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Abstract

One wild and two domesticated (‘Etli’ and ’Sisam‘) carob genotypes grown in Antalya, Turkey were assessed for
their physical and chemical properties in a comparative study. In most physical pod traits, the domesticated genotypes
had higher values than those found in the wild genotype. On the other hand, physical seed traits such as average number
of seed and seed to husk ratio had higher values in the wild genotype compared with the domesticated genotypes.
Soluble solid content and the content of fructose, glucose and sucrose of the domesticated genotypes were higher than
those found in the wild genotype. The levels of sucrose were found to be the highest compared with all the other sugars,
in all genotypes. The N and K concentrations in the husk of the wild genotype were higher than that found in
domesticated genotypes. The content of macro and micro nutrients in the seeds were quite similar among all the
genotypes. The most abundant fatty acids were the methyl-esters of oleic acid (C18:1), linoleic acid (C18:2n6), palmitic
acid (C16:0) and stearic acid (C18:0). The husk of the wild genotype contained higher concentrations of mono and
polyunsaturated fatty acids compared with that of the domesticated genotypes. Fat concentration and fatty acid
composition are the first reported in this paper. Our results suggest that ‘Etli’ and ‘Sisam’ are advantageous over the
wild type regarding pod properties, while the wild genotype was found to be better regarding seed properties.
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Resumen

Perfíl físico y fitoquímico de genotipos de algarrobo (Ceratonia siliqua L.) silvestres y cultivados

Se evaluaron comparativamente las propiedades físicas y químicas de un algarrobo silvestre y dos cultivados (‘Etli’
y ‘Sisam’) en Antalya, Turquía. En la mayoría de los caracteres físicos de las vainas, los genotipos cultivados tenían
valores más altos que los del genotipo silvestre. En cambio, los caracteres físicos de las semillas, como el número pro-
medio de semillas y la ratio cáscara/semilla presentaron mayores valores en el genotipo silvestre en comparación con
los cultivados. El contenido de sólidos solubles y de fructosa, glucosa y sacarosa de los genotipos cultivados fue su-
perior al del genotipo silvestre. En todos los genotipos, los niveles de sacarosa resultaron ser los más altos de todos
los azúcares. Las concentraciones de N y de K en la cáscara del genotipo silvestre fueron superiores que la encontra-
da en los genotipos cultivados. El contenido de macro y micronutrientes en las semillas fueron muy similares en to-
dos los genotipos. Los ácidos grasos más abundantes fueron los metil-ésteres de ácido oleico (C18: 1), el ácido lino-
leico (C18: 2n6), el ácido palmítico (C16:0) y el ácido esteárico (C18: 0). La cáscara del genotipo silvestre contenía
concentraciones más altas de los ácidos grasos mono y poliinsaturados en comparación con la de los genotipos culti-
vados. Este trabajo es el primer reporte sobre la concentración de grasa y la composición de ácidos grasos. Nuestros
resultados sugieren que ‘Etli’ y ‘Sisam’ presentan mayores ventajas en las propiedades de la vaina, mientras que el ti-
po silvestre presenta mejores propiedades en la semilla.

Palabras clave adicionales: ácidos grasos; azúcares Brix; características de la vaina y la semilla; composición mi-
neral.
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Introduction

The carob tree (Ceratonia siliqua L.) is an evergreen
widely grown in Mediterranean countries. The tree is
considered to be an important component of the vege-
tation and is economically important (Batlle and Tous,
1997). Carob trees are drought resistant; require little
maintenance and produce a range of products from the
seed and the pod (Fletcher, 1997). Carobs have been culti-
vated throughout the Mediterranean region for approxi-
mately 4,000 years. Portugal and Spain have approxima-
tely 100,000 ha of carob trees and process approximately
half of the world’s commercial carob supply. Current
world production of carob pod has been estimated at
about 310,000 tonnes per year harvested from an area
of about 200,000 ha (Makris and Kefalas, 2004). Yields
are highly variable depending on the cultivar, region,
and farming practices (Makris and Kefalas, 2004).

