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 Foeniculum vulgare has an important medicinal and economic role due to the 
frequent use of different parts of the plant. However, fennel seeds are the most 
exploited especially in culinary preparations and food industries. In order to 
highlight the benefits of this spice, physico-chemical composition of 7 fennel 
cultivars was carried out. Results revealed high contents of sugars, proteins and 
ash, and low contents of fat and water. The highest sugar content was displayed 
by the cultivar Cv2 (61±1.87 %) and the lowest one was obtained by cultivar Cv5 
(31.41±1.77 %). Statistically significant differences between the 7 fennel 
cultivars were shown among their respective protein contents. Interestingly, all 
of the 7 cultivars, except one (Cv3: 7.91±0.07 %), revealed high levels of protein 
contents. Moreover, assessment of physiological parameters of the 7 cultivars 
gave evidence of high β-carotene contents. Despite, chlorophyll assessment 
results gave moderate content levels. Taking into account results from the 
present work, in addition to our previous published findings, 4 fennel cultivars 
were selected, essentially, based on their nutritional composition while 
searching for future potential industrial applications.  
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1. INTRODUCTION  

Foeniculum vulgare is a native plant of the 
eastern Mediterranean basin. It is distributed in 
Central Europe and the Mediterranean regions 
(Vienna et al., 2005; Zahid et al., 2009; 
Aprotosoaie et al.,2010). Fennel is an aromatic 
plant belonging to the Apiaceae (Umbelliferae) 
family. The name of the genus is due to the 
fineness of the leaf segments reminiscent of hay 
(Latin: fenum) (Beniston, 1975). The genus 
Foeniculum is very polymorphic and is divided 
into two subspecies: ssp. piperitum and ssp. 
vulgare (Badoc, 1988; Vienna et al., 2005; EFSA, 
2009). Foeniculum vulgare Mill. subsp. vulgare is 
made up of three varieties: var. vulgare (bitter, 
common, wild or medicinal fennel), var. dulce 
(sweet fennel) and var. azoricum (bulb fennel) 

(Amimar et al., 2001; Vienna et al., 2005; Kothe, 
2008). 
F. vulgare is widely cultivated for its edible fruit 
(bulb-shaped fennel) or for its seeds. Fennel is 
one of the most important vegetable with high 
nutritional value due to its richness in 
potassium, sodium, phosphorus and calcium. 
Also, fennel is well-known for its high content 
levels of vitamins compared to human needs 
(Badgujar et al., 2014). Moreover, fennel seeds 
contain around 7.27% of water content, 56.35% 
of carbohydrates, 9.96% of lipids, 23.19% 
proteins, 10.50% of ash, and 17.51% of dietary 
fiber (Bukhari et al., 2014). 
In addition to primary metabolites, fennel is very 
rich in secondary metabolites, namely phenolic 
compounds, hydrocarbons and volatile 
compounds, extracted from different parts of the 
plant. Generally, these phytochemicals are found 
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in the essential oil (EO). Some of the phyto-
constituents of F. vulgare have found application 
as colorants and anti-aging agents (Rasul et al., 
2012). They also have remarkable biological and 
pharmacological activities. Applications in food 
industries have also taken place such as the 
addition of fennel seeds EO in Labneh (Abou 
Ayana and Gamal El Deen, 2011) and the 
fortification of yoghurt with the decoction of 
fennel seed powder (Caleja et al., 2016) and (Ben 
Abdesslem et al., 2019).  
In this context, a biochemical study of 7 fennel 
cultivars was carried out as part of a varietal 
selection work searching for potential industrial 
applications.   
 
2. MATERIAL AND METHODS 

2.1. Plant material 

The seeds of 7 cultivars of F. vulgare (Table 1) 
were collected in the research station of the 
Regional Research Center of Horticulture and 
Organic Agriculture, Chott Meriam, Sousse 
Governorate, Tunisia. These cultivars, among a 
collection of 62 fennel entries, have been the 
subject of a morphological characterization. A 

selection process based on this characterization 
came out with the 7 cultivars as a sub-collection 
representative of the initial morphological 
diversity. The powder of each sample was used 
for physico-chemical analysis.  

2.2. Determination of macronutrients 

The protein, ash and moisture contents of the 
samples were determined using AOAC 
procedures. Then, the crude protein content of 
the samples was estimated by the kjeldhal 
method (AOAC, 2006). Whereas the ash content 
was determined by incineration at 600°C for 3h 
(AOAC, 2000). Also, the moisture content was 
calculated according to the AOAC (1990) 

method. The dosage of total sugars was carried 
out according to the phenol/sulphuric acid 
method described by (Dubois et al., 1956). In 
addition, total fat content was evaluated by the 
standardized Sohxlet method described by 
AFNOR NFEN ISO 659 (1988).  

