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The genus Ferula has broadly been used in tradi-
tional medicine for a varied range of disorders and its 
pharmacological effects are well documented in both 
human and veterinary practices [Singh et al. 1988]. 
However, several Ferula species are characterized by 
their toxicity to humans and animals [Marchi et al. 
2003]. The therapeutic use of Ferula genus has been 
proven by several researchers as anti-cancer [Saleem 
et al. 2001], anti-diabetic [Iranshahi and Iranshahi 
2011], anti-bacterial, anti-ulcerative and anti-inflam-
matory effects [Li et al. 2015a]. These biological prop-
erties are principally owing to the abundance of active 

phytochemicals, namely sesquiterpene derivatives [Li 
et al. 2015b], organic acid glycosides, steroidal esters 
and sulfur-containing compounds [Iranshahi 2012].

Ferula communis L. (Giant fennel) is a latex-con-
taining perennial odoriferous plant, 1–2.5 m high with 
dense roots. Its cylindrical peduncle is green, striated, 
with slimy exudate. The branches, 8–10 cm long, are 
alternate (inferior) or opposite (superior). The leaves 
are glabrous, with a large sheath. The inflorescence 
is attached on the terminal part of the peduncle. The 
plant, despite the name, is not a type of fennel proper 
belonging to the other genus Foeniculum. The name of 
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abstract

The intention of this study was to compare the different parts of Tunisian Ferula communis via their fatty 
acids, essential oils and phenolic compounds. Results showed that the lipid fraction of fruits and leaves was 
characterized by the predominance of oleic acid. Erucic and linoleic acids were the most abundant in stems 
while linoleic and palmitic acids in flowers. F. communis essential oils were defined by four chemotypes, 
namely isoshyobunone/6-tert-butyl-4-methylcoumarin in stems; α-eudesmol/caryophyllene oxide in leaves; 
caryophyllene/myrcene in flowers and α-gurjunene/hexadecanoic acid in fruits. So, oxygenated sesquiter-
penes and sesquiterpene hydrocarbons represented the major classes of stem essential oil. Monoterpene hy-
drocarbons were the predominant classes of leaves and flowers. Fruit essential oil was predominated by 
sesquiterpene hydrocarbons. Resorcinol and ferulic acid were the main phenolic compounds in flowers but 
chlorogenic and ferulic acides in leaves. Stems were rich in ferulic acid and quercetin while leaves in cou-
marin and tannic acid. Besides to the high variability among F. communis parts, this plant contained high 
amounts of bioactive compounds with various health benefits attributed to their antioxidant potential. 
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the phenolic compound ferulic acid, which can be iso-
lated from giant fennel, is derived from the Latin name 
of the plant [Akaberi et al. 2015]. Hence, the fruit and 
stem of F. communis have been reported to be rich 
in chlorogenic acid and ferulic acid while the flower 
was rich in resorcinol and ferulic acid [Rahali et al. 
2018]. The phenolic acids chlorogenic and ferulic are 
also abundant in other natural sources as coffee, tea, 
cereals, many fruits and vegetables. In general, poly-
phenols exhibit strong antioxidant properties against 
development of cancers, cardiovascular diseases,  
diabetes, osteoporosis and neurodegenerative diseases 
[Graf et al. 2005]. Additionally, Karakaya et al. [2019] 
has been observed that hexane fraction of roots has 
noticeable antioxidant-anticholinesterase activities.