The carob pod consists mainly of pulp (90%) and it
is rich in sugars (48-56%, mainly sucrose) and contains
16-20% of condensed tannins (Batlle and Tous, 1997).
Carob powder and carob chips are used as ingredient in
cakes and cookies. Carob is also used as a substitute for
chocolate. Carob has very low protein content (Marakis,
1996). The sugar contents of the husk depend on the
cultivar (Marakis, 1996) and tillage of the trees (Tous
et al., 1996). It has been reported that ungrafted culti-
vars have lower amounts of total-soluble sugars than
grafted ones (Marakis et al., 1988; Marakis, 1996). This
may be due to the higher amount of tannin-lignocellu-
losis materials in ungrafted cultivars (Marakis et al.,
1993, 1997; Galtis et al., 1994). In addition, the carob
pod has antioxidant properties related to its polyphe-
nolic composition (Kumuzawa et al., 2002). The endos-
perm is extracted from the seed to produce a galacto-
mannan, which forms locust bean gum (LBG) a valuable
natural food additive. The pod is used for high-energy
stock feed (although its high tannin content can limit
the amount consumed) and in the human food industry
for cocoa products and syrups. Recent studies have
indicated that reducing the dietary ratio of n-6 to n-3
fatty acids might play a role in decreasing the risk of
heart disease and cancer (Iso et al., 2002). Dietary re-
commendations for healthy eating include the con-
sumption of fruit juices (Williams, 1995). The benefi-
cial effects are attributed, in part, to ascorbic acid, a
natural antioxidant which may inhibit the development
of major clinical conditions including heart disease
and certain cancers (Diplock, 1994). Carob flour has
proven effective in relieving diarrhea in infants (Fortier

et al., 1953). To our knowledge, very limited data are
available concerning fatty acid and mineral composi-
tion of carob husks and seeds.

Both wild and cultivated forms of carobs have been
exclusively grown in the Mediterranean and Aegean
regions of Turkey. Most of carob trees in Turkey are
located on southern slopes of rocky sites and calca-
reous soil. All carob trees are highly regarded as forest
trees in Turkey (Baktir, 1988). Nevertheless, good size
carob orchards have not been established. However,
the amount of carob products has continuously increa-
sed due to the improvement of food industries and
consumer demand. Two common domesticated genoty-
pes (‘Etli’ and ‘Sisam’) (Vardar et al., 1980) and also
various wild genotypes have been grown in Turkey.
Carob pods have multifunctional uses; wild genotypes
give high quality seeds, whereas cultivars are important
for their pulp. Therefore both are important for food
and industrial purposes.

The aim of the study was to determine some physical
and phytochemical features of domesticated and wild
genotypes of carobs grown in Antalya province of Turkey.

Material and methods

Carob pods were randomly harvested from two do-
mesticated genotypes (‘Etli’, ‘Sisam’) and a wild geno-
type from Antalya province of Turkey in 2006. The
physical features, including pod weight, husk weight
(deseeded carob pod), pod length, pod width and pod
thickness, and husk percentage were measured. In
addition, the number of seeds/pod, seed weight, length,
width, thickness and seed percentage were recorded.
Soluble solids (SSC) were measured on the same ho-
mogenate used for determination of sugars. Soluble solids
(diluted with distilled water (1:9 v/v) were measured
using a hand-held refractometer (ATAGO N1). Results
were reported as «Brix» at room temperature after
30 min. Total titratable acidity (TA) was determined
on this same mixture by titration with 0.1 M NaOH up
to 8.1 pH, (AOAC 1980). Vitamin C content of carob
genotypes was analyzed according to Bozan et al. (1997).
From the same homogenate 1 g sample was weighed
and powdered with liquid nitrogen in a mortar and mixed
with 20 mL of 3% aqueous meta-phosphoric acid at
room temperature for 30 min using a shaker. This mix-
ture was filtered and made up to 25 mL with the same
solvent, then used for HPLC analysis. The liquid chro-
matographic apparatus (Agilent 1100 Series) consisted
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of an in-line degasser, pump, and controller coupled
to an ultraviolet (UV) detector (Agilent 1100 Series)
equipped with an automatic injector (20 µL injection
volume) interfaced to a computer running Class chro-
matography manager software (Shimadzu, Japan). Se-
parations were performed on a 250 mm × 4.6 mm i.d.,
5 µm reversed-phase Ultrasphere ODS (Silica-Based
Columns) analytical column (Beckman) operating at
room temperature with a flow rate of 1 mL min–1. De-
tection was carried out with a sensitivity of 242 nm
wavelengths. Elution was isocratic with 0.5% aqueous
meta-phosphoric acid. L-ascorbic acid was identified
by comparing its retention time with authentic stan-
dards under analysis conditions and UV spectra. A
10 min equilibrium time was allowed between injec-
tions. Samples were prepared by removing the seeds
and grinding and powdering them in a mill. Mineral
composition of husk and seed were analyzed. The
content of the following minerals was determined: N
(g kg–1), P (g kg–1), K (g kg–1), Ca (g kg–1), Mg (g kg–1),
Cu (mg kg–1), Fe (mg kg–1), Zn (mg kg–1), and Mn (mg
kg–1). All values (except for N) were calculated per dry
weight (USDA, 2004) using a Perkin-Elmer 2100 ICP
with wavelengths from 190 nm to 900 nm.

