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Abstract

The aim of the current study was to evaluate nutritional and antioxidant potential of commercial carob flour. The evaluation of
functional properties of carob polysaccharide presented additional interest for pharmaceutical and food application of this
flour. Ash, moisture, protein, carbohydrate, lipid, total phenolic and total flavonoids contents and antioxidant potential were
studied. The polysaccharide from carob flour was isolated and their monosaccharide composition and functional properties as
solubility, swelling, water and oil-holding capacities were also studied. Moisture content did not exceeded 7.6 %. The carob
flour contained 2 % ash, 5.9 % protein, carbohydrates (85.5%), low lipids content (0.5 %), total phenols and flavonoids 8.1 mg
GAE/g dw and 8.1 mg QE/g dw, respectively. Antioxidant potential of this flour were 70.4 mM TE/g dw (DPPH assay) and
84.2 mM TE/g dw (FRAP assay). The isolated polysaccharide from carob flour was characterized as galactomannan (M/G
ratio 3.5). Two polysaccharide fractions were isolated with weight molecular weights 1724 kDa and 665 kDa, respectively.
The carob galactomannan showed promising water solubility (84 %), higher oil-holding capacity 4.0 g oil/g sample than water-
holding capacity 1.4 g water/g sample. The carob flour was evaluated as high nutritional and antioxidant food with low fat

content, but rich of dietary fibers (galactomannan).
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INTRODUCTION

Nutritional and functional properties of food
significantly influence user’s preferences and food choices.
Nutritional value is linked to the quantity and quality of
nutrients found in the food and their digestibility. Food
industry faces the challenge of producing and designed
foods that improve the human health. This also provokes
scientific interest concerning food components with
appropriate nutritional, technological and functional
properties, which will improve the value of food.

Carob tree (Ceratonia siliqua L.) belongs to the
Leguminosae family and it is mainly cultivated in
Mediterranean and Aegean regions. The world annual
production of carob fruit increased 315000 tons, which is
distributed among Spain (42 %), Italy (16 %), Portugal (10
%), Morocco (8 %), Greece (6.5%), Cyprus (5.5 %) and
Turkey (4.8 %) [1]. Carob flour is obtained from seeds and
pods of carob fruit. Chemical composition of the carob pod
depends on varieties, origin and harvesting time [2]. Seeds
are used as a source to produce the carob gum, also known
as locust bean gum. This gum containing high amounts of
galactomannans and can be added to a range of various
foodstuffs aimed for the general population as a natural
thickener and stabilizer [3-5]. Locust been gum included in
the composition of baby foods should be used under
medical supervision [6].

Carob flour might be considered as a natural
sweetener, this is due to the high content of sugars [7]. The
chemical composition of carob flour also shows a high
content of insoluble fiber [8-10], this may find application
for enrichment of food with dietary fiber [11].

Carob pods (pulp and seeds) have multiple uses,
both in food and industrial purposes. Carob flour can be
used as a cocoa powder substitute due to the similar flavor
and appearance [12]. Nowadays, carob found enormous
application, especially the pulp, as an animal feed [13], in
pharmaceutical products [14] and ethanol production [15].
Carob syrup and medicines such as laxatives and diuretics.
Seeds are mainly used to produce the natural food additive,
“locust bean” gum (additive E 410), valued for its
galactomannan content, as a stabilizer of emulsions and
dispersions, thickening agents in food industry [17, 18].
The locust bean gum is also applied in pharmaceutical
industry as drug delivery [19]. Carob pods is used for
manufacturing of citric acid [20] and antiemetic products,
and in pastry baking [14]. Hariri et al. [21] reported that the
pod fiber content play a role in hypocholesterolemic and
hypoglycemic regulation, whereas phenolic compounds can
be used as antioxidant additive.

