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Volatile Components and Odor Intensity of Four Phenotypes of Hyssop 
(Hyssopus officinalis L.) 

Kaisli Kerrola,*~+ Bertalan Galambosi,t and Heikki Kalliot 

Department of Biochemistry and Food Chemistry, University of Turku, FIN-20500 Turku, Finland, and The 
Agricultural Research Center, South Savo Research Station, FIN-50600 Mikkeli, Finland 

The volatile compounds of the four phenotypes of hyssop, Hyssopus officinalis L., differentiated by 
the color of the corolla, were investigated by Soxhlet extraction using pentane/diethyl ether and by 
supercritical carbon dioxide extraction. Pinocamphone, isopinocamphone, and pinocarvone were the 
main compounds among the 43 compounds observed, of which 33 were identified. Distinctly different 
percentage compositions of the volatiles were revealed. The phenotypes could be distinguished from 
another on the basis of the relative proportions of these three ketones despite notable annual variation 
during the three consecutive years of cultivation. The supercritical extract (10 MPa/40 "C) contained 
a lower amount of monoterpene hydrocarbons and a higher amount of oxygenated hydrocarbons than 
the solvent extract, The intensity of odor of the phenotypes and their respective C02 extracts was 
evaluated by sensory methods. The blue-flowered phenotype was assessed to be more intense in odor 
than the others. 

INTRODUCTION 

Flavor and fragrance preparations incorporated into 
various food, perfumery, and cosmetic products possess 
substantial value on the world market. The economic 
interests toward the fragrance components of aromatic 
plants direct the selection of commercially cultivated 
species to focus on both the amount and the quality of the 
volatile substances. The essential oil content may vary 
considerably within a single species from one growth season 
to another affected by climatic parameters and agrotech- 
nical factors, such as fertilization, water supply, and 
harvesting, especially the phase of plant development at  
the time of harvest (Berndth, 1986; Lawrence, 1986; 
Berndth and Hornok, 1992). Many plants exist as various 
phenotypes, i.e., differing in their appearance, and both 
quantitative and qualitative diversity is often detected in 
the composition of essential oil obtained recorded, e.g., in 
basil (Simon et al., 1988) and oregano (Putievsky and 
Ravid, 1982). The essential oil of hyssop of various origins 
has been studied by Sharma et al. (1963), Joulain (19761, 
Joulain and Ragault (1976), Hilal et al. (1978), Lawrence 
(1984), Shah et al. (1986), von Schantz et al. (1986), 
Maheshwari et al. (1988), and Shah (1991). Schulz and 
Stahl-Biskup (1991) extended their study to cover the 
glycosidically bound volatiles in addition to essential oil 
from leaves, stems, flowers, and roots of hyssop during the 
growth season. Three phenotypes of hyssop with either 
red, blue, or white flowers cultivated in the Tashkent region 
analyzed by Khodzhimatov and Ramazanova (1975) were 
found to differ in their chemical composition. Due to 
evident dissimilarities in the volatiles identified in this 
study in comparison with previous investigations of hyssop, 
Lawrence (1980) considered these results to be tentative 
until verified. 

The commonly used commercial methods to isolate 
volatile components from botanical material are distillation 
and solvent extraction. During the past 10 years appli- 
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cations of supercritical fluid extraction (SFE) have been 
introduced and adopted also in industrial scale. The 
volatile substances of aromatic plants are highly soluble 
in supercritical C02 already at  moderate temperature and 
pressure (Brogle, 1982) and can therefore be selectively 
isolated. However, coextraction of other lipophilic com- 
pounds, e.g., fatty acids and their derivatives, waxes, and 
pigments, does occur to some extent. Comparison of 
chemical composition between hydrodistillates and su- 
percritical carbon dioxide extracts of herbs and spices have 
been reported (e.g., Stahl and Gerard, 1982; Moyler and 
Heath, 1988; Udaya Sankar 1989; Nykiinen et al., 1990; 
Reverchon and Senatore, 1991; Kollmannsberger et al., 
1992; Hawthorne et al., 1993). A high yield of oxygenated 
hydrocarbons obtained by SFE compared with hydrodis- 
tillation has generally been associated with high quality 
of the aroma. Some studied have been published on 
differences between Soxhlet extraction and simultaneous 
distillation and extraction (SDE) compared with SFE 
(Hirvi et al., 1986; Bundschuh et al., 1986, 1988; Tateo 
and Chizzini, 1989; Kallio and Kerrola, 1992; Kerrola and 
Kallio, 1993). 

To aid the selection of plants producing a high yield 
and quality essential oil, four phenotypes of hyssop, 
Hyssopus officinalis L., differentiated by the color of the 
corolla, were investigated. In this study we compare the 
chemical compositions of volatile compounds of the 
phenotypes cultivated during 3 consecutive years by 
Soxhlet extraction using pentane/diethyl ether. The 
volatile composition of the supercritical carbon dioxide 
extracts of the phenotypes is compared with the solvent 
extracts. The intensity of odor of the phenotypes and 
their respective C02 extracts are evaluated by sensory 
methods. 

