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Chemical and Sensory
Evaluation of Three Sage Oils

By Mans H. Boelens, Boelens Aroma Chemical Information Service, Huizen, The Netherlands
and Harrie Boelens, Leiden University, The Netherlands

he enus Saloia belongs to the plant family Lamiaceae,

Twl~chincludesmanYaromaticP~ants.Thisgenus, also

cafled Sage, covers more than 500 species, of which Saloia

oficina~k L. (Dalmatian sage), S. laoandtda@a v&l,
(Spanish sage) and S. sclarea L. (Clary sage) are the most
important economically for the flavor and fragrance indus-

try Their essential oils are used in various flavor fornmla.
tions and in perfume compounds forhigh-grade perfumery,

cosmetics and functional products. Each of these oils
contains hundreds of chemical compounds that are re-

sponsible for its sensory properties.

This article discusses the chemical composition of these

three Saloia oils from various parts of the world, and

describes the odor qualities of the oils and the olfactive
properties of some characteristic compounds.

Botanical Origin

The genus SWoia contains more than 500 different

species. Eplingl wrOte, in 1939, that the genus Sa~Oia
includes about 900 species. onayade et af.8s mentioned

that Saloia is a large genus of the family Lamiaceae that

comprises about 700 herbs found throughout the temper-
ate and warmer parts of the world, More recently, Compton2

published a review on the Salokz species.

A minority of these species possesses essential oils (see

sidebar). Apart from the three species that are the subject

of this article, the species Saloia triloba L. (sym S.@c!ticosa
Mill. ) is also known for its essential oil. While some Sakia

species are used for the production of essential oils, the
main use for these plants is as omamentals. In Great

Britain, about 250 species and varieties are cultivated for
ornamental use.

Saloia species are found in Europe and America. The

birthplaces of these species are probably Middfe and South-

ern Europe. Kustrakg7 discussed the subspecies of Saloia

@cinalk growing in former Yugoslavia, Emboden and
Lewis3 studied the chemical composition of the oils of a

series of uncommon North American (Cafifornim) Saloia

species (see sidebar) They tentatively identified the majOr
monote~enoids in the oils, which were reviewed by

Lawrence.4

Dalmatian Saga Oil

The species Saloia oflcinalis L. is also cafled common

sage, garden sage or Dalmatim sage. Dalmatian sage oil is

isolated from Saloia c@cinalis L., which grows in Mediter-
ranean countries, especially Dalmatia (former Yugoslavia)

and Albania. Smaller quantities are distilled in Bulgaria,

France, Turkey and Germany.
Lawrence]04 reported in 1985 that Dalmatian sage is

produced in former Yugoslavia (15 tons) and Albania (25

tons). He mentioned that the total production did not

exceed 40 metric tons in 1984.
The oil is obtained by steam distillation of the partially

dried leaves. The physical properties of the oil have been

described in detaiL6~8 The main constituents of the oil are

a- and ~-thujone
In 1965, Dalmatian sage oil was granted GRAS status by

FEMA and approved by the FDA for food use.Y In 1970,

the Council of Europe10 included Dalmatian sage oil in the
list of substances, spices and seasonings deemed admis-

sible for use, with a possible limitation on the more toxic

active principles (tbujones) in the final product. The Food
Chemicals Codexl 1and Research Institute Fragrance Ma-

terials (RIFM)lZ have published monographs on Dalma-
tian sage oil.

Worldwide production of Dalmatian sage oil is less than
25,OOOkg/yr. Dalmatian sage oil is used in perfumery for its
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CHEMICAL AND SENSORY EVALUATION OF THREE SAGE OILS

delicate fresh herbaceous note, both in compounds for

alcoholic and cosmetic perfumery and in functional per-

fume compositions. Dalmatian sage oil is also used in
flavoring formulations for alcoholic beverages, liqueurs,

canned meat and spice sauces, and it finds application in

pharmaceutical preparations.99

Chemical Evaluation of Dalmation Sage Oil

The chemical composition of Dalmatian sage oil has

been investigated78 for more than 100 years. Detailed

studies of the oil have been available since 1960.

Dalferth13 wrote his PbD thesis on mono- and

sesquite~enoids of some sage essential oifs. He studied the
oiIsof Scdoiao&ckudis, S. lauandtda@aandS. tdoba.

A detailed analvsis of the chemical composition of Dal-

matian sage oil was published in 1964 by Brieskom and

Dalfertb.14 Their results are shown in Table I.
In the same year,15 these authors confirmed the stmc-

Some Salvia Species
Containing Essential Oils

(with references to published research)

Sa& c&cimdis L. 1-451M

S. oficinaks L. var. angustifolia Ten.g5

S. oficinalis L. ssp. minor f. autictdata97

S. laoandukufolia Vab14fi-5G
(syn. S. officinalis var. hispanica Boiss. )

S. oflicinalis x S Lmmuk@lia ssp. o&rag4

S. sclarea L.W-76

S. caespitma Montbret et Aucher ex Bentbg3
S. candelabmm Boiss8s

S. canariensis L.78g0

S. ck?oekmdii (Gray) x S. leucophylla Greeneyl

S. co+-tiiflora Poh178
S. coccinea Juss. ex Murr.88

S. cyptantha Montbret et Aucher ex Bentb.g2

S. dominica L.gg

S. dotisiczna Standle#2

S. fhtticosa Mill.87

S. grahamii Bentb.78 (syn. S. micmphylla H. B. K.)
S. gilliesii Bentb.80

S. hlspanica L.83 (black chia)

S. mexicana L.78

S nwnorosa L.59
S. pisidica Boiss et Heldr.86

S. pomfera L. (sym S. calycina Sibth et Sm. )137g81

S. scabiosifolia (Lam )M

S. scmudiensis Vatke78
S. stenophylla (Burch. ex) Benthgfi

S. syfiaca L.lOz
S. tomentosa Mill.s4

S. trdoba L. (syn. S. ~mcticosa MilL)13777g

S. oer-ticilkzta L.5g
S. tuihma Holmboe7g

ture of salvene (2-methyl-3 -methylene-hept-5-ene) by
modem spectroscopic techniques and discussed a possible

biogenesis of the compound, starting from thujone.

Brieskorn and Melchior16 reported on the quantitative

change of terpenoids in the germ-bud and leaf of Dalma-
tian sage under various conditions. They found that in tbe

germ-bud of sage the essential oil consists only of terpene

hydrocarbons. With fufiher growth, mono- and sesqui-

terpenoids appear, and they will be preferentially synthe-
sized.

Lawrence et al. 17reported a detailed study of Dalmatian

sage oil and mentioned some new constituents. The au-
thors identified 20 known compounds in the oil, and 26

other components were elucidated for the first time (Table

I). Since this study, Lawrence18 also identified trace amounts

of l-octen-3-ol, a-corocdene, selina-5,11-diene andledene
(Table I).

Embong et af.lg published their studies on the compo-

sition of essential oils from herbs and spices grown in

Alberta (Canada). Their results on tbe composition of sage
oil from S. offickdis are shown in Table I. The authors

compared the composition of a commercial oilwitb the

isolated oil (Table I).

Lawrence18 mentioned that it was shown that Dalmatian
sage grown under prairie conditions in Canada possesseda

lower volatile oil content than Dalmatian sage, and the oil was

of an inferior quality to normal Dalmatian sage oil.
In 1978, lvanicet al.20compared the chemical con-

position of oils from tbe Sicevska, Njegusi and Peljesac

North American (Californian) Salvia apecias
Containing Esaantial Oils

(reported by Emboden and Lewiss
and reviewed by Lawrence’)

S2duia apiana Jepson
S. brand~gei Munz.

