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Caper, as a spontaneous plant, has a large natural distribution in the Mediterranean Sea basin. It is an 
interesting crop with an economic importance; especially the species Capparis spinosa. The 
morphology of seeds and their composition in lipid and protein were studied in 15 wild Tunisian caper 
populations: 9 populations represented the subspecies C. spinosa subsp. spinosa (thorny caper) and 6 
populations represented the subspecies C. spinosa subsp. rupestris (inerm caper). Results show that 
seeds of C. spinosa are especially attractive because they can be grown to produce oil (ca. 30%) and 
protein (26%). Principal component analysis (PCA) did not show a geographic separation. A subspecies 
segregation between C. spinosa subsp. rupestris (as a homogeneous group) and C. spinosa subsp. 
spinosa (as a heterogeneous group) was clearly detected. 
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INTRODUCTION 
 
Caper is the common name of the genus Capparis, family 
of Capparaceae (Jacobs, 1965). Its origin is the tropical 
regions (Fici, 2001) and includes more than 250 species 
in the entire world (Barbera, 1991; Jacobs, 1965). 
Capparis spinosa is the most important species. It is one 
of the most commonly found aromatics in the Mediter-
ranean Sea basin (Germano et al., 2002). Before its 
commercialization, the fresh aerial parts, including the 
fruit and the flower buds (capers) are stored in vinegar or 
brined and eaten pickled. Previous chemical studies on C. 
spinosa have brought attention to the richness of different 
parts of this plant with beneficial compounds (Germano et 
al., 2002; Matthaus et al., 2005; Tlili et al., 2009, 2010). 

As a spontaneous plant, caper has a large natural 
distribution in the Mediterranean Sea basin; it grows from  
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the Atlantic coasts of the Canary Islands and Morocco to 
the Black Sea and to the Crimea and Armenia, and 
eastward to the Caspian Sea and into Iran (Romeo et al., 
2006). This reflects the adaptation of this plant with 
varied soil and climatic conditions as drought, high 
temperature and salinity (Levizou, 2004; Rhizopoulou 
and Psaras, 2003). This species is an interesting crop 
with an economic importance in the Mediterranean region 
over the last years (Romeo et al., 2006). Spain, Morocco 
and Italy were the main producer countries (Levizon et 
al., 2004; Özcan and Akgül, 1998).   

In Tunisia, caper is characterized by a wide geograp-
hical distribution (Barbera, 1991; Jacobs, 1965; Levizou, 
2004; Saadaoui, 2007). Indeed, a morphological study of 
vegetative and reproductive apparatus, show that in 
Tunisia there is only one species with two different 
subspecies: C. spinosa subsp. spinosa (thorny caper) 
and C. spinosa subsp. rupestris (inerm caper) (Pottier-
Alapetite, 1979; Saadaoui et al., 2007). 

The aim of this work is to study and compare the 
morphologic and storage content (lipid and protein) of 
seeds of 15 Tunisian C. spinosa populations to 
investigate whether or not C. spinosa  contains  important  



 

 
 
 
 
amounts of lipid and protein and to estimate the level of 
variability within this species. 
 
 
MATERIALS AND METHODS 
 
Chemicals 
 
All solvents used in the experiments were purchased from Fluka 
(Ridel-de Han, Switzerland). 
 
 
Plant material 
 
Sampling was performed from 15 Tunisian regions (Figure 1). From 
each location seeds were collected from 5 to 10 plants, mixed and 
then a representative sample was taken for further analysis. The 
length and the width of the seed were studied. The weight of 1000 
seeds was measured by a precision balance. Samples were 
analyzed in triplicate. 
 
 
Morphological parameters 
 
The length and the width of the seed were studied. The weight of 
1000 seeds was measured by a precision balance. 
 
 
Lipid content 
 
The oil content was determined according to ISO method 659:1998. 
C. spinosa seeds were ground in a mortar and extracted with 
petroleum ether in a Soxhlet apparatus for 6 h. The solvent was 
concentrated using a rotary evaporator under reduced pressure at 
60°C. The oil was dried by using a stream of nitrogen. 
 
