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ABSTRACT. Because of the strong association with health benefits of some chemical compounds contained in
carob fruit the composition of chemical substances of two common type carob pods (Ceratonia siliqua L.) and
their changes during fruit developing in two periods of harvesting were reported. Samples were originated from a
site near Rethymno, Crete Island, at an altitude of 100 m above the sea level. The moisture content determined
through sample’s drying in 70 °C under vacuum, sugars by HPLC (high pressure liquid chromatography), total
polyphenols by ultraviolet/visible (UV/Vis) and fatty acids by gas chromatography (GC) in the fleshy and wild
types were determined at three stages of development. Principal sugars found were glucose, fructose and sucrose.
The predominant fatty acid was linoleic acid (n-6) followed by oleic, palmitic and then linolenic (n-3) fatty acids.
The total unsaturated fatty acids content was two times higher than the content of total saturated fatty acids in
fully-developed carob pod. The ratio n-6/n-3 was under 5, showing a good equilibrium between the two essential
fatty acids. The fully developed fruits of both varieties revealed lower contents of polyphenols, proteins and
sugars compared with their previous growth stages. The fleshy carob pods exceed the wild variety in
concentration of proteins, sugars and fatty acids, while the wild variety exceeds the fleshy in polyphenols
concentration.
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INTRODUCTION

The carob tree (Ceratonia siliqua L.) has been grown since antiquity in most countries of the
Mediterranean basin, usually in mild and dry places with poor soils [1, 2]. It is a native tree of
the Mediterranean and Middle East, and it was first introduced in the Southwest in 1856 by
Spanish missionaries. The genus name Ceratonia comes from the uniform seeds, which were
once used as a standard measure of weight or carat. The world production of carob pods is
estimated to be around the 32000 tons/year, the leading producer being Spain followed by Italy,
Portugal, Morocco, Greece, Cyprus, Turkey, Algeria [3, 4].

Carob pods are not only edible, but also rich in sucrose and protein while they are poor in
fat. They contain vitamins A and B and several minerals [3, 5]. The most valuable protein is that
received from seed germ [6], which is used as alternative protein source for the industry. The
kind of polyphenols contained in carobs are especially highly condensed tannins. Marakis et al.
[7] have studied tannins of eight carob Greek varieties, while other researchers have studied the
effect of condensed tannins in carob pods on feed intake [8]. The main use of economical
importance of carob is as a cocoa substitute [2] that has slightly different taste than chocolate, it
is fat-free, rich in pectin, is non-allergic and has only one third the calories of that of chocolate.
The bean pulp is also mixed with other feed to obtain a high quality, nutritious, and superb
tasting fodder for horses, cattle, and goats. Therefore, the most important use of the pods lies in
the production of gum, taken from the seeds after shuttering and separation and used in many
commercial food products as a thickening agent as well as textile industry [9].
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Due to their chemical composition, the carobs are used in food and in medicine. In terms of
their medicinal uses carob pods have demonstrated interesting anti-cardiovascular and
antioxidant properties, apparently related to phenolic compounds that they contain. Research
indicates that polyphenols, because of their strong antioxidant activity, play protective role
against oxidative stress thus, they have potential health benefits [5, 10, 11]. In addition, as
carobs are rich in insoluble fibres they might improve cholesterol profile like other sources of
fibres [12, 13]. Generally, according to Myers et al. [14], Pineda et al. [15] and Ozturk et al.
[16], the Mediterranean basin is a conservation sanctuary, a historical refuge and a baseline for
life, representing a rich heritage both for the exploration of new resources (food, medicines,
energy, etc.), as well as the traditional culture of the inhabitants in the basin. Crete Island flora
is very diverse due to its geography and its geomorphology and for this reason is very much
worth investigating. In the present study, chemical analysis was carried out on carob fruits
collected from Crete Island (South Greece) and at a height of ~100 m from the sea level, where
the plant is cultivated, in order to obtain information on the chemical characteristics of main
carob cultivars in the above areas.

Considering the biological importance of some chemical compounds, their strong
association with health benefits and also the absence of relative information on Greek carobs, an
effort has been made to compare the chemical composition of the most common carob varieties
in Greece. Changes on the composition of proteins, phenols, fatty acids (including n-6 and n-3)
and sugars of carob pods during fruit development were studied as well.