S. cali@rnica Jepson

S. carduaceae Bentb.

S. cleualandii (Gray) Greene

S. columbar-iae Benth.
S. dorrii (Kellog) Abrams

S. w-emostucha Jepson

S. funerea ME. Jones
S. greatd Brandeg

S. leucophylla Greene

S. mellifara Greene
S. mohawmsis Greene

S. munzii Epling
S. nemorosu L.

S. pachyphylla Epling ex Munz.

S. sonomeruis Greene
S. spathacea Greene

S. oasetji (Porter) Parish
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Table L Chemical composition (%) of Dalmatian sage oils

raportad 1964-1976

Unknown Unknown Alberla, Yugoslavian
orlgln orlgln Canada Commercial &cOmmarcial

Compound 198414 197117,10 197739 1977*9 197820

cis-salvene 0.5 0.1 -

trans-salvene t

tricycle”e 0.3
a-thujene 0.1 0.5 0,8

a-pinene 3.5 1,5 3.6 3.4

camphene 3.3

3.3-4.3

3.8 7.2 0.8-3.5

$-pinene 2.8 1.4 2.1 1.4

myrcene 0.3 1.2 1.1 1.1

a-terpinene 0.2 -

a-phellandrene 0.1 0.1

p-cymene 0.8 0.1 0.2 1.2-1.6

Hmonene 0.7 2.2 2.3 2.5 0.6-1.4

(Z)-p-ocimene - t

(E)-p-ocimene - t

yterpinene 0.5 :

tarpinolene 0.4 -

trans-allo-ocimene - I

m-p-dimethylstyrene 0.1 -

1,6-cineole 14.0 9.3 5.4 10.0 9.6-11.2

trans-3-hexenal - I

1-Octen-3-01 t

Hnalool 1.6 0.4 1.2 0.5

tinalyl acetate 0.6 0.7-1.9

borneol 2.2 t 2.4 4.3 2.0-13,2

bornyl acetate 2.7 1.9 3.2 2.6 0.6-3.3

terpinen-4-ol 4.0 - 0.4-5.1

&terpineOl t

sabinyl acetate - 2.2

sabhol 3,4 -

a-te rpineol 3.4 -

p-cymene-8-ol : t

carvone 0.6

estragol 0,4 0.4

fenchone 0,1 0.2

a-thujone 26.0 29.0 20,5 19.9 28.0 -40.0

p-thujone 14.5 5.5 3.2 3.7 8,5-23.4

camphor ta.o 26,0 10.3 25.6 0.4-0.9

a-cubebene t

copaene t

p-bourbonene - 0.3 -

farnesene 0.5

a-gurjunene 0.1 -

humulene 2.9 2.2 16.4 5.5

isocaryophyllene - t

caryophyllene 1.7 4.4 - 3.3-7.2

a-maaliene 0.2 -

b-copaene 0.2 -

aromadendrene - t

allo-aromadendrene - 0.3

S-cadinene 0.1 -

y-cadinene 0.1 .

calamenene 0,1 -

caryophylkaneoxide - 1.1 -

t. trace. . absent

22/Perf.mer & Flavmlst

regions of former Yugoslavia with a

commercially available Dalmatian

sage oil. Rather large variations in
the concentrations of a-thujone (!Z8-

40%), ~-thujone (8-23%) and bomeol

(2-13%) were found. The concentra-
tion ranges of the identified com-

pounds are given in Table L
After studying the analyses of the

chemical composition of the oils as

showninTahleI, one may question

whether sabinol and sabinyl acetate

are present, or whether they are con-
fused with other components in Dal-

matian sage oil. The author assumes

that sabinol and sabinyl acetate are
present in the oils, but that these

compounds elutriated together with

camphor and bornyl acetate, respec-
tively, on an apolar gas chromato-

graphic column.
In 1979, Rhyu21 published his re-

sults on the gas chromatographic

characterization of sages of various

geographic origins. Sages procured
from Yugoslavia, Albania, Greece,

Turkey and Italy were ground and

steam-distilled in the laborato~. Gas

chromatographic profiles obtained
on theresulting volatile oils suggest

that the Greek, Turkish and Italian

oils are strikingly similar. Rhyu be-
Iieves that these are Sahztril oha,

and that although botb tbe Yugosla-
vian and Albanian are S. oj$cinalls,

they display substantial differences.

The Yugoslavian sage maybe sub-

classified into those plants grown in

the Dalmatian region and those grown
elsewhere in Yugoslavia.

The gas cbromatographic results

of the analyses of the various oils
from Dalmatia, Yugoslavia and Alba-

niaareshown in Table II. What ap-

pears strange in the analytical data of
these oils is the rather lowconcen-

tration of thujone (12-33%) and the
relatively high concentration of lina-

1001 (12-35%). Perhaps Iinalool was

confused with one of the thujones.
Burgar et af.zz used modern spec-

troscopic techniques to characterize

the main components in Dalmatian
sage oil (Table 111),

Koedam et al.23 reported on the

comparison of isolation-procedures

Vol. 22, March/April1997



THREE SAGE OILS

Table Il. Chemical composition (%) of Dslmetisn ssge
one from Albsnis snd former Yugoslavia (1979)21

a-pinsne

camphene

D-pinene

myrcene

Iimonene

1,8.cineole

thujone

camphor

Mnalool

terpineol

caryophyllene

Yugoslavia

from within from outside
Dalmafia Dalmafia

2,7-4.3 2.0-5.2
3.1-5.4 3.7-9,1
0,3-0,6 0,3-3,3
0.3-1.0 0.1-1.0
1.0-1.9 1.2-2.8

9.3-12.9 7.3-13.2
19.4 -32.9 17.7 -27.0
8.1 -14.1 1.2-6.5
11.9 -25.7 22.3 -29.5

0.1-2.1 1.0-5.9
0.1-1.0 0.3-5.5

Albania

0.1-10.9
1.2.6.6
0.2-0.7
0.5-0.6
1.5-4,3

5.5-10.1
12.7-18.2
1.9- 3.3

21.5-35,0
5.3-9.1
2.5-4.1

for essential oils of rosema~ and sage (Table III). They

studied the influence of time and conditions of distillation
on the composition of volatile oils from rosemary and sage.

It was demonstrated that the oils distill afmost quantita-

tively within one hour. The acidity of the distillation water
was of minor importance; only at extremely low pH-values

(2-3) could small effects on some constituents be noticed

during distillation. This was explained by the fact that tbe

epidermal oil glands burst upon contact with the boiling
water and give off their oil quickly, thus preventing the

formation of artifacts.

In 1982, FormacekandKubeczkaXqmtedontbechemicd

composition of Dafmatian sage oil in their weWmown bcok

on the analysis of essential oils by capilkmy gas chromatog-
raphy and carbon-13 NMR spectroscopy (Table 111).

In the same year, FehF5 published bis results on the

chemical composition of laborato~-distilled oil obtained

from seven different samples of sage leaves (Table 111).
Kad et al.m confirmed the presence of viridiflorol in

Salokz oflcinalis by modem spectroscopic techniques.

In 1983, Cordoba Rodriguez27 wrote her PhD thesis on

the chemical composition of Spanish sage oil. She also

determined the composition of 14 samples of Dalmatian
sage oil (Table 111).

In 1984, Pitarevic28 studied the seasonal variation in the

composition of oils isolated from Saloia oflcinalis leaves

collected in tbe Deli-Ston district of Dubrovnik (Croatia)
(Table HI).

Also in 1984, Kustrak et alqg reported cm their investi-

gation of Dalmatian sage oil obtained from different geo-
graphical locations within former Yugoslavia (Table IV).

Table IV suggests that at least two chemo~es of Dal-
matian sage exist; that is, one with a low ~-thuj one content

(4-8%) and another with a relatively high ~-thujone con-

tent (16-32%). Anafogous results were obtained by Formacek

& Kubeckzka24 and by Koedam et al.z3
In 1984, Holeman et al.30 made a comparative study of

the oils from five Saluia species grown in Morocco; namely,

vol. 22, MarctiApril 1997 Petf.mer & FlavOrtst/23



Table Ill. Chemical composition (“A) of
Delmetian eaae one ref)orted 1979-1984

THREE SAGE OILS

Compound 1979= 198029

cis-salvene 0.5 0,7
trans-salvene 0.1
tricyclene 0,3 0.3
a-thujene 0.1 <0,1
a-pinene 3,5 3.2
camphene 3.7 2,7
sabinene 0.2
p-pinene 2.8 1,9
myrcene 0.3 1,1
wterpinene 0.2
a-phellandrane <0.1
p-cymene
Iimonene 0.7 0.9
p-phellandrene 0.1
(Z)+ocimene -
y-terpinene 0.3
terpinolene <0.1
trans-sabinenehydrate - 0.2
cis-sabinenehydrate - <0.1
1,8-cineole 14.0 8.4
a-thujone 28.0 31.8
p-thujone 14.5 33.2
camphor 18.0 4.1
Iinalool 1.8 0.4
Iinalylacetate 0.6 -
borneol 2.2 1.5
bornylacetate 2.7 0.1
terpinen-4-ol 0.2
a-terpineol 0.1
a-terpinyl acetate - 0.55
trans-sabinol <0.1
sabinylacetate
farnesene 0.6
a-copaene
humulene 2.9 4.8
caryophyllene 1.7 2.2
&cadinene
caryophylleneoxide -
viridiflorol

-. absent

1982m

0,64
0.10
0.23

0.16

3.70
7.37

0.12

2.33
1.14

0.20

0.06

I 9e3fl

0.4

0.1
0.2

0.3

4.8
6.2

0.2

2.3
1.1

Salvia officinalis, S. aucheri, S. twrbenacu,
S. phlomoides and S. argentea. The oils of

Salokz oflcinalis were isolated in March

and June; their main constituents are shown
in Table V.

In 1985, Marlier et ai.31 published their

GC/MS amdysis of the chemical composi-

tion of an oil derived from Saloia officindis
grown in Peru (Table Via).