 
Protein content 
 
Protein contents were determined according to the AOAC (1984) 
official method using a micro-Kjeldhal apparatus. Each sample (100 
mg) was digested for about an hour with 100 mg of digestion 
mixture (8 g K2SO4 + 20 g CaSO4 + 2 g selenium) and 6 ml of 
concentrated H2SO4. When digestion was completed, the solution 
became clear. The solution was then made up to 30.0 ml in a 
volumetric flask with distilled water. For the nitrogen determination, 
10 ml of 2% boric acid solution was first taken in a beaker with a 
few drops of methyl red as indicator. Then 10 ml of the digested 
mixture, 30 ml of 40% NaOH solution and 10 ml of distilled water 
were transferred to the distillation chamber. Ammonia was 
liberated, and it combined with NaOH to form NH4OH, which was 
then received into the boric acid solution to form ammonium borate 
(pink color to yellow). Distillate (ammonium borate) was then titrated 
with 0.1 N H2SO4. The volume of acid that had been added at the 
point when the color of the distillate changed from yellow to pink 
was recorded. Protein was calculated according to the following 
formula:  
 
%protein = %N × 6.25  
 
 
Statistical analysis 
 
Principal component analysis (PCA) is a chemometric method to 
visualize information contained in experimental data and to find the 
true dimensions of a dataset (Miloun et al., 1992). The v-
parameters (variables) measured for each  sample  describes  each  
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sample (object) in a v-dimensional space. PCA generates a set of 
new orthogonal variables (axes) and linear combinations of the 
original ones, so that the maximal amount of variance contained in 
the dataset (information) is concentrated in the first principal com-
ponents. The loadings are the coefficients of the original variables 
defining each principal component. The scores are the coordinates 
of  the  objects  on the new axes (Armanino et al., 2002; Nasri et al. 
2005). PCA was conducted with SAS statistical software. 
 
 
RESULTS AND DISCUSSION 
 
Seeds description 
 
Table 1 gives descriptive results for the analysed seeds 
of C. spinosa (seed length, seed width and 1000 seeds 
weight). The average values are 3.45 ± 0.30 mm, 2.86 ± 
0.27 mm and 10.14 ± 2.46 g for length, width and weight, 
respectively. The statistical analyses show a significant 
difference between populations. It is interesting to report 
that the high values for the three used parameter are 
detected with Bellaregia (B) (3.95 mm; 3.37 mm and 
12.88 g length, width and weight, respectively). 
Tataouine, show low level for length, width (2.92 and 2.46 
mm, respectively), while the low 1000 seeds weight was 
detected with Ksar Hdada KH (7.13 g). It is also 
interesting to know that C. spinosa subsp. spinosa has a 
high value of seed weight, since seed weight is generally 
considered the least plastic of plant traits (Harper, 1970). 
In our study, the seed weight varied the most, which was 
probably influenced by the environment of the maternal 
plants, and together with internal variables affects seed 
weight (Krannitz, 1997). 
 
 
Lipid content 
 
The present study show the contents of seed oil from 
different C. spinosa populations from different regions in 
Tunisia. The oil content of seeds (Table 2) varied from 
27.64% in Ghar El Melh (GM) to 37.93% in Joumine (J) 
on a dry weight basis (dw%) with an average of 30.38 ± 
3.16% (dw%). These results are in agreement with other 
authors (Akgül and Özcan, 1999; Matthaus and Özcan, 
2005), who reported that the values are between 27.3 
and 37.6% (dw%).  

Oil content is not affected by location and the difference 
is not significant between the two subspecies (C. spinosa 
subsp. spinosa and C. spinosa subsp. rupestris), where-
as it is significant between samples. Theses results are is 
in agreement with other authors (Berganza et al., 2005).  

Due to a rapid increase in the world population, seed 
oils have attracted much attention because of their biolo-
gical properties and possibly use as food or in industry. 
Research has increased to investigate new plant sources 
of oil, especially from underexploited seeds. These re-
sults support the use of caper seeds as a new vegetable 
source of oil, which is in agreement with Daulatabad et al. 
(1991) who reported that this plant represents a new  and  
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Figure 1. Geographic location of the 15 harvested samples of C. spinosa. M: Mateur, C: Campus, L: Lafareg, 
CH: Chouigui, B: Bullaregia, CHE: Chemtou, JA: Jebel Ammar, J: Joumine, K: Kef, HOU: Houmana, GM: Ghar 
El Melh, HA: Haouaria, D: Dahmani, T: Tataouine, KH: Ksar Hdada.  C. spinosa subsp. rupestris (inerm 
caper);  C. spinosa subsp. spinosa (thorny caper). 
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Table 1. Seed length, width and weight of C. spinosa seedsa 
 

Sub-species Sample Seed length (mm) Seed width (mm) 1000 seeds weight (g) 

