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Abstract

The carob tree (Ceratonia siliqua L.) is an important
economic resource for Morocco’s rural populations.
This species is used in reforestation actions and its
cultivation in modern orchards is being undertaken to
valorize marginal lands and substitute for drought
sensitive species. Fifteen cultivars carob tree from
Bouznika (Morocco) were studied to assess their
genetic variation based on pods and seeds measures.

The mean of the main descriptive morphological values
of pods was weight (8,34g), length (13,2cm), width
(1,69cm), thickness(0,66cm), number of seeds/pod
(12,92), pulp weight (6,27g), seed lenght (0,88cm),
seed width(0,66cm), seed thickness(0,42cm), seeds
weight (2,149) and seed vyield (25,89%).The
relationship among these characters was analysed by
principal component analysis (PCA) and hierarchical
cluster resulting in the separation of these cultivars

classed in three grouped and two ungrouped
populations.
Keywords: Ceratonia siliqua L., Pods, Seeds and

Morphological diversity.

Introduction

The carob tree has been grown since antiquity in most
countries of Mediterranean basin, usually in mild and dry
places with poor soils. The carob tree is an important
component of the Mediterranean vegetation and its
cultivation in marginal and prevailing calcareous soils of the
Mediterranean region is important environmentally and
economically.® The carob tree is an evergreen, dioecious
plant species, 3! sometimes hermaphrodie and rarely
monoecious.®

Moreover, male trees are sterile and unproductive.®” This
species plays a significant role in protecting soil against
degradation and erosion®4°4l and in combating
desertification, thanks to its deep roots and evergreen leaves.
This is a multipurpose and industrial fruit trre spicies that has
high capacity to resist drought.>333744 All parts of the carob
tree, i.e. foliage, flower, fruit wood, bark and root, possess
amazing properties. This tree has ornamental and landscape

204

values. The fruit of carob is a brown pod, consituted of pulp
(90%) and seeds (10%), the pulp contain many bioactive
substances including carbohydrates, proteins, dietary fibres
that may be used in the pharmaceutical industry*? because
they have numerous positive effects o blood sugar levels,
cholesterol level and cancer®® and polyphenols. The roasted
powder of this part (carob powder) can be substituted for
cocoa.??%® The seeds consisted of three parts;
germ,endosperm and husk.*4

The domestication of Ceratonia siliqua based on spontaeous
populations, aiming at the production of large fruits with
high sugar content for human and animal nutrition resulted
in a limited number of cultivars.3® More recently,
domestication of some wild uncultivated trees has been
developed with the purpose of increasing kernel yield and
gum quality for industrial exploitation.?”

In Morocco, the carob tree occupies an area of 30000 ha, this
form of natural artificial plantations in the country is up to
1150m except very arid;'? It is foound in the western and
eastern Rif.! The main population spontaneous carob is
located in the regions of Meknes, Agadir, Essaouira, Taza,
El Hoceima and Khenifra, in association with olive (Olea
europea), mastic (Pistacia lentiscus), cedar (Junepurus
phoenicea) and argan tree (Argania spinosa).?

World carob production is estimated at 191355.64 tonnesté.
It is mainly concentrated in Spain, Italy, Morocco, Portugal,
Greece, Turkey, followed by Cyprus, Algeria, Lebanon and
Tunisia last.'®* In Morocco, production has increased
slightly, fromm 20000 tonnes in 2012 to 21983 tonnes in
2017.18

Morphological characters of pods and seeds are the most
valuable and quantitative marker widely used to identify
carob varieties.’® Carob pods are characterized by a high
sugar content (48-56%)2%2 and are a good source of protein,
fiber and minerals,>13 the different rates of carob chemical
composition are depending on the geographical origin,
climate conditions and mainly on the genotype.®3%

In selection of breeding studies, even method seems easy,
application is very inconvenient and requires lots of
attention. A vast number of characters according to breeding
objective can be worked; in this situation, much time and
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workforce can be needed. Therefore, to know some
relationships between characters will decrease workload by
providing working on less character. For this purpose, some

studies hase been conducted on carob
genotypes.6,7,11,15,16,25,32,34,35,38

It is important to note that the different types of carob tress
are not well known in Morocco. The present work proposes
to etablish a morphological study of several cultivars fo
carob pods and seeds of populations carob and determine the
variablitity that exists in the species and also to select and
recommend the most suitable plantation that is of interst to
the agro-food industries.