MATERIALS AND METHODS 

Materials. Four phenotypes of hyssop (H. officinalis L.) were 
cultivated at the Agricultural Research Center, South Savo 
Research Station in Mikkeli, Finland (61' 40'N, 27' 15'E) during 
the summers of 1990, 1991, and 1992. The phenotypes were 
characterized by the color of the corolla. The mixed color flowered 
plants were of Kekviragu strain from Hungary, and the red form 
originated from the mountainous regions of Romania. The origin 
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of the other two phenotypes was less accurately known: The 
seeds of the white form were purchased at  Suffolk Herbs, England, 
and the seeds of the blue-flowered plants of unknown origin were 
collected at Pukkila Manor, Piikki6, Finland, grown there more 
than 10 years. Fertilization consisting of 35 kg of nitrogen, 120 
kg of phosphorus, and 70 kg of potassium per hectare were applied 
on the coarse sand soil (pH 6.2) in the spring, with additional 
nitrogen dressing (30 kg/ha) in June each year. In the first year 
of the experiment the seeds were sown into peat pots (5 X 5 cm 
in size) in April and transferred into open field (4 plants/m2) 
during the first week of June. The weed control was carried out 
by hand and no pesticides were used. The plants were harvested 
10 cm above the ground by hand, at the mid-flowering stage in 
August. The plant biomass was dried at 35 "C for 48 h in a 
pilot-scale cabinet drier under continuous circulation of air. The 
material was stored in paper bags at ambient temperature 
protected from light until analyzed. 

Solvent Extraction. Comminuted hyssop (5.00 g) was 
extracted for 6 hwith 150mL of the mixture of redistilled pentane/ 
diethyl ether (1:2 v/v) using a modified Soxhlet technique 
(Huopalahti and Linko, 1983). The extract was concentrated at 
45 "C, witha Widmer column, toca. 2 mL. Toremove coextracted 
waxes, carotenoids, and the major proportion of chlorophylls, 
purification of the concentrate was carried out at 8 "C using 
column chromatography with 5 g of silica gel (Merck, silica gel 
60 extra pure, 70-230-mesh ASTM) as described by Scheffer et 
al. (1976,1977) and by Chamblee et al. (1991). The compounds 
were eluted with 30 mL of the solvent mixture used for the 
extraction. The internal standards, n-tetradecane and n-eicosane 
(purity >99%; Nu Chek Prep, Elysian, MN), were added to the 
effluent. The effluent was concentrated with a Widmer column 
as described above to the final volume of 2 mL. The samples 
were dried over anhydrous sodium sulfate and stored at -20 "C 
in Teflon-capped glass vials. A 50-fold dilution of the concentrate 
was made prior to gas chromatographic analyses. Triplicate 
solvent extractions of each phenotype were carried out. The 
mean values were calculated on the basis of three replicate gas 
chromatographic determinations of the extracts obtained. 

Supercritical Fluid Extraction. Hyssop phenotypes (har- 
vested in 1991) were pulverized in a pin mill under cooling by 
injection of liquid COz. Batch procedure was applied using 10-L 
autoclave type extractors at 10 MPa and 40 "C. The volatile 
substances of ca. 1 kg of plant material were extracted with 18 
kg of C 0 2  in 1 h, and the extracts were collected at 6 MPa and 
30 "C. After removal of coextracted water, the semisolid extract 
was transferred to brown-glass bottles and stored at -20 "C until 
analyzed. The total yields of extracts isolated by a commercial 
scale extractor were 0.65,0.50,0.49, and 0.66% of dry weight for 
the blue, red, white, and mixed color flowered pheno- 
type, respectively. A 200-fold dilution of the extract in n-pentanel 
diethyl ether (1:2 v/v) was made, and internal standards were 
added prior to GC and GC-MS analyses. 

Gas Chromatographic and GC-MS Analyses. The gas 
chromatographic analyses were carried out on a Varian 3300 gas 
chromatograph (Varian Associates, Walnut Creek, CA) equipped 
with a flame ionization detector connected to a Shimadzu 
Chromatopac C-R3A integrator (Shimadzu Corp., Kyoto, Japan). 
Fused silica columns (HNU-Nordion LTD, Helsinki, Finland) 
(25 m x 0.32 mm i.d., film thickness 0.20 pm) coated with NB- 
351 liquid phase (nitroterephthalate modified polyethylene glycol 
polymer, corresponding to OV-351) were used for the analyses. 
The oven temperature was programmed as follows: from 40 "C 
(isothermal for 5 min) to 170 "C at 4 OC/min, from 170 "C to 240 
"C at 8 OC/min, and an isothermal period at 240 "C for 12 min. 
The temperature of the injector port and the detector was 240 
"C. The split ratio was 1:20, and the average flow rate of carrier 
gas (helium) was 1.6 mL/min. The 70-eV electron impact mass 
spectra were obtained on a VG Analytical 7070E instrument and 
VG-11-250 data system (VG, Wythenshawe, Manchester, U.K.). 
A Dani 3800 HR ch gas chromatograph with the same capillary 
column and temperature program as in the gas chromatographic 
analysis was used in GC-MS. Qualitative analysis was based on 
comparison of the spectra obtained with mass spectral libraries 
(Stenhagenet al., 1974; TNO, 1979; Ramaswami et al., 1988) and 
Kovats indices (ZK) (e.g., Holm et al., 1988; Davies, 1990). The 
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identifications were not verified by cochromatography combined 
with mass spectrometric analyses of pure reference substances. 