C. spionosa  

subsp. spinosa 
M 3.55 2.86 12.23 

C 3.53 2.74 9.98 

L 3.81 3.17 14.85* 

CH 3.74 2.98 11.48 

B 3.95 3.37* 12.88 

CHE 3.43 3.10 12.41 

JA 3.41 2.79 9.39 

J 3.60 2.91 12.22 

K 3.78 3.01 9.46 

HOU 3.50 3.13 10.19 

 Mean ± SD 3.63 ± 0.18 3.01 ± 0.19 11.51 ± 1.75 
C. spionosa  

subsp. rupestris 
GM 3.13 2.64 7.15 

HA 3.21 2.70 8.45 

D 3.01 2.54 7.15 

T 2.92 2.46 7.16 

KH 3.15 2.53 7.13 

 Mean ± SD 3.08 ± 0.11 2.57 ± 0.09 7.41 ± 0.58 
 Total mean ± SD 3.45 ± 0.30 2.86 ± 0.27 10.14 ± 2.46 

 

M: Mateur, C: Campus, L: Lafareg, CH: Chouigui, B: Bullaregia, CHE: Chemtou, JA: Jebel Ammar, J: Joumine, K: Kef, HOU: 
Houmana, GM: Ghar El Melh, HA: Haouaria, D: Dahmani, T: Tataouine, KH: Ksar Hdada. a Values are mean of three repetitions; 
* values are significantly higher than the mean at p = 0.05. 

 
 
 

Table 2. Total lipid and proteins (%DW) of Tuisian C. spinosa seedsa. 
 

Subspecies Samples Oil Protein 

C. spionosa 

subsp. spinosa 
M 30.38 29.55 

C 27.92 27.62 
L 36.9* 27.58 
CH 30.29 27.58 
B 30.42 27.01 
CHE 27.83 25.68 
JA 30.10 25.28 
J 37.93 24.79 
K 28.24 21.37 
HOU 27.93 27.37 

 Mean ± SD 30.79 ± 3.67 26.38 ± 2.24 

    

C. spionosa 

subsp. rupestris 
GM 27.64 27.30 

HA 29.49 26.39 
D 30.89 25.97 
T 27.91 24.93 
KH 31.85 22.74 

 Mean ± SD 29.56 ± 1.83 25.47 ± 1.75 

 Total mean ± SD 30.38 ± 3.16 26.08 ± 2.07 
 

M: Mateur, C: Campus, L: Lafareg, CH: Chouigui, B: Bullaregia, CHE: Chemtou, JA: Jebel Ammar, J: 
Joumine, K: Kef, HOU: Houmana, GM: Ghar El Melh, HA: Haouaria, D: Dahmani, T: Tataouine, KH: Ksar 
Hdada. a Values are mean of three repetitions; * values are significantly higher than the mean at  p= 0.05. 
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Table 3. Contribution of different characters to the definition of PCA axes on C. spinosa. 
  

Component 
Axe 

1 2 3 

Inertia % 66.59 27.17 5.76 
Cumulative % 66.59 93.77 99.53 

Characters defining axes (-) 1000 seeds weight 
(+) protein content 

(-) oil content 
(-) seeds  length 
(-) seeds width 

 
 

rich source of vegetable oil. 
 
 
Protein content 
 
The Kjeldahl method gives approximately the amount of 
total  protein  present  in  C. spinosa  seeds from different 
Tunisian location (Table 2). C. spinosa seeds are rich in 
protein. The content ranged from 21.74 (dw%) in Ksar 
Hdada (KH) to 29.55 (dw%) in Mateur (M), with an 
average 26.08 ± 2.07% on a dry weight basis (dw%). 
These results are in agreement with those published by 
Akgul and Ozcan (1999) who reported that the seed pro-
tein content is ca. 22% for Turkish caper. The difference 
between populations is significant. This difference might 
be due to geographic distribution, which is in agreement 
with other studies (Breene et al., 2007; Nasri and Triki, 
2007). It is interesting to know that difference between C. 
spinosa subsp. spinosa and C. spinosa subsp. rupestris 
is not significant.  

Proteins play significant roles in human health. Espe-
cially in developing countries where the average protein 
intake is less than required, it is essential to find new 
sources of edible protein and other nutrients to overcome 
the population problem (Samanta and Laskar, 2009). 
Plant proteins remain a very important source of food and 
feedstock, for human and animal consumption, respect-
tively (deMan, 1999). Legume seeds, say colza (15 to 
30%), lentils (23 to 32%) and lupain (30 to 50%) (Dulau 
and Thebaudin, 1998) are the most important sources of 
protein for human and animal nutrition, whereas protein 
content of cereals is between 10 and 15% (Guéguen and 
Lemarié, 1996). 