Material and Methods

Plant material: Fifteen cultivars of cultivated carob were
localized in region of Bouznika North-West in Morocco.
The plant material consists of pods of carob tree. Thirty pods
were taken randomly from each carob tree (Ceratia siliqua
L.).

Morphological analysis of fruit: The selection of the fruit
pods and seeds for characterization was done by adapting the
International Plant Genetic Ressources Institue (IPGRI)
descriptors.® Mature pods were collected of each cultivar.
For pods each cultivar we have estimated the length (cm),
width (cm), thickness (cm), pod weight (g), pupl weight (g),
number of seed/pod, yield ((Seeds weight/pod weight) x
100). For ten randomly selected viable seeds from each
cultivar, the weight (g), length (cm), width (cm) and
thickness (cm) were measured.

Statistical analysis: Analysis of morphological and
chemical variations was based on the totality of the character
measurement related to pods and seeds. Variations were
analyzed using ANOVA-one way after testing for normality
and homogeneity of variance.

Correlation between morphological and chemical parametrs
was evaluated using Pearson’s correlation coefficient.3®
Ecoregions ordination and classification were perfomed
using the principal component analysis (ACP) and the
hierarchical cluster analysis respectively. The ACP was
performed on the matrix of mean values of measured
characters while the hiearchical cluster was based on
Pearson’s correlation matrix.

The statistical analysis of the data was carried out using the
SPSS software windows version 22. Matrices generated for
the different morphological traits are analyzed using
software version 3.2.1 MVSP using the UPGMA method
(Hierarchical clustering).

Results

Morphological analysis: Morphological traits related with
pod’s size seem to be the most variable. In fact, pods length
varied among variaties from 10.6 cm for P4 to 15.48cm for
P5, the mean seed number varied from 10.14 for P1 to 14 .4
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for P9 and the seed yield showed the highest variation, since
it varied from 21.2% for P2 to 34.56% for P7. In addition,
seed characteristics also varied between variaties.

Mean values correcponding to seeds length, with thickness
and weight varied respectively from 0.76 (P3) to 0.97 (P11) ;
0.36cm (P15) to 0.47 cm (P5, P9 and P10) and 1.41g (P3) to
2.86 g (P12). It is worth noting that the widest pods are 011
with a value of 2.01 cm and the thinnest are P3 with an
average value of 1.34cm.

Note that the least thick po dis that of P14, its value is about
0.58cm. The pods from P5 are the heaviest with a weight of
10.31g. Note the weights of pulp from P2 and seeds from
P12 as 9.53g and 2.869 respectively. On the other hand, the
smallest weight was obtained with pods from P3 with an
average value of 5.20g, the pulp weight is 3.61g and that of
seeds 1.41g (table 1).

Correlation among all morphological traits is summarized in
table. Pod width is correlated positively with pod weight,
pulp weight, seed lenght, seed width and seed weight with
respective linear regression coefficients of r=0.737, 0.659,
0.800 and 0.653. Further, pod lenght showed a positive
correlation (r=0.664) with seed number/pod. Seed weight is
also correlated positively with pod width, pod weight, pulp
weight, seed lenght and seed width respectively r=0.653,
0.743, 0.520, 0.769 and 0.754. Pod weight is correlated
highly positively with pulp weight, seed lenght, seed width
and seed weight with respectively r=0.951, 0.793, 0.809 and
0.743 (table 2).

The plot PCA identified two principal component (PC) that
explained 73.60% of the total variance. The first axis can be
interpreted as an expression of pod characteristics and yield,
it accounted for 48.40% of total variation as in fig. 1. The
highest loadiong was pod weight, seed width, seed lenght,
pulp weight and pod width (Table 2).

