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Abstract-The aroma volatiles of a desert parsley were analysed using routine procedures, and 45 constituents were 
positively identified, including 11 not previously reported as parsley leafvolatiles. One component, 2-(p-tolyl)propan-2- 
01, is a new aroma volatile and, together with pmentha-1,3&triene, may be unique to parsley. Major constituents of the 
sample were 4-methoxy-6-(prop2-enyl)benzo-1,3_dioxolan (myristicin), 4,7_dimethoxy-5-@rop2-enyl)benzo-1,3- 
dioxolan (apiole), /3-phellandrene, p-mentha-1,3&triene and Cisopropenyl-1-methylbenzene. Aroma assessments 
during GC showed that apiole, in particular, had desirable parsley odour character. 

INTRODUCTION 

Fresh leave-s of parsley (Petroselinum crispum (Mill.) 
Nyman) are widely used whole as a garnish, but chopped, 
either fresh or dried, they add a strong characteristic 
flavour to many foods. However, there have been surpris- 
ingly few studies of the aroma volatiles responsible for 
parsley leafllavour. Probably the first investigation was of 
a commercial leaf oil from Yugoslavia, and eight volatiles, 
including a previously unknown compound (pmentha- 
1,3&triene), were identified by IR spectrometry [1, 23. 
Some years later, Kasting et al. used more modern 
techniques @C/MS) and identified an additional 42 
volatiles, although a few of these were certainly artifacts or 
contaminants [3]. In 1975 Freeman et al. identified 14 
constituents in the headspace vapours above minced 
parsley leaves, but only three of these were additional 
parsley volatiles [4]. In 1983 Vernon and Richard claimed 
a further 12 new parsley leaf volatiles [S], but in fact one 
had already been reported. 

Parsley has been grown in Britain since the 16th 
century, but early cultivated forms had finely divided 
leaves which were not curled or crisped like those of the 
familiar modem cultivar (var. crispurn). However, plain- 
leaved parsley (Italian parsley, var. neapolitanurn Danert) 
is still grown on the Continent. In this investigation the 
aroma volatiles of a desert parsley (cultivated in an oasis 
area of the Libyan desert) were studied for the first time. 
The plant has much broader and less curled leaves than 
British parsley and grows taller. 

RESULTS AND DISCUSSION 

Fresh parsley was purchased from local markets in 
Brack, Libya, and air dried. Valid aroma extracts were 
prepare-d using well-established procedures and were 
concentrated by high vacuum-low temperature distil- 
lation [6]. The resultant essences were found, on appro- 
priate re-dilution, to possess a strong, characteristic 
parsley aroma. 

Samples were analysed by GC and GC/MS, and results 

are given in Table 1. A number of GC columns was 
employed, including packed columns (PEG 20M) and 
fused silica capillary columns containing either bonded- 
phase BP1 (equivalent to OV 101) or BP20 (equivalent to 
PEG 20M). The retention data given in Table 1 were 
obtained using a 25 m fused silica column (BP20). 
Literature Kovats retention indices [7, 83 of most com- 
ponents (on PEG 20M) are also included in the Table, and 
confirm the general elution sequence (although it will be 
noticed that some compounds show slightly different 
relative elution behaviour on BP20 and PEG 20M, e.g. a- 
pinene and a-thujene, y-terpinene and crans+ocimene). 
The qualitative data in Table 1 were obtained using both 
bonded-phase fused silica columns; some components 
were more readily identified by GC/MS using one 
particular phase. Where positive identities are given, the 
mass spectra obtained on GC/MS agreed with those in the 
literature. 