EXPERIMENTAL

Site description

The carob tree (Ceratonia siliqua L.) typically blooms from September to November and 11
months pass from flowering to fruit ripening. The bean is green at the start and turns dark brown
when ripe, when it becomes quite large, ranging from 8 to 25 cm, and holds 5 to 15 seeds. The
studied area was cited at an altitude of 100 m above the sea level, near Rethymno city in Crete
Island, South Greece. Its climatic parameters (photosynthetic active radiation and air
temperature) were measured using a LI-6400 analyzer (open system) connected to a 6400-40
leaf chamber (LI-COR Inc., Lincoln, NE, USA) during 2007 and 2008 in three dates that cover
the period of spring, (the beginning of May), of summer (the end of June) and of autumn (the
end of October).

Sampling

Samples of 20 pods were randomly harvested in the morning, from 10 adult trees 2.0-2.5 m tall,
healthy and with no infection, of fleshy and wild variety, from similar positions and orientations
in the canopy facing southwards on the trees. Three growth stages of carob pods were selected,
when immature (green colored in May), mature (light brown colored in July) and fully mature
(dark brown colored in September). The fruits in fleshy variety were thick, long and flat with a
dark brown colour, while in wild variety they were thin, long and flat, sometimes curled with a
light brown colour [17].

Laboratory methods

The collected fruits were brought to the laboratory in polyethylene bags, seeds were removed
and shelled pods were cut in big pieces. The pod pieces were blended and a part used for the
moisture content determination was dried in 70 °C under vacuum [18], the rest was lyophillized.
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The analyses were carried out on the dry pulp homogenized and ground in electric mills to
particles.

Polyphenol and protein determination

The total polyphenols were extracted according to the method described by Ayaz et al. [4] and
determined by the Folin-Ciocalteu method with calibration curves for gallic acid. A
spectrophotometer UV/Vis was used at a wavelength of 725 nm. Data were expressed as mg
gallic acid equivalents. Protein concentration (expressed %) was determined by the method of
Kjeldahl [19].

Analysis of fatty acids

The fats were esterified by direct methylization in capsules and subjected to extraction. Fatty
acid composition of the oils was determined by gas chromatography (GC) as fatty acid methyl
esters (FAME). FAME was prepared by saponification /methylation with sodium methylate
according to the European Union Commission modified Regulation EEC 2568 method [20].
Samples were analysed using a Varian CP-3800 gas chromatography equipped with a FID
(flame ionization detector) detector (Varian, Middelburg, The Netherlands) and a Stabilwax-
type analytical column, (30 m x 0.32 mm i.d. x 0.25 um) (J&W Scientific Inc. Rancho Cordova,
CA, USA). Helium was used as the carrier gas.

Sugar analysis

The sugar content was determined by the method described by Perez er al. [21]. Sucrose,
fructose and glucose were determined as described by Folkes and Grane [22]. The samples were
analyzed with a Hewlet Packard, Agilent series 1100 HPLC (high pressure liquid
chromatography) equipped with a G1362A Refractive Index and a G1311A QuatPump. An MZ
- LiChrosphere-NH2/5 pm — analytical column (250 x 4 mm) and a 20 pL loop injector were
used. The mobile phase was a mixture of HPLC grade water/acetonitrile (75:25) at a flow rate of
1.3 mL/min.

Statistical analysis

In all cases the assays were carried out during 2007 and 2008 on three growth stages per year, in
triplicate. The statistical analysis was performed using the SPSS 10.0 software (SPSS Inc,
Chicago, IL, USA). The results were subjected to a one-way ANOVA, using the Tukey test to
check significant differences between means (p < 0.05).

RESULTS AND DISCUSSION

The carob pod development follows a sigmoid growing curve like many other fruits and could
be divided into three stages. In the first stage, after fertilization in October, during autumn and
winter, the beans show hardly any increase in the weight (fresh and dry), which is due to slow
growth. The second stage starts at the beginning of spring when the pod enters an active and fast
growth period (April to June). In third stage, the fruit grows slowly, ripens and starts becoming
dry after June and changes colour from green to brown [3]. This reflects the importance of
investigating the differences in the quality characteristics of pods during the growth period. In
view of this, the moisture, total polyphenols, proteins, sugars, and fatty acids variation were
studied in two different varieties of carobs during development and the results are presented in
Tables 1-3.
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Climatic parameters

Environmental factors can affect fruit growth and nutritional attributes. We emphasized at the
two major factors, light and temperature, which have direct effects on chemical compounds
biosynthesis. Mean values (£SD) of photosynthetically active radiation (PAR) and day air
temperature (T,;) during sampling months in Rethymnon area of Crete in 2007 and 2008 were
measured. PAR (umol m? s"l) and T,; (°C) max values were recorded at 14:00 p.m., while the
min values at 7:00 am. The values of PAR varied from 350 to 1320 pmol m™> s for green
carobs, from 740-1920 for mature carobs and from 250-1100 pmol m™ s for fully mature
carobs. Concerning the temperature, it varied from 18-28 °C for the first growth stage, from 22-
36 in the second and from 15-25 °C in the third growth stage.