Sensory Evaluation. Assessors. For the evaluations of the 
samples, 12 assessors (6 men, 6 women) were selected from the 
staff and graduate students of our department. All were 
nonsmokers, between 25 and 52 years of age, and four had previous 
experience in sensory analysis. 

Procedure. The assessors were asked to evaluate the odor 
intensity of the samples by using a 12-point structured interval 
scale consisting of four word categories anchored as weak (values 
from 1 to 3), moderate (from 4 to 6), strong (from 7 to 9) and very 
strong (from 10 to 12) intensity. The herbal samples and the 
CO2extract.a were rated in separate sessions. Analysis of variance 
was applied to the results of six replicas of each group of samples. 

Samples. The samples evaluated were four phenotypes of 
hyssop (1991) as minced herbal material and as supercritical 
extract. The samples for each assessor were prepared simulta- 
neously about 1 h prior to the sessions to allow the headspace 
to develop in the bottle. The dry herbal material was comminuted 
with a chopper mill (Moulinette S code 643, Moulinex, France) 
for 30 s in 5-5 intervals; 0.50 g of freshly ground hyssop was 
weighed into 35-mL glass bottles wrapped in aluminum foil. The 
sample was covered with cotton wool to avoidvisual identification 
and capped with a lid. The semisolid extracts (50 mg) were 
applied on a disk of Whatman No. 1 filter paper and covered as 
described above. All samples were coded with three-digit random 
numbers and served in randomized order for each assessor in 
every session. 

The evaluation of the samples was performed in individual 
assessment booths a t  2 p.m. throughout the study. The sessions 
were held twice a week during 3 consecutive weeks in May 1992. 

RESULTS AND DISCUSSION 

The differences among the four phenotypes of hyssop 
were assessed by comparing the relative proportions of 
the 43 compounds listed in Table 1. Thirty-three of them 
could be identified on the basis of their mass spectral data 
and retention indices (IK). A typical chromatogram of 
pentane /d ie thyl  ether (PE:DEE) ext rac t  of hyssop 
(Kekviragu) is presented in Figure 1. Large differences 
in the proportions of the  major constituents of the extracts 
were detected, although annual variation gave rise to 
notable diversity. 

Chemical Composition of the Phenotypes. The 
monoterpene hydrocarbons constituted 11-14 % of the 
total extract of the blue- and white-flowered phenotypes, 
whereas the  red-flowered phenotype was found to  contain 
about 17 % and the mixed flowered between 14 and  17 % 
monoterpenes. The major compounds were &pinene and  
P-phellandrene. We could not find an explanation for the 
exceptionally large proportion of /3-pinene (17.5%) in the  
red-flowered plants in 1990. Largest year-to-year variation 
was detected in  the proportion of 0-phellandrene, which 
could be explained with the heterogeneity of the  material 
and the  stage of ontogeny at harvesting. Schulz and Stahl- 
Biskup (1991) reported higher amounts of P-phellandrene 
in the flowers than  leaves or stems and at the  beginning 
of flowering than after the  flowering had ended. 

T h e  main compounds of hyssop extracts were terpene 
ketones, pinocamphone, isopinocamphone, and  pinocar- 
vone, contributing from 40 to  50% in the  red-flowered 
phenotype and  ca. half of the  total extract in the  three 
others. T h e  blue-, red-, and  white-flowered phenotypes 
were distinguishable on the basis of the abundance these 
ketones. Highest amounts of terpene ketones in blue- and 
red-flowered phenotypes were detected in 1992, i.e., in the 
third-year plants. In  addition to  the  age of the  plants, 
this could also be explained by the  weather conditions. 
T h e  only major difference found in  meteorological data 
among the  three growth seasons was the  warm and  dry 
weather in  May and July of 1992. Up to 26 5% of the  extracts 



778 J. Agric. Food Chem., Vol. 42, No. 3, 1994 

Table 1. Relative Composition of Solvent Extracts of Four Hyssop Phenotypes Cultivated in Finland during 3 Consecutive 
Years 

Kerrola et el. 

no.a compound 

composition ( % ) 

IK blue red W h i t e  mixed 
1990 1991 1992 1990 1991 1992 1990 1991 1992 1990 1991 1992 NB-351 