The quantitative data in Table 1 show that in total about 
7 mg of aroma components were obtained per gram of air- 
dried parsley (ca 0.7 % w/w). This represents an estimated 
level of ca 1.75 mg/g total volatiles for the fresh leaves, 
which is a very high concentration. Overall, 91 com- 
ponents were detected as parsley volatiles, of which 45 
(comprising ca 96.9 % w/w of the sample) were positively 
identified, with a further 9 (ca 1.7 %) partially or tentatively 
characterized. The 37 (ca 1.4%) unidentified components 
are not included in Table 1 and were present in such small 
amount that either no mass spectrum could be recorded or 
the spectrum was too poor for interpretation. Of the fully 
identified components, 11 are reported as parsley leaf 
volatiles for the first time, and these are indicated in 
Table 1 by + . The tentatively identified methylhexadiene 
and the dimethylbenzofuran would also be new for 
parsley leaf. 

Most of the identified parsley volatiles are terpenes. 
Twenty-two monoterpenes were detected comprising ca 
51.8 % (w/w) of the sample; all were hydrocarbons, except 
for a-terpineol, 2+tolyl)propan-2-01 and 2-(p- 
tolyl)propanal. Fourteen sesquiterpenes (ca 4.7 %) were 
also recognized, and again the majority (11) were hydro- 

PHYTO 24:11-J 2623 



T
ab

le
 

1.
 V

ol
at

ile
 c

om
po

ne
nt

s 
of

 p
ar

sl
ey

 l
ea

f 

Pe
ak

 
nu

m
be

r*
 

C
om

po
ne

nt
 

N
ew

 
B

, 
(m

m
) 

K
ov

at
s 

in
de

x 
(l

it.
)?

 
0/

0 r
el

. 
ab

un
d.

$ 
C

ki
ou

r 
qu

al
ity

 

1 
M

et
hy

l 
al

co
ho

l 
pl

us
 d

im
et

hy
l 

su
lp

hi
de

 
2.

0 
0.

1 
1.

6 

2 3 5 6 7 8 9 10
 

11
 

12
 

13
 

14
 

15
 

16
 

19
 

20
 

21
 

22
 

23
 

24
 

26
 

21
 

28
 

30
 

31
 

34
 

37
 

38
 

39
 

43
 

44
 

41
 

48
 

49
 

51
 

52
 

? 
A

 m
et

hy
lh

ex
ad

ie
ne

 
+

 
A

n 
am

in
e 

a-
Pi

ne
ne

 
a-

T
hu

je
ne

 
T

ol
ue

ne
 

C
am

ph
en

e 
H

ex
an

al
 

+
 

&
Pi

ne
ne

 
Sa

bi
ne

ne
 

C
ar

-3
en

e 
pl

us
 

m
- 

an
d/

or
 

p-
xy

le
ne

 
M

yr
ee

ne
 

a-
Ph

el
la

nd
re

ne
 

M
on

ot
er

pe
ne

 
hy

dr
oc

ar
bo

n 
a-

T
er

pi
ne

ne
 

+
 

L
im

on
en

e 
/?

-P
he

lla
nd

re
ne

 
2-

Pe
nt

yl
fu

ra
n 

+
 

ci
s+

C
ki

m
en

e 
y-

T
er

pi
ne

ne
 

tr
an

s+
G

ei
m

en
e 

p-
C

ym
en

e 
a-

T
er

pi
no

le
ne

 
p-

M
en

th
a-

1,
3,

8-
tr

ie
ne

 
ci

s-
H

ex
-3

-e
n-

l-
01

 
C

Is
op

ro
pe

ny
l-

1-
m

et
hy

lb
en

ze
ne

 
a-

C
ub

eb
en

e 
B

en
m

ld
eh

yd
e 

+
 

a-
C

op
ae

ne
 

Se
sq

ui
te

rp
en

e 
hy

dr
oc

ar
bo

n 
fi

-E
le

m
en

e 
g-

C
ar

yo
ph

yl
le

ne
 

Ph
en

yl
ac

et
al

de
hy

de
 

+
 

y-
E

le
m

en
e 

a-
T

er
pi

ne
ol

 
4-

Is
op

ro
py

ky
cl

oh
ex

-2
_e

no
ne

(e
ry

pt
on

e)
 

