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Abstract. The essential oil of Carum c.arl'i . LiIl;n: ~istille~ fromo the matu~e
seed, immature seed and whole plant ?fthe Pakistani ongm In 3.5 %, 6.7 % and 0.52 %
yield respectively has been characterized for the first nme. In the order oof the ~hree
materials it contains at-pinene (0.3,0.9 and 0.2 %), camphene (0, 1.5and 0.3 %) ~-pl~ene
(0.9,1.0 and 0.2%), myrcene (0.6,2.7 and 1.5%), ,6,3.caren; (0, 0.3 and 1.0%),lImo-
nene (26.2, 30.2 and 4.2 %), y-terpinene (1.8, 23.6 and 2.7 %), p;cyme.ne (2.1..5.6 and
0.3 %), dl-cadinene (0, 0 and 37.2 %), myristicin (0.7, O.~ and ~.2 %), mixture of carveol
acetate and dihydrocarveol acetate (0, ~.3 and. 1.1 %), dlhydrocarvon; (2 ..5, 0.8
and 2.3%),carvone (58.3, 31.4 and 31.2%), terpinene-d-ol ~O, 0 and 1.2%), dihydro-
carveol(1.2, 1.2 and 9.5%), perillyl alcohol(0,0.andl..6%)~n~c~rveol (4.1,0.4
and 2.2 %). The caraway oil from the plants grown in Pakistan IS Similar to that pro-
duced in other countries.

Carum carvi Linn (caraway, kala zira) is widely
cultivated in many temperate countries of the world
because of the commercial importance of its se-d
and essential oil.

In Pakistan it grows wild in Chitral, Gilgit,
Baltistan and Kaghan from where its seed is collec-
ted and despatched at fairly high prices for use as
an important ingredient of curries. It is noteworthy
that the seeds of Bunium persicum Boiss and Bunium
cylindricum Boiss which are also species of Um-
belliferae though distinctly different from Carum
carvi are erroneously called Siah zira and used in its
place.

The commercial importance of the whole seed
as also of the essential oil of caraway is rather high
from the industrial and medicinal points of view.
The seed is primarily used for flavouring a variety of
ebibles and beverages 1 while its essential oil is used
in the preparation of soaps and as a medicine. 2-4

Unfortunately, no attention has been given to
the cultivation of this species on a commercial scale
in Pakistan. Some 100-125 tons of the seeds of
the wild growing caraway plants are, nevertheless,
collected in the months of September and October
every year to meet the local requirements. Further-
more, because it could prove profitable as a crop,
it can successfully replace relatively cheaper crops
such as corn in the areas of its natural habitat.

No investigations have so far been carried out
on the physico-chemical characteristics or on the
chemical composition of the -caraway essential oil The yield and physicochemical properties of
of Pakistan. The present work has, therefore, been the essential oil as obtained from the mature and
pursued with a view to filling this gap in our know- the immature seeds of the Pakistani. cll:rawa~ a~e
ledge of a potentially useful raw 'naterial of thr comparable WIth those recorded for similar oils In
country. literature! (Table I). Qualitatively, the constituents
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Experimental

Materials and Methods. The mature and im-
mature seeds and the whole immature plant of
Carum carvi were directly collected from the Kaghan
valley. The essential oil from the crushed material
was distilled by dry steam." The instruments used
in the determination of the various character-
istics of the oil have already been reported.s Chemi-
cal values of the oil were determined according
to Guenther. 6

The oil was fractionated into hydrocarbons and
oxygenated components by chromatography using
silica gel as an adsorbent. The hydrocarbon frac-
tion was further resolved into terpenes by GLC using
3mm X 3m copper column packed with 7.5% car-
bowax on chromosorb (acid washed), nitrogen as

. carrier gas and flame ionisation detector. The
column temperature was maintained at 12('°. The
oxygenated components were identified by IR and
conversion into their known derivatives.

Results

The physicochemical properties and the
chemical composition of the essential oil are des-
cribed in Tables I and 2.

Discussloa
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of the mature seed essential oil are also largely the
same as those of similar oils produced elsewhere and
reported in literature 1'8-12 (Table 2).

Ikeda et 01.8 have shown the oilvof caraway
to contain 38 % terpenes of which limonene consti-
tutes almost 100% with traces of seven more mono-

terpenes. The 011 of the Pakistani caraway, ho~-
ever, displays superior quality in the sense that ,t
contains a lesser amount of terpenic fraction and
is relatively more rich with respect to oxygenated
components. Koul and Nigam? using column chro-
matography found the Indian oil of the mature seed

TABLE I. PERCENTAGEYIELD A~D PHYSICOCHEMICALCONS'fAN'fS OF THE C. catvi ESSEN1IAL OIL fROM
. THE MATUREAND THE IMMATURESEED ANDTHE WHOLE PLANT GROWN IN PAKISTAN.

Present work Literature?

Constant Mature Immature Whole Jm? 'Immature Mature
seed seed mature plant seed seed

Yield (rnax) 3.5% 6.7% 0.52% 4-6/;,
Time' 12 hr 12 hr 12 hr * 10 hr
Specifi gravity 0.9011225 0.813(32 0.901631 0.86320 0.907 -.0.91915

Refractive index J.486::1 1.48)32 1.485531 1.484 - 1.48E20
Optical rotation +69° 14'21 + 19° 24'32 +30° 16'31 + 18°0' +7000' - 810 0'

. Acid value 1.5 0.34 3.5
Ester value 3.5 6.7 45.4
Ester value after acetylation 25.2 13.2 13.2

. *Dislillation lime for the fresh whole plant is considered to be higher than needed. The -upcr-crip: indicate temperature
in C at which these parameters were determined.