The essential oils of Ferula genus have an import-
ant role in the anti-bacterial, anti-microbial, anti-viral 
and anti-fungal activities as well as in some other par-
ticular medicinal effects [Bakkali et al. 2008, Maggie 
et al. 2009]. Ferrari et al. [2005] found that the main 
component of leaf essential oil from Corsican F. com-
munis was myrcene. Marongiu et al. [2005] noted that 
α- and β-gurjunene were the predominant components 
of flower heads from Sardinian F. communis obtained 
by hydrodistillation and supercritical fluid extraction. 
Rubiolo et al. [2006] studied the volatile fraction 
obtained from aerial parts of the two chemotypes 
growing in Sardinia, and detected that aristolene and 
farnesol were the major components of aerial part vol-
atile fraction from the poisonous F. communis chemo-
type, and allohedycaryol in the non-poisonous one. 
Rahali et al. [2016] reported that three F. communis 
chemotypes could be defined in leaf essential oil from 
Tunisia which were α-eudesmol/β-eudesmol/γ-ter-
pinene; α-eudesmol/α-pinene/caryophyllene oxide and 
chamazulene/α-humulene chemotypes. Finally, Nguir 
et al. [2016] found that the essential oil of Tunisian  
F. communis stem was rich in β-eudesmol, δ-eudes-
mol, and α-eudesmol. Concerning the flower, it was 
rich in camphor, α-pinene and β-eudesmol while the 
root in dillapiole, guaiol and spathulenol.

The determination of fatty acid composition is very 
important to assess the overall nutritional quality of 
a food. Furthermore, the Apiaceae plants are identi-
fied by their richness in petroselinic acid constituting  
a good material for food, cosmetic, and pharmaceuti-
cal industries [Baird and Preskett 2013]. However, no 

report was found concerning the fatty acid composi-
tion of F. communis different parts.

Thus, since the multiple uses of each of the plant 
parts of F. communis, this work aimed to investigate 
essential oil, fatty acid and phenolic composition of 
stems, leaves, flowers and fruits of this valuable plant. 
To the best of our knowledge, this work represented 
the first scientific report concerning lipid fraction and 
the evaluation of a detailed metabolite profiling of  
F. communis.

Materials anD MethoDs

botanical material. Giant fennel parts were wildly 
gathered during May 2014 in Rades, Northeast Tuni-
sia. A voucher specimen (P.l.08003) was identified by 
Professor Smaoui and deposited in Herbarium of the 
Laboratory of Bioactive Substances (Biotechnology 
Center of Borj Cedria). 

essential oil isolation, analysis and identification. 
The essential oil extraction of 300 g of dried samples 
from leaves, flowers, fruits and stems was performed 
by the hydrodistillation using a Clevenger-type ap-
paratus for 120 min. The obtained essential oils were 
kept at –20°C in darkness.

The essential oil analysis was performed using Gas 
Chromatography-Mass Spectrometry (GC-MS) using 
an Agilent 5975C mass spectrometer with electron 
impact ionization (70 eV) coupled with an Agilent 
7890 A series II gas chromatograph. An HP-5MS cap-
illary column (30 m ∙ 0.25 mm coated with 5% phe-
nyl methyl silicone, and 95% dimethyl polysiloxane,  
0.25 µm film thickness) was used. The program used 
was isotherm at 70°C, followed by 50–240°C at a rate 
of 5°C min, then held at 240°C for 10 min. Essentials 
oil volatile compounds were identified by compar-
ing their retention indexes (RI) related to (C9–C18)  
n-alkanes with those of authentic compounds (Analyt-
ical reagents, LabScan, Ltd, Dublin, Ireland) available 
in literature and in our laboratory and by matching 
their mass spectra fragmentation patterns with corre-
sponding data stored in the mass spectra library of the 
GC–MS data system (NIST) and other published mass 
spectra [Adams 2001]. Relative percentage amounts 
of the identified compounds were obtained from the 
electronic integration of the FID peak area. Analyses 
were performed in triplicate.
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total lipid and fatty acid determination. Chloro-
form/methanol mixture (2 : 1, v/v) was used for lipid 
extraction. 1 g of F. communis organs were kept in boil-
ing water for 5 min and then ground manually using  
a mortar and pestle. After washing by fixation water, the 
organic layer containing lipids was recovered and dried 
under a nitrogen stream [Bligh and Deyer 1959].

According to Cecchi and Traverso [1985], total fat-
ty acids (TFAs) of total lipids were transmethylated 
using sodium methoxide solution – 3% in methanol 
(Sigma–Aldrich, Analytical reagent, LabScan Ltd., 
Dublin, Ireland). 