2.3. Determination of photosynthetic 
pigment 

Total chlorophyll and carotenoids contents were 
measured using the method described by Chu et 
al. (1976) and Kingsbury (1986). Powder of each 
cultivar (200 mg) was homogenized in acetone 
(80%). The solution was centrifuged and the 
absorbance of the supernatant was measured at 
412 ; 431 ; 460 and 480 nm. Then, chlorophyll 
(chlorophyll a and b, Chla and Chlb respectively) 
and carotenoids (β-carotene  contents were 
calculated using the following equations: 

Chla (mg/mL) = -1,709*(A412) +11,970*(A431) – 
2,993*(A460) – 5,708*(A480) 
Chlb (mg/mL) = -0,171*(A412) – 0,23*(A431) 
+11,871*(A460) –13,248*(A480) 
β-carotene (mg/mL) = -0,43*(A412) + 
0,251*(A431) – 4,376*(A460) +13,216*(A480) 

2.4. Statistical analysis 

The collected data were subjected to univariate 
statistical analysis (ANOVA), using SPSS 
software version 20 (IBM Crop, 2011). The 
Duncan test for comparison of means was 
applied at P<0.05.  

                        
3. RESULTS AND DISCUSSION 

3.1. Chemical composition of fennel seeds 

Assessment of fennel seeds' composition of each 
cultivar is summarized in Table 2. The results of 
statistical analysis showed a significant 
difference between cultivars (P<0.05). Hence, 

Table 1. Origin of the 7 fennel cultivars (Cv1-Cv7) 

Cultivar name Cultivar code Original source Pays 
TUN50 Cv1 Cap Bon (commercial) Tunisia 
CTAB13 Cv2 Sousse (CTAB) Tunisia 
IND15 Cv3 Inde (commercial) India 
BLMC32 Cv4 Sousse (farmer 2) Tunisia 
BLMC5 Cv5 Sousse (farmer 2) Tunisia 
CHR5 Cv6 Monastir (farmer) Tunisia 
BLMB11 Cv7 Sousse (farmer 1) Tunisia 

CHR : Chrahill region ; BLMB : Baloum region; BLMC : Baloum region ; CTAB : Centre Technique de 
l’Agriculture Biologique ; TUN : Tunisian fennel ; IND : Indian fennel. 
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the different cultivars presented a great 
variability within the studied components. In 
general, we notice that the fennel seed contains 
less than a tenth of water, with fennel from 
cultivar 5 (Cv5) having the highest water content, 
while cultivar 3 (Cv3) presented the lowest 
content (5.89%). This result is in agreement with 
results of previous study of Rather et al. (2016) 
where the authors concluded that water content 
of fennel cultivar was around 6.3%. The cultivar 
2 (Cv2) showed the highest sugar content (61%) 
followed by Cv3, Cv7 and Cv1 cultivars with sugar 
contents equal to 55.23, 53.58 and 51.48 %, 
respectively. These findings are close to those 
found by Malhotra (2012) and Rather et al. 
(2016) with sugar content levels around 36.6% 
and 42.3% for fennel from Hungary and India, 
respectively. 

The obtained results as shown in Table 2 
indicate that fennel seeds from Cv4, Cv5 and Cv7 
showed high protein contents in addition to high 
water contents. Cultivar Cv5 had the highest 
protein content (29.88%), exceeding the 
Algerian fennel seed protein content (17.5%) as 
reported by Lazouni et al. (2007). As for lipids, 
fennel seeds contain 10 to 14.41% oil (Malhotra, 
2012); which is composed of saturated and 
unsaturated fatty acids. During this study, all 
fennel cultivars presented low to medium lipid 
contents ranging from 5.43 to 8.31%. The lowest 
values were found in cultivars with high water 
and protein contents, while the maximum value 
was found in Cv2 with the highest carbohydrate 
content. Our results agree with those of Bukhari 
et al. (2014) and Faten et al. (2011). Indeed, 
these authors showed lipid contents of fennel 
seeds were equal to 9.76% and 9.96%, 
respectively. For the ash content of the different 
fennel cultivars, our results are in line with those 

from Kaur and Arora (2010) work which showed 
that fennel seeds contain 9.8% ash. 
In general, the 7 fennel cultivars had a rich 
nutrients composition, especially in sugars and 
proteins, medium water and ash contents, and 
low lipid contents when compared to data from 
the literature. Basically, observed differences 
between cultivars at the level of biochemical 
composition can be attributed to genetic 
reasons. 

