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ABSTRACT 

 
The main objective of this work was to differentiate between five cultivars of parsley grown under the Egyptian conditions on the 

basis of vegetative growth, yield, oil content and its composition especially myristicin which can use as cancer chemo-preventive agent to 
enrichment phyto-pharmaceuticals and improve the quality of plants produced in Egypt which can increase Egyptian income from their 
exportation as dried herb, essential oil or food supplementary and myristicin. A field experiment was performed in 2010/2011 & 
2011/2012 seasons using five cultivars of parsley grown under uniform conditions: soft parsely (Petroselinum hortense), Italian cultivar 
clause (Petroselinum crispum), rough parsely (Petroselinum crispum), curled parsley (Petroselinum crispum ssp. crispum) and plain leaf 
parsley (Petroselinum crispum). The results indicated that Plain leaf parsley cultivar gave the greatest dry yield ton ha-1 in both growing 
seasons followed by rough cultivar and Italian cultivar (clause) in the first season and rough and clause in the second season, while the soft 
parsley gave the lowest. Curled parsley had superiority to give more than 60 % myristicin in its essential oil followed by rough parsley (42 
%), plain leaf (20 %), soft parsley (16 %), while clause (Italian cultivar) gave the lowest myristicin content (9 %).        
 
Key words: parsley, Petroselinum crispum (Mill.), Petroselinum hortense, cultivars,  yield, essential oil composition, myristicin, Egypt 
 

 
Introduction 
 

Parsley plant (Petroselinum crispum Mill.), 
family Apiaceae, is a biennial crop, native to Europe 
and Western Asia and cultivated as an annual for its 
aromatic and attractive leaves [1]. There are three 
main types of parsley, the flat leaf type (ssp 
neapolitanum, Danert) and the curly leaf type (ssp 
crispum) cultivated for their foliage, and the turnip-
rooted or ‘Hamburg’ type (ssp. tuberosum), 
cultivated for its enlarged edible root [14]. The fresh 
parsley leaves are used as a garnish and for seasoning 
in food industry. The dried leaves known as parsley 
flakes are used in the instant food sector as an 
ingredient to flavor soups and sausages [18].  

Medicinally, Parsley was used as a carminative, 
diuretic, hypotensive, stomachic, nervine, 
emmenagogic, abortifacient and nutritive agent 
[16,9]. All parts of the plant contain an essential oil 
that is responsible for the pronounced odor and 
flavor. Leaf oil of the finest quality possess flavor 
that resembles the fresh herb is not generally 
extracted and used because of its low yield. Usually 
commercial essential oil is derived from mature fruits 
and has a distinctly different flavor.  

Parsley oil can be used as a flavoring agent in 
food industry or a fragrance in perfumes, soaps and 

creams. In addition, the oil has antimicrobial and 
antioxidant activities [7,21,22] found that myristicin 
is a major volatile aroma constituent of parsley 
essential oil and may be effective as cancer 
chemopreventive agent. Wong and Kitts [20] 
investigated in vitro antioxidant effect of various 
extracts prepared from different vegetative organs of 
parsley and observed that the essential oil has a 
scavenging effect. 

In general, the major constituents of parsley 
leaves oil are 1,3,8-p-menthatriene, followed by β-
phellandrene, myristicin, and myrcene. [18,15]. 
Parsley varieties are characterized by their oil content 
and composition [5]. 

Bernath [2] found that the composition of the oil 
is affected by genotype, environmental conditions 
and cultural systems. For example, β-phellandrene, 
1,3,8-p-menthatriene, (p-cymenene) and terpinolene 
constituted the primary components of the flat leaf 
type whereas curly leaf oil is higher in β-elemene 
than that of flat leaf and turnip rooted parsley  
whereas the roots of all three types are richer in 
apiole than the leaves [14]. 

Masanetz and Grosch, [13] reported that the 
aroma of curly leaf parsley was derived from a 
mixture of seven constituents, including myrcene, 
1,3,8-p-menthatriene and myristicin. In the absence 
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of myrcene and 1,3,8-p-menthatriene, there was a 
loss of the parsley-like character of the aroma. 