The aim of the current study was to evaluate the
nutritional and antioxidant potential of the bio carob flour
available on the local market in Bulgaria and to
characterized the isolated polysaccharides concerning its
future application in food technology and pharmacy.
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MATERIAL AND METHODS

Materials

The carob flour (Biosviat, Avgeri Sofia, Bulgaria,
Lot number: 143260912) was purchased from the local
market in Plovdiv, Bulgaria. It was labelled as Bio product
(Bio HELLAS Inspection institute for organic production)
and it is a product from biological agriculture with origin
Cyprus. All other reagents were analytical grade.
Chemical analysis

Moisture, ash, fat of the carob flour were
determined according to the AOAC methods (2007) [22].
The crude protein content of the samples was estimated by
the micro-Kjeldahl method [23]. The nitrogen as ammonia
content in the digested sample was determined by
acetylacetone-formaldehyde colorimetric method using
ammonium sulfate as a standard [24]. For the calculation of
crude protein, a value of the nitrogen to protein conversion
factor 6.25 was used.
Extraction procedure

For the extraction of phytochemical compounds (1
g) carob flour was extracted with d. H,O in solid to liquid
ratio 1:10 (w.v’"). The extraction procedure was performed
in an ultrasonic bath (SIEL, Gabrovo, Bulgaria, 35 kHz and
300 W) for 20 min, at 75 °C. The obtained extract was
filtered and the residue was extracted again under the above
mentioned conditions. The combined extracts were used for
further analysis.
Total carbohydrates

The total soluble carbohydrate content were
estimated by phenol-sulphuric acid method [25]. The
absorbance was measured at 490 nm against blank with d.
H,O. The amount of presented carbohydrates was
determined from the calibration curve with glucose. The
results were calculated as percent (%) of dry weight (dw).
Reducing sugars content

The reducing sugars were estimated by PAHBAH
method [26]. The absorbance was measured at 410 nm
against the blank, prepared with d. H,O. The assay was set
up by preparing glucose standard in the concentration range
5-100 pg/ml.
HPLC analysis of carbohydrates

Chromatographic separations and determination of
presented sugars were performed on a HPLC instrument
Elite Chrome Hitachi, coupled with refractive index
detector (RID) Chromaster 5450. The separation was done
on a Shodex® Sugar SP0810 (300 mm x 8.0 mm i.d.) with
Pb*" and a guard column Shodex SP - G (5 um , 6 x 50
mm) operating at 85°C, mobile phase d. H,O with flow rate
1.0 ml/min and the injection volume 20 pl [27].
Total phenolic contents

Total phenolic content was measured using a
Folin-Ciocalteu reagent. Briefly, 1 ml Folin-Ciocalteu
reagent diluted five times was mixed with 0.2 ml sample
and 0.8 ml 7.5% Na,COs. The reaction was performed for
20 min at room temperature in darkness. Then the
absorbance was measured at 765 nm against blank. The
results were expressed as mg equivalent of gallic acid
(GAE) per g dried weight (dw), according to calibration
curve [28].

The total flavonoids content

The total flavonoids content was analyzed by
AI(NOs); reagents [29]. The absorbance was measured at
415 nm against blank. The results were presented as mg
equivalents quercetin (QE) per g dry weight (dw) according
to the calibration curve, linear in range of 10-100 pg/mL
quercetin as a standard.
The DPPH radical-scavenging ability

To conduct the assay, 0.15 ml from carob water
extract was mixed with 2.85 ml freshly prepared 0.1mM
solution of DPPH in methanol. The sample was incubated
for 15 min at 37 °C in darkness. The reduction of
absorbance was measured at 517 nm in comparison to the
blank containing methanol and % inhibition were
calculated [28].
Ferric reducing antioxidant power (FRAP) assay

The assay was performed according to Benzie and
Strain [30] with slight modification. The FRAP reagent was
freshly prepared by mixing 10 parts 0.3 M acetate buffer
(pH 3.6), 1 part 10 mM 2.,4,6- tripyridyl-s-triazine (TPTZ)
in 40 mM HCI and 1 part 20 mM FeCl;.6H,0 in d. H,O.
The reaction was started by mixing 3.0 ml FRAP reagent
with 0.1 ml of investigated extract. The reaction time was
10 min at 37 °C in darkness and the absorbance was
measured at 593 nm against blank prepared with methanol.
Antioxidant activity was expressed as mM Trolox”
equivalents (TE) per g dry weight (dw) [28].
Isolation of polysaccharides from carob

The polysaccharide extraction of commercial
carob flour was performed with ethanol and d. H,O. Carob
flour (38 g) was suspended in 800 ml 96 % ethanol (purity
99.8%) at 70 °C. The sample was stirred on magnetic stirrer
for 15 min to inactivate the enzymes and eliminate low-
molecular-weight compounds [31]. The ethanol was
decanted and hot distilled water was added in a proportion
of 1:5 (endosperm:water). The suspension was stirred for
approximately 24 h. Then water, in a proportion of 1:10,
(suspension:water) was added and mixed in a blender for 5
min. Suspension was filtered through nylon cloth. The
precipitation of the galactomannan was achieved by adding
cold ethanol at a ratio of 1:2. The resulting precipitate was
washed with acetone, lyophilized and kept in a dry place
until further use [32].
Determination of monosaccharide composition and
mannose/galactose ratio

