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The carob tree (Ceratonia siliqua L.), belonging to the family 
Cesalpiniaceae sub-family of the family Leguminoseae, is widely 
used in the Mediterranean regions [7], [34] cultivated for 
o r n a m e n t a l  a n d  i n d u s t r i a l  p u r p o s e s  [ 1 5 ] .

World production is estimated at about 422333,66 ton per 
year [36], and the main producers for pulp, seeds, respectively, are 
Spain (36%, 28%), Morocco (24%, 38%), Italy (10%, 8%), 
Portugal (10%, 8%), Greece (8%, 6%), Turkey (4%, 6%) and 
C y p r u s  ( 3 % ,  2 % )  o f  t h e  w o r l d  p r o d u c t i o n  [ 1 ] .

The total area is approximately 81832.00 ha and the yield 
depends on crop, region and cultural practices [36].

The carob distribution in Morocco is in the north selvage of 
the Atlas chain, the Rif Mountain and in some valleys of the south-
west of the Anti-Atlas confined to arid and semi-arid bioclimatic 
with an extension to sub-humid bioclimatic in some stands [29]. 

The pulp and the seeds have some interesting properties and 
are often used in food and pharmacological industry [7], [18]. The 
pulp content in the pod ranges from 73 to 95% [9], [17] and [27]. 
Carob pods are also characterized by high sugar content (500 
g/kg) [21], [25], [7] and [18]. Moreover, carob pods contain 
appreciable amount of fiber (4.2-39.8%), depending on the type of 
the extracted fiber [32], [27]. Carob pulp is a good source of 
polyphenols (mainly tannins 16-20%) [7], [24], [8], and protein 
( 2 . 7 - 7 . 6 % )  b u t  i t  i s  p o o r  i n  l i p i d  ( 0 . 4 - 0 . 8 % ) .

The carob tree (Ceratonia siliqua L.) is native to Mediterranean countries, it is robust and 
rustic. The carob tree is cultivated for its pods, abundant and rich in sugar at maturity, they are 
crushed with seeds into powder for live stock feed. The objective of this study was to evaluate 
the morphological characterization of the carob tree and the chemical composition of the fruit 
(pulp and seed).We has found that the leaf has a length 15,42cm, a width 10,88cm, a petiole 
length 3,67cm and 9±1 leaflets. The leaflet has a length and a width corresponding to 5,59cm 
and 3,95cm. The pulp of Marrakech (P5) has the highest rate with 52, 52% sugar. For fiber, 
pulp Marrakech (P7) contains the most with 10, 90%. On secondary metabolites , the rate of 
total phenols  is  significant enough, the order of 5,36 mg/g of dry matter for the pulp of Fez, 
which is  3,74mg/g for seeds  of Fez, followed by the rate of flavonoids , which is  0,48 m /g for 
pulp  of Khemisset (P4), hydrolyzable tannins, with a maximum of 0,07mg/g for the pulp  and 
seed of Meknes (P3)  and pulp of Khemisset (P4).

The pulp and the seeds are valorized in different applications. 
[16] reported that the pod fiber content play a role in 
hypocholesterolemic and hypoglycemic regulation, whereas 
phenol compounds can be used as antioxidant additive. Moreover, 
the locust bean gum (additive E410) extracted from the 
endosperm of seeds is used as stabilizer and thickening agents in 
food industry [7], [22]. Moreover, seeds powder can be used in 
baby foods to prevent vomiting [37]. The locust bean gum is also 
applied in pharmaceutical industry as drug delivery [26].

Chemical composition of carob had been studied extensively 
for different countries of the Mediterranean area. It had been 
observed that this composition is depending not only on 
technological factors such as the extraction and analytical 
methodologies, but also on the genotype of the plant, the 
geographical origin, the climate conditions and the harvesting and 
storage procedures [7], [8], [24], [20] and [29]. However, in spite of 
the great interest to carob and their use in different applications, 
few studies are available on Morocco carob. So to select the best 
varieties, an intensive investigation on the morphological and 
chemical composition for the different carob Morocco varieties is 
needed. 

The objective of this study was to evaluate the morphological 
characterization of the carob tree and the chemical composition of 
the fruit (pulp and seed) of the tree and to establish correlations 
between morphological and biochemical parameters of this 
species.
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I. Materials and methods

1. Plant material

Seven Morocco carob populations, including a wild type, were randomly collected from various geographic sites with different altitudes 
of the Morocco territories (Table 1). This choice was made based on the study on phenotypic diversity of fruits (pods and Kernels) 47 carob 
trees in the 2011 and 2012 [13].