3.2. Photosynthetic parameters of fennel 
seeds 

Assessment of total chlorophyll contents 
revealed that the highest amount belongs to the 

cultivar Cv1 (Fig. 1). Whereas, the lowest β-
carotene content was measured in Cv5 (Fig2). 
Significant differences (P<0.05) were observed 
among cultivars for chlorophyll content. 
Indeed, the cultivar Cv1 presented the highest 
total chlorophyll content with 0.93 ± 0.01 mg/g 
DM, while cultivar Cv7 presented the lowest level 
of total chlorophyll content (0.11 ± 0 .06 mg/g 
DM). Chlorophyll is considered as a healthy 

Table 2. Biochemical Composition expressed as a percentage by mass of fresh material (%FM) of 
fennel seeds* 

Cultivar Moisture (%) Ash (%) Sugar (%) Proteins (%) Lipids (%) 

Cv1 6.34±0.20 ab 7.01±0.40 a 51.48±4.93 b 19.68±0.92 c 7.56±0.34 cd 

Cv2 6.84±0.02 bc 7.53±0.39 ab 61±1.87 c 18.50±1.05 c 8.31±0.54 e 

Cv3 5.89±0.13 a 8.20±0.62 bc 55.23±5.33 bc 7.91±0.07 a 6.53±0.50 b 

Cv4 7.8±0.63 de 8.54±0.29 c 35.21±1.33 a 25.19±1.66 e 5.43±0.27 a 

Cv5 8.05±0.53 e 8.78±0.22 c 49.07±2.11 b 29.88±0.94 f 6.67±0.20 b 

Cv6 6.95±0.82 bcd 7.12±0.43 a 31.41±1.77 a 13.24±0.75 b 8.03±0.23 de 

Cv7 7.54±0.42 cde 6.80±0.44 a 53.58±3.87 b 24.42±0.48 d 7.22±0.29 bc 
*Means followed by different letters in the same column were significantly different (p<0.05) using Duncan test. 
 

0

0,2

0,4

0,6

0,8

1

Cv1 Cv2 Cv3 Cv4 Cv5 Cv6 Cv7Ch
lo

ro
ph

yl
l c

on
te

nt
  (

m
g/

g 
D

M
)

Cultivars

a

d

b
bc

a

c

a

 
Fig. 1. Total chlorophyll content of fennel 

seed cultivars 
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compound. It has several atouts: it is the main 
photosynthetic pigment and it has the 
particularity of being an excellent oxygen 
provider; it is an excellent acid-base regulator; it 
maintains the internal pH balance, and it is a 
powerful antioxidant (Leventİnanç, 2011). 
The fennel cultivars had similar classification 
based on total chlorophyll content and β-
carotene content (Fig. 2), where the lowest 
values were again displayed by cultivars Cv5, Cv4 
and Cv7. Whereas, highest β-carotene content 
was measured in the case of cultivar Cv1. Overall, 
all fennel cultivars had substantial levels of β- 
carotene, which increases their nutritional value. 
Moreover, it is interesting to know the content of 
chlorophylls and β-carotene in fennel seeds 
given the large number of applications in the 
food, pharmaceutical and cosmetic industries of 
this spice. Hence the need for its 
characterization and the selection of high-
performance cultivars that meet natural, 
economic and industrial requirements. 
Fennel seeds exhibited a high content in sugars 
and proteins with an appreciable content in 
water content, ash and lipids. Fennel seeds also 
showed high β-carotene content and a 
considerable level of total chlorophyll content. 
Subsequently, our data showed high nutritional 
value of fennel, especially for some of the 
cultivars. It makes it possible to suggest 
valorization of the fennel seeds' powder in 
different food applications like incorporation in 
cake, bread, or meat, or any other kind of 
industrial applications. 
 

 
Fig 2. β-carotene content of fennel seed cultivars 

 
Additionally to the present work, we had carried 
out composition analysis of the essential oil of 
our fennel cultivars' seeds (Ben Abdesslem et al., 
2020). Also, we had previously established a 
new formulation of steamed yoghurt with the 
addition of FEO at a dose of 5µl/100 ml of 

pasteurized milk (Ben Abdesslem et al., 2019). 
We have shown that this fortification had no 
significant effect on pH variation. Besides, 
recorded pH values were within the interval of 
acceptable values and in agreement with the 
literature (Shahdadi et al., 2015; Caleja et al., 
2016). As for titratable acidity (TA), the 
incorporation of FEO did not affect the viability 
of lactic acid bacteria which continued to 
produce lactic acid until the end of storage 
period. Globally, physico-chemical, rheological 
(such as syneresis and viscosity), and microbial 
properties of formulated yoghurt were improved 
following the addition of FEO and extended its 
shelf-life by one day compared to the control 
(Ben Abdesslem et al., 2019). 
Potentially, several industrial applications,using 
fennel seed powder or FEO, could be carried out 
based on present work results in addition to our 
previous studies. For instance, the cultivar Cv2 