FAMEs were analyzed by gas chromatography 
using a Hewlett-Packard 6890 gas chromatograph se-
ries II (Agilent Technologies, Palo Alto, CA, USA) 
equipped with a flame ionization detector (FID) and 
an electronic pressure control (EPC) injector. The in-
itial oven temperature was held at 150°C for 1 min, 
increased at a rate of 15°C/min to 200°C, and for  
3 min and finally ramped at 2°C/min to 242°C. The 
detector and injector temperatures were set at 275°C 
and 250°C, respectively. Results presented are means 
of three repetitions ± standard error.

FAMEs were identified by comparison of their re-
tention times with those of pure reference standards. 
Relative percentage amounts of the identified FAMEs 
were obtained from the electronic integration of the 
FID peak area. Analyses were performed in triplicate.

Phenolic determination. 3 g of each powder sam-
ple was separately extracted by shaking with 30 ml of 
pure methanol for 30 min. The extracts were then kept 
for 24 h at 4°C, filtered through a Whatman filter paper 
(No. 4), dried under vacuum and stored at 4°C until 
their analysis [Mau et al. 2001]. 

The phenolic compound analysis was carried 
out using an Agilent Technologies 1100 series liquid 
chromatograph (RP-HPLC) coupled with a UV–Vis 
multi-wavelength detector and equipped with a 250 × 
4.6 mm, 4 µm Hypersil ODS C18 reversed phase 
column kept at ambient temperature. The mobile 
phase consisted of acetonitrile (solvent A) and water 
with 0.2% sulphuric acid (solvent B). The flow rate 
was kept at 0.5 mL/min. The gradient program was 
as follows: 15% A/85% B 0–12 min, 40% A/60% B 
12–14 min, 60% A/40% B 14–18 min, 80% A/20% 
B 18–20 min, 90% A/10% B 20–24 min, 100% A  
24–28 min. The injection volume was 20 μl and peaks 

were monitored at 280 nm. Samples were filtered 
through a 0.45 μm membrane filter before injection. 
Peak identification was made by congruent retention 
times compared to standards. Relative percentage 
amounts of the identified compounds were automati-
cally measured by an integrator of HPLC instrument. 
Analyses were performed in triplicate. 

Statistical analysis
Experiments were shown as means ± standard de-

viation of the mean from three replicates (n = 3). The 
p-value <0.05 was used to denote significant differ-
ences between mean values determined using one-
way analysis of variance (ANOVA) and the Duncan’s 
multiple range test done using the assistance of IBM® 
SPSS® Statistics program 20.0 (SPSS Inc., Chicago, 
IL, USA). Multivariate analysis including principal 
component analysis (PCA) and hierarchical clustering 
analysis was performed for metabolite data using sta-
tistical analysis software (XLSTAT 18.0).

results anD Discussion

essential oil yield. The yields of light pale yel-
low-essential oils extracted from different F. commu-
nis parts (stems, leaves, flowers and fruits) are report-
ed in Figure 1. The highest essential oil yield was de-
tected in leaves (0.22%), followed by flowers (0.10%), 
fruits (0.08%) and stems (0.07%). These essential oil 
yields exceeded by far those determined by Maggi 
et al. [Maggi et al. 2016] in Italian F. communis with 
0.13% in flowers, 0.06% in leaves, 0.03% in fruits and 
0.02% in roots. Nguir et al. [2016] reported that Tuni-

fig. 1. Yields (% on dry weight basis) of F. communis parts 
essential oils
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sian F. communis had an essential oil yield of 0.18% in 
flowers, 0.15% in stems, 0.11% in leaves and 0.02% in 
roots. So, there was a significant variation of essential 
oil yields from F. communis depending on both organ 
and origin which could be due to environmental and 
genetic factors. In our study, F. communis leaves were 
the potential source of essential oil production, as pre-
viously demonstrated for other Ferula species such as 
F. vesceritensis [Bouratoua et al. 2014], F. oopoda and 
F. badghysi [Akhgar et al. 2011].