2. Morphological parameters

For each population, three trees were selected. This was precisely the mature trees producing at least five years. Samples of 45 leaves 
and 45 mature flowers spread over the three chosen shafts (15 leaves and 15 flowers per tree) were taken for the characterization of each 
population.

Two categories of characters have been studied for the trees. This quantitative and qualitative characteristic. Ten characters 
quantitative were measured: Length petiole, Length and width of the sheets, Length and width of the leaflets, Number of sepal per flower, 
Size of the sepal and the pistil, Size of the flower and Number of flowers per cluster. The qualitative traits evaluated are eight (Table 2): tree 
habit, appearance of the bark, leaf shape, leaflet shape, margins of leaflets, flower shape, flower color and sepal shape.

3. Chemical analysis

To determine the chemical composition of carob pulp (dry 
matter, total polyphenols, total sugars, fiber, protein, hydrolysable 
tannins and flavonoids), samples from seedless pods of 
morphological measurements were crashed, and then grounded 
into powder using a hammer mill (diameter less than 0.5 mm). 
Extracts were prepared as follows: 1 g of carob powder was mixed 
with 20 ml of water and 20 ml of acetone in a reactor at room 
temperature (20 - 22 ° C, 30 min).

Determination of Dry matter

Dry matter of pods and kernels was determined by drying at 
105°C for 3 hours to constant weight.

Table 2: Morphological qualitative characteristics and number of variables used in the analysis of the variability between trees.

Table 1: Origine des accessions du caroubier (Ceratonia siliqua L.) analysées dans cette étude

Determination of total phenols

 Total phenolic compounds were determined colorimetrically 
at 660nm and expressed as gallic acid equivalents, according to the 
method described by [30].  Samples were added to 
Folin–Cioccalteu reagent and CaCO3 solution and placed in the 
dark for 15 min before spectrophotometric analysis.

Determination of sugar content 

Total sugars were determined colorimetrically at 490 nm 
according to the method described by [12]. Standards were 
prepared with glucose solutions at different concentrations.

Determination of fiber content

A neutral detergent solution is used to dissolve the easily 
digested pectins and plant cell contents (proteins, sugars, and 



lipids); leaving a fibrous residue (NDF) that is primarily cell wall components of plants (cellulose, hemicelluloses and lignin). Detergent is 
used to solubilize the proteins and sodium sulfite also helps remove some nitrogenous matter; EDTA is used to chelate calcium and 
remove pectins at boiling temperatures; triethylene glycol helps to remove some non-fibrous matter concentrate [33].

Determination of Hydrolysable tannins 

The method [19] is based on the reaction with ferric chloride. The mixture of the extract with the tannic ferric chloride reagent causes 
purple-red color of the complex, where the formation of ions (Fe3+) [6].

Determination of flavonoids 

The dosage flavonoid is determined by method [10]. 1 ml of the crude extract is mixed with 1 ml of 2% AlCl3. After incubation for 15 
minutes at room temperature, the absorbance of the sample is measured at 430nm.

4. Statistical Analysis

Data were analyzed by using the one-way analysis of variance (ANOVA), after testing normality and homogeneity of variance. Then, 
the “Tukey test” (p<0.05) was performed in order to find parameters that are significantly different from each other. Moreover, data being 
numerous, a principal component analysis (PCA) was made to find the main variation trends between morphological and chemical 
characters in the carob cultivars. In addition, hierarchical cluster analysis (HCA) was used to investigate the similarities and 
dissimilarities among the varieties. The freeware SPSS (v.20) and MVSP (v.3.2.1) was used for the statistical analysis. Furthermore, 
correlation between morphological and chemical parameters was evaluated using Pearson's correlation coefficient.

II. Results

1. Morphological characteristics

In general, all of the trees spread out port, a smooth Bark. Most people have form pinnate leaves (or imparipinnate Paripinnate), oval 
leaflets with entire margin. The flowers are shaped cluster, a greenish color and sepal freeform (Tables 3 and 4).

Measurement of quantitative characteristics reveals that the average length of the leafs varies from 13.49 cm to 18.58 cm; the width of 
the leafs varies from 9.50 cm to 12.22 cm, the petiole length between 3.4 cm to 4.66 cm. In addition to the morphological characteristics of 
the leaflets are as varied between ecotypes. The values corresponding to the length, the width of the leaflets respectively varied to 4,98cm 
to 6,55cm, 3.08 cm to 4.55 cm. The average number of leaflets per leaf varies 08 to 10 and yield (kg of pods per tree) varied from 10.4 kg to 
550 kg of pods per tree (Table 3). Flower length varied between 6.98 cm to 8.01 cm, the number of flowers per cluster ranged from 29.78 
to 34.32, the length pistil varied between 0.95 cm to 1.35 cm and the number sepal per flower is five (Table 4).