The aim of this study was to differentiate 
between five cultivars of parsley grown under the 
Egyptian conditions on the basis of vegetative 
growth, biomass yield, oil content and its 
composition especially myristicin which may be used 
as cancer chemopreventive agent.  
 
Material and Method 

 
Field experiments: 

 
A field experiment was performed in 2010/2011 

& 2011/2012 seasons using five cultivars of parsley 
grown under uniform conditions: Soft Parsely 
(Petroselinum hortense), Italian cultivar Clause 
(Petroselinum crispum), Rough Parsely 
(Petroselinum crispum), Curled parsley 
(Petroselinum crispum ssp. crispum) and Plain, leaf 
parsley (Petroselinum crispum). Seeds have been 
kindly obtained from Fridal company, Egypt. Seeds 
were planted directly in the field on 15 October in 
double rows 50 cm apart with inter-row spacing of 
15 cm. Cultivars were arranged in a randomized 
complete block design with three replications. 
Individual plots consisted of four rows, 3 m-long. 
Thinning was done when plants had 4-5 leaves to 
leave two plants per hill. The average density was 52 
plants/m2. Plants were regularly irrigated at intervals 
according to weather conditions and weeds were 
controlled by hand-hoeing when necessary. 
Potassium sulphate (48.5 % K2O) and calcium 
superphosphate (15.5 % P2O5) were applied to the 
soil as a basal dose prior to planting. One fourth of 
nitrogen fertilizer, in the form of ammonium nitrate 
(33.5 % N) was applied 30 days after planting. 
Remaining N was top dressed in three equal doses at 
30 day intervals. Five plants were selected at random 
from each plot for recording individual plant 
observation. Plant height, number of branches per 
plant were recorded before each harvest. Plants were 
hand-harvested at the stage of marketable foliage 
size, by cutting at a height of 5 cm above ground. 
The yield of above-ground fresh biomass was 
estimated by harvesting an area of approximately 
1m2 from the central part of each plot for each 
cultivar in all harvests. 

 
Plant harvest: 

 
Three harvests were taken at December 25, 

January 27, March 9 (70, 102, 142 days after 
planting, respectively). The fourth harvest was taken 
only with clause cultivar on April 5 (168 days after 
planting). Plants were sliced into small pieces, placed 
in airtight plastic bags, and stored at –5 oC until 
extraction of essential oils.   

 
Isolation of the Essential oils: 

 
Fresh leaves (100g) of each cultivar were 

subjected to the hydro-distillation for 3 h, using 
Clevenger-type apparatus according to the method 
recommended in British pharmacopoeia [3]. The oils 
were dried over anhydrous sodium sulfate and stored 
in sealed vials in the refrigerator less than -20 until 
GC and GC-MS analyses.  

 
GC and GC-MS Analysis: 

 
Major chemical compounds of essential oils 

were identified by both the comparison of their 
retention times with those of reference compounds 
and the peak-matching search using the mass spectra 
libraries. The relative oil composition was calculated 
from the gas chromatogram peak areas. The GC-Ms 
analysis of the essential oil samples was carried out 
using gas chromatography-mass spectrometry 
instrument stands at the Department of Medicinal 
and Aromatic Plants Research, National Research 
Center, Egypt with the following specifications. 
Instrument: a TRACE GC Ultra Gas 
Chromatographs (THERMO Scientific Corp., USA), 
coupled with a THERMO mass spectrometer 
detector (ISQ Single Quadrupole Mass 
Spectrometer). The GC-MS system was equipped 
with a TG-WAX MS column (30 m x 0.25 mm i.d., 
0.25 μm film thickness). Analyses were carried out 
using helium as carrier gas at a flow rate of 1.0 
mL/min and a split ratio of 1:10 using the following 
temperature program: 40 oC for 1 min; rising at 4.0 
oC /min to 160 oC and held for 6 min; rising at 6 oC 
/min to 210 oC and held for 1min. The injector and 
detector were held at 210 oC. Diluted samples (1:10 
hexane, v/v) of 0.2 μL of the mixtures were routinely 
injected. Mass spectra were obtained by electron 
ionization (EI) at 70 eV, using a spectral range of 
m/z 40-450. Most of the compounds were identified 
using mass spectra (authentic chemicals, Wiley 
spectral library collection and NSIT library). 
 