The second axis expained 25.20% of total variance and is
related to quantity expressed in terms of seed number/ pod
and pod length, with positive signs and pod thichness with
negative signs (Table 2).

Principal component and cluster analysis discriminated the
sample cultivars in three clusters (Fig.1) using the first two
principal components and accounted for about 73.60% of the
total variability among the carob cultivars, based on fruit and
seed traits respectively.

Cluster I including P9, P7, P6, P8, P13 and P14 is plotted on
the left-lower and right-lower quandrant. Cluster Il consisted
of cultivars P5 and P10. The cultivars P1, P2, P11, P12 and
P15 of cluster Il are placed on the upper left quandrant
(Fig.1). The cultivar P3 was plotted ungrouped on the left-
lower quadrant. The cultivar P4 were plotted ungrouped in
the left part of the graph, they were positively correlated to
PC2.
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Table 1
Results of morphologic study of several cultivars of carob tree (Ceratonia siliqua L.)
Length of | Width of | Thickness Seeds Weight of | Weight Yield (%) Length Width of | Thickness | Weight
pod (cm) pod (cm) of pod number/pod pod of pulp of seed | seed (cm) of seed of seed
(cm) (cm) (cm) (9)
P1 | 13,39+0,98 | 1,85+0,1 | 0,64+0,03 | 12,14+1,95 | 7,74+1,20 | 5,8+1,03 24,16 0,93+0,04 | 0,7+0,04 | 0,42+0,04 | 1,87+0,23
P2 | 135+208 | 1,810,12 | 0,78+0,04 | 12+2,68 9,53+2,6 | 7,95¢1,7 213 0,9+0,04 | 0,68+0,04 | 0,38:0,04 | 2,03+0,48
P3 | 11,88+1,43 | 1,34+0,17 | 0,59+0,06 | 11,6+1,34 5,2+1,06 | 3,61+0,78 27,11 0,76+0,06 | 0,58+0,02 | 0,41+0,03 | 1,41+0,25
P4 10,6+0,3 1,61+0,2 | 0,79+0,07 11,6+1,7 7,98+1,1 6,08+0,9 22,93 0,89+0,06 | 0,62+0,03 | 0,45+0,02 | 1,86+0,27
P5 | 1548+0,72 | 1,81+0,06 | 0,64+0,03 | 14,17+0,89 | 10,31+0,49 | 7,64+0,39 25,22 0,96+0,03 | 0,73+0,02 | 0,47+0,03 | 2,640,18
P6 13,84+1,85 | 1,54+0,12 | 0,66+0,06 12,8+2,28 7,41+1,32 | 553+1,01 24,83 0,79+0,07 | 0,61+0,04 | 0,41+0,03 | 1,84+0,38
P7 13,72+1,66 | 1,62+0,05 | 0,61+0,04 142,90 7,59+1,30 | 5,26+0,87 34,56 0,86+0,05 | 0,64+0,04 | 0,43+0,03 | 2,32+0,42
P8 | 14,06+0,83 | 1,62+0,10 | 0,67+0,04 | 14,4+1382 8,8+1,08 | 6,78+0,75 28,72 0,9+0,05 | 0,66+0,02 | 0,42+0,02 | 2,1840,50
P9 12+1,18 1,53+0,11 | 0,68+0,09 | 12,67+1,53 7,22+#0,19 | 5,15+0,20 23,29 0,81+0,04 | 0,65+0,03 | 0,47+0,04 | 2,05+0,14
P10 | 14,95+0,79 | 1,73%0,13 | 0,64+0,05 13,5%£1,0 9,39+£1,37 | 6,93£0,92 26,2 0,95+0,04 | 0,73+0,04 | 0,47+0,04 | 2,460,30
P11 12,9+0,62 | 2,01+0,04 | 0,62+0,03 | 13,25+0,96 8,6+0,69 | 6,32+1,03 27,62 0,97+0,04 | 0,69+0,03 | 0,4+0,02 | 2,42+0,35
P12 | 12,08+0,45 | 1,86+0,10 | 0,74+0,06 12,2+2,10 9,33+1,60 | 6,45+1,10 30,65 0,96+0,03 | 0,7+0,01 | 0,44+0,02 | 2,86+0,62
P13 | 12,38+0,88 | 1,61+0,15 | 0,65+0,03 | 13,75+2,02 7,99+1,18 | 5,97+1,10 26,53 0,87+0,03 | 0,63+0,02 | 0,39+0,01 | 2,12+0,61
P14 | 1542+1,03 | 1,62+0,12 | 0,58+0,05 13,4+1,90 8,62+1,23 | 7,1+1,08 22,97 0,84+0,03 | 0,65+0,01 | 0,4+0,03 | 1,98+0,39
P15 | 12,83+0,90 | 1,83+0,06 | 0,67+0,03 | 12,33+0,60 9,4+1,13 | 7,43x0,81 22,34 0,9+0,04 | 0,67+0,02 | 0,36+0,03 | 2,1+0,17
Mean | 13,27+1,38 | 1,69+0,17 | 0,66+£0,06 | 12,92+0,93 8,34+£1,25 | 6,27+£1,12 | 25,89+3,51 | 0,88+0,06 | 0,66+0,04 | 0,42+0,03 | 2,14%0,35
values
Table 2
Factor loadings for each variable on the components of PCA analysis
Variable PC1 PC2
Pod length (cm) ,537 ,655
Pod width (cm) ,847 -,200
Pod thichness (cm) ,181 -,844
Seed number/pod ,391 ,804
Pod weight (g) ,958 -,089
Pulp weight (g) ,890 -,163
Yield (%) ,165 ,569
Seed lenght (cm) ,889 -,113
Seed width (cm) ,915 ,037
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Figure 1: Principal component analysis of Moroccan cultivars of carob tree on the space formed by the first two axes