Moisture and protein content

Both varieties possessed moisture content much higher than 50% in the first stage, which
diminished sharply from the first stage to the second (by more than 85 and 89% in wild and
fleshy type, respectively) and more wildly in the next samplings (Table 2). More specifically,
moisture content ranged from 78.4 to 9.4% in wild and from 75.4 to 9.1% in fleshy variety.

In addition, protein content followed a similar pattern showing a significant drop during
development. Their concentration varied from 8.3 to 4.1% and from 10.4 to 5.1% in wild and
fleshy carobs, respectively. Similar results have been found by Battle and Tous [3]. In the 3¢
stage the protein content of carobs decreased by 50 and 40% in wild and fleshy variety
respectively, as compared with the 1" stage (Table 2). At any stage, fleshy pods contained
higher protein concentrations than the wild. It is well known that both moisture and protein
content decreased during ripening due to the higher respiration rates as well as to the large rise
in protease activity associated with a depletion of reserves [23-25].

Table 1. Moisture, total polyphenols and protein content (% on the basis of dry matter) of two varieties of
Greek carob pods at the three growth stages.

Moisture Wild Fleshy
Samplings Mean SD Mean SD
™ 78.4 0.85 75.4 0.35
o 11.4 0.42 8.5 1.48
31 9.4 0.85 9.1 0.99
Total polyphenols Mean SD Mean SD
S 225 0.56 21.5 0.48
on 43 0.68 25 0.63
3 3.8 0.47 1.8" 0.84
Protein Mean SD Mean SD
I 8.3 0.32 104" 0.11
o 4.0 0.26 5.1 0.32
31 4.1 0.15 6.4 0.18

The values represent the means of triplicate analyses + SD. *Mean values in the same row differ significantly at p
<0.05.

Polyphenol content

Phenolic compounds, non-nutrient but biologically active secondary plant metabolites which
can act as antioxidants, are widely distributed in the plant kingdom and are present in many
foods and beverages of plant origin. The acceptability of fruit and vegetables for human
consumption may be affected by their content of phenolics [4]. In the present study, their
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concentration ranged from 22.5 to 3.8% in the wild and from 21.5 to 1.8% in the fleshy variety
(on dry weight basis) expressed in gallic acid. Fleshy pods contained significantly lower
polyphenol concentration (by 52%) in the last growth stage compared to the wild pods. Other
studies have reported that carob pods contain 6.1 % of total polyphenols [7]. Significant
reductions of the total phenolic compounds, which are of exceptionally high biological activity
and astringency and an important index of fruit quality [26] were recorded during the ripening
period. According to Silanikove er al. [8] this is due to the substantial polymerization and
condensation of carob tannins resulting in loss of astringency in the ripe fruit. The highest loss
was observed at the 3" stage of growth by 83 and 92% in wild and fleshy variety, respectively,
compared to the 1* stage (Table 1).

Makris and Kefalas [26] indicated that efficient polyphenol extraction from carob pods with
appreciable antioxidant capacity is an evidence for the high potential of carobs, a cost effective
source of value-added polyphenolic phytochemicals might be achieved employing aqueous
acetone. The main constituents of carob polyphenols were found to be condensed tannins [7].
The variation in polyphenols within and among carob pods is attributed to the geographical
origin, variety, conditions of cultivation and degree of maturation [4, 27], as it was shown by
our results.

Table 2. Fatty acid composition (% on the basis of dry matter) of two varieties of Greek carob pods at the
three growth stages.

Fatty acids Fleshy 1st Fleshy 2nd  |Fleshy 3rd  |Wild 1st Wild 2nd Wild 3rd

Caproic acid (C6:0) 0.11+0.04 3.81+£0.13  |0.55+0.07 [0.10+0.71 |0.40+0.07 ]0.19+0.06
Caprylic acid (C8:0) 0.035+0.01  |0.86+0.06  [0.24+0.06  |0.04+0.03  |0.32+0.04 |0.18+0.03
Capric acid (C10:0) 0.65+0.21 4.69+0.16  |0.34£0.03  ]0.62+0.17  [0.80+0.06  |0.28+0.10
Lauric acid (C12:0) 0.055+0.03  |0.14£0.06  [0.06+0.03  0.09+0.03  |0.10+0.04  |0.08+0.01
Tridecanoic acid (C13:0)  [0.09+0.01 0,18+0.03  [0.08+0.04  [0.15+0.06 |0.23+0.03  [0.09+0.01
Myristic acid (C14:0) 0.21+0.10 0.16+£0.06  |0.82+0.44  [0.27+0.04 [1.09+0.2 0.68+0.07