The hydrolysis of isolated polysaccharide from
carob flour was performed as follows: polysaccharide
sample (100 mg) was hydrolyzed with 3 ml 1 M H,SO, at
100 °C for 2 h [32]. The solution was neutralized by
addition of 10% Na,CO; The sample were centrifuged at
1300 g for 10 min. The supernatant was filtered through a
0.45 pm nylon membrane. High-performance liquid
chromatography analyses of monosaccharides composition
were performed on a Shodex” Sugar SP0810 (300 mm x
8.0 mm i.d.) with Pb*'and a guard column Shodex SP - G
(5 pum, 6 x 50 mm) at 85°C, mobile phase d. HO with flow
rate 0.5 ml/min.
Homogeneity and molecular weight

Number average molecular weight (Mn) and

weight average molecular weight (Mw) of carob
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polysaccharide were determined by high performance size-
exclusion chromatography (HPLC-SEC). The separation
was conducted using HPLC chromatograph ELITE
LaChrome (VWR Hitachi, Japan) equipped with a column
Shodex OH-pack 806 M (ID 8mm and length 300 mm),
(Shodex Co., Tokyo, Japan) and a RI detector (VWR
Hitachi Chromaster, 5450, Japan) with mobile phase
aqueous 0.1M NaNOj; solution at 30 °C, with a flow rate of
0.8 mL/min. The column was maintained at 30.0 £ 0.1°C.
The samples (3 mg/mL in 0.1 M NaNO;) were passed
through a 0.45um syringe filter, PTFE 45/25mm (Isolab,
Germany) before injection. The injection volume of
samples was 20 pL. Pullulans with known molecular
weight was use for calculation [33]. Polydispersity index of
inulin was calculated as the ratio of the two molecular
weights (Mw/Mn).
Functional properties
Swelling properties

Swelling properties of isolated galactomannan was
evaluated as previously described by Robertson et al. [34].
Polysaccharide (100 mg dry weight) was hydrated in
known volume of distilled water (10 mL) in a calibrated
cylinder (1.5 cm diameter) at room temperature. After
equilibration (18 h), the bed volume was recorded and
expressed as volume/g original substrate dry weight [34].
Solubility

Alcohol insoluble residues (AIR) samples (100
mg) were suspended in distilled water (30 mL) and stirred
for 3 h at room temperature. Each suspension was
centrifuged (3000 rpm), the supernatant discarded and the
pellet washed twice with distilled water. Pellets were dried
at 105 °C to constant weight and water insoluble AIR
determined from loss in sample weight during extraction
[34].
Water holding and oil holding capacities

Water holding and oil holding capacities of carob
flour polysaccharide were determined in duplicate [35].
The samples (0.1g) were put into tared 50 ml
polypropylene centrifuge tubes to which 10 ml deionized
water or sunflower oil were then added. The tube was
capped before the contents were vigorously mixed. They
were then held for 24 h at 20 °C before centrifuging at 3500
rpm for 15 min, the excess water or oil decanted and the
tubes inverted for 1 h at 20 °C. The tubes were then
weighed and dried at 105 °C to constant weight.
Statistical analysis

All determinations were performed in triplicate (n
= 3) and the data were expressed as mean + standard
deviation (SD). Statistical analysis was performed using
MS Excel 2010. A difference was considered statistically
significant, when P < 0.05.

RESULTS AND DISCUSSION

Nutritional characteristics of carob flour
Carob flour had been considered as a food
supplement in various cultures and countries [36]. The
nutritional value of commercial carob flour was evaluated
and the results were summarized in Table 1. The moisture
content was 7.56 % dw, that was higher than reports of
Youssef et al. [36] and near to data of carob flour [37].

However, the ash content was 2.25 % dw, that was less
than found by Youssef et al. [36]. The moisture and ash
content was in a good agreement with Turkish commercial
carob flour (7 % and 2.89 %, respectively) [38]. The
carbohydrate was the most abundant phytochemical
compounds in carob flour — 87. 5 % dw. Our results were
higher than previous reports for Turkish, Sicillian,
Marocanian and Tunasian carob flour [7, 32, 39-46] but
were in good agreement with nine variety of Lebanese
carob flour [42].