1 a-thujene 0.3 0.2 0.3 0.3 trb 0.6 0.5 tr 0.2 0.1 
2 a-pinene 0.8 0.2 0.3 0.8 0.7 0.4 0.6 tr 0.4 0.6 
3 camphene 0.4 0.2 0.2 0.4 0.4 0.3 0.4 0.4 0.2 0.3 
4 @-pinene 6.6 5.2 6.2 17.5 10.8 10.5 9.3 7.9 7.8 11.3 
5 sabinene 1.0 0.7 1.1 1.5 0.8 1.1 1.1 0.8 0.9 1.3 
6 @-myrcene 1.2 0.7 1.2 1.3 0.9 1.2 0.7 0.5 0.8 1.1 
7 Plimonene 0.5 0.4 0.5 0.6 0.4 0.6 0.4 0.4 0.4 0.5 
8 @-phellandrene 3.1 1.9 2.8 3.8 3.3 2.9 0.5 0.6 0.5 2.2 
9 unknown 0.1 0.1 0.2 tr tr tr tr tr tr 0.1 
10 cis-@-ocimene 0.6 0.5 1.1 0.1 tr 0.1 1.0 0.8 2.0 0.4 
11 myrtenol methyl ether 1.0 1.1 1.4 0.6 0.8 1.3 0.3 0.4 0.4 0.6 
12 n-tetradecane 
13 a-thujone 0.1 0.1 0.2 tr tr tr 0.1 tr 0.2 0.1 
14 @-thujone tr 0.2 0.2 0.2 tr 0.2 tr tr tr 0.2 
15 unknown 0.1 0.1 0.2 0.3 0.3 tr tr tr tr tr 
16 pinocamphone 18.0 19.5 19.7 1.6 1.4 2.7 48.7 46.0 46.2 25.4 
17 a-gurjunene 0.7 0.5 0.6 0.3 0.5 0.4 1.0 1.2 1.2 0.4 
18 isopinocamphone 29.2 29.4 32.6 13.8 14.1 22.2 1.1 2.0 1.3 16.4 
19 linalool 0.1 tr 0.2 0.2 tr 0.8 0.7 0.5 0.7 0.2 
20 pinocarvone 5.3 5.6 5.7 25.3 25.5 26.2 1.2 2.2 1.7 10.7 
21 @-caryophyllene 2.5 2.6 2.0 2.3 3.3 2.0 2.1 2.7 2.4 1.9 
22 allo-aromadendrene 0.2 0.3 0.1 0.3 0.3 tr 0.4 0.7 0.2 0.2 
23 a-caryophyllene 1.8 1.9 1.6 1.2 2.0 1.4 2.6 2.6 2.9 1.0 
24 trans-pinocarveol 0.6 0.4 0.4 0.6 0.5 0.4 0.9 0.6 0.7 0.6 
25 methyl myrtenate 0.4 0.2 0.2 0.2 0.3 0.2 0.2 0.3 0.2 0.2 
26 estragol 0.4 0.3 0.2 0.4 tr 0.3 0.4 tr 0.4 0.3 
27 unknown tr 0.4 0.4 tr tr tr tr tr tr tr 
28 germacrene D 10.2 9.0 6.7 9.9 15.5 10.3 9.5 9.7 9.2 8.9 
29 unknown ndc nd nd nd nd nd 0.6 1.2 1.0 nd 
30 bicyclogermacrene 4.6 4.8 4.2 5.1 7.6 4.6 4.3 5.4 5.2 4.1 
31 unknown 0.4 0.4 0.3 0.2 0.3 0.3 0.3 tr 0.3 0.3 
32 myrtenol 1.9 1.7 1.9 2.5 2.0 2.2 2.1 2.4 2.6 2.6 
33 1-(1,4-dimethyl-3-cyclohexen-l-yl)ethanone 0.1 0.2 tr 0.8 0.6 0.4 1.3 0.7 1.0 0.9 
34 unknown 0.8 1.2 0.7 1.0 0.4 0.6 0.5 0.3 0.2 0.8 
35 unknown 0.2 0.6 0.2 0.5 0.6 0.3 0.5 1.1 0.3 0.3 
36 n-eicosane 
37 ledol 0.3 0.4 0.3 0.3 0.5 0.6 0.3 0.4 0.4 0.2 
38 eugenol methyl ether 0.2 0.3 0.3 0.2 0.4 0.5 0.1 0.3 0.4 0.2 
39 hedycaryol 4.4 6.8 3.5 2.4 4.1 2.5 5.6 6.6 5.3 2.7 
40 8-selinenol tr 0.2 tr tr tr tr tr tr tr 0.4 
41 spathulenol 1.0 1.3 1.0 1.6 1.2 0.9 1.2 1.1 1.3 1.0 
42 T-cadinol 0.2 0.3 0.3 tr 0.3 0.3 tr 0.2 0.3 0.2 
43 unknown 0.4 0.5 0.5 0.3 0.3 1.0 0.3 tr 0.8 0.2 

a Numbers of the compounds correspond to peaks in Figure 1. Trace amount, less than 0.1%. None detected. 
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Figure 1. Gas chromatogram of pentane/diethyl ether extract 
of the mixed-color-flowered phenotype of hyssop (Kekviragu). 
Numbers of the peaks correspond to Tables 1 and 2. 

of the red-flowered phenotype, from the mountain area of 
Romania, consisted of pinocarvone. Substantial amounts 
of pinocarvone in H. officinalis L. has previously been 
reported only by Maheswari et al. (1986) in their study of 
plants collected in the cold high-altitude arid desert of the 

Himalaya. High amount of pinocamphone and stability 
of the chemical composition was characteristic for the white 
flowered phenotype. The phenotype with mixed-colored 
flowers, Kekviragu strain, showed variation of chemical 
composition to the extent, which it could not merely be 
explained with annual variation of weather conditions. 
Instability of the strain was considered as the most likely 
source of the phenomenon. Previously, von Shantz et al. 
(1987) used headspace chromatography in determining 
the major substances of Kekviragu strain cultivated in 
Finland in 1984-1986. The relative proportions of the 
components and the large annual variation found in the 
volatile composition agree with our results. 