essential oil profile. Chromatographic analysis of 
the essential oils from different F. communis parts al-
lowed the identification of 64 compounds from stems, 
42 compounds from leaves, 72 compounds from flow-
ers and 42 from fruits (Tab. 1). Oxygenated sesqui-
terpenes (35.11%) and sesquiterpene hydrocarbons 
(14.37%) represented the major classes of stem essen-
tial oil. Monoterpene hydrocarbons were the predom-
inant classes of leaves and flowers (34.31%, 26.36%, 
respectively). Fruit essential oil was predominated 
by sesquiterpene hydrocarbons (28.82%). The main 
constituents of stem essential oil were isoshyobunone 
(18.3%), 6-tert-butyl-4-methylcoumarin (7.95%) 
and β-bisabolene (5.94%). The leaf essential oil was 
characterized by the predominance of α-eudesmol 
(12.3%), caryophyllene oxide (5.47%), ɣ-terpinene 
(5%), α-pinene (5%) and γ-cadinene (5%). Flow-
er essential oil was rich in caryophyllene (15.12%), 
myrcene (10.28%), α-eudesmol (9.42%) and α-pinene 
(8.26%). However, hexadecanoic acid (16.45%) and 
α-gurjunene (10.45%) were the predominant com-
pounds of fruit essential oil. From this qualitative 
variation, it appeared that the chemical composition 
of F. communis essential oil was organ-dependent. 
Indeed, each organ was characterized by an unique 
volatile profile. Such variability in the essential oil 
composition between the different F. communis parts 
was previously elucidated from different localities. 
In Greece, α-eudesmol (12.6%) and β-eudesmol 
(9.7%) were abundant in leaves, α-pinene (35.2%) 
and β-pinene (13.6%) in fruits as well as γ-curcumene 
(14%), ar-curcumene (8.5%) and γ-terpinene (10.8%) 
in flowers [Manolakou et al. 2013]. In Corsica, Ferrari 
et al. [2005] reported that F. communis leaf oil was 
characterized by the presence of myrcene (53.5%) 
and aristolene (8.5%). Sardinian F. communis flower 
oil was rich in α-gurjunene (40.7%) and β-gurjunene 

(7.1%) as mentioned by Marongiu et al. [2005]. In Al-
geria, the oil of F. communis aerial parts had myrcene 
(52.5%), α-pinene (20.9%) and β-phyllendrene (7.7%) 
as the main volatile compounds [Chibani et al. 2011]. 
Our results corroborated these earlier studies showing 
that F. communis presented an intraspecific variability, 
with different chemotypes as a result of environment 
and genetic selection [Maggi et al. 2016].

The principal component analysis (PCA) was 
performed to determine possible relationships be-
tween the different organs studied based on the com-
position of their essential oils. As shown in Figure 2,  
F. communis stems were significantly different from 
the other three organs. The model of all samples ex-
plained 78.01% of the principal components, with the 
principal component 1 (PC1) interpreting 46.03% and 
principal component 2 (PC2) interpreting 29.52%. 
According to PC1, the scatter plot indicated that the 
stems were remarkably separated from leaves, flowers 
and fruits. Besides, stems were clustered by negative 
scores on PC1, nevertheless fruits presented positive 
scores on PC1, suggesting that fruits and stems were 
completely dissimilar in metabolic patterns from the 
other parts. Stems and flowers and leaves were further 
segregated on PC2, which indicated that the metabolic 
pattern was also different.

total lipid content. The total lipid yield of different 
F. communis organs (flowers, fruits, stems and leaves) 
is shown in Figure 3. F. communis fruits exhibited the 
highest total lipid yield (0.18%), followed by leaves 
(0.10%), flowers (0.06%) and stems (0.05%). In gener-
al, seeds and fruits were the plant parts of fat and lipid 
accumulation as mentioned by Caprioli et al. [2014] in 
the case of Smyrnium olusatrum belonging to Apiaceae 
family with fat content of 7.1% in ripe fruits, 0.3% in 
roots, 0.2% in leaves and 0.1% in basal leaves. To our 
knowledge, there was no previous work dealing with 
the total lipid content and the fatty acid composition of 
the different F. communis organs. Concerning the other 
Ferula species and as for several Apiaceous plants, nu-
merous studies had focused in seed oils such as F. asa-
fetida [1989], F. Jaeschkeana [Seemal et al. 1988] and 
F. parva [Ghafoor et al. 2019]. Additionally, an analysis 
of F. asafoetida roots showed the presence of fat yield-
ing 1.1% [Mahendra and Bisht 2012].