performed on the basis of pods and seeds morphological characters
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Figure 2: Dendrogram (hierarchical clustering) of 15 cultivars of Moraccan carob tree based on morphological traits

Hierarchical cluster analysis leads to identify three major
groups (Fig.2) confirming the PCA results. The cultivars P6,
P7, P8, P9, P13 and P14 were placed in cluster I. Cluster 1l
consisted of P5 and P10. Cluster Il included P1, P2, P11,
P12 and P15. Cultivars P3 and P4 can be considered as rather
singular.

Discussion

Morphological traits of pods and seeds constitute a
quantitative marker largely used together with productivity,
vigour and precocity as characters differentiating carob
cultivars 371115-17.2534353843  Jsing 12 fruit and seed
phenotypic characters, Barracosa et al” reported a high
Diversity of carob cultivars in Portugal.

In Algeria cultivars, Boublenza et al'! showed a high
diversity in the morphological parameters of pods and seeds.
Morphological parameters of pods and seeds show a high
diversity in Morocco carob population, type and
geographical origin of trees being taken as the source of
variation.1%34 In the world, about 50 named cultivars are
reported in the literature® within which about half were
reported in the Mediterranean basin.

The values of morphological traits obtained by population in
the present study were compared with those from other
countries of the Mediterranean basin. Cultivars from
Algeriatl, from Lebanon'’ and from Tunisia®? prented high
similarity in morphological characteristics of the fruit with
Moroccan carobs.

The value obtained in the study can be compared with those
found by Boublenza et al*' in Algeria (lenght=15.77cm,
width=2.23cm, thickness=0.62cm, seeds number=10.76),
Haddarah et al*” in Lebanon (length=17.84cm,
width=2.48cm, thickness=0.70cm, seeds number=10.65),
Naghmouchi et al®* in Tunisia (length=17.33cm,
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width=2.48cm, thickness=1.01cm, seeds number=14.21).
The weight of the seeds varied between 0.11 and 0.21g, with
a mean value of 0.16g. This value is somewhat lower than
the generally accepted mean of 0.20g and which has been
used as a measure of weight 1 carob seed=0.20g=1carat.?