Statistical Analysis: 

 
Data were statistically analyzed by using 

MSTAT-C program. The differences between means 
of the treatments were considered significant when 
they were more than least significant differences 
(L.S.D.) at 5% level of probability according to 
Snedecor and chochran [19]. 

 
Result and Dissection 

 
Table1 shows plant height of the five cultivars 

grown under Egyptian condition. Different cultivars 
showed significant variation in plant height in the 
three vegetative cuts of both growing seasons. Plain 
leaf parsley gave the tallest plants at all cuts and in 
both growing seasons followed by clause variety 
compared to soft parsley or other cultivars.  
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The same trend was observed in the case of 
branches number, fresh and dry weights per plant. In 
general increasing the two previous characters; plant 
height, fresh and dry weights were in the side of 
plain leaf parsley type which produce the heaviest 
dry weight/plant, in the three cuts though both 
seasons. In the second order, curled type came, then 
the other ones. 

The fresh and dry herb yields (ton ha-1) of 
parsley cultivars varied significantly in through the 
three cuts in both seasons. Comparing the cultivars 
studied, the plain leaf cultivar of parsley was superior 
in producing higher yield of herb than other types. 
No significant differences were observed on fresh 
herb yield (ton ha-1) between curly and rough parsley 
cultivars in both growing seasons and at all the three 
cuts (Table2). 

 
Table 1: Vegetative growth characters of the parsley cultivars grown under  Egyptian condition. 

Varieties First season Second season 

first cut second cut Third cut first cut second cut Third cut 

 plant height (cm) 

Soft Parsley 19.7 c 18.33 d 21.00 b 19.33 b 20.00 c 20.67 c 

Clause (Italian) 28.0 b 27.33 b 27.80 a 22.33 b 28.67 b 27.67 b 

Rough Parsley 13.0 d 17.27 d 19.33 b 15.00 c 20.00 c 21.67 c 

Curley 21.0 c 23.00 c 18.17b 20.67 b 24.67 b 21.67 c 

Plain, leaf 40.7 a 32.00 a 30.47 a 39.00 a 37.67 a 38.33 a 

Number of branches per plant 

Soft Parsley 7.67 c 8.33 b 10.00 b 8.00 b 10.00 b 10.67 b 

Clause (Italian) 10.67 b 11.00 b 12.67 b 10.00 b 13.67 b 12.00 b 

Rough Parsley 9.33 bc 11.00 b 11.67 b 11.00 b 11.00 b 14.00 b 

Curley 8.33 bc 10.33 b 11.00 b 8.33 b 10.33 b 11.67 b 

Plain, leaf 14.33 a 17.00 a 17.00 a 22.00 a 22.00 a 27.33 a 

Fresh Weight (g plant-1) 

Soft Parsley 9.08 c 11.00 c 11.17 c 8.67 c 12.58 c 14.92 c 

Clause (Italian) 14.92 b 15.42 bc 12.27  bc 14.25 b 14.42 c 13.08 c 

Rough Parsley 11.50 bc 18.17 b 14.67 bc 11.83 bc 13.75 c 16.33 bc 

Curley 10.63 bc 18.67 b 18.83 b 10.83 bc 18.27 b 21.33 b 

Plain, leaf 21.67 a 51.33 a 46.67 a 24.83 a 28.83 a 35.00 a 

Dry Weight (g plant-1) 

Soft Parsley 1.49 c 1.46 c 1.82 c 1.61 d 2.03 b 2.64 d 

Clause (Italian) 2.29 b 1.60 c 1.74 c 2.39 b 2.47 b 2.09 d 

Rough Parsley 1.74 c 2.64 b 2.46 b 2.06 c 2.09 b 2.63 c 

Curley 1.62 c 2.41 b 2.52 b 1.78 c 2.88 b 3.46 b 

Plain, leaf 3.39 a 7.46 a 6.93 a 4.04 a 4.99 a 5.41 a 

Numbers with different characters are statistically different at the 5 % level by the Tukey test. 
 