fatty acid profile. Fatty acid composition of dif-
ferent F. communis parts (fruits, flowers, stems and 
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 table 1. Chemical composition of F. communis essential oils from different parts 

Compounds RI Stems Leaves Flowers Fruits 

α-pinene 
β-pinene 
ɣ-terpinene 
α-thujene 
δ-3-carene  
O-cymene  
Myrcene 
p-mentha-1.5-dien-8-ol 
β-cubebene 
Caryophyllene 
ɣ-curcumene 
ar-curcumene 
Valencene 
β-bisabolene  
ɣ-eudesmol 
α-eudesmol 
β-ocimene 
Myrtenal 
α- humulene 
α-copaene 
ɤ-cadinene 
β-himachalene  
α-gurjunene 
Di-epi-.alpha.-cedrene 
α- calacorene 
(+)-epi-bicyclosesquiphellandrene  
Himachalol 
α-cadinol     
Hexadecanoic acid 
9.12-octadecadienoic acid 
D-limonene 
Germacrene B 
Caryophyllene oxide 
α- himachalene 
β-chamigrene 
Calamenene 
δ-cadinol 
Cedrenol 
α- acorenol 
Isoshybunone 

939 
980 

1063 
928 

1011 
– 

991 
– 

1377 
1419 
1487 
1484 
1492 
1509 
1629 
1639 
1040 
1193 
1455 
1376 
1524 
1499 
1409 
1382 
1548 
1482 
1647 
1653 
1984 
2130 
1031 
1556 
1581 
1447 
1475 
1521 
1636 
1604 
1629 
1482 

2.25 
1.93 

– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 

5.94 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 

2.19 
– 

4.38 
1.56 
2.78 
2.69 
1.00 
4.16 
3.92 

18.30 

5.00 
– 

5.00 
– 
– 
– 

3.00 
– 
– 

3.76 
– 

5.00 
– 

2.00 
– 

12.30 
– 
– 

2.45 
– 

5.00 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 

1.29 
5.47 

– 
– 
– 
– 
– 
– 
– 

8.26 
1.73 

– 
– 

2.29 
1.43 

10.28 
6.00 
2.17 

15.12 
3.82 

– 
1.75 
2.27 
3.19 
9.42 

– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 

2.04 
1.63 

– 
3.00 

– 
– 

1.97 
– 
– 
– 
– 
– 
– 

1.23 
– 
– 

2.25 
2.26 
1.23 
2.08 
1.53 
1.14 

10.45 
2.24 
1.69 
1.14 
1.13 
4.49 

16.45 
2.57 

– 
– 
– 
– 
– 
– 
– 
– 
– 
–       

Alcohols 
Aldehydes 
Alkanes 
Fatty acids 
Phenols 
Monoterpenes 
Oxygenated monoterpenes 
Sesquiterpènes 
Oxygenated sesquiterpenes 
Others  

0.80 
– 
– 
– 
– 

5.08 
5.04 

14.37 
35.11 
2.62 

13.50 
0.58 
0.83 
0.45 
2.74 

34.31 
9.07 

15.05 
7.27 
7.18 

0.00 
0.55 
0.32 
0.58 
0.24 

26.36 
9.50 

28.59 
19.41 
10.25 

0.00 
0.00 
0.00 

20.36 
0.00 
8.77 
3.74 

28.82 
6.53 

11.26 

RI: retention indices relative to n-alkanes (alkane standard solution C8–C40 40147-U Supelco) on apolar column HP-5MS 
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fig. 2. Principal component analysis performed on volatile composition

fig. 3. Total lipid yields (% on dry weight basis) of F. communis parts
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leaves) is reported in Table 2. Flowers and leaves ex-
hibited the highest amounts of polyunsaturated fatty 
acids with 36.96 and 36.05%, respectively. The high-
est amount of monounsaturated fatty acids was detect-
ed in fruits (10.41%) and flowers (8.14%), while the 
lowest amount was detected in the leaves (6.21%). 
Saturated fatty acids were the predominant class of 
fruits (57.87%), flowers (50.96%), stems (42.11%) 
and leaves (26.54%). 