Se
sq

ui
te

rp
en

e 
hy

dr
oc

ar
bo

n 

2.
8 

3.
2 

3.
6 

3.
9 

4.
0 

4.
2 

4.
6 

5.
0 

5.
4 

5.
6 

6.
2 

6.
4 

6.
6 

6.
9 

1.
4 

1.
7 

8.
2 

8.
6 

9.
0 

9.
2 

9.
9 

10
.3

 
14

.8
 

16
.2

 
16

.6
 

18
.8

 
19

.4
 

20
.3

 
20

.8
 

23
.0

 
23

.4
 

25
.1

 
25

.6
 

26
.0

 
26

.2
 

26
.1

 

10
39

 
10

36
 

10
55

 
10

79
 

10
84

 
11

24
 

11
30

 
11

44
 

cc
l 1

14
4 

11
56

 
11

77
 

11
92

 
12

06
 

12
16

 
12

29
 

12
28

 
12

51
 

12
50

 
12

72
 

12
87

 

13
51

 

ca
 1

48
5 

15
02

 
15

20
 

cc
l 1

61
8 

16
18

 
16

46
 

16
61

 

0.
3 

0.
1 

5.
1 

0.
1 tr
 

0.
2 

0.
1 

1.
8 

0.
3 

0.
2 tr
 

4.
3 

0.
7 tr
 

&
I 

12
.4

 
0.

1 tr
 

0.
4 

0.
1 

1.
4 

2.
1 

9.
2 

0.
1 

1.
2 

0.
2 tr
 

tr
 

0.
1 

0.
1 

0.
4 

0.
1 

0.
1 

1.
7 

0.
1 

0.
4 

20
.0

 
1.

3 
35

3.
0 

6.
5 

tr
 

12
.9

 
7.

9 
12

7.
8 

18
.7

 
14

.0
 

tr
 

I 
30

2.
0 

51
.2

 
2.

7 
1.

6 
25

2.
0 

86
1.

2 
3.

6 
2.

7 
1 

29
.0

 
5.

2 
97

.8
 

14
8.

1 
64

0.
7 

6.
4 

50
0.

6 
12

.9
 

2.
4 

tr
 

4.
3 

1 
6.

3 
30

.1
 

4.
8 

4.
3 

11
7.

2 
6.

4 
30

.9
 

St
dp

hu
ro

us
, 

ca
bb

ag
e 

w
at

er
, 

de
ca

yi
ng

 v
eg

et
ab

le
 

Sl
ig

ht
 e

ar
am

el
 

G
re

en
, 

st
at

e 
M

ac
e,

 s
lig

ht
 o

il 
of

 w
in

te
rg

re
en

 

Fr
ui

ty
, 

bu
tte

ry
 

G
re

en
, 

cu
t 

gr
as

s 
G

re
en

, 
sl

ig
ht

ly
 f

ru
ity

 

- 

G
re

en
, 

dr
ie

d 
he

rb
s 

So
lv

en
t, 

es
te

ry
 

Fr
ui

ty
, 

es
te

ry
 

N
ut

m
eg

 
L

em
on

gr
as

s,
 

fr
ui

ty
 

Fa
tty

, 
oi

ly
 

Pu
tty

, 
st

al
e 

Sl
ig

ht
ly

 s
ag

e,
 g

re
en

 
- 

Fr
ui

ty
, 

ci
tr

us
 

M
us

hr
oo

m
s 

C
he

w
in

g 
gu

m
, 

sp
ea

rm
in

t 
D

an
de

lio
ns

, 
gr

ee
n 

le
av

es
 

M
ea

ty
, 

m
us

ty
, 

sm
ok

y 
G

re
en

, 
fl

or
al

, 
es

te
ry

 