According to Kustrak et aI,32 a stamfard-

quality Dalmatian sage oil shouldpossessthe
chemical composition shown in Tabie VIW

In 1986, Grzunov et al,33 reported their

studies ot’terpene alcohols in ~-glucosides
fnund in the leaves of Dalmatian Suluia

oficinaks. The results suggest that the
terpene alcohols in ~-D-glucosides that

are present in Dalmatian sage leaves are
thujol, menthol and thymol. The same

alcohols were also detected in the essential

oil of the plant.
Also in 1986, Famg et al~~4published

their results of biochemical studies on tbe

essential oils of some medicinal plants,
including that of SakIia @ckMlk The

most prevalent volatile compounds of

thyme, rosemary and wge oils were found

to be thymol, cr.-pinene and thujone, re-

spe~tively
Vemin and Metzge#5 reported on the

qualitative chemical composition of the

oils of Saluia officinalis L. and Salola

latwndulaa~olia Vahl. from Albania,
Dalmath and Spain. The main constitu-

ents in the oils were also quantified and are

shown in Table Via.
Tamas et al.36 examined the chemical

composition of Dalmatian sage oil pro-

duced in Romania. Using gas cbromato-
graphic retention times for their analysis,

they found figures as shown in Table Via.

Bayrak and Akgue137 reported on their

gas chmmatographic analysis of a Turkish
essential oil from Saluia oficiwdis (Table

1.7-5.9
3.1-7.5

2.3-3.6
i .7-3.2

0.3-1.6
0.5-0.8

0.7-1.6
0.9-1.2

0.1
0.2-0.7

1.1-2.0

2.0

3,1 0.9-1.53.24

0.9
0.2

0,3
0,2

0.1

0.07

0.39
0.30

0-0.4

i 1.34

25.66

2,69
22.80

0,46

6.9-11.2
17.0 -21.6

1.7-3.7
23.1 -27.3

0.5-0.7

11.1

26.5
4.3

16.8

0.5

0.5
2.1

1.4
0.3

0.5

0.2

5.8-13,2

12.3-27,3

20.6-40.1
7.1-16.4

0.3-0.5

0.3-0.8
1.4-3.4

0.4-1.1

3,00

1,23

3.7-4.5

1.1-2.8

0.2

0.3

0.14
5.31

3.29

0.23
0.13

0.83

2.6-6.0

1.0-4.0

5.0

3.3

0.8-3.4

0-0.7

Table IV. Chemical composition (“A) of Dalmation sa e oile
from differant Iocationa in formar Yugoslavia J

Mainland CmZtal f-h 2Q83tal Hvar inland
(Mt. Va164dt) (Pouljana) (Hv8r) (Vefo Grabijs) ICompounds

a-thujene
a-pinene

camphene
~.pinene

hmonene

p-cymene
1,6-cineole

a-thujone

L3-thujone
Iinalyl acetate

camphor
hnalool

bornyl acetate

isoborneol

borneol

0.4-0.9

5.7-6.6
6.2-8.1

1.4-2.7

1.8-2.6
0.7-0.9

9.0-10.4
23.6-26.2

3,9-5.4

0-0.8
20,5 -23.1

0.4-2.4
2.1-3.5

t-2,6

10.0-11,0

0,2-1,4

2,9-3.3
4.5-4.9

1.2-3.4

2.1-3.6
0.8-1.1

18.6-22.5
26.9-36.3

3.9-6.1

0-0.7

3.5-4.2
6.6-6,5

1,1-2.6
1.0-2.4

1.1-1.6
7.6-12.3

7.2-14.6

23.1 -31.9

0-0.5
2.7-4.9

2.4-5.5
1.1-3.0

2.2-3.6
1,4-1,7

9.2-13.1

22.3 -29.4
15.9 -29.3

0-3,5
7.0-15,2

0.3-2.7
1.5-2.5

0.1-1.5

0-7.9

..
VIb).

Tucker and Maciarelld~8 published the
chemical composition of a Iah-distilled oil

obtained from a cultivated broad-leaved

variety of Saloia ofltcimdis (Table Wb).
Lawrence39 examined the chemical com-

position of sage oils produced from Saluia

officinalis cultivated in an experimental
garden in the United States (Table VIb).

Lemberkovics et al.40 reported on the

gm chromatographic determination of
mono- and sesquiterpenes in commer-

10,7 -19.6

0.6-1.6
2.1-4.2

0.4-0.9

7.6-12.4

12.6-14.9
0-4.7

0,6-6.4

0-2.1
9.0-15.5

t =tree. I
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THREE SAGE OILS

Table V. Main conefituents (OA)of Dalmatian
eage oil from Morocco30

Harvested Harvested
Compound March 19al June 1983

a-pinene 5.6
D-Plnene

8.7
3.7 3.8

camphene 5,6 6.4
i,8-cineole 15.3 13.6
a-thujone 2.7 2.1
b-thujone 24.9 24.7
camphor 22.6 16.3
caryophyllene 2.6 7,0
bomeol 2.4 5.3
Ierpineol 3.0 0.6

Table Via. Chemical composition (%) of Daimafion
aage oils from various countries

Compound i%rua~OCIIIIdlaa Atb6nii= Ozlmzti# Roman@

cis-salvene - ++
trans-salvene ++
a-thujene 0.17 0.12
a-pinene + 1.30 3.40 3.97 4,86
camphene + 2.75 4.90 3.19 4.31
sabinene 2,12 0.10 0.10 -
p-pinene ; 4,60 1.10 0.97 0.34
myrcene + 1.39 0.55 0.72 -
a-terpinene + 0.21 0.08 0.14
pcymene + 0.57 0.80 1.12

a-phellandrene - . 0.37
Iimonene + 1.68 1.46 1.25 0.56
y-terpinene + 0.62 0.11 0.18 -
(Z)-&Ocimene - - 0.04 0.02

(E)-&ocimene - - 0.02 0,01

terpinolene - 0.11 0.12

hexanol +

3-hexenol +

1-Octen-3-01 + ++-

1,6-cineole + 10.93 8.20 12.00 13.68

a-thujone + 24.57 23.40 37.15 10.94

p-thujone + 13.98 3.45 14.20 23.10

camphor + 12.35 22.45 14.30 26.53

isopinocamphone + - -

Nnalool + 0,51 0.40 -

Iinalyl acetate . - 0.01 0.01 -

isobornyl acetate - 3.39 -

borneol + 4.42 3.00 1.50 7.49

bornyl ac@tate + 0.93 3.50 o.e6 -

terpinen-4 -01 + - 0.50 0.20 -

a-terpineol + - 2.00 0.30 2.34

a-terpinyl acetate - - 0.30 0.17

sabinyl acetate - - + + -
trans-sabinol

p-cymene-6-ol - 0.13 0.05

humulene +- 6.90 3.87 -

caryophyllene - 6.00 2.00 -

6-cad inene - - + + .

cafyophyllene oxide - - + +
humulene oxides - 0.80 0.48 -

+ = Present = absent
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Table Vlb. Chemical composition (%) of
Dalmsfisn ssge oils from various countries

Compound Turksy17 CommercislW USAaa Hungsr~O Italpl

cis-salvene 0.01 0.01-0.10 0.04-0.06
trans-salvene 0.01 0.03-0.12
a-thujene 0.15 0.01-0.20 - 0,04-0.20
a-pinene 3.5 3.00 1.6S-5.37 5.4 0.27-3.S6
camphene 4.7 3.69 1.67-5,74 6.5 1.14-5,65
sabinene 0.01 0.01-0,79 - 0-0.24
b-pinene 1.8 0,20 1,05-14,4s 5.1 0.23-2,02
myrcene 0.s 0.07 0.27-1.09 - 0-0.73
a-terpinene 0.1 0.04 0.01-0.32
p-cymene 1.1 0.27 0.9
Iimonene 1,4

0.30-0.77
0.49 0.55-2.46 3.6 0-1.42

yterpinene 0.4 0.03 0.01-0,97
(Z)-p-ocimene 0.01 0.10-1.00 -
(E)-p-ocimene - 0.01 0.01-1.67 -
yterpinene 0.4 0.01 0.01-0.97
terpinolene 0.03 0,01-0.34 -
1,8-cineole 5.0 - 2.25-18.00 9.0 4.98-13.4
a-thujone 20.6 8.60 13.94-44,05 18.3 35.90 -45.8
p-thujone 15.1 4.43 2.47-9.90 6.6 4.35-9.60
camphor 22.9 44.00 1.90-21.00 15.1 15.50-21.1
Iinalool 1.1 0.50 0.16-0.54 0.s
Iinalylacetate 1.0 -
bomeoi 7.9 3,00 3.7 0,74-3,20
bomyl acetate 2,6 1.79 0.19-1.41 0.9 0.S2-2,75
thujylacetate
terpinen-4-01

0.07-0.19
0.05 0,10-0.50 - 0-0.89

m-terpineol 0.15 0.01-0.26
a-terpinyl acetate 0.9 0.46
trans-sabinol 1.30-7.66 -
a-copaene 0.05
p-bourbonene - 0.09
a-maaliene 0.05
p-copaene 0.05
a-gurjunene 0.05 0.04-0,14 -
humulene 2.1 0.02 1.53-10.65 4.6 0-3.85
caryophyilene 4.1 0.39 1.40-10.00 3.9 0-3.76
aromadendrene 0.05
allo-ammadendrene - - 0-0.35
&cadinene 0.01-0.10
caryophylleneoxide - 0.16-1.27 - 0.44-2,17
viridiflorol 0.35-9.91 -
manool 0.11-5.91 -

+ = present = absent

cid Hungarian essential oils (Table VIb).
Piccaglia et af.4145 published the chemical composition

of Italian sage oil (Table VIb).