Table 2: Fresh and dry herb yields (ton ha-1) of the different parsley cultivars at the different three cuts  
Varieties First season (2007/2008) 2nd season (2008/2009) 

first cut second cut Third cut first cut second cut Third cut 
Fresh herb yield ton ha-1 

Soft Parsley 8.69  b 13.75 c 13.15 c 7.10  c 15.38 c 12.44 c 
Clause (Italian) 13.89 b 12.90 c 11.03 c 14.83 b 12.17 d 14.12 c 
Rough Parsley 12.82 b 17.81 b 15.92 b 12.84 b 22.01 b 23.16 b 

Curley 10.85 b 19.02 b 16.83 b 11.24 b 20.03 b 22.05 b 
Plain, leaf 22.96 a 30.62 a 31.85 a 23.41 a 33.20 a 28.10 a 

Dry herb yield ton ha-1 
Soft Parsley 1.43 b 1.81 c 2.14 b 1.32 c 2.48 c 2.20 b 

Clause (Italian) 2.10 b 1.34 c 1.57 c 2.48 b 2.09 d 2.26 b 
Rough Parsley 1.94 b 2.58 b 2.66 a 2.24 b 3.34 b 3.72 a 

Curley 1.66 b 2.46 b 2.26 b 1.86 c 3.16 bc 3.56 a 
Plain, leaf 3.59 a 4.45 a 4.73 a 3.80 a 5.75 a 4.34 a 

Numbers with different characters are statistically different at the 5 % level by the Tukey test. 
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Table (3) compile the data of oil percent (%) per 
cut and through the two seasons. The data reveal a 
distinct variation though species and or cultivars. 
Plain leaf parsley produced the highest oil percent 
through the first season in the three cuts followed by 
rough cultivar. The Italian cultivar produced the 
lowest oil percent.  

In the second season, the same pattern of the 
first one was confirmed; in which plain leaf parsley 
and rough cultivar produced the highest oil percent, 
in addition the lowest production of oil was attained 
by the Italian type. 

Some cultivars produce higher oil percent in the 
second or third cut, which may be due to the higher 
temperature prevailed at the second or third cuts. 
Significant variance was also observed between 
cultivars studied.  The essential oil percent was 
similar to previous studies reporting essential oil 

percent between 0.04 to 0.15% on a fresh weight 
basis [17].  

The oil yield (liter per hectare) was calculated 
for the five cultivars in the present study. It was 
obviously shown that the two cultivars of plain leaf 
and rough one produced the highest oil yield through 
cuts and seasons, whereas the Italian type produced 
the lowest yield. In general plain leaf cultivar of 
parsley gave the highest essential oil yield l ha-1 (7, 
15 and 22 l ha-1) compared to rough cultivar (3.8, 6.9 
and 11.14 ha-1) at the first, second and third cuts in 
the first season respectively. The other cultivars did 
not reach one third of the amount of volatile oil of 
plain leaf cultivar of parsley during the first and the 
second seasons except at the second season with the 
second and thirds cut in which the curled parsley 
gave 10.3 and 11.02 l ha-1 at the second and third 
cuts respectively. 

  
Table 3: Essential oil percent (%) and oil yield (liter ha-1) of parsley cultivars grown under Egyptian conditions at different cuts and in both  
                seasons.  