G
re

en
, 

ca
ra

m
el

, 
ro

as
te

d 
m

al
t 

Sl
ig

ht
ly

 n
ut

ty
 

G
re

en
 

sa
p 

G
er

an
iu

m
, 

ro
se

, 
tlo

ra
l, 

ph
en

yl
ae

et
al

de
hy

de
 

Pi
ne

-l
ik

e 
M

in
ty

, 
sp

ea
rm

in
t 

L
in

se
ed

 o
il,

 p
ut

ty
, 

m
us

ty
, 

st
al

e 
nu

ts
 



55
 

56
 

51
 

61
 

65
 

68
 

12
 

75
 

II
 

19
 

83
 

85
 

87
 

Se
sq

ui
te

rp
en

e 
al

co
ho

l 
A

 d
im

et
hy

lb
en

xo
fu

ra
n 

y-
C

ad
in

en
e 

2-
@

-T
ol

yl
)p

ro
pa

na
l 

pl
us

 
se

sq
ui

te
rp

en
e 

hy
dr

oc
ar

bo
n 

pM
et

hy
la

ce
to

ph
en

on
e 

pl
us

 
se

sq
ui

ph
el

la
nd

re
ne

 
p-

B
is

ab
ol

en
e 

a-
E

le
m

en
e 

2-
(p

T
ol

yl
)p

ro
pa

n-
2-

ol
 

Se
sq

ui
te

rp
en

e 
al

co
ho

l 
C

W
ad

itl
O

l 
5-

(P
ro

p2
en

yl
tl,

23
- 

tr
im

et
ho

xy
be

nx
en

e 
(e

le
m

ic
in

) 
4-

M
et

ho
xy

-6
-(

pr
op

2-
en

yl
~b

en
xo

- 
1,

3d
io

xo
la

n 
(m

yr
is

tic
in

) 
4,

7-
D

im
et

ho
xy

-5
-(

pr
op

2_
en

yl
)-

 
be

nx
o-

1,
3d

io
xo

la
n 

(a
pi

ol
e)

 

21
.4

 
+

 
27

.7
 

+
 

28
.0

 
17

64
 

29
.2

 

30
.4

 
17

50
 

+
 

30
.8

 
17

46
 

+
 

32
.6

 
+

 
33

.6
 

36
.2

 
+

 
39

.8
 

21
50

 

+
 

48
.9

 

50
.6

 
20

.6
 

14
35

.0
 

N
ut

m
eg

, 
cl

ov
es

 

66
.1

 

0.
6 tr
 

0.
5 

0.
3 tr
 

1.
9 

tr
 

0.
5 

1.
0 

0.
7 

0.
2 

0.
6 

39
.0

 

tr
 

36
.8

 
20

.4
 

tr
 

1 
13

3.
3 

1.
9 

I 
33

.3
 

69
.2

 
41

.3
 

11
.8

 
40

.6
 

0.
3 

18
.5

 

18
.3

 
12

75
.0

 
Sp

ic
y,

 p
ar

sl
ey

 

U
np

le
as

an
t 

gr
ee

n,
 d

ri
ed

 h
er

bs
 

St
al

e 
dr

ie
d 

pa
rs

le
y 

D
ri

ed
 h

er
bs

, 
ch

em
ic

al
 s

ol
ve

nt
 

Ja
sm

in
e,

 f
lo

ra
l, 

al
m

on
ds

 

St
al

e 
nu

ts
, 

pu
tty

 

St
or

ed
 

ap
pl

es
 

- 

B
ak

ed
 a

pp
le

, 
cl

ov
es

 

M
us

ty
, 

m
ou

ld
y 

*O
rd

er
 

of
 e

lu
tio

n 
fr

om
 a

 B
P

20
 G

C
 c

ol
um

n.
 

tL
it.

 
[7

, 
83

. 
*Q

ua
nt

ita
tiv

e 
da

ta
 a

re
 d

er
iv

ed
 

fr
om

 t
ri

pl
ic

at
e 

an
al

ys
es

 a
nd

 a
gr

ee
d 

f 
1%

. 
tr

, 
T

ra
ce

. 