was found rich in sugars (61%), in trans-
anethole (72.73%) (Ben Abdesslem et al., 2020) 
and β-carotene (0.647 mg/mg DM) that are 
considered of high interest in diets nowadays. 
On the other hand, cultivar Cv6 with a 
considerable nutritional composition, in addition 
to its richness in chlorophyll (0.584 mg/mg DM) 
and β-carotene, as well as its essential oil with 
high content of trans-anethole (66.73%), could 
be considered for the preparation of a tea using 
dried seeds (Saber and Eshra, 2019). Moreover, 
cultivar Cv1 had a high content of phenolic 
compounds and a very effective antibacterial 
activity against Staphylococcus aureus, listeria 
monocytogenes and Esherichia coli (Ben 
Abdesslem et al., 2020). Also, essential oil of 
cultivar Cv1 was shown to have a high content of 
methyl-chavicol (76.29%) (Ben Abdesslem et al., 
2020). Hence, cultivar Cv1 is intended to be used 
in the pharmaceutical industry. Furthermore, 
cultivar Cv7, had a high contents of sugars 
(52.45%), proteins (22.67%) and lipids (8.08%), 
β-carotene, in addition to its flavouring seeds' 
essential oil (high content of trans-anethole 
81.21%), could be used as a flavoring agent for 
the preparation of cake, biscuit or bread (Das et 
al., 2013; Sayed Ahmed et al., 2017).  
To sum up the essential features of best selected 
cultivars, Table 3 is giving a detailed description 
of 4 selected cultivars. As shown in Table 3, 
several industrial applications could be 
considered during future research that needs to 
be performed in collaboration with a specialized 
industrial structure.  
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Table 3. Best selected fennel cultivars based on their seed's powder features and respective potential industrial applications 
 

Cultivar Advantages Disadvantages 

(B
en A

bdesslem
 et al., 2019; 2020 &

 present w
ork) 

Applications 

Cv2 

High content of sugars 61 %), proteins (18.50 %) & lipids 
(8.31%). 

High content of β-carotene (0.647 mg/g DM). 

High content of trans-anethole (72.73%). 

Height at 
flowering (173 
cm). 

Determination of the chemical composition of sugars by HPLC. 

Tea or Mouth freshner (Barros et al., 2010). 

Tea or Mouth freshner (Mukhwas) (Saber and Eshra, 2019); 
PMFME (Fennel Processing). 

Cv6 

High content of sugars (53.24%), proteins (16.13%), &lipids 
(6.4%). 

High content of chlorophyll (diet) (0.584 mg/g DM). 

High content of β-carotene (0.71 mg/g DM). 

High content of trans-anethole (66.73%) & limonene 
(10.24%). 

Height at 
flowering 
(136.25 cm). 

Determination of the chemical composition of sugars by HPLC 
(Barros et al., (2010). 

Fennel seed liqueur (Traditional method). 

Cv1 

High content of sugars (51.48%), proteins (19.68%). 

High content of chlorophyll (diet) (0.937 mg/g DM). 

High content of β-carotene (0.767 mg/g DM). 

High phenolic content (46.35 mg GAE/ g DM). 

Significant antibacterial activity against S. aureus; L. 
monocytogenes and E. coli. 

High content of 
methylchavicol 
(76.29%) 
(Carcinogenic 
molecule). 

Pharmaceutical industry 

Cv7 

High content of sugars (52.45%), proteins (22.67%) & lipids 
(8.08%). 

Low content of chlorophyll (green colouring effect) (0.284 
mg/g DM). 

High content of β-carotene (0.497 mg/g DM). 

High yield of essential oil (4.3%) 

High content of trans-anethole (81.21%). 

Moderate 
antioxidant 
and 
antibacterial 
activities. 

Food industry: 

Flavoring agent in baking cake, biscuit, bread…etc), and 
confectionary industries. 

Dairy products (yogourt, cheese …etc.) (Ben Abdesslem et al., 
2019; Das et al., 2013; Sayed-Ahmed et al., 2017). 
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4. CONCLUSION 

The present work brought valuable information 
on the potential valorization of the different 
fennel cultivars at an industrial level. 
Collaboration with an industrial unit aiming the 
application of fennel powder as a natural aroma 
among cake constituents is intended in the near 
future. 
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