Tucker and Maciarello42 studied the chemical composi-

tion of the essential oils of eight cultivars of Dalmatian sage
from the horticultural trade in Ninth America and com-

pared the composition with those ofcommercisd sage oils.

Their results are shown in Tables VIIa and VIIb. The
following five groups are based on the four principal ( >5%)

constituents of these cultivars:
. Camphor> a-thujone > 1,8-cineole > p-thuione

. Camphor >a-thujone >!3-thujone > 1,8-cineole

. p-Thujone >camphor >l,6-cineole>a-
thujone

. 1,8-Cineole > camphor> a-thujone > ~.
thujone

. rz-Thujone >camphor>$-thujone > 1,8-
cineole

In 1988, Kustrak97vwote about the yield

and chemical composition of an oif isolated

from asuhspeciesof S. oflcinalk informer
Yugoslavia, The plant material of S. ojjlcinahs

ssp. mkwr~ autioulata yielded an oil in 1S57.,

conttiing m main constituents: a-pinene
(5.5%), camphene (6.4%), Iimonene (2.4%),

1,8-cineole (7.3%), a-thujonene (35,3%),
~-th”jonene (5,6%), camphor (18.1%), linafyl

acetate (1.7!70), bomeol (1,7%), and a-terpin-
eol (5.9%).

In 1992, Svoboda and Deans44 reported
on a study of the variability of msemaiy and
sage (Sakia oflcirwlk) and their volatile

oils on tbe British market, and their

antio.xidative properties, The m ain const it”-
ents of the essential oil obtained from samples

of dried herb sage of different geographical

origins are shown in Table VIII,
It will be clew from the figures in Table

VIII that, in the various countries, different

chemotypes of Saloia ojjkinalis exist; that
is, Italian, Turkish and Greek types vary

significantly from those of the United King-

dom and Ddmatia
In 1995, Pace and Piccagliaw anafy-zed by

GC/MS the essential cd of a wild type of

Italian sage classified as S2doia ofjlckalk L.
vu, angustifolia Ten, Thirtyfcmr components

were identified in the oil. The most abundant

were ~-pinene (7%), 1,8-cinecde (8%), cr.-

thujone (39%), @bujone(3%), camphor,
a-humulene (12.5%) and globulol (2% ).

Sensory Evslusfion of
Dslmstisn Ssge Oil

Dafmatian sage oil has a fresh-herba-

ceous, warm-spicy, somewhat camphora-

ceous odor and flavor. The fresh-herbal odor

characteristics are mainly due to the presence of a- and ~-
thujone. Tbe camphoraceous note is emitted hy camphor.

The oil has a slightly woody dyout due to the presence of

sesquitewenoids such as humulene, cmyophyllene and
viridiflorol.

Arctander57 reported that Dalmatian sage oil is used
for its powe~ partly as a topnote material, partly for its

relatively good tenacity The fadeout of the oif’s odor is

sweet-herbaceous and very pleasant. The oil blends well
with lavandin, rosema~, citrus oils and bois de rose oil.

It introduces fresh notes in fougeres, chypres, aldehydic
perfume bases, colognes and spicy “men> fragrances”
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Table Vlla. Chemical composition (%) of oils from
cultivers of North American Delmatian sageoz

Compaund Albfflore Serggsrtsn Compacts lcterinaia

cis-salvene 0.10

tricyclene

a-pmene 0.92

camphene 2.53
p-pinene 1.31

sabinene 0,09

myrcene 0.77

a-terpmene

timonene 2.16

yterpinene 0.14

para-cymene 0.27

terpinolene 0.13

a-thujone 1,55

1-Octen-3-ol

p-thujone 36.77

m-copaene

camphor 22.30

bornyl acetate 0.55

~-..bebene -

terpinen-4-01

caryophyllene 4.19

allo-aromadendrene -

m-humulene 6.23

muurolene

borneol 1.73

6-cadinene

caryophyllene oxide -

vindiflorol 6.44

-. absent

0.70

7.17

10,29

8.38

0.28

2.16

0.20

3.72

0.59

0.32

0,94

6,05

0.50

2.34

0.24

25.20

5.71

0,23

0.52

0.68

6.32

1.34

6,24

0.37

0,19

4.08

5.51

6.12

0.16

3.08

0.12

7.57

0.73

0.41

4.55

0.20

i .02

16.62

1.63

3.89

0.91

6.02

5.61

0.61

0,08

0.36

5.82

7.54

10.92

0.31

0.73

0.12

2,11

0,38

0.16

0.21

1i .43

0.69

2.17

0.13

22.15

3.36

0.26

1.93

9.64

0.69

0.82

0.52

for after-shave lotions and toilet waters.
The same author described the odor ofthujone (IY@) as

powerful and penetrating, warm-herbaceou; and minty

camphoraceous of moderate to poor tenacity.

Spanish Sage Oil

Spanish sage oil is produced in Spain from Saloia

laoandulae~olla Vahl. In 1985, Lawrence104 reported that

about 5 metric tons of Spanish sage oil were produced

during 1984.
The oil is used in perfumery in compounds for general

purposes, hut especially in technical and functional pe!-

fumes, such as those intended for soap, room sprays and

household products.
The oil is obtained by steam distillation of tbe partisly

dried leaves. The physical properties of the oil have been

described in detaiL6-8 The main constituents of the oil are

1,8-cineole and camphor.
In 1965, Spanish sage oil was granted GRAS status by

FEMA and approved by the FDA forfnod Use.y In 1974 the
Council of Europe10 included Spanish sage oil in the list of

substmces, spices and seasonings deemed admissible for

use. The Food Chemicals Cod@ and RIFM12 have pub-
lished monographs cm Spanish sage oil.

Vol. 22, March/April1997

Table V[lb. Chemical composition (%) of one from
cultiversof North Americsn Dslmefieneege42

Woodcste
COmwrd PurpuresXns Ribtftlors T!fcolc.r Fsrm

cis-salvene

tricyclene

a-pinene

camphene

p-pinene

sabinene

myrcene

a-terpinene

Iimomme

1,8.cineole

y.terpinene

para-cymene

terpinolene

cz-thujone

1-octen-3-01

p-thujons

ct-copaene

camphor

bornyl acetate

p-cubebene

terpinen-4 -01

caryophyllene

0.10

0.23

5,13

5.46

13.17

0.51

0.65

0.12

1.40

2,28

0.34

0.19

0.06

17.01

0.41

2.3e

0.45

14.65

0.12

0.51

2.01

allo-aromadendrene 0.42

x.humulene 16.72

muurolene

bomeol 1.50

ksdinene 1.94

?atyophyllene oxide 0.10

firidillorol 4.39

= absent

0,75

0.16

2.21

3.66

2.00

0.32

1.14

0.23

2.42
5.29

0.64

0.71

0.35

27,12

6,21

18.51

0.76

0.90

5.71

0.16

1.73

0.14

1.11

4.72

0.10

0.29

5.53

7.35

11.50

0.44

0,60

0.10

1.96

0.74

0.32

0.17

0.15

14.20

0.59

2.59

0.10

19.73

1.39

0.11

2.07

16.95

2,52

0.69

0.42

3.50

0.13

0.77

5.26

7.00

6.06

0.74

1,22

0,38

3.37

2.40

0.84

0.25

0.98

10.60

2.60

0.31

17.19

4.73

0,67

1,46

0.42

9.99

1.51

4,02

1.04

2.36

Table WI. Mein constituent (%) of Dslmefian
cage oils from dried herba of verious origins44

Compound ltaly Turkey

bomeol 0.9-5.9 0.6-5.0
camphene 1.7-5.1 3.3-6.6
camphor 12.5-15.3 6.2-13.6
1,6-cineole 22.l-44.8 23.0-56.4
thujones 1.2-2.4 1.6-3.5

UK Dslmatia Greece

2,8-7,0 3.3-4.0 3.2
3.9-e.7 4.0-7.2 1.8

tl.6-22.O 15.2-27.4 4.1
2.7-9.0 10.4-11.7 42.0

7.0-25.3 19.6-28.8 1.4

Chemical Evaluation of Spanieh Sage Oil

One of the first detailed analyses using gas chromato-
graphic techniques was puhlisbed by Brieskorn and

Dalferth14 in 1964 (Table IX).