Data obtained from morphological studies have been used to
provide total correlation coefficient between morphological
fruit and seed characters.+11:1516,25:32,34,35

However, a wide range of values were observed for each
correlation when cultivars were considered separately
(Table 3). The correlation analyses establisched by cultivar
provided a specific understanding about the way how fruit
and seed characteristics correlate within each cultivar. This
approach can be useful for development of a breeding
programme aiming at the selection of cultivars in order to
increase the seed yield, seed thickness, individual and total
seed weight by fruit, characteristics that are determinant to
improve the industrial exploitation. This must obviously be
done in close agreement with agricultural pratices.

In Tunisain cultivars, Naghmouchi et al® observed a high
correlation coefficient between fruit lenght and total seed
weight (0.63). In the present study, all cultivars showed no
correlation coefficient between lenght and seed yield.

The cultivar P7 showed seed yields higher by 34.56% than
those of other cultivars. According to Albanell et al® and
Barracosa et al’, it is preferable to use thin narrow carobs
which are not too beavy and carry a high number of seeds to
obtain an incremental yield of seeds.

The pods from wild carob tress have superio seed and gum
quality than the cultivated ones, they are in great demand by
agri-food industries.2?” The results obtained in the present
study are consistent with earlier reports.”11:1516.25,32,34,35,38
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Table 3
Pearson coefficient correlation between morphological characters of pods and seeds of Moroccan carob tree.
1 2 3 4 5 6 7 8 9 10 11
Pod Length (1) 1
Pod Width (2) 0.197 1
Pod Thichness (3) -0.488 0.202 1
Seed number/pod (4) | 0.664** | 0.083 0.463 1
Pod Weight (5) 0.484 0.737** | 0.317 0.361 1
Pulp Weight (6) 0.502 0.659** | 0.331 0.277 | 0.951** 1
Yield (7) 0.018 0.035 -0.303 | 0.434 -0.148 -0.356 1
Seed Lenght (8) 0.220 0.891** | 0.244 | 0.234 | 0.793** | 0.659** | 0.110 1
Seed Width (9) 0.497 0.800** | 0.080 | 0.299 | 0.809** | 0.684** | -0.020 | 0.873** 1
Seed Thichness (10) 0.074 -0.131 0.065 | 0.184 0.043 -0.147 0.207 0.163 0.305 1
Seed Weight (11) 0.298 0.653** | 0.128 | 0.479 | 0.743** | 0.520* 0.425 | 0.769** | 0.754** | 0.343 | 1

*Correlation is significant at the 0.05 level.
** Correlation is significant at the 0.01 level

The carob tree (Ceratonia siliqua L.,), which is an endemic
tree in Morocco, grows mainly all over the country.
Research on this species has been increasingly growing over
the past few years because this tree is economically and
agromically intersting. The principal component analysis
(PCA) and the hierarchical cluster were used to group the
different cultivars into three groups (Fig. 1 and 2); this first
group is for the cultivars P6, P7, P8, P9, P13 and P14, the
second is for cultivars P5 and P10 and the third is for the
cultivars P1, P2, P11 and P15, P3 and P4 are not grouped.

Conclusion

The variations in the morphological features are influenced
by the environment and geographical locations ; these two
parameters have an effect on the quality of the carob tree
cultivars.

Furthermore, planting these carob cultivars, which are
highly needed by the agro-food industries, can be an
important economic resource for the rural population. The
morphometric analysis is an essential and preliminary step
in the genetic study of this species in order to identify the
different varieties existing in Morocco.

Acknowledgement

This work was supported by grants from the agricultural
domains (Morocco). We are very grateful to Mustapha Ait
Chitt, Director of the El Bassatine domaine.