For sugar analysis, approximately 50 g of each
sample was used and each replicate was analyzed
separately. From this homogenized material 1 g of
sample was weighed then ground with liquid nitrogen
in a mortar and 10 mL of aqueous ethanol (80%, v/v)
and was placed in a screw-cap eppendorf tube. The
reaction mixture was sonicated for 15 min at 80°C then
filtered. The extraction procedure was repeated three
times. All the f iltered extracts were combined and
evaporated to dryness in a boiling water bath. The re-
sidue was dissolved in 2 mL of distilled water and
filtered. Sugar analysis was carried out using HPLC
(Agilent 1100 series) with refractive index detector
and separations were performed on a 150 mm × 4.6 mm
i.d., reverse-phase Nucleosil NH2 5 µm analytical
column (Shimadzu, Japan) operating at room tempera-
ture with a flow rate of 1 mL min–1. Elution was done
using an isocratic elution of the solvent, 75% aqueous
acetonitrile (Miron and Schaffer, 1991). Components
were identified by comparison of their retention times
with those of authentic standards. A 15 min equili-
brium time was allowed between injections. All the
samples were directly injected into the reverse phase
chromatography column. For the stock solution, the
sugar standards (glucose, fructose and sucrose) were
dissolved in water at 50 mg mL–1.

Lipid extraction was carried out according to the
method described by Bligh and Dyer (1959). Boron
trifluoride/methanol was used for preparation of fatty
acid methyl esters (AOAC, 1990). The fatty acid com-
position was analyzed by GC Clarus 500 with auto-
sampler (Perkin Elmer, USA) equipped with a flame
ionization detector and a fused silica capillary SGE
column (30 m × 0.32 mm, i.d. × 0.25 µm, BP20 0.25
UM, USA). The oven temperature was 140°C, for 5 min,
then rose to 200°C at a rate of 4°C min–1 and to 220°C
at a rate of 1°C min–1, while the injector was set at
220°C and the detector temperature at 220°C and
280°C, respectively. The sample size was 1 µL and the
carrier gas was controlled at 16 ps. The split used was
1:100. Fatty acids were identif ied by comparing the
retention times of FAME with a standard 37 component
FAME mixture (Supelco).

Triplicate gas chromatography (GC) analyses were
performed and the results were expressed in the
percentage of GC area as a mean value ± standard de-
viation. The experiment was laid out in a completely
randomized design with three replicates per treatment
with 15 pods for each replicate (ripe pods were ran-
domly selected from 15 trees). The data were analyzed
using the analysis of variance (ANOVA) method to
assess differences with the SAS (1999) software and
significance between means was tested by LSD using
a multiple range test at a probability of 0.05.

Results and discussion

The highest pod weight, husk weight, pod length,
pod width, pod thickness and husk percentage were
found in the domesticated genotype ‘Etli’ (23.30 g,
20.51 g, 17.90 cm, 2.05 cm, 0.83 mm and 88.03%,
respectively) (Table 1). The greatest pod thickness was
detected in the domesticated genotype ‘Sisam’
(1.31 mm). The physical properties of seed in the wild
and two cultivated carob genotypes are given in Table
1. Seed number was higher in the wild genotype than
in domesticated genotypes, however, domesticated
genotypes had higher seed weight. Seed length, width
and thickness of ‘Etli’ and ‘Sisam’ genotypes were
similar to each other, except for seed width, but
different from the wild genotype. Seed percentage of
the wild genotype (18.60%) was significantly greater
(p < 0.05) than that of ‘Sisam’ (11.10%) and ‘Etli’
(11.97%). The proportion of pod and husk varied
among genotypes.
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Albanell et al. (1991) evaluated 182 common carob
trees from different areas of Spain and assessed the
average weight, length, width, and kernel yield. Their
highest values were 14.88 g, 15.83 cm, 2.11 cm and
12.11% respectively. In this study, similar results were
obtained based on average pod weight; length and
width that ranged from 13.60-23.30 g, 15.20-17.90 cm
and 1.50-2.05 cm, respectively. These authors reported
that most of the variables measured showed significant
differences according to their geographical origin. The
physical properties of the pods of C. siliqua and C. ma-
crocarpa carob varieties have been investigated by
Shawakfeh and Ereifej (2005) who found that the pods
varied significantly in all physical properties except
for specific gravity. Tous et al. (2009) compared two
carob cultivars in terms of yield and some pod charac-
teristics. Significant differences were found on yield
and pod characteristics. For instance, Batlle and Tous
(1997) reported that pod consisted of about 90% pulp
and 10% seeds.