Among 12 identified fatty acids, erucic (C22:1; 
18.28%), linoleic (C18:2; 11.43%), palmitic (C16:0; 
11.38%) and myristic (C14:0; 11.11%) acids were the 
major ones in F. communis stems. Nineteen fatty ac-
ids were identified in F. communis leaves, where oleic 
acid (C18:1) was the predominant fatty acid (26.81%), 
followed by α-linolenic (C18:3n3; 13.14%), palmitic 
(C16:0; 12.64%), octadecatetraenoic (C18:4; 11.81%) 

and linoleic (C18:2; 10.07%) acids. Nineteen fatty ac-
ids found in F. communis flowers were characterized 
by the abundance of linoleic acid (C18:2; 28.22%), 
followed by palmitic (C16:0; 21.88%), α-linolenic 
(C18:3n3; 16.55%) and oleic (C18:1; 6.48%) acids. 
The fruits had seventeen fatty acids with the pre-
dominance of oleic acid (C18:1; 59.1%), followed by 
heptadecanoic (C17:0; 22.39%) and palmic (C16:0; 
7.16%) acids.

For a better clarification of the fatty acid qualita-
tive variability from the various F. communis organs,  
a principal component analysis (PCA) based on the 
fatty acid composition was carried out. As shown in 
Figure 4, fruits were significantly different from the 
other organs. The model of all samples explained 
75.00% of the principal components, with the prin-
cipal component 1 (PC1) interpreting 46.89% and 

 table 2.  Fatty acid (FA) composition (%), of F. communis different parts 

Compounds RT Stems Leaves Flowers Fruits 

C08:0 caprilic acid 3.75 1.91 0.17 0.29 1.66 
C10:0 capric acid 3.98 2.43 0.19 0.59 0.94 
C12:0 lauric acid 4.25 – 0.17 0.51 0.36 
C14:0 myristic acid 4.63 11.11 2.27 4.42 0.14 
C15:0 pentadecanoic acid 5.11 5.2 6.66 1.29 0.29 
C16:0 palmitic acid 5.77 11.38 12.64 21.88 7.16 
C16:1 palmitoleic acid 6.24 – 0.16 0.18 0.18 
C16:3 hexadecatrienoic acid 6.75 5.51 1.03 0.39 0.39 
C17:0 heptadecanoic acid 7.01 – 1.59 1.59 22.39 
C17:1 heptadecenoic acid 7.55 – 8.21 3.33 – 
C18:0 stearic acid 7.72 10.52 2.03 2.13 1.44 
C18:1 oleic acid 8.41 – 26.81 6.48 59.1 
C18:2 linoleic acid 9.59 11.43 10.07 28.22 2.36 
C18:3n3 α-linolenic acid 11.08 5.36 13.14 16.55 0.13 
C18:4 α-parinaric acid 11.27 6.95 11.81 1.75 – 
C20:0  arachidic acid 11.54 – 0.58 0.47 1.69 
C20:1 gadoleic acid 11.75 – 0.13 0.42 0.77 
C22:0 behenic acid 12.11 9.91 0.25 1.43 0.87 
C22:1 erucic acid 12.55 18.28 2.07 6.17 0.11 
      