Varieties First season Second season 
first cut second cut Third cut first cut second cut Third cut 

Essential oil percent (%) 
Soft Parsley 0.03 a 0.04 b 0.03 b 0.037 a 0.042 b 0.072 a 

Clause (Italian) 0.02 a 0.02 d 0.03 b 0.013 b 0.023 c 0.037 c 
Rough Parsley 0.03 a 0.04 b 0.07 a 0.032 a 0.043 b 0.107 a 

Curley 0.02 a 0.03 c 0.04 b 0.020 b 0.053 a 0.050 b 
Plain, leaf 0.03 a 0.05 a 0.07 a 0.047 a 0.050 a 0.057  b 

Oil yield liter ha-1 
Soft Parsley 2.54 b 5.52 b 4.06  b 2.66  b 6.37 c 8.55 d 

Clause (Italian) 2.77 b 2.56 c 3.34  b 1.95  b 2.83 d 5.11 e 
Rough Parsley 3.87 a 6.88 b 11.14 a 4.08  b 9.77 b 24.52 a 

Curley 2.22 b 5.63 b 6.84  b 2.25  b 10.30 b 11.02 c 
Plain, leaf 7.02 a 15.30 a 22.07 c 11.07 a 16.56 a 15.98 b 

Numbers with different characters are statistically different at the 5 % level by the Tukey test. 
 

The cumulative yields (fresh and dry herb ton ha-1 as 
well as oil yield l ha-1: 

 
Data in Table (4) show the variation between 

different parsley cultivars in herb fresh, dry yields 
ton ha-1 and oil yield lha-1 which were significance in 
both growing seasons. Plain leaf cultivar gave the 
highest fresh herb followed by rough, clause and 
curly, while soft parsley gave the lowest yield. No 
significant differences were observed due to 
cultivation of rough, clause and curly types which 
grown under Egyptian condition. But it was noticed 
that Italian cultivar (Clause) had the ability to extend 
its vegetative growth and gave extra cuts than the 
other cultivars. Clause cultivar gave extra 16.5 and 
15.77 ton fresh herb per hectare (not included in the 
table) in the first and second seasons respectively. 
Although the Italian cultivar (clause) gave extra cuts, 
plain leaf cultivar had the superiority to give the 
highest yield and the increments did not reach the 
significance level compared to plain leaf.  These 
results may be due to increasing in different plant 
characters which were higher in plain leaf cultivar 
when compared to the other parsley cultivars (Table 
1).     

Plain leaf parsley cultivar gave the greatest dry 
yield ton ha-1 in both growing seasons followed by 
clause then rough cultivars while the soft parsley 
gave the lowest dry yield (Table 4). Soft parsley did 
not reach 50 % of the dry herb yield when compared 
to the dried yield of plain leaf parsley in both 
growing seasons. Same variations were observed on 
the essential oil yield lha-1 in both seasons (Table 4). 
 
Essential oil composition: 

 
Data in Table 5 show that, fourteen hydrocarbon 

compounds were identified and detected in the 
essential oil of parsley cultivars. The main 
constituent found was myristicin at a relative percent 
of (8.96 to 62.35 %) followed by bisabolene with 
(0.17 to 31.02 %), carotol (0.25 to 13.12%), β-
phellandrene (3.24 to 13. 69 %), 1,3,8-p-
menthatriene (3.87 to 15.95 %), α-Terpinolene (0.25 
to 5.52 %), Apiole (0.14 to 6.80 %), and other 
constituents were less than 1 % or in traces. Parsley 
cultivars show significant differences in their 
essential oil composition in response to different 
species, soft parsley belongs to Petroselinum 
hortense or the other four cultivars belonging to 
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Petroselinum crispum.  Curled parsley oil contain the 
highest myristicin; 62.35 %. In the second order 
came Rough,  plain leaf, soft parsley with 42.39, 
19.76 and 15.71 %, respectively while Clause or 

Italian cultivar gave the lowest myristicin content 
reached 8.96 %. 

 

  
Table 4: The cumulative yields (fresh and dry herb ton ha-1 and essential oil yield l ha-1 of different species and cultivars of parsley per year.  