Some physicochemical variables such as SSC, TA
and vitamin C in the husk of wild and two domesticated
carob genotypes are given in Table 2. These values were
found to be lower in the wild genotype than in the
domesticated genotypes. Marakis et al. (1988) found
that the SSC were between 32% and 60% according to
countries.

Among the measured macro and micro nutrients, K
was the most abundant in the husk followed by N and

P (Table 2), whereas N was the highest in the seeds
(Table 3). Potassium concentration was higher in the
wild genotype than in ‘Sisam’ and ‘Etli’ (Table 2),
whereas N was the highest in both domesticated geno-
types in the seeds (Table 3). Among the micro nutrients
in both the pods and the seeds, Fe had the highest con-
centration (Table 2 and 3). The N concentration of
seeds was approximately two fold greater than that of
the husk. Albanell et al. (1991) reported that the most
abundant element was K (9.70 mg g–1 dry weight).
These authors also found that the pods were richer in
Ca than in K or Mg. The mineral content varied in the
husk and in the seeds. Shawakfeh and Ereifej (2005)
reported that C. siliqua pods had higher Na, K, Ca, and
P concentrations than C. macrocarpa pods. C. macro-
carpa seeds demonstrated higher concentrations of Na,
K, Ca, and P. The variation in mineral content of C. si-
liqua and C. macrocarpa pods and seeds in carob trees
may be due to differences in cultivars and to environ-
mental effects.

The sugar content varied significantly among the
genotypes (Table 2). The main sugars detected were
sucrose and glucose. All sugar concentrations were
signif icantly different from each other. The highest
sugar content was in ‘Sisam’, while the lowest was in
the wild genotype (Table 2). The glucose concentration
in carobs ranged from 108.80 to 174.83 mg g–1. Fruc-
tose was the lowest concentrations of all sugars among
the carob genotypes. The carob sugar profiles reported
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Table 1. Pod and seed physical properties of carob genotypes. Means followed by the same 
letter are not significantly different according to LSD, p < 0.05

Genotypes
5% LSD

Wild type ‘Etli’ ‘Sisam’

Pod properties

Pod weight (g) 13.60c 23.30a 19.92b 1.50
Husk weight (g) 11.10c 20.51a 17.30b 1.40
Pod length (cm) 15.20b 17.90a 15.80b 1.10
Pod width (cm) 1.50 2.05 2.03 NS1

Pod thickness (mm) 0.44c 0.83b 1.31a 0.31
Husk percentage 81.40b 88.03a 88.90a 1.50

Seed properties

Number 10.18a 7.10c 7.43b 0.14
Weight (g) 0.35b 0.39a 0.25c 0.013
Length (mm) 10.41a 10.00a 8.07b 0.831
Width (mm) 7.57a 7.42a 6.15c 0.831
Thickness (mm) 3.40c 4.14a 3.66b 0.060
Percentage 18.60a 11.97b 11.10b 0.065

1 NS: no significant.



by several researchers demonstrated significant varia-
tions according to country of origin and variety (Marakis,
1996). Sucrose has been determined as the major sugar

in several studies (Marakis, 1996; Avallone et al., 1997;
Marakis et al., 1997; Ayaz et al., 2007, 2009; Biner et
al., 2007). For instance, Ayaz et al. (2007) detected
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Table 3. Macro and micronutrient concentrations in the seed of carob genotypes. Means follo-
wed by the same letter are not significantly different according to LSD, p < 0.05

Genotypes
5% LSD

Wild type ‘Etli’ ‘Sisam’

Macronutrients

Nitrogen (g kg–1) 19.80 22.90 20.10 NS*1

Phosphorus (g kg–1) 2.80 2.20 2.90 NS*
Potassium (g kg–1) 9.80 8.10 9.90 NS*
Calcium (g kg–1) 4.80 3.50 4.60 NS*
Magnesium (g kg–1) 1.20b 1.70a 1.50ab 0.050