Pentadecanoic acid (C15:0) [0.11+0.06 0.07+0.03  |0.16+0.04  [0.15+£0.06  [0.23+£0.07  |0.18+0.03
Pentadecenoic acid (C15:1) |0.14+0.06 0.69+0.16  |0.41+0.27 ]0.13+0.04 ]0.51+0.06  |0.2940.07

Palmitic acid (C16:0) 17.85+£0.49 |18.62+0.54 |20.78+0.25 |20.03+0.33 |22.05+0.21 [20.7340.18
Palmitoleic acid (C16:1) 0.34+0.08 0.46+0.06 |0.51+0.09  ]0.26+0.07  ]0.68+0.03  |0.57+0.08
Margaric acid (C17:0) 0.55+0.07 0.41+0.06 |0.48+0.11 ]0.69+0.10 ]0.83+£0.06  |0.7540.16
Stearic acid (C18:0) 2.54+0.08 2.83+0.24  |3.49+0.27 [3.02+0.17 [3.39+0.18 |3.61+0.10
Oleic acid (C18:1) 21.59+0.16  [38.05+0.64 [40.48+0.54 |13.63+0.61 |34.73+0.25 |38.45+0.40

Linoleic acid (C18:2 n6) 33.22+0.11  [9.42+0.68 [16.14+0.34 142.23+0.47 |11.56+0.18 |11.65+0.49
o-Linolenic acid (C18:3 n3){9.96+0.06 2.15+¢0.21  |2.00+0.28 [11.794£0.27 [2.58+0.25 |2.50+0.57
Arachidic acid (C20:0) 0.84+0.08 1.2840.31 [1.40+0.42 ]0.79+0.20 |1.71£016 1.62+0.24

n-6/m-3 3.33 4.38 8.07 3.58 4.48 4.66
Unsaturated/Saturated 2.52 1.47 1.9 2.62 1.6 1.88
MCSFAs 0.85 9.5 1.19 0.85 1.62 0.73
LCSFAs 22.1 23.37 27.13 24.95 29.3 27.57
LCUFAs 65.25 50.77 59.54 68.01 50.06 53.46

The values represent the means of triplicate analyses + SD. MCSFAs: medium chain saturated fatty acids (C6-
C12). LCSFAs: Long chain saturated fatty acids (over C14). LCUFAs: Long chain unsaturated fatty acids.

Fatty acids profile

The typical gas chromatograph of fatty acids in the studied carobs is depicted in Figure 1, while
their concentrations in the pods, expressed as percentage of the total fatty acids, are given in
Table 2. Our data constitute the first report on quantification of fatty acids in developing Greek
carob pods and they show that there is significant variation in the percentage of fatty acids
during pod development. The pod was rich in linoleic and a-linolenic acids in the first stage,
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which then transfer into oleic acid followed by the saturated palmitic fatty acid. These findings
coincide with the findings of other researchers [28]. The level of oleic acid content increased
during the ripening phase (Table 3), while the linoleic and o-linolenic acids decreased. The oleic
acid content varied from 21.59 to 40.48% in fleshy and from 13.63 to 38.45% in wild variety,
while the linoleic varied from 33.22 to 16.14% in fleshy and from 42.23 to 11.65% in wild
variety, respectively. The concentration of linoleic acid decreased with progressive pod
maturity, indicating the less or no conversion to fatty acids during chain elongation [29]. The
majority of saturated and mono- unsaturated fatty acids increased gradually, while the poly-
unsaturated fatty acids sharply decreased.
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Figure 1. A typical gas chromatogram of fatty acids of fleshy carob pods at the third growth
stage (full development). 10.752: palmitic acid, 13.97: stearic acid, 14.42: oleic acid,
15.406: linoleic acid, 16.745: a-linolenic acid.