2626 A. J. MACLEOD et al. 

carbons, the remainder being alcohols. The most abun- 
dant terpenes were fi-phellandrene (ca 12.4%) and p- 
mentha-1,3,8-triene (cc 9.2%). The identification of cu 
3.6 % of limonene and trace amounts of cis-/I-ocimene is 
worthy of comment. These compounds were reported as 
constituents of Yugoslav commercial leaf oil [l, 23, but 
they were not detected in either of the subsequent more 
detailed studies of Swedish [3] and British [4] parsleys, 
although limonene was identified in French parsley [5]. 
Kasting et al. pointed out that parsley seed oil contains 
both of these compounds and suggested that there might 
have been contamination of the Yugoslav leaf oil with 
seed material [3]. Such contamination was not possible in 
our work, and so limonene and cis-b-ocimene are indeed 
genuine constituents of parsley leaf. 

As well as p-mentha-lJ,&triene (l), a closely related 
compound, 4-isopropenyl-1-methylbenzene (2), has also 
been previously reported as a major volatile of parsley leaf 
[l-S], and in our analysis it was found to be present to the 
extent of ca 7.2% (Table 1). However, whilst the men- 
thatriene is unique to parsley, the isopropenylmethylben- 
zene has been relatively widely reported as a volatile, e.g. 
of citrus fruits, currants, anis, mace and coffee [9]. One of 
the new terpenoid parsley constituents is 2-(p- 
tolyl)propan-2-ol(3) which is closely related to 1 and 2. It 
can be considered to be a hydration product of the 
isopropenylmethylbenzene, but in addition it is structur- 
ally related to a-terpineol(4) as a tetradehydro derivative. 
a-Terpineol is also a parsley leaf volatile (Table l), and 
indeed it was the only other monoterpene alcohol de- 
tected. However, also identified was the aldehyde 2-(p- 
tolyl)propanal (5), previously reported for parsley [5], 
which can also be considered a member of this 
structurally-related series. Presumably all five compounds 
are linked biosynthetically (together they comprised ca 
19.1 % of the total volatiles in our sample). As well as being 
a new volatile for parsley leaf, 2-(p-tolyl)propan-2-01 has 
not before been reported as an aroma volatile of any other 
system. Thus, together with the menthatriene, it would 
appear on present evidence to be unique to parsley. 

Two of the best known aroma constituents of parsley 
are myristicin and apiole, and in our analysis they account 
for ca 20.6 and 18.3 %, respectively, of the total volatiles. 
However, they do have wider occurrence and, for example, 
both have been found in celery, and myristicin has also 
been reported in carrot, anis, nutmeg, mace, pepper, etc. 
[9]. Systematic names for these compounds are given in 
Table 1 (peaks 85 and 87), showing their structural 
relationship (6 and 7). Another new parsley constituent 
identified in this work is elemicin or 5-(prop2-enyl)-1,2,3- 
trimethoxybenzene (peak 83, Table l), but again this has 
wider occurrence and has, for example, been reported in 
elemi oil, banana, anis, origanum and mace [9]. From its 
structure (8) it can be seen that it is related to myristicin 
and apiole, and again there may well be biosynthetic links 
between these three compounds. Although elemicin has 
not previously been identified as a parsley leaf volatile, 
Gamer0 et al. reported 5-(prop-2-enyl)-1,2,3,4-tetra- 
methoxybenzene to be a constituent of parsley leaf oil [l]. 
Subsequent studies [3-53 have not confirmed that ident- 
ification, and nor could the compound be detected in this 
work. Taking into account that Garner0 et al. were only 
able to use IR spectrometry as their analytical technique 
[1], it may be that they misinterpreted the trimethoxyben- 
zene as the tetramethoxy analogue. Alternatively, perhaps 
the latter compound was a contaminant from seed oil 
subsequently suspected to be present [3]. 