SFA  42.11 26.54 50.96 57.87 
MUFA  7.06 6.21 8.14 10.41 
PUFA  34.22 36.05 36.96 3.53 

RT: retention time (min); SFA: saturated fatty acid; MUFA: monounsaturated fatty acid; PUFA: polyunsaturated fatty acid 
 
table 3. Phenolic compound composition (%) of different F. communis parts 

Compounds RT Stems  Leaves Flowers Fruits 
Tannic acid 3.19 1.99 13.75 1.62 0.6 
Gallic acid 5.29 1.55 10.33 1.7 0.76 
Syringic acid 10.23 – 3.22 10.71 1.44 
Ferulic acid 12.70 6.71 5.76 15.26 10.41 
Chlorogenic acid 14.34 10.89 4.22 – 18.38 
Hydroxycinnamic acid   14.90 – 2.02 – – 
Catechin hydrate 15.11 1.02 – 3.11 1.44 
Catechin 15.55 0.74 – – 2.36 
Resorcinol 16.80 1.94 13.62 35.46 – 
Coumarin 18.23 – 20.2 7.11 6.35 
Quercetin 18.42 2.29 6.96 3.25 1.42 
Flavone 20.20 2.09 – 2.62 1.79 
Hyperoside  21.33 – 3.2 – – 
Rosmarinic acid 21.62 – 0.3 – – 
Oleuropeine  21.91 – 0.1 – – 
Kaempferol3-O-rutinoside  22.53 – 1.5 – – 

RT: retention time (min) 
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fig. 4. Principal component analysis performed on fatty acid composition

fig. 5. Total phenolic and flavonoids contents of different parts 
of F. communis. Total phenolic compounds were expressed by  
mg GAE/g DW. Total flavonoid compounds were expressed by 
mg  QE/g DW. Values are represented as mean ±SD of triplicates. 
GAE: gallic acid aquivalents, QE: quercetin equivalents
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principal component 2 (PC2) interpreting 28.11%. 
According to PC1, the scatter plot indicated that the 
stems were remarkably separated from leaves, flowers 
and fruits. Fruits were clustered by negative scores on 
PC1, nevertheless flowers, leaves and stems presented 
positive scores on PC1, suggesting that fruits and the 
other organs were completely dissimilar in fatty acid 
profile. F. communis fruits and leaves exhibited the 
most similar lipid composition.

total polyphenol content. From Figure 5, total 
phenolic contents of different F. communis parts were 
clearly organ-dependent varying from 129.28 mg EGA/ 
g DW in stems, 207.21 mg EGA/g DW in flowers, 
422 mg EGA/g DW in fruits, to 517.07 mg EGA/ 
g DW in leaves. Thus, F. communis aerial parts con-
stituted an interesting source of polyphenols. Pheno-
lic content variability between F. communis organs 
had been previously reported by Rahali et al. [2018] 
who found that fruits (422 mg EGA/g DW) contained 
more phenols than flowers (207.21 mg EGA/g DW) 
and stems (129.28 mg EGA/g DW). In the case of 
F. gummosa, Nabavi et al. [2010] found that flowers  
(20.8 mg EGA/g MS DW) had higher phenolic con-
tent than leaves (18.5 mg EGA/g MS DW) and stems  
(12.9 mg EGA/g MS DW). This endogenous variabil-

ity in plants could be probably due to the complex 
nature of phenolic compounds and the various phys-
iological roles which they performed in each organ. 

Phenolic compound identification. A detailed 
analysis of qualitative polyphenol variability from 
different F. communis parts was performed by an  
RP-HPLC analysis (Tab. 3). Nine phenolic compounds 
were successfully identified in stems where chloro-
genic acid was the major one (10.89%). This organ 
was also characterized by the presence of ferulic acid 
(6.71%) and quercetine (2.29%). In leaves, 13 com-
pounds were identified. The most abundant ones were 
coumarin (20.2%), tannic acid (13.75%) and resorci-
nol (13.62%). Nine phenolic compounds were found 
in F. communis flowers with the abundance of resorci-
nol (35.46%), ferulic acid (15.26%) and syringic acid 
(10.71%). F. communis fruits contained ten phenolic 
compounds with the predominance of chlorogenic acid 
(18.38%), ferulic acid (10.41%) and coumarin (6.35%).