Micronutrients

Copper (mg kg–1) 11.66a 4.25b 12.11a 3.045
Iron (mg kg–1) 42.18 37.85 51.49 NS*
Manganese (mg kg–1) 27.20 20.75 20.40 NS*
Zinc (mg kg–1) 26.9a 19.80b 30.98a 6.790

1 NS: no significant.

Table 2. Physicochemical variables, macro-micro nutrient content, fructose, glucose, sucrose
and total sugar content in the husk of carob genotypes. Means followed by the same letter are not
significantly different according to LSD, p < 0.05

Genotypes
5% LSD

Wild type ‘Etli’ ‘Sisam’

Physicochemical variables

Soluble solid content (%) 50.00b 70.00a 70.13a 2.39
Titratable acidity (%) 2.52 2.79 2.72 NS*1

Vitamin C (mg/100 g) 8.07c 10.41a 10.26b 0.049

Macronutrients (g kg–1)

Nitrogen (g kg–1) 8.20a 5.10c 6.60b 0.113
Phosphorus (g kg–1) 7.30 8.00 7.30 NS*
Potassium(g kg–1) 12.30a 10.90b 8.90c 0.146
Calcium (g kg–1) 2.80b 2.10c 2.90a 0.067
Magnesium (g kg–1) 0.73a 0.50c 0.56b 0.009

Micronutrients (mg kg–1)

Copper (mg kg–1) 2.16b 3.76a 3.81a 0.979
Iron (mg kg–1) 13.46a 10.96b 13.12a 1.888
Manganese (mg kg–1) 4.45ab 4.32b 5.16a 0.800
Zinc (mg kg–1) 6.81 7.40 7.66 NS*

Fructose (mg g–1) 5.45c 10.08b 14.18a 2.565

Glucose (mg g–1) 108.80c 137.66b 174.83a 12.781

Sucrose (mg g–1) 277.58c 392.22b 438.47a 21.594

Total sugars (mg g–1) 391.83c 539.96b 627.48a 50.515

1 NS: no significant.



sucrose at higher concentrations (437.3 mg g–1 dry
weight) than glucose (395.8 mg g–1 dry weight) and
fructose (42.3 mg g–1 dry weight) in the pods. Biner et
al. (2007) evaluated wild and cultivated carob geno-
types from the Mediterranean and Aegean region of
Turkey in terms of sugar characteristics. They reported
that sucrose was the most abundant sugar in the pods,
followed by glucose and fructose. In addition, total
sugar concentration was found to be higher in pods of
grafted (531 ± 93 g kg–1 dry weight) than in wild types
(437 ± 77 g kg–1). Ayaz et al. (2009) reported large
amounts of sucrose (146 and 309 mg g–1 dry wt) in home-
prepared carob powder (HPCP) and commercially-
prepared carob flour (CPCP), respectively, but small
amounts of glucose and fructose. Yousif and Alghzaw
(2000) reported 38.7% and Avallone et al. (1997)
reported 45% total sugar carbohydrates in carob powder.
Variation in carob sugar profile and concentrations
could have resulted from environmental conditions,
cultural practices or cultivar differences, and the ex-
traction and determination of sugar as indicated by
Marakis (1996).

The fat and fatty acid composition and lipid per-
centages in the husk of wild and domesticated carob
genotypes are given in Table 4. Total fat content of carob
genotypes ranged between 0.53% (‘Sisam’) and 0.98%
(‘Etli’). Yousif and Alghzaw (2000) reported total fat
content of carobs to be 0.74%, which is in agreement
with our results (0.53-0.98%). Ayaz et al. (2009) repor-
ted 4.23% and 4.44% in CPCP and HPCP samples
respectively. Studies on the content of fatty acids on
carob are lacking, therefore is very difficult to report
on the differences in the fat content of carob genotypes.

The most abundant fatty acids were oleic acid
(C18:1n9), linoleic acid (C18:2n6), palmitic acid (C16:0),
stearic acid (C18:0), and linolenic acid (C18:3n3)
(Table 4). The primary saturated fatty acid was palmitic
(6.33-18.30%), followed by stearic acid (2.27-3.42%).
The highest palmitic acid content was found in ‘Sisam’
(18.30%), followed by ‘Etli’ (15.55%); the lowest being
in the wild genotype (6.33%).