The average proximate composition of raw carob
pods is 8-10% moisture, 90-91% carbohydrate (total
sugars of sucrose (34—46%), glucose (2-5%) and fructose
(2-5%)), 30-36 % dictary fibre, 3-4% protein, 3%
polyphenols with gallic acid being the most abundant
phenolic acid, 0.5-0.9% fat and 2—-3% ash rich in Ca, P and
K [36].

The total soluble carbohydrate and reducing sugar
contents in commercial carob flour was 55.44 and 8.60 %
dw, respectively. Our data for total soluble carbohydrate
were higher than our previous result for carob pods from
Bulgarian and Turkish origin [10]. Our results were in
accordance with earlier reported data for carob species
from Marconian origin (31.5 -53 g/100 g dw) [7, 41], for
wild varieties from the territory of Turkey [46] and for
Libyan carob (500 g/kg) [42]. The reducing sugars content
coincided with results reported for carob from Saudi Arabia
after roasting [44].

The quantity of reducing sugars was lower than
some results (19-25 g/100 g dw) [10, 45]. The individual
sugar profiles were obtained after HPLC-RID analysis. The
presence of 1-kestose, sucrose, glucose and fructose was
detected (Table 1). From all detected sugars, sucrose
dominated in carob flour 34.13% dw collected from the
territory of Bulgaria and Turkey with 34.2+0.7 and
16.5£0.4 g/100 g dw, respectively. Similar to our results
were reported for Sicilian and Turkish carobs pods [10,39,
40]. The content of glucose (3.25 % dw) and fructose
(4.16% dw) in commercial carob flour from Cyprus was
near to results reported by Avallone et al. [39] and Fidan et
al. [10] for Sicilian and Turkish carob pods. Avallone et al.
[39] determined ~34-3.6%sucrose, ~4-1% glucose and ~6-
2% fructose in eight different carob pods from C. siliqua
grown in Sicily (Italy). The content of prebiotic 1-kestose
(0.97 % dw) was higher than our previous report for
Turkish carob pods (0.5 g/100 g dw) [10].

The carob flour contained low values of total
lipids - 0.53+0.05 % dw (Table 1). The lipid content in our
study was approximately three times lower than reported by
Youssef et al. [36] values. The reported by us lipid content
was in good agreement and supported the statement of
Haddarah et al. [42] and Gubbuk et al. [46] for low lipid.
Total fat content of carob flour coincided with Turkish
genotypes - ‘Sisam’ (0.53%) [46].

Protein content of carob flour was found to be 5.9
%. Our results were near to the protein content of carob
pods collected from southern and western Anatolia
(4.45+0.40 g protein/100 g dry weight) [40] and similar to
Sicilia [39]. In addition Youssef et al. [36] reported up to 6
% protein content in carob flour and evaluated this product
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as the best vegetables and animal protein source. Gaisford
et al. [37] also reported protein content in range 10 to 6.9 %
for carob flour. The nutritional value of this commercial
carob is near to reports of Youssef et al. [36] - 370 kcal/100

g.

Table 1. Nutritional characteristics of carob flour

Characteristics Value
Moisture, % 7.56+0.16
Ash % 2.25+0.02
Carbohydrates, % 85.50+0.02
OTA)otal soluble carbohydrates, 57 4443 30
Reducing sugars, % 8.60+1.72
Glucose 3.25+0.42
Fructose 4.16+0.21
Sucrose 34.13+£1.45
1-Kestose 0.97+0.01
Total lipids, % 0.53+0.05
Protein, % 5.90+0.10
Energy, kcal/100 g 370.37