Proteins  from  seeds  of non-conventional plants which 
are found in abundance should be explored to overcome 
the population problem. Results showed that seeds of C. 
spinosa (ca. 26 %) can be used as a new source for 
dietary proteins and it may contain good quality proteins 
that can be exploited to meet the people’s increasing 
demand. 
 
 
Principal component analysis 
 
Morphological and biochemical parameters of C. spinosa 
seeds have been submitted to principal component anal-
ysis (PCA) to confirm the presence of two subspecies of 

C. spinosa in Tunisia. From this analysis, three axes 
were retained because they express 99.53% of the total 
variation as seen in Table 3. Axis 1 explains 66.59% of 
the total variation and associates negatively to 1000 
seeds weight. Axis 2 (27.17%) is characterized positively 
by protein content and negatively by oil content. Most 
discriminate variables along axis 3, explaining 16.392% 
of the variation, which are associated negatively to length 
and width. 

Data projections on planes as defined by inertia axes of 
PCA (Figures 2 and 3) did not show significant structuring 
in Tunisian populations; samples are not structured 
according to the geographical origin, which are in 
agreement with other authors (Saadaoui et al., 2007; 
RSF, 2001). The presence of two groups could be distin-
guished: GI group that represent the inerm samples (C. 
spinosa subsp. rupestris) and has a wide geograp-hical 
distribution, and IM group that represent the thorny 
samples (C. spinosa subsp. spinosa). Figures 2 and 3 
clearly reflect that each provenance in IM group appears 
to be individual without any particular geographical 
structuring, while provenances in GI group are associated. 
These results are in agreement with other authors (Fici, 
2001, 2004; Inocencio et al., 2005; Saadaoui et al., 2007), 
who reported that inerm caper, as an ancestral sub-
species, is characterized by low morphological variability, 
while the level of the variability within thorny caper is very 
important.  

It is concluded that seeds of C. spinosa could be an 
alternative source of edible oil (ca. 30%) and proteins (ca. 
26%). Seeds of C. spinosa are especially attractive bec-
ause they can be grown to produce compounds for both 
food and industry. Morphologic parameters show a 
significant difference between the two subspecies: C. 
spinosa subsp. spinosa and C. spinosa subsp. rupestris.  

Statistical analysis (PCA) did not show geographic 
segregation. The subspecies segregation can be con-
firmed. C. spinosa subsp. rupestris (inerm caper) form 
one group, while C. spinosa subsp. spinosa (thorny 
caper) present an individual repartition. It seems that 
inerm caper, with a wide geographic distribution, is more 
adapted to different climates than the thorny one. 
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Figure 2. Principal component analysis and dispersion of C. spinosa populations in planes formed by 
axes PC1 and PC2 of the PCA. 

 
 
 

 
 
Figure 3. Principal component analysis and dispersion of C. spinosa populations in planes formed by axes 
PC1 and PC3 of the PCA. 



 

2118        Afr. J. Biotechnol. 
 
 
 
collection. 
 
 
REFERENCES 
 
AOAC (1984). Official methods of the association of official analytical 

chemists, 14th edn. AOAC, Arlington, Method 28.110. 
Akgul A, Özcan M (1999). Some compositional characteristics of capers 

(Capparis spp.) seed and oil. Grasas Aceites, 50: 49-52. 
Armanino C, De-Acutis R, Festa MR (2002). Wheat lipids to 

discriminate species, varieties, geographical origins and crop years. 
Anal. Chim. Acta. 454: 315–326. 

Berganza BE, Moran AW, Rodriguez GM (2005). Effect of variety and 
location on the total fat, fatty acids and squalene content of 
amaranth.  Plant Foods Hum. Nut. 58: 1-6. 

Breene WM, Lin S, Hardman L, Orf J (2007). Protein and oil content of 
soybeans from different geographic locations. J. Am. Oil Chem. Soc. 
65: 1927-1931. 

Daulatebad CMJ, Desai VA, Hosamani KM (1991). New Source of oil 
with novel Fatty Acids for industial utilization. Ind. Eng. Chem. Anal. 
30: 2596-2598.  

deMan JM (1999). Principles of food chemistry, Gaithersburg, Aspen 
Publishers, Inc (1999). 

Dulau I, Thebaudin JY (1998). Functional properties of leguminous 
protein: applications in food. Grain Leg. 20: 15-16. 