Table 3: Characterization morphological tree of Morocco carob populations (Ceratonia siliqua L.)

Table 4: Characterization morphological flower of Morocco carob populations (Ceratonia siliqua L.)
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2. Chemical characteristics

The rate of dry matter in the pulps carob different regions in Morocco was estimated at 82.58% to 87.34%, while in seeds, it was 
estimated between 91.77% to 95.34% (Table 5). The rate of fiber are substantially the same for the pulp (10.02%, 10.78%, 10.74%, 
11.03%, 10.11%, 10.59% and 10.90%), but no significant difference, we recorded also very close to the seed values (4.98%, 4.7%, 4.57%, 
4.55%, 4.62%, 4.27% and 5.08%) of Fez Meknes, Marrakech Khémisset and respectively, with no significant difference, however, there is a 
very significant difference between the rate of the fibers in the pulp and seeds. The Carob is rich in simple sugar which earned him his very 
sweet flavor and its use as animal feed sugars fruit. The results of our study, the rate of total sugars in the pulp of Marrakech (P6 and P7) is 
slightly higher than Khémisset and Fez (P4, P2 and P1); that of Marrakech and Meknes (P5 and P3) is the lowest (52.59%, 48.9%, 43.78%, 
41.83%, 36.02%, 32.74% and 32.11% respectively) (Table 5). However, the sugar content of seeds is much lower than that of the 
corresponding pulp (25.17%, 23.98%, 23.93%, 23.06%, 21.74% and 21.38% 19.23%).The Pulp Fez Khémisset contains more polyphenols 
(5,36mg/g 5,33mg/g and 5,25mg/g) with an insignificant difference between it and the pulp of Meknes (4,90mg/g) and Marrakech also 
pulp (4.5mg/g, 4,64mg/g and 4,67mg/g). By cons, for seeds, those Khémisset (P4) and Marrakech (P7) have the highest rate (4.1 mg/g and 
4,18mg/g), followed by seeds Meknes P3) Marrakech (P6) (4.90 mg/g, 4,97mg/g and 3,78mg/g) and of those which are last Fes (3,74mg/g 
and 3,50mg/g). The Pulp Khemisset contains the most important flavonoids content (0.45mg/g) of DM, with a few significant differences 
between it and the pulp Marrakesh has a content of (0,43mg/g, 0,44mg/g and 0.45mg/g, followed by pulp Fes (0,40mg/g and 0,39mg/g) of 
DM and finally the pulp of Meknes, which has a grade of 0,38mg/g. Regarding seeds, the flavonoids content is almost the same for all seeds. 
The difference is not significant. The results show that the rate of hydrolysable tannins in the pulp, seed Meknes (P3), pulp Khémisset (P4) 
and pulp Marrakech (P7) is the highest rate with 0.07 mg/g followed pulps Marrakech (P5) and pulp Fez (P2) with a rate of 0,06mg/g pulp 

and finally Marrakech (P6) and pulp Fez (P1) with low tannin content hydrolysable (0.05mg/g). The seeds of Fez (P1), Khémisset (P4) and 
Marrakech (P7) have the same rate of hydrolysable tannins which is (0.05 mg/g) for the three and last seed Fez (P2) and Marrakech 
(0.04mg/g) (Table5).

 Correlation among all morphological and biochemical traits are summarized in table 6. Leaf e length is correlated positively with leaf 
width, petiole length and Leaflets length with respective linear regression (r=0.701, 0.772 and 0.868). Further leaf length shows a low 
correlation with other morphological and biochemical traits measured. Leaf length was positively correlated with leaflets length (r = 
0.798) and leaflets length is highly correlated with leaflets width (r = 0.849). Length pistil is negatively correlated with dry matter and 
fiber content of the fruit carob tree (r=-0.713, -0.891). The number of flowers per cluster is positively correlated with sugar and fiber 

Table 6: Pearson coefficient correlation between morphological characters of tree and biochemical characters of the pods (pulp 
and seeds) of Moroccan carob tree.

4949

El Kahkahi R et al. 4946-4952  Int J Biol Med Res. 2015; 6(2): 



4950

content fruit of the carob tree (r=0.679, 0.710) and dry matter 
content of the fruit is positively correlated with the flavonoids 
content (r = 0.697) and highly positively correlated with the 
polyphenols content fruit of the carob tree (r = 0.869).