References

1. Aafi A., Note technique sur le caroubier (Ceratonia siliqua L.),
Centre Nationale de la Recherche Forestiére, Rabat (Maroc), 10
(1996)

2. Ait Chitt M. and Belmir M. et Lazrak A., Production des plantes
sélectionnées et greffées du caroubier. Transfert de technologie en
Agriculture, 1AV Rabat, 153, 1-4 (2007)

3. Albanell E., Caja G. and Plaixats J., Characterization of carobs
fruits (Ceratonia siliqua L.), cultivated in Spain for Agro-industrial

use, Int. Tree Crops J., https://doi.org/10.1080/01435698.1996.
9752955, 9, 1-9 (1996)

4. Avallone R., Plessi M., Baraldi M. and Monzani A.,
Determination of chemical composition of carob (Ceratonia
siliqua): protein, fat, carbohydrates and tannins, J Food Comp
Anal., 10, 166 (1997)

5. Ayaz F.A., Hilya T.S., Pedr J.C., Manuel A., Carlos C.G. and
Miroslav  S., Determination of Chemical Composition Of
Anatolian Carob Pod (Ceratonia Siliqua L.): Sugars, Amino And
Organic Acids, Minerals And Phenolic Compounds, Journal of
Food Quality, 30, 1040-1055 (2007)

6. Barracosa P., Lima M.B. and Cravador A., Analysis of genetic
diversity in Portuguese Ceratonia siliqua L. Cultivars using RAPD
and AFLP markers, Sci. Hortic., https://doi.org/10.1016/j.scienta.
2008.06.020, 189-199 (2008)

7. Barracosa P., Osorio J. and Cravador A., Evaluation of fruit and
seed diversity and characterization of carob (Ceratonia siliqua L.)
cultivar in Algarave region, Sci. Hortic., https://doi.org/10.1016/
j-scienta.2007.06.024, 114, 250-257 (2007)

8. Batista M.T., Amaral M.T. and Proenca Da Cunha A., Carob
fruits as source of natural oxidants, In Proceedings of the
Communication in Third International Carob Symposium, Tavira,
Portugal, June, 19-23 (1996)

9. Batlle Ignacio and Tous Joan, Lineas de investigacion sobre el
algarrobo (Ceratonia siliqua L.) en el IRTA, cataluna (Espana), In
Brito de Carvalho J.H., Eds., | Encorto Linhas de Investigacaode
Alfarroba, AIDA, Oeiras, 92-104 (1988)

10. Battle Ignacio and Tous Joan, Promoting the Conservation and
Use of Under-utilised and Neglected Crops 17 Carob Tree
Ceratonia siliqua L. Institute of plant genetics and crop plant
research, Gatersleben/International Plant Genetic Resources
Institute, Rome, Italy, 92 (1997)

11. Boublenza l., El haitoum A., Ghezlaoui S., Mahdad M. and Vasai
F. et Chemat F., Algerian carob (Ceratonia siliqua L.) populations,
Morphological and chemical variability of their fruits and seeds In
Press, 108537 (2019)



https://doi/
https://doi.org/10.1016/j.scienta.%202008.06.020
https://doi.org/10.1016/j.scienta.%202008.06.020
https://doi.org/10.1016/%20j.scienta.2007.06.024
https://doi.org/10.1016/%20j.scienta.2007.06.024

Research Journal of Biotechnology

12. Brandt L.A., Carob fibre offers health benefits, Prepared Foods,
171, 51 (2002)

13. Custédio L., Fernandes E., Escapa A.L., Fajardo A., Aligue R.,
Albericio F., Neng N.R., Nogueira J.M. and Romano A,
Antioxidant and cytotoxic activities of carob tree fruit pulps
strongly influenced by gender and cultivar, J. Agric. Food Chem.,
59, 7005-7012 (2011)

14. Dakia P.A., Wathelet B. and Paquot M., Isolation and chemical
evaluation of carob (Ceratonia siliqua L.), Seed Germ, Food
Chem., 102, 1368-74 (2007)