The ratio of unsaturated to saturated fatty acids varied from 2.52 to 1.9 in fleshy and from
2.62 to 1.88 in wild carobs, respectively. This ratio presented the lowest value in samples
harvested early in spring, indicating that the environmental conditions during this period can
help in chain elongations and desaturation of fatty acids. The availability of abundant moisture
may be one of the reasons. Moisture may be ensuring enough oxygen supply for the desaturation
to carry out the unsaturation of long chain fatty acids. Since the pod development during next
months coincided with the non-rainy season, the trends to be coinciding with the degree of
stress that the carob faces [29]. In mature carob pods the content of total unsaturated fatty acids
was two times higher than the content of total saturated fatty acids. This is in contrast with other
studies, that they found equal amount of saturated and unsaturated acids in the carob fat [5, 28,
30]. According to Dubois et al. [31] the ratio n-6/n-3 should be 5 or less, in order this ratio to be
used as an index of good equilibrium between the two essential fatty acids. In our study, in most
cases, this ratio was lower than 5. Despite the interest in ALA (a-linolenic acid), and the
awareness of scientists and nutritionists regarding essential fatty acid intake, food product
manufacturers tend to increase ALA in their goods to improve the shelf life of the products.
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Generally, they face a dilemma because, from the nutrition point of view, food products should
contain more ALA, while the shelf life needs to be shortened.

Table 3. Sugar content (% on the basis of dry matter) of two varieties of Greek carob pods at the three
growth stages.

Sugars Growth stage Wild Fleshy
1™ 13.6+0.71 12.3+0.42
o 10.3£0.42 9.7+0.71
Glucose 31 8.5+0.71 10.8+0.69"
™ 3.3+0.28 2.8+0.42
Fructose o 10.3£0.57 5.1£0.96"
3 5.8+0.42 6.3+0.42
I 2.0£0.29 5.1£0.28
Sucrose on 16.0£0.42 33.3+0.71
31 21.4+0.70 26.2+0.65
1 0.12 0.34
/G+F 2 0.19 1.57
3 1.14 1.53"

The values represent the means of triplicate analyses + SD. *Mean values in the same row differ significantly at p
<0.05. S/G+F (sucrose/glucose+fructose).

Sugars

Sugar content of pods varies considerably according to the species, variety, physiological
maturity, harvest season, climate and storage conditions. The ethanolic extracts of carob pod
sampled in Greece showed that they contain mainly three types of sugars namely: sucrose,
fructose and glucose, in general of non-reducing type, with sucrose as the principal constituent
(Table 3). This is in accordance with the findings of Vardar er al. [32], Avallone et al. [27] and
Ayaz et al. [4]; however lower quantities were found in comparison with their results. The three
sugars together accounted for 33 and 43.3% at the maturity stage on the basis of total dry weight
of the extracts, with sucrose predominating correspondingly for each location. Sucrose, one of
the most important parameters for the assessment of the commercial quality of these fruits [27,
32] and the main transporter of fixed carbon and energy in plants [33] varied from 2.0 to 21.4%
in the wild carobs and from 5.1 to 26.2% in fleshy type (Table 3) following by glucose and
fructose. Our results agree with the findings of Ayaz et al. [4]. During the maturation period the
fructose and sucrose contents increased, while glucose decreased.

Genetic and environmental factors may affect the qualitative and quantitative composition
of the sugar fraction by altering the activity of the enzymes involved in synthesis and breakdown
processes [34]. In the early growth stages, glucose content of carob fruits was high, but as
ripening progressed the pattern of sucrose accumulation in the fruit showed at the beginning a
sharp rise and a less marked increase thereafter, while the concentration of glucose decreased
(Table 3) and this is in agreement with Davies [35]. Sucrose may be formed by glucose and
fructose, as well as by the breakdown of the different carbohydrates present in other organs of
the tree. The sucrose to reducing sugars ratio (S/G + F) during the early stage of fruit growth
remained very low; while that ratio sharply increased by 8-10 times at wild and by 4.5 times at
fleshy variety of carobs during the ripening period (Table 3). This rapid increase was related to
the leveling off of weight and the accumulation of sucrose. Our results are similar with those of
Villanueva et al. [34] and Ouzounidou et al. [36].
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CONCLUSIONS

Carob fruit could be a significant cheap source of sugars and natural phenolics, for food
industry, the importance of which is poorly investigated and evaluated. A progressive reduction
of proteins, sugars, polyphenols and fatty acids content in carob fruit during development has
been observed for both carob varieties, which can be attributed to different abilities of the plants
to accumulate, synthesize or degrade these compounds during fruit growth and development.
The fleshy carob pods revealed higher concentrations of proteins and sugars compared to the
wild type. The chemical differentiation between the fleshy and the wild pod could be of genetic
origin and not of environmental differences, since the trees cultivated at the same climate
conditions.
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