Principal component analysis (PCA), used as an ordination 
method, was based on the 14 morphological quantitative and 
biochemical parameters used. The three first axes retained explain 
83.42% of the total of variation, with each component explaining 
respectively 37.66%, 26.18%, and 19.58%. Fig. 1 shows that 
ecoregions may constitute three groups; the first one is composed 
with the two populations (P1 and P6). The second one is composed 
with populations (P4, P2 and P7) and the third group is composed 
with the populations (P3 and P5).

Hierarchical cluster analysis leads to identify three major 
groups if the dendrogram is cut to a value of 62.73% (Fig.2) 
confirming the PCA results. The first cluster tree is composed of: 
P1 and P6, which have only 67.73 % of similarity between them, 
the second cluster (P2, P4 and P7) correlated to each other at 
72.73% of similarities. While trees (P3 and P5) which share 63.64 
% of the measured variables, constitute the third cluster.

* Correlation is significant at the 0.05 level.

** Correlation is significant at the 0.01 level.

III. Discussion

Knowledge of the genetic variability is essential in plant 
breeding. The identification of this genetic variability in certain 
morphological traits is the essential first step in the description of 
genetic resources [31].

Analysis of diversity in agro-morphological local populations 
of carob tree (Ceratonia siliqua L.) in Morocco revealed significant 
differences between the traits analyzed, which shows a strong 
phenotypic heterogeneity among seven populations of carob 
studied. However, populations of northern Morocco carob 
(Berkane, El Houceima, Nador and Chefchaouen) appear to be 
similar to the cultivars of the northern part of the Mediterranean 
basin [2] and [5]. A study of the leaves was conducted in three 
categories of carob (Ceratonia siliqua L.) natural Chefchaouen 
province (north-west of Morocco): "dkar" unproductive male or 
spontaneous, "dkar" productive or spontaneous and female "lanta 
"or grafted female. It can be inferred from the feet of the most 
favored stations have leaves more developed, reaching 21.9 ± 
3,45cm in length, 13.0± 2,01cm in  width, 9±1leaflets per leaf and  
4.19±0,94cm length of petiol. The corresponding respective 
leaflets have a length and a width of 5.92 ± 3.65 and ± 0,86cm 
0,52cm and are longer [14].

Principal component analysis of Moroccan ecoregions of 
domesticated carob on the space formed by the first three axes 
performed on the basis of Morphological and biochemical traits

The results for the fiber content that we have obtained in the 
pulps are comparable to those obtained by [34] (10.99% DM), by 
cons, according [11], it contains much fiber than carob (32.5% 
DM). Furthermore, by comparing our results with the work done 
on the carob of Spain by [2], we noticed that the carob Spain 
contained less fiber (8.01%). Our results regarding the content of 
the carob sugar go perfectly with the literature and studies 
conducted by [8] showed that sugars are sucrose, predominantly 
with 384 mg/g dry matter, glucose with 33 mg/g dry matter and 
fructose with 115 mg/g dry matter. The flavonoids content is 
granted with [4] who found that carob contained between 0.41 
and 0,48mg/g DM of flavonoids against by [24] and [23] have 
shown that the rate could be higher flavonoids with 1,02mg/g DM 
and 3,33mg/g DM, respectively, in addition to 9 different 
flavonoids were detected by [35] represented mainly by myricetin 
(0,148mg/g of extract). Condensed tannins, the hydrolysable 
tannins our results are much lower than those of [28] with 1.3% 
and lower than those of [3] with 0.95 mg/g represented by 
ellagitannins and gallotannins.

The analysis via ACP (Fig.1) and hierarchical clustering (Fig.2) 
Showed that there are three populations Carob based on the 
analysis of morphological features of the plant and the 
biochemical characterization of the fruits (pulp and seeds). 
Throughout its range, including wild populations and cultivated 
carob populations in Morocco, there is a high degree of 
biodiversity. Many populations are morphologically recognized by 
farmers, designated as El Horr El Beldi and Dial Eddib some of 
which are hybrids between wild and cultivated trees. The 
dominant population in northern Morocco is El Horr.

Fig. 2: Dendrogram (hierarchical clustering) of 6 tree of 
Moroccan carob (Ceratonia siliqua L.)  based on 
Morphological and biochemical traits
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Table 5: Chemical composition of the pulp and seeds of carob

Perspectives of this study, our research is directed towards the analysis of the detailed composition of the oil, carob, amino acids it holds, 
sugars that compose it, minerals and various polyphenols that may have this to generate interest both for nutritional studies for its 
therapeutic use, which could give a boost to the carob tree in the socio-economic context.
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