Three years later, Cenci and Calvarano46 reported on
the chemical composition of the oils obtained from S.

lauandtda.folia grown in southern Italy. It appears strange
that the authors found neither 1,8-cineole nor camphor
(Table IX)

De Gavina Mugica et al.47 used a combination of gas

chromatography and infrared spectroscopy to compare the
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!)!?\ o

a–thujene a–thujone
[ 2867.05.2] [ 546-80-5]

Q Q

OH

sabinene sabinene hydrate
[ 3387-41 -5] [ 546-79-2]

p-thujone
[ 471.15-8]

o

Q
sabina ketone

[ 513.20-2]

toOH /.OH

cis-sabinol trans.satinol
[ 331 0-02-9] (+) [471 -16-9 ]

Figure 1. Structures and CAS numbers of some
derivatives of thujene and sabinene

chemical composition of Spanish sage oil produced in
seven provinc& in Spain (T~ble IX). ‘“ “

In 1970, Lawrence et af.48 used a combination of afumi-

num oxide and silver nitratelaluminum oxide column chro-
matography, prepmative and analytical gas chromatography,

and infrared spectroscopy and found that a commercial

sample of Spanish sage oil contained the compounds shown

in Table IX.

A Dragoco Rqmti dgfrom 19791ists thernainconstitu-

ents of Spanish sage oil (Table X).
Steinmetzet al.50 reported that Spanish sage oil con-

tainedthujone and camphor, and that these compounds

were responsible forthetoxicity of the oil.
Pecorari et a151 analyzed Spanish sage oil using gas chro-

matographictechniques. They tentatively identified ~-pinene

(13.8-29.2%), 1,8-cineole (17.5-24.1%), thujone (2.1-4.2%),

camphor (2,8-11.6%) and caryophyllene (4.4-90.4%).
Formacek and Kubeczka24 used capillary gas chroma-

tography and carbon-13 N MR spectroscopy to identi~ the
main constituents of Spanish sage oil (Table X).

In 1983 Cordoba Rodriguez,27 in her PhD thesis at the

University of Madrid, reported on the chemical composi-

tion of Spanish sage oil. She analyzed 32 samples distilled
from plants growing in different areas of Spain (Table X).

26/Perf.mer & Fla.orist

Table IX. Chemical composition (%) of
Spsnish ssge Oik reported 1964-1970

Compound 1SS414 1S674s 196947 1970*

salvene 0-0,06
tricyclene 0.5 0.2-0.4 -
mthujene 0,05-0.41 - 0.2
m-pinene 6.2 1.93-6.95 4.4-20.0 8.6
camphene 6.8 2.49 -tO.55 5.6-14.3 7.0
sabinane 1,3
L1-pinene 6.1 4,93-12.73 8,5-t 8.9 4.5
myrcene 0.6 - 3.2
a-phellandrene 0-5.0 0.1
p-cymene 1.6-4.6 1.9
Iimonene 1.5 - 3-5 4.5
(Z)-p-ocimene 0.2
(E)-&o.imene - . . 0.4
yterpinene 0.05
terpinolene 0-0.8 0.05
cis-alloocimene 0.1
a-p-dimethylstyrene 0.3
a-pineneepoxides 0.2-0.7
1,6-cineole 29.0 - 18-36 23.0
trans.sabinene hydrate . 0,5
Iinalool 1.1 - 0.2-2.7 2,0
camphor 34.0 - 10.8-32.7 20.1
borneol 2.2 0.1
isoborneol 1,0 -
terpinen-4-01 0.5
&terpineOl 0.05
ct-terpineol 0.9
nerol 0.1
geraniol 0,4
sablnol 0.1
Iinalylacetate 1.5 0-2.2 1,0
bornylacetate 2.8 - 0-7.7 1.5
isobornylacetate 1.3 - 0-4.9 -
m-terpinylacetate 2.4 - 0-9.5 11.2
sah nylacetate 3.0
a-cubenene 0.05
rmgurjunene 0.3
cis-a-bergamotene 0.3
trans-a.bergamolene 0.1
p-caryophyllene 0.35 - 0-3.1 0.5
aromadendrene 0.3
humulene 0.5 0-0.2 0.1
allo-aromadendrene 0,05
~-bisabolene 0.1
&catinene 0,4

ar-curcumene 0.4

viridiflorol 0.35 - 0.1-0.9 -

= absent

. . . .
In 1984, LawrenceS’ used infrared spectroscopy to

characterize the presence of viridiflorene, ~-spathulene,
viridiflorol andhumulene epoxide II as tmce constituents

in Spanish sage oil. ‘

Vernin and Metzge#5 used gas cbromatograpby and
mass spectrometryto study the chemical composition of

Spanish sage (Table X).
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Table X. Chemical composition (%)
of Spsnlsh sage oils reported 1979.1989

Compound 1979* 1982M I ee3~ 19S635 198955

tricyclene 0.46 0-0.5 -

rz-thujene 0.54 0.2-0.5 0.22 -
a-pinene 6.0 24.00 4.7-10.9 6.45 4,0-11.0

camphene 4.0 7.69 4.6-10,6 5.60 -

sabinene 0.34 0.6-2.2 1.49 0.1-3.0
p-pinene 7,0 2,23 3.3-7.3 3.86

myrcene 2.2 1.34 1.0-4.9 2.76 -

m.-phellandrene 0.10 0-0.2

a-terpinene 0.13 0-0.1 0.01 -

p-cymene 1.5 0.84 0,4-2,1 0.97 -

hmonene 2.65 2.4-5.0 3.62 2.0-5.0

(Z)-p-ocimene 0.22 0-2.2 0,99 -

(E)-p-ocimsne 1.1 0,11 0-0.4 0.19 -

~terpinene 0.16 0-0,7 0.28

Ierpinolene 0.16 0-0.3 0.14 -

cis-alloocimene 0-0.3 -

.-p-dimethylsty rene 0-0.4 -

1,6-cineole 54.0 11.63 12,0 -40.3 21.10 11.0 -25.0
?amphor 1.0 30.11 12.9-36.1 22.30 11.0 -36.0

>arvone 0-0.3

z-thujone

&thujme

1,30 <0.5

0,01 <0.5

Irans-sabinene hydrate - 0.1-0.6

inalool 1.0 3.10 0.2-11.2 1.70 0,5-0,9

>omeol 4.3 3.50 1.5-6.4 6.0 1.O-6.O

soborneol 0.2-1.9 -

:erpinen-4-01 0.2-0.8 0,3 <2

5-terpineOl 0-0.7

x-terpineol 1.69 0.1-1.9 4.0

lerol 0-0.6 -

3erani01 0.1-0.7 0.37 :

xymen-6-ol 0.1

inalyl acetate 0.34 -0.1-5.8 3.9 -<0.5

7etyl acetate 0.1

geranyl acetate 0.1-0.2 0.33 :

geranyl propionate 0.42 -

>ornyl acetate 0,21 0.6-4.9 0.97

sobornyl acetate 0-0.7 -

x-terpinyl acetate 0,23 - 1.1

:is-sabnyl acetate 0.1-6.6 -

z-cubebene 0-0.2 0.3 :

x-copaene 0-0.1 -

?is-m-bsabolene 0.2
wgurjunene 0-0.2
:is-c-bergamotene - 0-0.6 -

socaryophyllene 0-0.6 -

3-caryophyllene 0.61 0.2-3.7 0.5

mmulene 0-1.0 0.24 -

xomadendrene 0-0.2 -

No-aromadendrene - 0-0.4

ar-curcumene 0,1-0,9

Misabolene 0-0.2 -

mrcumene 0.4

:myophyllene oxide 0.1
mmulene oxide 0.2 -

~. absent
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An anonymous author in a Portuguese

publication reported on Spanish sage in 1989
(Table X),w

In 1988 Marcos Sa.nzet al.54reportedo”

the chemical composition of the oils of four
cultivars or chemotypes of Salvia lauan.

ddaefok growing across Spain (Table XI),

JimenezSindreu56 of Destilkmiones Bordu
(Spain) analyzed Spanish sage using modern

sPectrOscOpic techniques (Table XII).
In 1995, Sanchez Gomez et al.~ published

their results on tbe chemical composition of

the essential oils of Saluin officirds, S.

hxddaefolia ssp. u.llera and a new hybrid
of these species (Table XII).

Sensory Evaluation of
Spsnish Ssge Oil

Spanish sage oil has a fresh cineole- and
camphor-like odor. Arctande#7 mentioned

that Spanish sage oil is a pale mobile oil with
a fresh-herbaceous, eucalyptol-camphor-like

odor, a rather sharp pine-like topnote and

little or no sweetness on drying out, The oil is
used in swap per fume~ and in the reconstit” -

tionof’ otber essential oils, such as Spanish

spike lavender oil. Spanish sage oil blends
well with the related oils ofrosema~, laven-

der, spike lavender, pine needle oils and cit-

ronella oils, It is generafly used as a freshener

in industrial perfumes, soap perfumes and
detergent fragrances,

Clary Sags Oil

The species Saloia scknva L. is also called

clay, clary wart, muscatel sage, clear eye, see
bright and eyebright.