Varieties First season Second season 
Fresh herb yield ton ha-1 

Soft Parsley 35.59 c 34.93 c 
Clause (Italian) 54.32 b 56.89 b 
Rough Parsley 46.55 b 58.01 b 

Curley 46.70 b 53.32 b 
Plain, leaf 85.43 a 84.71 a 

Dry herb yield ton ha-1 
Soft Parsley 5.45 c 6.09 d 

Clause (Italian) 7.22 c 9.45 b 
Rough Parsley 7.18 c 9.40 b 

Curley 6.48 c 8.61 c 
Plain, leaf 12.82 a 13.85 a 

Oil yield l ha-1 
Soft Parsley 12.11 c 17.59 c 

Clause (Italian) 14.84 c 15.69  c 
Rough Parsley 21.89 b 38.36 b 

Curley 14.69 c 23.57 c 
Plain, leaf 44.39 a 43.61 a 

Numbers with different characters are statistically different at the 5 % level by the Tukey test. 
 

Table 5: GC analysis of different parsley cultivars 
Main components Soft Parsley Clause 

(Italian) 
Rough 
Parsley 

Curley Plain, leaf LSD (0.05) 

α-Pinene 0.84 1.25 1.55 0.44 1.58 0.23 
β-Pinene 0.59 1.02 0.81 0.28 1.12 0.18 
Myrcene 2.04 4.18 5.14 2.5 2.12 1.17 
Limonene 1.38 1.10 2.96 1.42 1.79 0.88 

α-Phellandrene 2.06 5.58 0.35 0.23 4.73 1.24 
β-Phellandrene 6.38 6.91 11.84 5.41 13.69 3.24 
α-Terpinolene 1.27 0.25 5.52 2.69 1.16 1.18 

1,3,8-p-Menthatriene 7.18 3.78 15.95 9.5 10.76 4.58 
α-p- Dimethylstrol 0.15 0.18 4.62 4.05 0.38 1.26 

β—Elemene 0.13 0.14 1.49 0.27 1.03 0.11 
Bisabolene 19.14 31.02 0.17 1.79 14.19 6.85 
Myristicin 15.71 8.96 42.39 62.35 19.76 12.98 

Carotol 8.74 13.12 0.25 0.48 5.70 6.74 
Apiole 6.80 0.14 0.89 0.76 1.18 1.58 

 
These results agree with the findings of Simon 

and Quinn 1988 who found that, parsley 
(Petroselinum crispum) showed significant variabilty 
in essential oil constituents due to their different 
origin (Turkey, Arabia, Yung and Iran). The major 
constituents of the parsley accessions evaluated were 
in agreement with previous reports by Lopez et al., 
[10] indicating that 1,3,8-p-menthatriene, apiol, 
phellandrene, myrcene, and 4-isopropyl-1-
methylbenzene were among the most prevalent 
constituents in parsley leaf oil. The relative 
percentages of the major constituents varied greatly 
in proportion to each other. A number of accessions 
had a balance between all major constituents [18]. 
Mangkoltriluk et al. [12] suggested that 1,3,8-p 
menthatriene was important for the odor of parsley 
leaves, and Kasting et al. [8] added phellandrene and 
the unseparated terpinolene and 4-isopropenyl-1-
methylbenzenteo to this category. Freeman et al. [6] 
separated the latter two constituents and suggested 

that 4-isopropenyl-1-methylbenzene as being 
responsible for parsley leaf aroma. In contrast, [4] 
claimed that β-phellandrene, 1,3,8-p-menthatriene, 
and myristicin were not responsible of parsley 
aroma. But, MacLeod et al. [11] agreed with Kasting 
et al. [8] and concluded that the only constituent with 
a desirable parsley characteristic for aroma was 
apiol. The present study demonstrates quantitative 
diversity in essential oil constituents of parsley that 
suggest a genetic basis. The germplasm collection 
could serve as an important source of genetic 
material for plant breeding and selection based upon 
known comparative relationships among essential oil 
constituents. Knowledge of the chemical character of 
an aromatic plant is critical for the improvement of 
essential oil content and composition [2]. 
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