm. 1979,
6,1-17.

Larmond, E. In Laboratory Methods for Sensory Evaluation
of Food; Research Branch, Canada Department of Agricul-
ture Publication 1637; Canada Department of Agriculture:
Ottawa, 1977; p 59.

Lawrence, B. New Trends in Essential Oils Perfum. Flavor.
1980, 5, 6—16.

Pino, J. A.; Rosado, A.; Goire, 1. Analysis of the Essential Oil
from Cuban Dill Herb (Anethum graveolens L.) Flavor
Fragrance J. 1994, submitted for publication.

Schreier, P.; Drawert, F.; Heindze, I. The Quantitative Com-
position of Natural and Technologically Changed Aromas
of Plants. VIII. Volatile Constituents of Fresh Dill Herb.
Lebensm. Wiss. Technol. 1981, 14, 150—152.

Snedecor, G. W. In Statistical Methods; Iowa State College
Press: Ames, [A, 1956; p 536.

SPSS. SPSS/PC+ User's Manual; SPSS Inc.: Chicago, IL,
1987.

Received for review November 1, 1994. Accepted November
15, 1994.°®

JF940043X

® Abstract published in Advance ACS Abstracts, Janu-
ary 1, 1995.