Polyphenols and antioxidant activity of carob flour
In addition, the carob pulp has considerable amounts of
dietary fiber and polyphenols (hydrolyzable tannins,
derived from gallic acid and condensed tannins, derived
from flavan-3-ol, anthocyanidines, and flavan-3,4-diol) [47,
48]. Moreover, the carob flour was evaluated as an
ingredient with a marked nutritional value due to its high
levels of phenol compounds. In investigated flour total
phenols reached 8.11 £1.15 mg GAE/g dw. The level of
total flavonoids was 8.13+0.34 mg QE/g dw. The
polyphenols possessed antioxidant activity evaluated by
DPPH and FRAP assay (Table 2), which is important for
the prevention or delay the oxidative damage.
Consequently, polyphenols are involved in protection
against several diseases (cardiovascular and neuronal,
among others). Our values for total polyphenol coincided
with the reported data for some Lebanese carob populations
[42]. In addition, our results for total phenols and
flavonoids were near to the results reported for carob flour
with seeds [49]. However an apparent variation in phenolic
contents has been found between Sicily and Anatolian
carob pods. The total phenolic compounds for Anatolian
carob pod were higher 13.51 mg GAE/g dry weight [36]
but coincided with results for the roasted carob flour at 135
°C for 30 min [43]. Therefore, our data were in the range of
previous report reported that total phenols were 1.3-20
g/100 g [48]. However, the radical scavenging activity of
carob flour evaluated by DPPH method was higher than
reported results [49].

The flavonoids content were in accordance with
[4] who found that carob contained between 0.41 and 0,48
mg/g DM of flavonoids.

The characteristic of carob flour for further uses is
important for application in food and pharmaceutical
formula. It is known that the climatic and geographic origin
of carob seeds and the cultivation mode influence its
chemical and rheological properties [32].

Polysaccharide from carob flour

The yield is one of the most economically
important aspects of polysaccharide extraction and
purification. The isolated polysaccharides from commercial
carob flour yielded 7 %. Our yield was lower than the
results for purified galactomannansobtain from carob 27%
to 33%. The mean value of purification yield is 30% [32].
Lower yield of polysaccharides could be explained with
carob variety, climate and postharvest conditions, as well as
the parts form carob pods used in flour production.
Monosaccharide composition of carob polysaccharides
after hydrolysis

It is known that Man:Gal ratio depends on both the
plant growing conditions and the process it is subjected to
[13]. The mannose/galactose ratios were not the same for
carob samples [32].

The purified samples exhibited higher M/G ratios
than did the crude gum. The contents of galactomannan for
the 7 samples were deduced from a calibration curve
obtained from five synthetic mixtures of f-D-galactose and
B-D-mannose in known proportions. The M/G ratios for the
sample of was 3.36 the mean value 3.23 for the crude LBG;
this value increased to 4.06 the mean value of 3.91 for the
purified LBG. As it is seen in Table 2, the purification
process improved the yield of galactomannan and gave
good resolution in chromatograms.

The results of polysaccharide analyses confirmed
that mannose (Man) and galactose (Gal) are the major
monosaccharides present in the polysaccharide material
isolated from commercial carob flour (Table 3). The
extracted galactomannans contain minor amounts of other
monosaccharides such as xylose (Xyl) and glucose (Glc).
Arabinose was not detected in our samples. The M/G ratio
in our study was 3.5 for isolated polysaccharide from carob
flour after purification with acetone (Table 3). Our results
were similar to those reported by other researches [32, 37,
50, 51]. Therefore, the isolated polysaccharide from carob
flour is typical galactomannan.

Average degree of substitution of galactose
(DSga) is important characteristics of the molecular
structure of the galactomannan polysaccharide family. In
our case (Table 3) DSg, was estimated to 0.28. As
previously reported carob galactomannan (assumed as
DSGal - 0.2-0.4) is generally regarded as partially soluble,
and is reported to form weak gels after freeze-thaw
treatment, in the presence of high concentrations of
sucrose, or in ‘‘single-component’ solutions when held
near the freezing point of water [34].

Table 2.Total phenolic compounds and antioxidant activity of carob flour

Sample Total phenols, mg Total flavonoids mg QE*/g DPPH FRAP
P GAEYg dw dw mMMTE®/g dw
carob flour 8.11£1.15 8.13+0.34 70.45+3.29 84.23+5.08

'GAE-gallic acid equivalent, 2QE—quercetin equivalent, *TE — Trolox equivalents
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Table 3. Comparison between monosaccharide composition for polysaccharide of commercial available carob flour
and galactomannans

Monosaccharide composition (mol %6)