Large proportions of sesquiterpene hydrocarbons were 
observed in the PE:DEE extracts as compared with 
essential oils analyzed in the literature. Germacren D and 
bicyclogermacren were the most abundant sesquiterpenes 
in all phenotypes, both exhibiting relatively large annual 
variation. Hedycaryol and spathulenol were the major 
oxygenated sesquiterpenes. The mass spectrometric frag- 
mentation pattern of compound number 39 presented 
greater resemblance with the MS spectra of hedycaryol 
(TNO, 1979) than with any MS data we could find for 
elemol. Elemol has been claimed to be an artefact 
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Table 2. Relative Composition of Solvent Extracts and Supercritical COS Extracts of Hyssop Phenotypes 
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comDwition ( % 1 
~ 

blue red W h i t e  mixed 
n0.O compound sc-co2 solv sc-co2 solv sc-cog solv sc-co2 eolv 
1 
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19 
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23 
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tr 
0.4 
7.9 
0.8 
0.5 
0.4 
0.6 
tr 
0.8 
0.4 

tr 
tr 
tr 
46.0 
1.2 
2.1 
0.5 
2.2 
2.7 
0.7 
2.6 
0.6 
0.3 
tr 
tr 
9.7 
1.2 
5.4 
tr 
2.4 
0.7 
0.3 
1.1 

0.4 
0.4 
6.6 
tr 
1.1 
0.3 
tr 

tr 
tr 
0.1 
2.2 
0.2 
0.2 
0.1 
0.7 
nd 
nd 
0.7 

0.1 
tr 
0.1 
12.0 
1.2 
16.5 
0.3 
20.3 
4.2 
0.1 
2.5 
1.0 
0.4 
0.5 
0.3 
16.0 
nd 
5.8 
0.3 
3.2 
0.1 
1.6 
0.6 

0.5 
0.4 
2.3 
0.1 
4.7 
0.4 
1.1 

tr 
0.6 
0.3 
9.3 
0.9 
0.8 
0.4 
2.5 
tr 
tr 
0.8 

tr 
tr 
0.1 
7.5 
0.5 
16.7 
0.3 
23.0 
2.8 
0.3 
1.5 
0.4 
0.3 
tr 
tr 
14.0 
nd 
6.8 
0.3 
2.0 
0.6 
0.5 
0.7 

0.4 
0.3 
3.8 
tr 
1.0 
0.3 
0.3 

Numbers of the compounds correspond to peaks in Figure 1. b Trace amount, less than 0.1 %. None detected. 

originating from hedycaryol as a result of a Cope rear- 
rangement reaction during gas chromatography (Schulz 
and Stah-Biskup, 1991). Spathulenol and T-cadinol were 
tentatively identified by comparing the mass spectra 
recorded with identifications reported by Maurer and 
Hauser (1983) and Borg-Karlson et al. (19811, respectively. 

The lack of genetically stable genotypes of medicinal 
plants gives rise to major variation in the chemical 
composition of their secondary products reviewed by Fluck 
(1955) and more recently by TBtBnyi (1992a,b). The 
genetic heredity was considered the primary reason and 
the environmental factors a secondary reason for the 
differences in the composition of volatile substances. The 
hyssop phenotypes of this study were not cultivars but 
represented strains of hyssop differing in the color of corolla 
and also in their origins. The four phenotypes varied 
significantly in their volatile composition. The compounds 
isolated were essentially the same as identified by Joulain 
(1976) in hyssop cultivated in France and Hungary and 
by Schulz and Stahl-Biskup (1991) in hyssop of unknown 
origin. Although qualitative differences were minor, the 
phenotypes could be distinguished from one another on 
the basis of the relative proportions of the terpene ketone 
compounds, Le., pinocamphone, isopinocamphone, and 
pinocarvone. Our results confirm in part the findings of 

Khodzhimatov andRamazanova (1975) that hyssop strains 
with blue, red, or white flowers cultivated at  the same 
location differ in the chemical composition of volatiles. 
Any conclusion on neither direct nor indirect connections 
between phenotypic and chemotypic differences in hyssop 
cannot be based on these results. Larger number of strains 
originating from different environmental locations must 
be included in the investigations to determine the existence 
of chemical races or chemotypes of hyssop. 

Supercritical Carbon Dioxide Extraction. In order 
to compare the supercritical COz extracts with PE:DEE 
extracts, the total peak area of the same 43 compounds as 
above was chosen to represent the total amount of 
extracted substances. The relative amounts of compounds 
are given as percentages calculated from the total amount 
(Table 2). When the SC-COZ extracts were analyzed by 
GC, several other peaks eluted in the latter part of the 
chromatogram beyond the last peak included in our 
calculations. Some of them were identified as fatty acid 
esters and ethers, and also phytol was detected. The SC- 
COz extract represents about 1 kg of plant material in 
comparison with triplicate analysis of a 5-g sample of the 
same batch used in solvent extract analyses. However, 
the representativeness of the SC-CO2 extracts suffers to 
some extent from the effects associated with long storage 
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time prior to isolation of the extract, Le., quantitative 
changes in the amounts of volatile compounds of herbs 
known to occur during storage (Shah et al., 1986). In 
agreement with the previous results the supercritical 
extracts contained less monoterpene hydrocarboF and 
more oxygenated monoterpenes than respective solvent 
extracts (Hirvi et al., 1986; Kallio and Kerrola, 1992; 
Kerrola and Kallio, 1993). The percentage of sesquiter- 
pene hydrocarbons was higher in supercritical extracts 
than solvent extracts, although bicyclogermacrene showed 
adifferent trend. The differences in extraction efficiencies 
toward oxygenated sesquiterpenes remained inconclusive. 