Lamence1[)4 reported that the former USSR

was the largest clay sage oil producer, with a

1984 production estimate of40 tons. Only
25% of this production was offered for export.

He mentioned that other countries produc-

ing at least one ton were the USA (5 tons),
Bulgarfia(3 tons), France (2 tons), Indtia(l

ton), Switzerland (1 ton) and Morocco ( 1 ton).
Minor quantities of oil were also produced in

Israel, South Africa, Hungary, former Yugo-

slatia and Italy. A total world production esti-
mate for clay sage oil vnas 45 metric tons.

Lalande5n mentioned that the 1984 crop of

French clary sage oil was around 3 tons.
The oil, concrete and absolute of clary sage

are important ingredients of flavors and fra-
grances. The main constituents of clay sage

oilarelinalyl acetate andlinafool; theprinci-
pd component of clary sage absolute is sclareol.
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In 1965, cla~sage oilwasgranted GRAS

status by FEMA and approved by the FDA for
food use.g In 1974, the Council of Europe10

included clary sage oil in tbe fist of substances,

spices and seasonings deemed admissible fOr
use. The Food Chemicak Coddl and RIFM]Z
have published monographs on clay sage oil.

Chemical Evaluation of
Clary Sage 011

The chemical composition of isolates from

clary sage have been studied for more than a

century.7He[]-7e
Leffingwell et al.fio analyzed an oil of U.S.

origin and compared it with commercial oils of
Russian and French origins. Tbe following con-

stituents were identified: a- and ~-pinene, cam-

phene,myrcene,limonene, cis-andtiaimene,

p-mene, te~inolene, cis-3-hexen-l-ol, linakd,
Iimdyl acetate, terpinen-4-ol, caryophylfene, a-
terpineol, citronellol, nerol, geraniol, neryl

acetate, geranyl acetate, trans-~-terpineol,

!3-g@unene and cayophylfene oxide.
Corbier and Teisseire81 reported on the oc-

currence of germacrene D in clary sage oil.

In 1978, Yoshida and Sawasakf’z published a

study on the variation of the yield and compo-
sition of clay sage oil. The maximum oil con-

tent (O.15-0. 18%) was obtained at the end of

the blossom period with an I-linafyl acetate

content of 42.4-44.2%. In fractional distillation
it was found that the l-linalyl acetate percent-

age (40-50% ) and I-linafool percentage (20.25%)
were high in initial distillation and low in after-

distdlation at 25-30% and 10-15%, respectively
Table XIII shows the studies of clary sage

oils by Formacek and Kubeczka.24
Maurer and Hauserfi3 identified more than

250 compounds in clary sage oil. The main

components identified were Iinalyl acetate (ap-
proximately 67%), Iinalool (approximately 16%)

and several mono- and sesquite~ene hydro-

carbons (approximately 1370). The authors also

reported that the oil contained six new
sesquiterpenoids:

(2R,5E)-2,12-epoxycaryophyll-5-ene

(2R,5E)-caryophyll-5-en-12-al
(2S,5E)-caryophyll-5-en-12-al

isospathulenol

(1 R,5R)-I ,5-epoxysalvial-4(1 4)-enE
salvial-4 (14)-en-l-One

Table Xl. Chemical compoeitlon (%) of one from cultivars
of Se/v/a /avandu/aefo/i@

Compound Lavandulaefolia Vellerea 1 Vellerea 2 Blancoana

a-thujene 0.01-0.5 0.1-0.7 0,01-0.3 0-0,1

tricyc19ne- 0.1-0.5 0.1-0.5 0.1-0.5 0.1-0.5

a-pinene’ 3-27 3.5-t 5.5 2.3-9.6 4.9-5.8

camphene 0.9-14.0 5,3-17.2 2.4-9.8 0.6-4.5

p-pinene 2.3-27.5 2.3-6.6 2.3-20.9 35.5 -48,4

sabinene O-3.2 0-1.2 0.6-5.8

myrcene 0.6-15.6 1.2-7.2 1.3-5.4 4.6-11.3

a-phellandrene” 0.01-0.3 0-0.8 0.05-0.2 0.1-0.3

a-terpinene’ 0.01-0.4 0-0.8 0.05-0.3 0.2-0.4

Nmonene 1.7-11.9 1.6-4.0 1.6-3.8 2.8-5.3

(Z)+ocimene 0-1.3 0-0,8 0-1.0 0-2.5

(E)-p-ocimene’ 0.05-1.3 0.1-0.4 0.1-0.9 0.05-0.3

y-terpinene’ 0.05-1.3 0.1-0.5 0.2-0.9 0.05-0,4

p-cymene 0.01-2.3 0,01-1.5 0.1-0.7 0.01-0.3

terpinolene 0.01-0.4 0.1-0.4 0.2 0.1

cis-alloocimene 0.01-0.1 0-0.1 0.1-0.5 0.01-0.4

1,8-cineOle 6.4-58.7 6.1-31.2 1.2-26.6 2.3-5,0

trans-sabinenehydrate 0.1-0.8 0.1-1.7 0.2-0.5 0.2-0.6

camphor 1.3-29.0 21.0-37.5 6.3-30.1 0.3-9,2

Iinalool 0.1-0.8 0.2-1,2 0.3-0.6 0.2-0.4

Iinalyl acetate 0.1-0.7 0.01-1.7 0.2-0.8 0.1-0.5

bornyl acetate O-4.2 0.8-3.1 0.3-1.9 0.3-0.4

terpinen-4-01 0.1-1.7 0.2-2.5 0.2-1.1 0.3-0.9

8-terpineol 0.01-0.3 0-0.3 0 0-0.2

cis-sabinyl acetate 0.01-0.6 0.1-0.4 11.1 -24,0 0.2

cis-sa~nol o 8.8-19,5 -

borneol+ 0.2-9.0 2.0-10.0 0 0.4-1.0

m-terpineol’ 0.2-0.4 0.2-0.5 0 0.1-0,2

a-terpinyl acetate’ 0.1-0.5 0.1-0.5 0 0.1-0.2

geranyl acetate 0-0.2 0-0.3 0.6-1.5 0.01-0.6

nerol 0.01-0,2 0,01-0.4 0.01-0.1 0.1

geraniol 0-0.5 0-0.3 0,01-0.2 0-0.01

a-cubebene 0.01-0.3 0-0.2 0.01-0.1 0.01-1.1

u-copaene 0-0.1 0-0.01

p-caryophyllene 0.3-4.8 0.5-2.2 0.5-3.4 8.1-12,8

aromadendrene 0-0.5 0-0.1 0-0.2

allo-aromadendrene 0-0.2 0-0.1 0-0.2

a-humulene 0.2-3.2 0.1-1.4 0.4-2.8 1.7-6.2

bicyclogermacrene 0-0.2 0-0.3 0.6-1.5 0.01-0.6

6-cadinene 0-0.9 0-0.3 0.01-0.1 0-2.6

caryophyllene oxide 0.1-3.3 0.4-1.3 0.5-1.3 2.2-3.8

viridifloml 0-7.1 0.01-2.6 0.1-3.9 0.1-0.3

spathulenol 0-0.7 0-0.2 0.1-1.0 0.01-3.4

ca!yophyllenol 0-0.1 0-0.1 0-0.1 0.1

. estimatedfor all fourw Itiv.rs

results demonstrated the successive biosynthesis from di-

phatic monote~enes, via cyclic monote~enes, to bicyclic

mono- and sesquiterpenes. The localization of the oil

In 1983, Cordoba Rodriguez27 wrote in her thesis about begins with tbe seedlings, in the cotyledon-trichoms, and
the chemical composition of nine clay sage oils from

different origins (Table XIII).
goes into the glandular hairs of different ~es.

Lalande58 wrote in 1984 about French farmers trying to

Also in 1983, Verzar-Petri64 reported on the biosymthe- improve the yield of clary sage oil by modernizing tradi-

sis and localization of essential oils in Salola scbmwz. The tional distillation. Profiles of sage oils are now quite differ-
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Table X11.Chemical compoaifion (%) of
Spanish ssge oils reported 1990-1995

s. ravandu*fo/is
.%offfcin.

4-G alia Hybti{
Compound Iaeo-lssa= 1ss5S lssW law

tricyclene 0.2-0.3 -
a-thujene 0.2-0.3 o.ie 0,06 0.2[
a-pmene 6,5-8.1 4.37 2.98 5.2(
camphene 4.3-6.6 5.11 2.10 7.%
sabinene 1.7-2.1 1.72 0.07 0.7:
p-pinene 3.8-4.5 6.30 8.93 14.11
myrcene 4.1-5.0 2.18 0.50 2.94
a-phellandrene 0.1
&3-carene 0.1 -
ct-terpinene 0.2-0.3 0,35 0.44 0.15
p-cymena 0.6-1.3 0.90 0.49 1.Oc
hmonene 3,0-4,5 2.50 0.76 1.4C
(Z)-p-ocimene o.6-o.a 0.21 0.78 0.41
(E)-p-ocimene 0.2-0.3 0.15 0.17 0.15
y-terpinene 0.3-0.8 -
tarpinolene 0.2-0.4 0.20 0.17 0.13
1,e-cineole 19.0-21.0 43.73 15.71 ie.oi
Irans-sabinenehydrate 0.1-0.2 .