Fici S (2001). Intraspecific variation and evolutionary trends in Capparis 
spinosa L. (Capparaceae). Plant Sys. Evol. 228: 123-141. 

Fici S (2004). Micromorphological observations on leaf and pollen of 
Capparis L. section Capparis (Capparaceae). Plant Biosyst. 138: 
125-134.   

Guéguen J, Lemarié J (1996). Composition, structure et propriétés 
physiologiques des protéines légumineuses et d'oléagineux. In: B. 
Godon, Editor, Protéines végétales, Lavoisier, Paris, pp. 1-40.  

Harper JL (1970). The shapes and sizes of seeds. Ann. Rev. Ecol. Sys. 
1: 327-356. 

Inocencio C, Cowan RS, Alcaraz F (2005). AFLP fingerprinting in 
Capparis subgenus Capparis related to the commercial sources of 
capers. Genet. Res. Crop Evol. 52: 137-144. 

ISO (1999). International Standard ISO 659: 1998. 
OilseedssDetermination of Hexane Extract (or Light Petroleum 
Extract), Called “Oil Content”; ISO: Geneva, Switzerland. 

Jacobs M (1965). The genus Capparis (Capparaceae) from the Indus to 
the Pacific. Blumea, 12: 385-541. 

Krannitz PG (1997). Seed weight variability of antelope bitter-brush 
(Purschia tridentatata: Rosaceae). Am. Midland Nat. 138: 306-321. 

Levizon E, Drilias P, Kyparissis A (2004). Exceptional photosynthetic 
performance of Capparis spinosa L. under adverse conditions of 
Mediterranean summer. Photosynthetica,  42 : 229-235. 

Matthaus B, Özcan M (2005). Glucosinolates and fatty acid, Sterol, and 
tocopherol composition of seeds oils from Capparis spinosa var. 
spinosa and Capparis ovata var. canescens (Coss.) Heywood. J. 
Agric. Food Chem. 53: 7136-7141. 

Miloun M, Militky J, Forina M (1992). Chemometric for analytical 
chemistry: PC-aided statistical data analysis, 1. Ellis Harwood, New 
York. 

Nasri N, Khaldi A, Fady B, Triki S (2005). Fatty acids from seeds of 
Pinus pinea L.: Composition and population profiling. Phytochemistry, 
66: 1729-1735. 

Nasri N, Triki S (2007). Storage proteins from seeds of Pinus pinea L. 
C. Rendus Biol. 330: 402-409. 

Özcan M, Akgul A (1998) Influence of species harvest date and size on 
composition of capers (capparis spp.) flower buds. Nahrung, 42: 102-
105. 

Pottier-Alipetite G (1979). Flore de la Tunisie : Angiospermes – 
Dicotylédones Apétales Dialypétales, Première partie. Imprimerie 
officielle de la république tunisienne, p. 651. 

 
 
 
 
 

 
 
 
 
Rhizopoulou S, Psaras GK (2003). Development and structure of 

drought-tolerant leaves of the Mediterranean shrub Capparis spinosa 
L. Ann. Bot. 92: 377-383. 

Romeo V, Ziino M, Giuffrid AD (2007). Flavour profile of capers 
(Capparis spinosa L.) from the Eolian Archipelago by HS-SPME/GC-
MS. Food Chem. 101: 1272-1278. 

RSF (2001).   Rapport scientifique final du projet de développement de 
la culture du câprier dans le Nord Ouest de la Tunisie. Institut 
National des Recherches en Génie Rural, Eaux et Forêts (Tunisie). + 
annexes, p. 84. 

Saadaoui E, Khaldi A, Khouja ML, El-Gazzah M (2007). Etude de la 
variabilité morphologique du câprier (Capparis spp.) en Tunisie. 
Revue des Régions Arides, 2: 523-527. 

Samanta TD, Laskar S (2009). Chemical investigation of Erythrina 
variegata Linn. seed proteins. Food Chem. 114:  212-216. 

Tlili N, Nasri N, Saadaoui E, Khaldi A, Triki S (2009). Carotenoid and 
Tocopherol Composition of Leaves, Buds and Flowers of Capparis 
spinosa Grown Wild in Tunisia. J. Agric. Food Chem. 57: 5381-5385. 

Tlili N, Nasri N, Saadaoui E, Khaldi A, Triki S (2010). Sterol composition 
of caper “Capparis spinosa” seeds. Afr. J. Biotech. 9: 3328-3333. 

 
 
 