15. Elfazazi K., Jbilou M., Assaidi A., Benbati M. and Harrak H.,
Morphological and Biochemical Variability of Moroccan Carob
(Ceratonia siliqua L.) produced in Beni Mellal region, Int. J. Pure
App. Biosci., 5(4), 14-21 (2017)

16. El Kahkahi R., Zouhair R., Ait Chitt M. and Errakhi R.,
Morocco carob (Ceratonia siliqua L.) populations: Morphological
variability of Pods and Kernel, Int. J. Pure App. Biosci., 2(4), 38-
47 (2014)

17. Haddarah A., Ismail A., Bassal A., Hamieh T., loannou I. and
Ghoul M., Morphological and Chemical Variability of Lebanese
Carob Varieties, These en cotutelle, Procédés Biotecchnologiques
et Alimentaire, Université Libannaise (Ecole Doctorale des

sciences et Thecnologie) et 1’Université de Lorraine, France, 103
(2013)

18. FAO, Faostat Database, Http://Faostat.Fao.0rg (2017)

19. Goulas V. Stylos E., Chatziathanasiadou M.V.,
Mavromoustakous T. and Tzakos A.G., Review functional
component of carob fruit: linking the chemical and biological
space, Int. J. Mol. Sci., https://doi.org/10.3390/ijms17111875, 17,
1875 (2016)

20. Gubbuk H., Guven D. and Gunes E., Physical features of some
Turkish carob (Ceratonia siliqua L.) pods, Bull. UASVM Hortic., 66,
685 (2009)

21. Khlifa M., Bahloul A. and Kitane S., Determination of chemical
composition of carob pod (Ceratonia siliqua L.) and its
morphological study, J. Mater. Environ. Sci., 4(3), 348-353 (2013)

22. Kivrak N.E., Askin B. and Kiigukoner E., Comparison of some
physicochemical properties of locust bean seeds gum extracted by
acid and water pre-treatments, Food Nutr Sci., 6, 278-6 (2015)

23. Kaderi M., Ben Hamouda G., Zaheir H., Hanana M. and
Hamrouni L., Notes ethnobotanique et phytopharmacologique sur
Ceratonia siliqua (L.), Phytothérapie, https://doi.org/10.1007/
510298-014-0904-4, (13), 144-147 (2015)

24. Khlifa M., Bahloul A. and Kitane S., Determination of
chemical composition of carob pod (Ceratonia siliqua L.) and its
morphological study, J. Mater. Environ. Sci., 4(3), 348-353 (2013)

25. Konté 1., Filali-Maltouf A. and Berraho E.B., Diversity analysis
of Moroccan caroub (Ceratonia siliqua L.) accessions using
phenotypic traits and RAPD markers, Acta Botanica Malacitana,
32, 79-90 (2007)

209

Vol. 16 (4) April (2021)
Res. J. Biotech

26. Madi A., Caractérisation et Comparaison du Contenu
Polyphénolique de deux Plantes Médicinales (Thym et Sauge) et la
Mise en Evidence de leurs Activités Biologiques, Research Master,
Mentouri Constantine University, Constantine, 109 (2010)

27. Makris D. and Kefalas P., Carob pods (Ceratonia siliqua L.) as
a source of polyphenolic antioxidants, Food Technol. Biotechnol.,
42, 105-108 (2004)

28. Macleod G. and Forcen M., Analysis of volatile components
derived from the carob bean ceratonia siliqua, Phytochemistry,
31(9), 3113-3119 (1992)

29. Miliauskas G., Venskutonis P.R. and VVan Beek T.A., Screening
of Radical Scavenging Activity of Some Medicinal and Aromatic
Plant  Extracts, Food  Chemistry, http://dx.doi.org/10.
1016/j.foodchem.2003.05.007, 85, 231-237 (2004)

30. Mitrakos K., La botanica del Ceratonia siliqua L., In
Proceedings of the Il International Carob Symposium, Valencia,
Spain, 209-218 (1987)