Myristicin is also well known as the chief hallucino- 
genic principle of nutmeg. In addition, it is interesting to 
note that elemicin, which has also been found in nutmeg 
[lo], has much structural similarity with the classic 
hallucinogen of the peyote cactus, mescalin (or 5-(2- 
aminoethyltl,2,3-trimethoxybenzene). Although myr- 
isticin and elemicin are present in parsley leaf in total at ca 
363 pgg/g fresh weight, this is about one fiftieth of their 
combined concentration in nutmeg [lo], and we have not 
seen it suggested that parsley has any hallucinogenic 
properties. 

With regard to the important characteristic aroma 
components of parsley, Garner0 et al. described p- 

1 2 3 

CHO 

4 5 

OMe 

Me0 OMe 

CH~CH==CH~ CH,CH=CHI CH2CH=CH2 

6 7 8 
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mentha-1,3,8-triene as having the odour of parsley leaves 
[ 11. However, Kasting et al. showed that this compound 
was only one of several that gave a parsley-like aroma 
including, in particular, #Lphellandrene and the GC peak 
that comprised a mixture of terpinolene and 4- 
isopropenyl-1-methylbenzene [3]. Freeman et al. agreed 
with these findings, but separated terpinolene and the 
isopropenylmethylbenne to show that it was the latter 
that possessed the parsley-like character [4]. It would thus 
appear that there is a reasonable consensus that /I- 
phellandrene, p-mentha-1,3,8-triene and Cisopropenyl-l- 
methylbenzene are important contributors to parsley leaf 
&our, although recently Vernon and Richard have 
claimed that /I-phellandrene, p-mentha-1,3,8-triene and 
myristicin are not characteristic of parsley !lavour [S]. 
The individual aroma descriptions recorded in this project 
(Table 1) agree reasonably well in detail with those 
previously reported (and particularly those of Kasting et 
al. [3]), but only one constituent was specifically described 
as having desirable parsley character, and that was apiole. 
Surprisingly, the previous workers [35] did not report 
any aroma quality for apiole, but there seems little doubt 
that it should be added to the above list of characteristic 
aroma constituents of parsley leaf. 

EXPERIMENTAL 

Fresh parsley was obtained from local markets in Bra&, Libya 
and air dried to ca 25 % of fresh weight. 

Sample preparation. A stirred slurry of 81.1 g of chopped dried 
parsley in 1750 ml Hz0 was extracted for 3 hr using a modifmd 
[l l] Likens and Nickerson apparatus [12] and 2-methylbutane 
(6Oml) as solvent. Extracts were subsequently coned as pre- 
viously described [ 111. 

GC. FID-GC: 25 m x 0.2 mm id. fused silica capillary column 
coated with BP20 (or BPl) bonded phase; hydrogen, 1.2 ml/min; 
temp. programme, 70” for 5 min then 3”/min to 180”; detector 
and injection point heaters, 275” and 250”, respectively; injection 
volume, typically 0.1 pl at 25: 1 split. A 5.5 m x 4 mm i.d. glass 
column packed with 10% PEG 20 M was also used. 

GC-MS. A Kratos MS25 instrument was used, linked on-line 
to a Kratos DS50 data processing system. Capillary GC 
conditions as above were used, with He as carrier gas. The single 
stage all glass jet separator was at 250”. Significant operating 
parameters of the MS were: ionization voltage, 70 eV, ionization 
current, 100 pA; source temp., 225”; accelerating voltage, 1.33 kV; 
resolution, 1500; scan speed, 1 set/decade (repetitive throughout 
run). 

Quantitative assessment. Samples were prepared in such a 
manner that a known aliquot of the parsley sample was analysed. 
Quantitative data were then derived both from the TIC monitor 
trace during GC-MS, and from the GC-FID trace during routine 
GC. EtOAc (0.050 M) was used as quantitative GC standard and 
corrections were made for the carbon-number of the identified 
constituents. An average correction factor was applied to un- 
identified GC peaks. 

Odour assessment. Aromas of the separated components of the 
sample were assessed at an odour port following GC. An outlet 
splitter at 10: 1 diverted the major fraction of the eluate through a 
heated line to the outside of the GC oven for aroma assessment 
by three subjects. 
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