Similar results were obtained by Rahali et al. [2018] 
concerning the phenolic composition of F. communis 
fruits, stems and flowers. However, no data was avail-
able concerning the phenolic composition of F. com-
munis leaves. In fact, it could be deduced that the na-
ture of phenolic compounds was very heterogeneous 

 table 2.  Fatty acid (FA) composition (%), of F. communis different parts 

Compounds RT Stems Leaves Flowers Fruits 

C08:0 caprilic acid 3.75 1.91 0.17 0.29 1.66 
C10:0 capric acid 3.98 2.43 0.19 0.59 0.94 
C12:0 lauric acid 4.25 – 0.17 0.51 0.36 
C14:0 myristic acid 4.63 11.11 2.27 4.42 0.14 
C15:0 pentadecanoic acid 5.11 5.2 6.66 1.29 0.29 
C16:0 palmitic acid 5.77 11.38 12.64 21.88 7.16 
C16:1 palmitoleic acid 6.24 – 0.16 0.18 0.18 
C16:3 hexadecatrienoic acid 6.75 5.51 1.03 0.39 0.39 
C17:0 heptadecanoic acid 7.01 – 1.59 1.59 22.39 
C17:1 heptadecenoic acid 7.55 – 8.21 3.33 – 
C18:0 stearic acid 7.72 10.52 2.03 2.13 1.44 
C18:1 oleic acid 8.41 – 26.81 6.48 59.1 
C18:2 linoleic acid 9.59 11.43 10.07 28.22 2.36 
C18:3n3 α-linolenic acid 11.08 5.36 13.14 16.55 0.13 
C18:4 α-parinaric acid 11.27 6.95 11.81 1.75 – 
C20:0  arachidic acid 11.54 – 0.58 0.47 1.69 
C20:1 gadoleic acid 11.75 – 0.13 0.42 0.77 
C22:0 behenic acid 12.11 9.91 0.25 1.43 0.87 
C22:1 erucic acid 12.55 18.28 2.07 6.17 0.11 
      
SFA  42.11 26.54 50.96 57.87 
MUFA  7.06 6.21 8.14 10.41 
PUFA  34.22 36.05 36.96 3.53 

RT: retention time (min); SFA: saturated fatty acid; MUFA: monounsaturated fatty acid; PUFA: polyunsaturated fatty acid 
 
table 3. Phenolic compound composition (%) of different F. communis parts 
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Gallic acid 5.29 1.55 10.33 1.7 0.76 
Syringic acid 10.23 – 3.22 10.71 1.44 
Ferulic acid 12.70 6.71 5.76 15.26 10.41 
Chlorogenic acid 14.34 10.89 4.22 – 18.38 
Hydroxycinnamic acid   14.90 – 2.02 – – 
Catechin hydrate 15.11 1.02 – 3.11 1.44 
Catechin 15.55 0.74 – – 2.36 
Resorcinol 16.80 1.94 13.62 35.46 – 
Coumarin 18.23 – 20.2 7.11 6.35 
Quercetin 18.42 2.29 6.96 3.25 1.42 
Flavone 20.20 2.09 – 2.62 1.79 
Hyperoside  21.33 – 3.2 – – 
Rosmarinic acid 21.62 – 0.3 – – 
Oleuropeine  21.91 – 0.1 – – 
Kaempferol3-O-rutinoside  22.53 – 1.5 – – 

RT: retention time (min) 
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between the four organs. This specific distribution of 
bioactive compounds in different F. communis parts 
was probably attributed to the important need in these 
so-called “stress” compounds to fight against various 
biotic and/or abiotic stresses (ultraviolet radiation, 
herbivores, etc.) as reported by Macheix et al. [2005].

The principal component analysis revealed the ex-
istence of three distinct groups: stems and fruits have 
the most similar profile, while flowers and leaves had 
the most distinct ones. PCA results showed that the 
first two principal axes represented 95.44% of the total 
variance, thus, the first axis contributed with 68.09% 
of the total variation whereas the second axis with 
27.35% (Fig. 6). The two-dimensional axial system of 
the PCA identified three groups.  

conclusion

Based on our findings, the phytochemical investi-
gation of F. communis different parts (leaves, flowers, 
fruits and stems) showed the presence of distinct pat-
terns of primary (fatty acids) and secondary metabo-
lites (essential oils and phenolic compounds).
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