Unsaturated fatty acids are classified as monounsa-
turated (MUFA) or polyunsaturated (PUFA) fatty acids.
Oleic acid (C18:1n9) was the main monounsaturated
fatty acid of all carob genotypes (Table 4). The oleic
acid content was the lowest in ‘Etli’ (42.92%) genotype
and highest in the wild genotype (44.94%). Ayaz et al.
(2009) reported that oleic acid was also the most abun-
dant fatty acid in both CPCP and HPCP carob flour
samples. The highest total concentration of fatty acids

was found in ‘Etli’ (94.60%) (Table 4). Eleven SFAs
(saturated fatty acids), eight MUFAs and five PUFAs
were detected in the carob husk. Oleic acid methyl ester
(C18:1n9) was the most abundant MUFA, accounting
for 42.92-44.94%. C18:2n6 was the most abundant
among the detected PUFAs. Stearic acid methyl ester
(C18:0) was the primary saturated fatty acid. Palmitic
acid methyl ester (C16:0) ranged from 6.33-18.30%.

The results showed that the pods of the wild and the
domesticated genotypes grown in Antalya Turkey
varied significantly in their physical properties, che-
mical composition, mineral, sugars, fat and fatty acid
content. Pod weight, length and width of pods of do-
mestic carob genotypes were greater than those of the
wild genotype. However, seed number and seed per-
centage of the wild genotype were greater than those
of both domesticated genotypes.
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Table 4. Fat and fatty acid composition and lipid percentages
in the husk of carob genotypes

Fatty acids Wild type ‘Etli’ ‘Sisam’

% lipid 0.81 ± 0.21 0.98 ± 0.15 0.53 ± 0.12
C6:0 0.05 ± 0.01 0.42 ± 0.05 0.34 ± 0.06
C8:0 0.10 ± 0.03 0.81 ± 0.09 1.71 ± 0.00

C10:0 0.08 ± 0.01 0.31 ± 0.03 0.82 ± 0.08
C11:0 0.01 ± 0.01 0.10 ± 0.04 0.08 ± 0.01
C12:0 0.10 ± 0.01 0.22 ± 0.04 0.32 ± 0.01
C14:0 0.30 ± 0.04 0.58 ± 0.02 0.83 ± 0.01
C15:0 0.15 ± 0.02 0.38 ± 0.04 0.49 ± 0.02
C16:0 6.33 ± 0.02 15.55 ± 0.100 18.30 ± 0.430
C17:0 nd1 0.05 ± 0.00 nd
C:18:0 2.27 ± 0.07 3.04 ± 0.71 3.42 ± 0.02
C20:0 0.19 ± 0.02 nd nd

Σ SFAs2 9.58 21.46 26.31
C14:1 0.03 ± 0.01 nd nd
C15:1 0.09 ± 0.01 nd 0.07 ± 0.01
C16:1 1.32 ± 0.04 1.62 ± 0.11 0.29 ± 0.03
C17:1 0.20 ± 0.02 0.49 ± 0.03 0.60 ± 0.03

C18:1n9 44.94 ± 0.490 42.92 ± 0.580 44.85 ± 0.490
C20:1 0.26 ± 0.04 0.65 ± 0.05 0.04 ± 0.00

C22:1n9 0.48 ± 0.06 nd nd
C24:1 0.22 ± 0.06 nd nd

Σ MUFAs3 47.54 45.68 45.85
C18:2n6 28.68 ± 0.230 22.99 ± 0.290 15.53 ± 0.490
C18:3n3 1.23 ± 0.25 1.72 ± 0.28 1.68 ± 0.11
C20:2cis 0.17 ± 0.03 1.20 ± 0.92 1.04 ± 0.03
C20:3n6 0.84 ± 0.04 1.55 ± 0.15 2.94 ± 0.15
C20:5n3 0.10 ± 0.02 nd nd

Σ PUFAs4 31.02 27.46 21.19
Σ 88.14 94.60 93.35

1 Not detected. 2 SFAs: saturated fatty acids. 3 MUFA: mo-
nounsaturated fatty acids. 4 PUFAs: polyunsaturated fatty acids. 



Macro and micronutrients detected in husk and
seeds varied but the domesticated genotypes demons-
trated greater concentrations than the wild genotype.
Potassium was the most abundant mineral in husk
whereas N was the most abundant in seeds. Iron was
found to be the major micronutrient in both pod and
seeds (Tables 2 and 3).

Conclusions

Carob husk is a cheap source of sugars and natural
fatty acids, minerals and vitamins, the nature and im-
portance of which is, as yet, inadequately investigated.
The present study reports on the physical and phyto-
chemical prof ile of wild and domesticated carob
genotypes. Based on these results we recommend ‘Etli’
and ‘Sisam’ as possible domesticated genotypes for
pod properties and the wild genotype for seed properties.
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