Sample Ara Glc Gal Man Xyl M/G
Carob flour in this study - 2+0.4 20.1+0.5 70.5%0.5 10.5+0.5 3.50+0.05
Carob gum or Locus bean gum 3.5-3.7
(LBG) [51] 1.3-1.9 1.7-4.1 14.6-18.0 51.9-67.2 0.4-0.6 3.05-4.32 [32]
Galactomannan from
D.gardneriana [52] - 1.1 34.7 64.2 - 1.84
Guar gum [53, 54] 1.8-4.4 3.1 34.2-35.2 58.3-58.5 0-0.9 1.70-1.66
Table 4. Homogeneity and molecular weight of isolated galactomannans from carob flour
Polysaccharide Fraction
Fraction 1 Fraction 2
Mw, kDa 1724 665
Mn, kDa 1100 595
Polydispersity index 1.15 1.12
Table 5. Functional properties of isolated galactomannans form carob flour
sample SP, Solubility, % WHC, OHC
ml water/g sample g water/g sample g oil/g sample
Carob flour 11.4 84.1 1.4£0.2 4.0+0.1
polysaccharide

SP — swelling properties, WHC — water-holding capacity, OHC — oil holding capacity

Molecular weight of isolated galactomannans from
carob flour

In the current study, HPLC SEC-RI analysis was
used for the determination of the weight-average molecular
weights (Mw), number-average molecular weights (Mn)
and the polydispersity of isolated polysaccharide from
carob flour (Table 4). Two fractions were observed from
SEC chromatograms as the first fraction has a high weight-
average molecular weight of about 1724 kDa and number
molecular weight 1100 kDa. Our results were in a good
agreement with molecular weight characteristics of isolated
galactomannans from carob flour by 96 % ethanol
precipitation [55]. The chain length polydispersity of carob
polysaccharides fractions, as estimated by these SEC
measurements, is in the range of 1.12-1.15 (Table 4). Our
data coincided in the previous reports for narrow range 1.1-
1.3 [55].

The relation between galactomannan chemical
structure and this fractionations behaviors have been
characterized extensively [55].

Functional properties

Functional properties of isolated galactomannans
from carob flour were summarized in table 5. According to
these results, galactomannans from carob flour is highly
soluble in cold-water (~ 84% at 25°C). However, in our
study water solubility of isolated polysaccharide were not
in good agreement with the findings of Dakia et al. [51] and
Farahnaki et al., [56] for locust bean gum, who reported the
solubility of carob gum of about 50% at 25°C and 70-85%
at 80°C. The major reason for this observation is that the
isolated by us galactomaman was not only from seeds, but
also from other carob husk parts. In addition climate and
harvest conditions could caused significant influence on
some function properties of carob flour. Commercial
products do not always consist of pure endosperm, but may
contain residual hull and germ parts [57].

Moreover, WHC of isolated polysaccharide from
carob flour is four times less than this of locust bean gum
565 g/100 g [58]. In our case isolated polysacchride from
commercial carob flour absorbed 1 g of water per gram
samples. This could be due to the extraction process and
particle size, which increased the contact surface between
hydrocolloid and water. However, the isolated
polysaccharide showed better OHC (4 g per g sample). This
is important properties for application of these flours in
foods and pharmaceuticals with high lipid content.

Composition and structure of proteins and their
interactions with others substances control the functional
properties of the carob flour. WHC is very important for
the sensory evaluation of the food formulated products.
This functional property represents the ability to absorb and
retain bound hydrodynamic, capillary, and physically
entrapped water against gravity. WHC affects the texture,
juiciness, and taste, particularly the shelf life of bakery
products.

OHC represents the ability of the product to
absorb fats. The oil absorption is attributed to the physical
entrapment of oil, the obtained results show that oil holding
capacity OHC is higher than water holding capacity (Table
5). These results can be used to investigate the emulsifying
and stabilizing properties of the carob flour, which would
allow carob flour to be used in the manufacture of dressings
and other food emulsions [59].

The soluble fibres in particular are thought to exert
a preventative role against heart disease, as they appear to
have the ability to lower serum cholesterol. Besides the
polyphenols have antioxidant activity, which mainly
enhances the prevention or delay the oxidative damage.
Consequently, polyphenols are involved in protection
against several diseases (cardiovascular and neuronal,
among others). As a result, carob powder should be
increasing interest as an ingredient in the food industry
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such as functional and healthy foods formulations as
biscuits, bread, creams, fillings and cakes.

CONCLUSION

The analyzed carob flour was characterized with high sugar
content, relatively moderate protein content and low fat
content. Additionally, it is well established that carob is
rich source of polyphenols with well-pronounced
antioxidant activity. The polysaccharides isolated from
carob flour demonstrated promising physico-chemical
properties for future application in emulsions or other
dispersed system. According the obtained results carob
flour was evaluated as a natural healthy food that could be
used in many energy foods.
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