To give an idea of the yields, we present an estimated 
amount of volatiles in the extracta calculated by the 
internal standard method. The estimations are used 
exclusively for comparing the solvent extracts with the 
SC-CO2 extracts. The volatile compounds detected in SC- 
C02 extracts comprise 0.32,0.11,0.13, and 0.20 g/100 g of 
dried hyssop calculated of the blue, red, white, and mixed, 
respectively. The amount of the compounds analyzed in 
the PEDEE extracts represented 0.40,0.24,0.20, and 0.34 
g/ 100 g of the same material with standard deviation from 
6 to 8%. The solvent extraction analyses were carried out 
2 months after the harvest and the supercritical extractions 
three months later. It is probable that the total amount 
of volatiles had decreased during the long storage period. 
Shah et al. (1986) reported up toO.45 % loss in the essential 
oil yield after storing of the dried hyssop material for three 
months. 
Sensory Evaluation of Odor Intensity. Differences 

among the four phenotypes in overall intensity and 
character of the odor were first observed during cultivation. 
Steinmetz et al. (1980) reported toxicity of the major 
components of hyssop (i.e., isopinocamphone and pino- 
camphone) in the rat. It was decided that sensory profiling 
of the different phenotypes would not be attempted, and 
only the odor intensity was to be evaluated. However, 
three assessor candidates reported a mild headache 
subsequent to evaluation sessions during preliminary 
testing, and they were exempted from the panel. To 
determine the magnitude of the differences in intensity 
of the odor, both dried hyssop and the supercritical fluid 
extracts isolated from the same batch were evaluated. A 
structured interval scale divided into 12 numerical and 4 
word categories were used in scoring the samples. The 
scale was regarded to be linear (Amerine et al., 1965), and 
analysis of variance was considered applicable to the scores 
obtained. The dried herbal material and the extracts were 
analyzed separately to avoid bias caused by background 
effects originating from the plant matrix present in the 
herbal samples, but absent from the SFE samples. The 
mean scores and their standard deviations are presented 
in Figure 2. The means designated with letters in common 
were not significantly different at  p < 0.05 using LSD test 
in analysis of variance. The odor of the blue flowered 
phenotype was assessed to be more intense in odor than 
the others regardless of the type of sample and was rated 
primarily as strong. The odor intensities of the other 
phenotypes were categorized as moderate, although sta- 
tistically significant difference were detected between the 
mixed-color-flowered and the red-flowered phenotypes. 

The assessors were a significant source of variance (F 
value = 5.62,~ < 0.001). They were found to use the scale 
incoherently despite of training and instructions given, 
and they also displayed different association to the 
descriptive terms attached to the scale. When the odor 
intensities between two samples were very close to one 
another, the task of finding and quantitating the difference 
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Figure 2. Mean scores and standard deviations for odor 
inteneities of hyasop phenotypes and corresponding supercritical 
carbon dioxide extra& (calculated for 12 asseesom and 6 
replications). Mema deeignated with the eane letter did not differ 
at p < 0.06 based on LSD values obtained in analysis of variance. 

becomes more difficult. This phenomenon was observed 
as large variation of the scores of the white flowered 
phenotype exhibited by almost all assessors throughout 
the study. We could have reduced the number of 
categories, but we were skeptical about whether reliability 
would have increased in exchange for loss of discrimination 
efficiency (Land and Shepherd, 1988). In contradiction 
to our anticipation based on heterogeneity of the herbal 
material, significant differences between replicas (Fvalue 
= 0.41, p < 0.84) were not detected. Larger standard 
deviations obtained for dried hyssop samples than for the 
extract samples were contributed to both matrix and 
heterogeneity. Interactions between assessors, samples, 
and replicas were not statistically significant as sources of 
variance. 

ACKNOWLEDGMENT 

We thank Anja Lapvetelhen, who instructed us in the 
planning of the sensory evaluations and interpreting of 
the data. The participation of the sensory panel members 
is gratefully acknowledged. The mass spectrometric 
analyses were conducted by Kirsti Wiinamiiki, which is 
duly appreciated. The red-flowered phenotype was a gift 
from Institute de Medicine Si Farmacia Tirgu Mures, 
Romania. The research was financially by the Academy 
of Finland and Aromtech LTD. 

LITERATURE CITED 

Amerine, M. A.; Pangborn, R. M.; Roeseler, E. B. Principles of 
Senuory Evaluation of Food; Academic Preee: Orlando, FL, 
1966. 

BernBth, J. Production ecology of secondary plant producta. In 
Herbs, Spices, and Medicinal Plants: Recent Aduancee in 
Botany, Horticulture, and Phurmucology; Crher, L. E., Simon, 
J. E., Eds.: Oryx Press: Phoenix, AZ, 1988, pp 186-2.34. 

BernBth, J.; Hornok, L. Environmental fnctbre. In Cultrootion 
and Processing of Medicinal Plante; Hornok, L., Ed.; 
Akademiai Kiado: Budapest, Hungary, 1992; pp 

Borg-Karlson, A.-K.; Norin, T.; Talvitie, A Confintione and 
conformations of torreyol (6-cadinol), a-cadinol, T-muurolol 
and T-cadinol. Tetrahedron 1981,37,425-430. 