Cis-sabinenehydrate 0.2-0.4 -
Iinalool 1.4-2.7 0.62 0.28 0.23

Ienchol 0.1-0.2

sabinol 1.5-2.5

x-thujone 22.62 3.04

3-thujone 4.32 0.56

:amphor 13.5-20,0 i 4.63 4.99 10,60

>orneol 1.1-2.3 3.56 6,69 8.26

:erpinen-4 -01 0.5-0.6 0.94 0.69 0.53

x-terpineol 1,0-1,3 1.13 3.10 0.74

j-terpineol 0.19 0.21 0.18

lerol 0.1-0.2

leral 0.1-0.2

9erani01 0.3-0.5 0.29 0,15 0.14

2eranial 0,1-0,3

inalyl acetate 3.0-6.0 0,08 0.10 0.11

>ornyl acetate 1.0-3.0 1.54 0.37 0.87

wbinyl acetate 1,6-6.2 -

x-terpinyl acetate 6.5-11.0 -

)ery acetate 0.1-0.2

~eranyl acetate 0.4-0.7 -

:is-a-bergamotene <0.1

)-caryophyllene 0.7-1.2 0.27 2.66 2.69

x-humulene 0.4-1.1 i.ie 0.27 0.25

%-tisabolene 0.2-0.3

i-cadinene 0.1-0.2 -

:a!yophyllene oxide 0.1-0.2 0.22 1.44 1.26

$-cadinol 0.69 2.25 0.08

thidiflorol 0.29 10.92 6.21

x-cadinol 0.07 0.21 0.31

nanool 3.57 1.94

. ebsent
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Table X111.Chemical compoaifion (4A) of ciery
saga oii reported 1982-1985

Compound 198224 19e3= 19e5~ 19e5m

a-pinene 0.25 0.1 0.05-0.2 0.05
camphene 0.01-0.1 0.05
~-pinene 0.29 0.1 0.1-0.3 0.05
sabinene 0.06
myrcene 0.20 0.5 0.3-1.7 0.05
Iimonene 0,51 0,2 0.13-0,45
m-phellandrene 0,05

p-phellandrene 0.07 -

a-terpinene 0.05

p-cymene 0.06 - 0.05

(Z)-&Ocimene . 0.2 o.16-o.a -
(E)-p-ocimene 0.4 0.16-1.2 -

y-terpinene 0.4 - -

terpinolene 0.1

1,8-cineole 0.06 0.1 1.30

cis-linalool oxide 0.40 - 2.00

trans-linalool oxide 0.37 - 1.30

camphor 0.66

trans-sabinenehydrate - 0.2

Iinalool 18.62 13.1 6.3-23.7 19.10

isoborneol 0.1 -

terpinen-4 -01 0.1 0.05

ct-terpineol 0.70 1.3 0.3-4.8 4.6o

nerol 0.06 0.3 0.07-0.9 0.05

geraniol 0.16 0.6 0.2-2.7 0.05

Iinalyl acetate 69.93 66.7 40,3-73.2 60.20
ct-terpinylacetate 0.05
nerylacetate 0,26 0.1 0.5-1.5 2.10
geranylacetate 0.49 0.6 0.34-3.0 2.60
bornylacetate 0.6 -
,-terpi nylacetate 0.37 0.1 -
a-copaene 0,5-1.5 -
p-bourbonene . 0.2 -
2is-a-bergamot@ne . 0.3
p-caryophyllene 0.56 2.5 1.4-3.1 -
germacreneD 2.1-6.4 -
lumulene 1.3 - -

=absent

ent from profiles of oils formerly produced. The Iinalool

content has increased from 10%to20-25Yo, and the con-

tent of linafyl acetate has decreased from 70% to 60%. The
concentration of a-terpineol, geraniol, geranyl acetate and

neryl acetate is higher, but the content of sclareol,

germacrene D and caryophyllene is lower. One may ques-

tion whether these variations are due to modernizing the
distillation method or to the fact that part of the linalyl

acetate is decomposed during isolation.
In 1985, Colsson et al.66 published a review on French

clary sage oil. They mentioned that the yield of the oil from

the entire plant material was 0,15% (0.34% of the flowering
parts and 0.01% of the twigs) (Table XIII),

Schmaus and Kubeczka68 studied the influence of isola-

tion conditions on the composition of essential oils contain-
ing linafool and Iinalyl aceeate. A combination of solvent
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Table XIV. Main constituents (%) of i
soletes from clary eege65

Compound Essential oil Concrets

Iinalyl acetate 75,0 5.5
Iinalool 8.0 1.7
sclareol 1.6 70.0

germacrene D 4.0 0.5
caryophyllene 3.0 0.4

Tsble XV. Chemicsl composition (%) of three
French and one Ruesian clery sege oilseg

F,.”,?h,.. ,”..
Compound 1 2 3 Russian
a-pinene 0.21

camphene 0.03

!3-pinene 0.17

myrcene 0.34

hmonene 0.10

1,8-cineole 0.09

(Z)-~-Ocimene 0,16

(E)-p-ocime.e 0.23

Iinalool 8.88

a-te rpineol 0.20

nem 0.05

geraniol 0.11

hnalyl acetate 74.18

neryl acetate 0.13
geranyl acetate 0.30

caryophyllene 1.89

germacrene D 4.09

caryophyllene oxide 0.35

sclareol oxide 0.49

sclareol 1.21

0,20

0.04

0.16

0.38

0.10

0.10

0.16

0,21

8.98

0.27

0.06

0.11

72.47

0.17

0.40

1,85

3.29

0.40

0.53

1.97

0,08 0.02

0.03 0.01

0.17 0.01

0.98 0,22

0.20 0.30

0.09 0.11

0,40 0.09

0.72 0.06

28.48 14.43

2.64 2.17

0.56 0,42

1.54 0.98

50.e6 63,18

0.75 1.0s

1.42 2.07

1.65 2.02

3.54 0.36

0.16 1.16

0.07 0.24

0.79 1.80

extraction and gas phase stripping by means of a reflux

trapping apparatus yielded WI essential oil with a composi-
tion much more like that occurring in the living plant than

that of’ the oil isolated by hydrodistillation. In the case of

clary sage oil isolation,’ th~y found that the amount of

sesquiterpenes was in good accordance with the extract.
Sclareol had not been transported, due to its high molecu-

lar weight.
Raid and Putievsky70 reported on the chemical compo-

sition of cla~ sage oil (Table XIII) in their studies of

essential oils of wild-growing Labiatw species in Israel,

(Labiatae is an older name for the family now called
Lamiaceae, which contains tbe Saloia genus.)

In 1983, Ebret65 reported on new components from

French clary sage essential oil and concrete. They identi-
fied 40 new compounds in the oil, several of’which derived
from curcumene, such as bifunctional monoterpenes, ses-

quiterpene alcohols, sesquiterpenoid mintsulfide and a

diterpenic furanalcohol, The main constituents of the oil
and the concrete can be seen in Table XIV.

Dore and Jaubertfig published their gas chromatographic
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CHEMICAL AND SENSORY EVALUATION OF THREE SAGE OILS

Table XVI. Chemical compoeltion (99) of clery sage oil

Compound Fresh flowern LeaP’ Aged oilM4 Compound Fresh flowern Leaf” Aged oilw

m-pmene o.03/t 3-acetoxy-2,6-dimethyl-3,7-
camphene t octadien-2-01 2,45
~-pinene t 2,6-dimethyl-l ,7-octadien-
m-terpinene t 3,6-diol 0,10
myrcene 1.06 - -/2,82 3-acetoxy-2,6-dimethyl-l ,7-
Iimonene 0.31 - 0.20/0.46 octadien-6-ol 0.25
pcymene t 0,15/0.16 camphor
(Z)-p-ocimene