31. Neghmouchi S., Khouja M.L., Khaldi A., Rejeb M.N., Zgoulli,
S., Thonart P. and Boussaid M., In Povilitis Tony, Eds.,
Biochemical Diversity of Wild Carob Tree Populations and Its
Economic Value, Topics in Conservation Biology, https://doi.org/
10.5772/47929 (2012)

32. Naghmouchi S., Khouja M.L., Romero A., Tous J. and Boussaid
M., Tunisian carob (Ceratonia siligua L.) populations:
Morphological variability of pods and kernel, Scientia Horticulturae,
121, 125-130 (2009)

33. Shay Hassane and Abourouh Momahed, Apport des espéces a
usages multiples pour le développement durable: cas du pin pignon
et du caroubier. Centre de Recherche Forestiere Haut-
Commissariat aux Eaux et Foréts et a la Lutte Contre la
Désertification, Rabat, 1-9 (2006)

34. Seghir N., Harki E., Dahchour A., Gharnit N. and Ennabili A.,
Pomological characterization of Carob tree (Ceratonia siliqua L.)
from the Province of Sefrou, Middle Atlas of Morocco, Moroccan
Journal of Biology Number, 13, 23-30 (2016)

35. Sidina M.M., El Hansali M., Wahid N., Ouatmane A., Boulli A.
and Haddioui A., Fruit and seed diversity of domesticated carob
(Ceratonia siliqua L.) in Morocco, Scientia
Horticulturae, 123, 110-116 (2009)

36. Snedecor G. and Cohran W., Statistical Methods, The lowa State
Univ. Press, Ames, 1A, USA, 593 (1968)

37. Rejeb Nejib M., Le caroubier en Tunisie : Situation et
perspectives d’amélioration. Quel’avenir pour 1’amélioration des
plantes?, eds., Aupelf-uref. John Libbey Eurotext, 79-85 (1995)

38. Tetik N., Turhan I., Reyhan Oziyci H., Gubbuk H., Karhan M.
and Ercisli S., Physical and chemical characterization of ceratonia
siliqua L. germplasm in Turkey, Sciencia Horticulturae, 129, 583-
589 (2011)

39. Theophiloul C., Neophytou C.M., Kakas A. and Constantinou
A.l, Carob and its component in the management of
gastrointestinal disorders, J Hepatol Gastroenterol., 1, 005 (2017)


http://faostat.fao.org/
https://doi.org/10.3390/ijms17111875
https://link.springer.com/journal/10298
https://doi.org/10.1007/%20s10298-014-0904-4
https://doi.org/10.1007/%20s10298-014-0904-4
http://dx.doi.org/10.%201016/j.foodchem.2003.05.007
http://dx.doi.org/10.%201016/j.foodchem.2003.05.007

Research Journal of Biotechnology

40. Tous J., Romero A., Hermoso J.F., Ninot A., Plana J., Batlle I.,
Agronomic and commercial performance of four Spanish carob
cultivars, Hort Tecnology, 19, 465-470 (2009)

41, Turhan I., Aksu M., Karhan M. and Tetik N., Liquid-solid
extraction of soluble solids and total phenolic compounds of carob
bean (Ceratonia siliqua L.), J. Food Process Eng., 29, 498-507
(2006)

42. Vourdoubas J., Makris P., Kefalas J. and Kaliakatsos J., Studies
on the production of bioethanol from carob., In The 12th National
Conference and Technology Exhibition on Biomass for Energy,

210

Vol. 16 (4) April (2021)
Res. J. Biotech

Industry and Climate Protection, Proceedings, Amsterdam, 489—
493 (2002)

43. Yousif Ali K. and Alghzawi H.M., Processing and
characterization of carob powder, Food Chem., https://doi.org/10.
1016/S0308-8146(99)00265-4, 69, 283-287 (2000)

44, Zouhair O. and Le caroubier, situation actuelle et perspectives
d’avenir. Document interne, eaux de forét, Maroc 22 (1996).

(Received 22" May 2020, accepted 30™ July 2020)


https://doi.org/10.%201016/S0308-8146(99)00265-4
https://doi.org/10.%201016/S0308-8146(99)00265-4