Brogle, H. COS in solvent extraction. Chem. Ind. 1982,386-389. 
Bundschuh, E.: Tylla, M.; Baumann, G.; Gierechner, K. Lebenum. 

Wlse. Techn. 1986,19,493-498. 
Bundschuh, E.; Baumann, G.; Gierechner, K. Dtsch. Lebenum. 

Runddch. 1988,84,20&210. 
Chamblee, T. 5.; Clark, B. J.; Breweter, G. B.; Radford, T.; 

Iacobucci, G. A. Quantitative analysis of the volatile constit- 



Volatile Components of Hyssop Phenotypes 

uents of lemon peel oil. Effects of silica gel chromatography 
on the composition of ita hydrocarbon and oxygenated 
fractions. J. Agric. Food Chem. 1991, 39, 162-169. 

Davies, N. W. Gas chromatographic retention indiced of mono- 
terpenes and sesquiterpenes on methyl silicone and Carbowax 
20M phases. J. Chromatogr. 1990,503, 1-24. 

Fliick, H. The influence of climate on the active principles in 
medicinal plants. J. Pharm. Pharmacol. 1965, 7, 361-383. 

Hawthorne, S. B.; Riekkola, Ma-L.; Serenius, K.; Holm, Y.; 
Hiltunen, R.; Hartonen, K. Comparison of hydrodistillation 
and supercritical fluid extraction for the determination of 
essential oils in aromatic plants. J. Chromatogr. 1993, 634, 

Hilal, S. H.; El-Alfy, T. S.; El-Sherei, M. M. Investigations of the 
volatile oil of Hyssopus officinalis L. Egypt. J. Pharm. Sci. 

Hirvi, T.; Salovaara, 1.; Oksanen, H.; Honkanen, E. Volatile 
constituents of coriander fruit cultivated at  different localities 
and isolated by different methods. In Essential Oil Research; 
Brunke, E.-J., Ed.; de Gruyter: Berlin, 1986; pp 111-116. 

Holm, Y.; Hiltunen, R.; Nykhen, 1. Capillary gas chromato- 
graphicmass spectrometric determinations of the flavour 
composition of dragonhead (Dracocephalum moldauica L.). 
Flavour Fragrance J. 1988,3, 109-112. 

Huopalahti, R.; Linko, R. R. Composition and content of aroma 
compounds in dill (Anethumgraveolens L.) a t  three different 
growth stages. J. Agric. Food Chem. 1983,31, 331-333. 

Joulain, D. Riv. Ital. EPPOS 1976,58, 479-485. 
Joulain, D.; Ragault, M. Riv. Ztal. EPPOS 1976,58, 129-131. 
Kallio, H.; Kerrola, K. Application of liquid carbon dioxide to 

the extraction of essentialoil of coriander (Coriandrumsativum 
L.) fruits. 2. Lebensm. Unters. Forsch. 1992, 195, 545-549. 

Kerrola, K.; Kallio, H. Volatile compounds and odor character- 
istics of carbon dioxide extracts of coriander (Coriandrum 
sativum L.) fruits. J. Agric. Food Chem. 1993,41,785-790. 

Khodzhimatov, K. K.; Ramazanova, N. Biological characteristics 
of the dynamics of the content and composition of essential 
oils in Hyssopus officinalis cultivated in the Tashkent region. 
Rastit. Resur. 1976, 11, 238-242. 

Kollmannsberger, H.; Nitz, S.; Drawert, F. 2. Lebensm. Unters. 
Forsch. 1992, 194, 545-551. 

Land, D. G.; Shepherd, R. Scaling and ranking methods. In 
Sensory Analysis of Foods, 2nd ed.; Piggot, J. R., Ed.; Elsevier 
Science Publishers: Barking, Great Britain, 1988; pp 155- 
185. 

Lawrence, B. M. Progress in essential oils. Perfum. Flavor. 1980, 
5,  27-32. 

Lawrence, B. M. Progress in essential oils. Perfum. Flavor. 1984, 
9, 35-45. 

Lawrence, B. M. Essential Oils Production: A discussion of 
influencing factors. In Biogeneration of Aromas; Parliment, 
T. H., Croteau, R., Eds.; American Chemical Society Sym- 
posium Series 317; American Chemical Society: Washington, 

Maheshwari, M. L.; Chandel, K. P. S.; Chien, M. J. The 
composition of essential oils from Hyssopus officinalis L. and 
Cymbopogon jwarancusa (Jones) Shult. collected in the cold 
desert of Himalaya. In Flavors and Fragrances: A World 
Perspective; Lawrence, B. M., Mookherjee, B. D., Willis, B. J., 
Eds.; Proceedings of the 10th International Congress on 
Essential Oils, Fragrances and Flavors, Washington, DC, 1986; 
Elsevier: Amsterdam, 1988; pp 171-176. 

Maurer, B.; Hauser, A. New sesquiterpenoids from clary sage oil 
(Salvia sclarea L.). Helv. Chim. Acta 1983, 66, 2223-2235. 