TABLE 2. CHEMICALCOMPOSITIONOF THE C. carvi ESSE TIAl OIL OBTAINED ~R(jM TIll: MATURE AD
IMMo\TUR SEEDS AND THE WHOLE PLANT GROWN IN PAKISTAr-..

Mature Immature Whole Literature l , 8_12
Eluent Constituent seed seed plant mature

% u " seed"J "

n-Hexane Hydrocarbons * 31.9 65.7 47.6 +
a-Pinene 0.3 0.9 0.2 +
Camphene 1.5 0.3
('-Pinene 0.9 1.0 0.2 ,

T
Myrcenc 0.6 2.6 1.5 +
f:l3-Carcne 0.3 1.0 +
Limonene 26.2 30.2 4.2 +
y-Terpinene 1.8 23.6 2.1
p-Cymene 2.1 5.6 0.3 +

n-Hexane dl-Cadinene ~1.2
I ~~ Diethyl ether in Myristicin 0.1 0.2 1.2

n-hexane
2 % Diethyl ether in Carveol acetate and dihydro 0.3 1.1

n-hexane. Carveol acetate
3 % Diethyl ether in Dihydrocarvone 2.5 o.~ 2.3 +

n-hexane
5 % Diethyl ether in Carvone 58.3 31.4 31.2 +

n-hexane
6% Diethyl ether in Terpinen-4-ol 1.2 +

n-hexane
7 % Diethyl ether in Dihydro carveol 1.2 1.2 9.5 +

n-hexane
8 % Diethyl ether in Perillyl alcohol 1.6 +

n-hexane
10% Diethyl ether in Curveol 4.1 0.4 2.1 +

a-hexane
20 % Diethyl ether in Carveol and mixture of three 1.3 2.1

In-hexane unidentified alcohols (4: J)
• Resolved by G'-:C.
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to contain limonene only; while Atal and Sood+? in our caraway oil.
reported the presence of !.t-pinene and p-cymene as Yin et al.1l using GLC were able to identify
well with the help of GLC. Our results are quite carvone cis- and trans-dihydrocarvone, l-p-·men-
in agreement with those of the Indian investigators, thene-4-ol and different isomers of dihydro carveol.
except that the Pakistani mature seed contains!.t- But we have not yet been able to resolve 'our dihy-
pinene,. .myrcene and y·terpinene. Yin et al.11 drocarveol fraction into its isomeric components.
using GLe have identified e-pinene, ~-pinene, my- From the above studies it can be concluded that
rcene, limonene. y·terpinene and p-cymene in the the physico-chemical characteristics and chemical
caraway oil. It is probable that even the Pakistani composition of the Pakistani caraway seed 011 are
oil might also contain the terpenes found in other similar to such oils produced elsewhere in the world
similar oils, but their amount-is so small that it and thus qualify it to be an important commercial
could not be detected under our experimental con- commodity of the country.
ditions.

Myristicin which has been isolated for the first
time in caraway oil (Table 2) was characterised by
the comparison of its IR with that of an authentic
sample and by converting it into dibrirno myris-
ticin dibrimide, m.p. 128-12~0 (Ethanol) (lit.12 13(,°).
The acetates in the oil were identified by hydrolys-
ing them into the carveol and dihydrocarveol
whose IR spectra are known. No acetate was.
however, detected in the mature seed essential oil.

Dihydrocarvone and carvone were found to be'
present in the oil. The compounds were identified
through the preparation of 2, 4-dinitrophenyl hydro-
zones of dihydrocarvone and carvone m.ps; 153-154
(\it.u 153°) and 189-190° (lit.? 189) and semi-
carbazones m.ps. 188-189° (1it.7 189-191-) and
160-162° (lit.7 162°) respectively
'. Four hydroxy compounds namelyterpinen-s-ol,

dihydrocarveol, perillyl alcohol and carveol were
characterised in the oil by direct comparison of their
IR with those of the authentic samples as also by
oxidising them to carbonylic compounds and con-
verting them into 2, 4-dinitrophenyl hydrazones.
Terpinen-s-ol and perillyl alcohol was detected in
the whole plant oil only. Besides these the essen-
tial oi.1of the mature. seeds and the whol~ plant also
contained small amounts of a mixture of three hy-
droxy compounds which have as yet to be identified.

According to Guenther.! traces of acetaldehyde,
methanol.furfural, diacetyl, dihydrocarvone,carveol,
dl-dihydrocarveol, neodihydrocarveol isodihydro-
carveol, perillyl alcohol and dihydropinol are also 10.
wesent in addition to carvone in the oil of caraway.

...EI Deeb et aU" 15 nevertheless, showed that the
'oxygenated constituents of the oil consisted of car-
vone and citral and indicated the presence of methyl
salicylate and eugenol in addition.

. During the present investigations we could not
detect any citral, methyl salicylate and eugenol in 13.
the oxygenated fraction. Atal and Sood!? showed
carvone as the only oxygenated constituent present
in the Indian caraway oil. Kaul and Nlgam? found
dihydrocarvone and carveol as well. We have iso-
lated these compounds from the Pakistani caraway
oil also. Hans!» had reported the presence of
linalool, dihydrocarveol and perillyl alcohol in an
European species but we could not detect linalool
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