-/0.86
0.46 0.37/1 .07 myrtenal t

(E)-p-ocimene 0.67 0,75/1 .75 neral 0.16
yterpinene t t geranial 0.21 t
allo-ocimene t t a-cubebene t 0.12 -
cis-linalooloxide (5) 0.01 0.59/0.81 &elemene 0.39
trans.linalooloxide (5) 0.01 0.72/0.68 a-copaene 0.41 3.01 -/0.29
cis-5,6-epoxyoclmene t p-bourbonene 0.10 0.16 -/0.19
trans.5,6-epoxyocimene t epi-p-bourbonene t t t
Iinalool 25,99 0.11 12.33/1 1.74 p-c.bebene 0.12 0.55 t
trans-linalooloxide acetate(5) - t p-elemene -/0.15
cis-linalooloxide acetate(5) - t p..aryophyllene 1.50 11.01 t
hotrienol t t u.humulene t 0,25
5-vinyl-5-methyl-tetrahydro- germacrene D 2,13 48.39

furan-2-One t ~-selinene
terpinen-4-01 I

0.63 -
t bcyclogermacrene 5,51 -

a-terpineol 7.65 t t viridiflorene t t t
nerol 1.67 0,08/t (E)-p-farnesene t
geraniol 4.93 t 0.23/0.21 (E,E)-a-farnesene 0.10 0.10
trans-catveol t &cadinene 0.12 0.66 -
p-cymen-6-ol t 0.09
Iinalylacetate

elemol t
23.41 0.19 54.63/52.63 spathulenol 0.14 1.71 -/0.14

bornylacetate t meudesmol 0,33
a-terpinylacetate t T-cadinol 0.23 t
nerylacetate 2.31 - 1,52 isospathulenol t t t
geranylacetate 4.63 3,31 torreyol 0.51 -
epoxy finalylacetate 1 t 1.25 p-eudesmol 0.89 t t
epoxy hnalylacetate 2 t 1.12 sclareol 3.10 0.35 t
cis-2,6-dimethyl-2,7-octa- caryophylleneoxide 0.52 2.20 -/0.21

dien-2,6-diol t humulene oxide II t

trans-2,6-dimethy l-2 ,7-octa- germacrene D oxide t
dien-2,6-diol 0.48

!. trace -. absent

analyses of three clary sage oils from France and one from

Russia (Table XV).

In 1990, Lawrence75 presented the comparative chemi-

cal composition of commercial $amples of French and
Russim clary sage oils, as well as United States clay sage

oil produced in North Carolina (Table XVII).

One year later, Elnir et al.76 published their studies of
the chemical composition of two clary sage chemotypes

and their hybrids. The composition of the Israeli and

Russian Salola SCLVWZoils during tbe early and late flow-

ering stage are shown in Table XVIII.
In 1992, Balinova-Tsvetkova and Tsmkovalmrepotied

on the influence of the shage of in flurescence development,
the duration and number of extractions, and the tempera-

ture, on the extraction of fresh plants of ck-aysage. The
extract yields varied from 0.3-l .4%, with alinalyl acetate

content of 8.5-13.5% and a sclareol content of 77-80%.

R.videt al.’”l found enantiomerically pure (R)-(-)-

limalyl acebatein Russim, French, American and Israeli
types of clay wge oils. The relative quantities of linafyl

acetate in these oils were 43-63’% in Russian, 74-7870 in

French, .557. in American, and 51-73% in Israeli oil.
Very recently, Dzumayev et aL1(]3reported on the essen-

tial oils of Saloia schwa produced from plants grmvnin

southern Uzbekistan. The principal components of the oils

were Iinakml (22-32%) and Iinafyl acetate (25-51%). It was
found that tbe oil composition was not influenced by plant

parts (except for the leaves), state of plant maturity, location
of cultivation site, whether the plant was wild or cultivated,

yea of harvest, color of brwts or cultivation conditions.

Sclareol, the main constituent of the extract of Saloia
sclarea, is an important raw material for the production of
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Table XVII. Chemical composition (o/o)of clary
segeoils from the U.S., Francesnd Russie75

Us. France Russia
Compound (NorthCarolIns)(mmmeroist) (mmnwrcial]

ci-pinene 0.08-0.12 0.1-0.2 0.1-0.2
camphene 0.03-0.04 t t
p-pinene 0.17-0.22 0,1-0.3 0.2-0,3
sabinene 0.01-0,04 t t
myrcene 1.25-1.71 0.1-0.2
Iimonene

0.3-0.5
0.40-0.77 0.1-0.2 0.1-0.2

a-terpinene 0.01-0.02 t t
(Z)-p-ocimene 0.42-0.70 t t-o.z
(E)-p-ocimene 0.43-1.36 0.1-0.2 0.1-0.4
p-cymene 0.01-0.02 t t
terpinolene 0.12-0,37 t t-o.1
(Z,Z)-al10-Ocimene 0.05 t t
(E)-2-hexenal t t t
hexanal 0.03-0.07 t t
(Z)-3-hexenol 0,12-0.29 t-o.l t-o,t
(E)-2-hexenol 0.11-0.19 t t
1.Octen-3-01 0.03 t t
cis-anhydrolinalool

oxide (5) 0.01-0.02 t t
kans-anhydrolinalool

oxide (5) 0.01-0,18 t t
cis-linalooloxide (5) 0.03-0,05 t t
trans-linalooloxide(5) 0.03-0.04 t t
Iinalool 20.29-28.63 9.0-16.0 10.4-19.3
lerpinen-4-01 0,03-0.06 t-o.1 t-o.l
a-terpineol 3.05 0.2-0.6 1.2-2.5
nerol 0.62-1.15 tr.-o.t 0.3-0.5
geraniol 1.67-3.26 0.1-0.3 0.6-1.2
Iinalyl acetate 44.9-53.4 49.0-73.6 45.3 -61.6
mterpinylacetate 0.06-0.07 t t
nefyl acetate 1.00-1.67 0.2-0.3 0.4-0.6
~eranylacetate 1.93-3.24 0.3-0.5 0.6-1.2
mcubebene t t t
u-copaene 0.63-0.47 0.1-0.2 0.1-0.2

p-bourbonene 0.08-0.12 t t

p-caryophyllene 0.86-1.31 1.4-1.6 1,1-1,6

germacrene D 2.63-3.55 1.6-2.0 0,7-2,0

:aryophyllene oxide 0.21-0,27 0.3-0.5 0.5

spathulenol 0.03-0,04 t t

mint sulphide 0.03-0,04 t t

sclareol 0.17-0.44 0,1-0,2 0.1.0.2

I. trace

the highly valuable perfume material ambroxide. A scheme
for the formation of ambroxide from sclareolvia sclareolide

is given in Figure 2.

Sensory Evaluation of Clary Sage Oil

The fresh plant material of Salokz sckwea has a strong,

pungent andpenetmtingodor that is often disliked. This color

disappears during steam-distillation and can not be recog-
nized as tbe essential oil. The penetrating odor of fresh leaves

and stalks is rather substantive to skin and clothes. This odor

may be due to water-soluble unsaturated aldehydes.

3S/Perf.mer & Flavorist

Table XVIII. Chemical composition (%) of
clarysageoile from Israel and Ruesia7e

Israeli type Russian type

Compound early late early late

ct-pinene t 0,1 t t
p-pinene t t t
sabinene t
myrcene t 1,0 1.4
Iimonene 0.1 0.2 0.2 0.4
p-cymene t 0.9 t t
(Z)-&Ocimene 0.6 0.6
(E)-p-ocimene 1.1 1,4
yterpinene t 0.7 - -
terpinolene 0.3 0.4
1,8-cineole t-
cis-linalooloxide t-
trans-linalooloxide - t
camphor t
Iinfdool 0.9 1.7 23.6 31.0
terpinen-4-01 0.2 t t
a-te rpineol t 0.2 4.1 4.9
nerol 5.2 7,4 1.5 1,9
geraniol 24.5 15,7 4.4 5.5
nerd 7,5 11.3 t t
geranial 11,2 19.4 t t
hnalylacetate t 0.6 44.6 34.4
a-terpinyl acetate t 0.1 4.1 5.0
neryl acetate 1.6 3.0 2,1 2.4
geranylacetate 36.0 36.6 4,5 4.8
p-caryophyllene t 0.4 1.0
germacrene D 10.4 1.4 4.1 3.3
caryophylleneoxide t--

—
1. trace -. absent

Arctande#7 describes clary sage oil as a colorless to pale

yellow or pafe olive-colored liquid; sweet herbaceous,
tenacious in odor and soft and somewhat reminiscent of

ambra in its bitter-sweet undertone. Apart from the initial
linafyl acetate and linafocd notes, there is a very character-

isticnote intheodor ofcla~ sage oil. Thenoterernainsin

the dryout on a perfume blotter. Some perfumers describe

it as tobacco-like, others as bakamicor tealike. It also has

something in common with the odor of cistus oil and
Moroccan chamomile.

Ehretffi reported that clary sage oil is well liked in

perfume~ for its natural character, which blends hwender-
like top notes together with an amber-like dry-out.

Maurer and Hauser63 evaluated the organoleptic pro-

perties of the newly identified sesquite~enoids from cku-y

sage oil. They compared the odor of mint sulfide with that
of the oxygen analog. Mint sulfide has been described as

having a heavy, woody earthy odor. The oxygen analog had
a weak spicy-floral note with a camphomceous undertone.

The new ketone, salvialenone, showed a full, pleasant

woody note reminiscent of ambergris andvetiver, with a

spicy- fiord undertone. Thecompo”nd was mentioned as
characteristic for the odor of clary sage.
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SClareol
[513-03-7]

!0

d 0

sclareolde
[ 564-m5 I

@

0

ambmxide
[ 6790.58.5]

Figure 2. Formation of ambroxide from sclareol
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