Nykhen, I.; Nykinen, L.; Alkio, M. The compositions of the 
flavour of juniper berries isolated by supercritical COz ex- 
traction and steam distillation. In Flavour Science and 
Technology; Bessiere, Y., Thomas, A. F., Eds.; Wiley: Great 
Britain, 1990; pp 217-220. 

Nykhen, I.; Nykinen, L.; Alkio, M. Composition of angelica 
root oils obtained by supercritical COz extraction and steam 
distillation. J. Essential Oil Res. 1991, 3, 229-236. 

297-308. 

1978,19,177-184. 

DC, 1986; pp 363-369. 

J. Agric. Food Chem., Vol. 42, No. 3, 1994 701 

Putievsky, E.; Ravid, U. Variations in yield parameters in a wild 
population of Origanum vulgare. In Aromatic Plants: Basic 
and Applied Aspects; Margaris, N., Koedam, A,, Vokou, D., 
Eds.; Martinus Nijhoff: The Hague, The Netherlands, 1982; 

Ramaswami, S. K.; Briscese, P.; Gargiullo, R. J.; von Geldern, T. 
Sesquiterpene hydrocarbons: from mass confusion to orderly 
line-up. In Flavors and Fragrances: A World Perspective; 
Lawrence, B. M., Mookherjee, B. D., Willis, B. J., Eds.; 
Proceedings of the 10th International Congress on Essential 
Oils, Fragrances and Flavors, Washington, DC, 1986 Elsevier: 
Amsterdam, 1988; pp 951-980. 

Scheffer, J. J. C.; Koedam, A.; Baerheim Svendsen, A. Occurance 
and prevention of isomeration of some monoterpene hydro- 
carbons from essential oils during liquid-solid chromatography 
on silica gel. Chromatographia 1976,9, 425-432. 

Scheffer, J. J. C.; Koedam, A.; Schiisler, M. Th. I. W.; Baerheim 
Svendsen, A. Improved gas chromatographic analysis of 
naturally occurring oxygen-containing monoterpenes following 
prefractionation by liquid-solid chromatography. Chro- 
matographia 1977,10, 669-677. 

Schulz, G.; Stahl-Biskup, E. Essential oils and glycosidic bound 
volatile8 from leaves, stems, flowers and roots of Hyssopus 
officinalis L. (Lamiaceae). Flavour Fragrance J. 1991,6,69- 
73. 

Shah, N. C. Chemical constituents of Hyssop officinalis L.: ‘Zufe 
Yabis’ a unani drug from U.P. Himalaya, India. Indian Perfum. 

pp 237-248. 

- 
1991, 35, 49-52. 

Shah, N. C.; Kahol, A. P.; Sen, T.; Uniyal, G. C. Gas chromato- 
graphic examination of oil of Hyssopus officinalis. Parfuem. 
Kosmet. 1986,67, 116-118. 

Sharma, M. L.; Nigan, M. C.; Handa, V. L. The essential oil of 
hyssop. Riechstoff. Arom. Koerperpflegemitt. 1963, 13, 33- 
44. 

von Schantz, M.; Holm, Y.; Hiltunen, R.; Galambosi, B. Dtsch. 
Apoth. Ztg. 1986,127, 2543-2548. 

Simon, J. E.; Quinn, J.; Murray, R. G. Basil: A source of essential 
oil. In Advances in New Crops; Janick, J., Simon, J. E., Eds.; 
Proceedings of the 1st National Symposium on New Crops, 
Indianapolis, IN, 1988; Timber Press: Portland, OR, 1988; pp 
484-488. 

Stahl, E.; Gerard, D. Parfuem. Kosmet. 1982, 63, 117-125. 
Steinmetz, M. D.; Tognetti, P.; Mourgue, M.; Jouglard, J.; Millet, 

Y. Plant Med. Phytother. 1980, 14,34-45. 
Stenhagen, E.; Abrahamsson, S. A.; McLafferty, F. W. Registry 

of Mass Spectral Data; Wiley: New York, 1974. 
Tateo, F.; Chizzini, F. The composition and quality of supercritical 

COz extracted cinnamon. J. Essential Oil Res. 1989,1, 165- 
168. 

TBtBnyi, P. Heredity and variability of medicinal plants. In 
Cultivation and Processing of Medicinal Plants; Hornok, L., 
Ed.; Akademiai Kiado: Budapest, Hungary, 1992a; pp 10-18. 

TBthyi, P. Plant breeding and variety control of medicinal plants. 
In Cultivation and Processing of Medicinal Plants; Hornok, 
L., Ed.; Akademiai Kiado: Budapest, Hungary, 1992b; pp 69- 
79. 

TNO. Compilation of Mass Spectra of Volatile Compounds in 
Foods; ten Noever de Brauw, M. C., Bouwman, J., Tas, A. C., 
La Vos, G. F., Eds.; Central Institute for Nutrition and Food 
Research-TNO: Zeist, The Netherlands, 1979. 

Udaya Sankar, K. Studies on the physicochemical chracteristics 
of volatile oil from pepper (Piper nigrum) extracted by 
supercritical carbon dioxide. J. Sci. Food Agric. 1989,48,483- 
493. 

Received for review August 26, 1993. Accepted December 6, 
1993.’ 

Abstract published in Advance A C S  Abstracts, Feb- 
ruary 1, 1994. 


