Carob (Ceratonia siliqua): health, medicine and chemistry Section C-Review

CAROB (Ceratonia siliqua): HEALTH, MEDICINE AND

E B CHEMISTRY

Abdullatif Azablabl*

Keywords: Carob, antimicrobial, antioxidant, chemical composition, polyphenols, nutritional value.

Carob (Ceratonia siliqua) is one of the important crops over western Asia and North Africa. Its nutritional value has been acknowledged
for millennia but its medicinal properties were practically studied only in the last four decades, despite the fact that some of them were used
in traditional medicines for centuries. Modern food industry is just starting to discover the great potential of this plant. Carob has
outstanding antioxidant capacity along with other important medicinal activities. Some of these have been extensively studied and reported
in the last decades, but very few review articles were published about this plant, that summarize and discuss the findings. In this
comprehensive review article, we present these reports and discuss them with special attention to traditional medicine, modern research
findings, natural products and recommendations for future research subjects.
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Carob (Ceratonia siliqua) is an evergreen tree that of several plants.
belongs to the legume (Fabaceae) family. Its original Including Carob Details
habitats are the western parts of Asia, but after its in referencel?
domestication, it spread to all Medlterranean basin a_nd then Iraq Abdominal pain, Eating ripe fruits®®
to the western shores of the _ATerlces, South Africa and diarrhea
southern_ regions Of. Australla._ Until 1980, the genus Israel Antidiabetic; Against Leaves decoction: 50 g
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Carob, C. siliqua, but in 1980, another species, C. viral and bacteria i L& Fruit syrup
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and Arabian Peninsula.? So far, C. oreothauma has not been _ paste™
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phytoconstituents with nephroprotective activity.® The . raw(cooked) or ripe
authors designate Carob as a an important plant that has | Sy~ Food Fisedan .
natural products with nephroprotective activity, and they _ raw(cooked) or ripe
cite "Ben et al., 2011". But reading the reference list | SPain Chocolate, coffee Ripe fruits, leaves*
revealed no Ben. The article of Nasar-Abbas focuses only substitute, olive
on Carob, it is much more comprehensive and more preservative
reliable.!! This article has two weaknesses. First, it does not Tunisia  Food Ripe pods
refer to traditional medicinal knowledge which is the base of Turkey  Diuretic, purgative Fresh pods®
many of modern research studies. Secondly, it does not refer
to medicinal activities of various extracts and other aN|= not indicated
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materials produced from the tree leaves, which are drawing
more and more research attention. Finally, an excellent yet a
short review article was published by an internationally
leading researcher of Carob, K. Rtibi and his colleagues
from Tunisia.’? But in addition to being a relatively short
article, it also focuses on the fruits of the plant, hardly
mentioning leaves and other parts of the tree. It also presents
all data from the gastrointestinal tract point of view. But it
displays some important phenolic compounds in clear and
useful figure (page 3 in article).

Ethnomedicinal and other traditional uses of Carob

As mentioned above, Carob is being used by humans as
food source and for medicinal purposes since antiquity.
Most nations of the Mediterranean basin have such recorded
uses as shown in table 1, but other nations discovered its
qualities as well.

Modern research of Carob uses, composition and
biological activities

Comparing with other fruiting wild trees with very
important nutritional value, modern research has neglected
Carob. This is to say that most publications of its
medicinal/biological activities date from the 2000's. Most of
the few earlier publication focus on chemical composition of
the pods. We summarized below the findings of modern
research of the properties and health uses of Carob. It is
important to advise readers that when looking for a specific
activity, it is worthy to look for it not only in designated
columns, because many publications include reports of more
than one activity. Moreover, many publications about Carob
are not cited in this review because they studied subjects
that are out of the interest of this article.

Antiatherogenic

Aqueous extracts of fruits inhibits lipid peroxidation,
inflammation and enhances cholesterol efflux.3®

Antibacterial, antimicrobial, antifungal and related activities

Methanolic extract of C. siligua was tested for
antibacterial activity, compared with methanolic extract of
Plantago major, which was found more active for most
bacteria. The extract of C. siligua was more active for
Enterococcus sp.*” Aqueous and methanolic extracts were
tested for antibacterial activity, alone and in combination
with other antibacterial agents (ampicillin, gentamicin,
amikacin and clindamycin). The combination of extracts and
antibacterial agents was more efficient than each separately.
The extracts were analyzed and some pure compounds were
isolated and characterized (Figure 1).% Ethanolic and
acetone extracts were tested for antibacterial activity against
P. atrosepticum in potato soft rot. Acetone extract was more
active.3® Methanolic extract of leaves found to be active
against Listeria monocytogenes. HPLC analysis of extract
yielded seven compounds with antibacterial activity,
especially  epigallocatechin-3-gallate  (Figure  2).%°
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Dichloromethane-methanol (1:1, v/v) extract of dried pods
was tested against 14 types of bacteria and fungi.
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Figure 1. Some compounds isolated from the extract of C. siliqua
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Figure 2. Some compounds isolated from C. siliqua by HPLC.

It was found highly active against 11 of them, in
concentrations of 1000 and 500 pg/ml.** Chloroform and
hydroalcoholic (no ratio indicated) extracts of dry leaves
were prepared and found active against 15 species of
bacteria and fungi, including 3 species of C. albicans.42

Dried powder of the plant (part not indicated) was soaked
in methanol and the suspension was centrifuged, filtered and
tested for antibacterial and antifungal activities results were
positive. Its photosensitizing capacity was also tested and
found sufficient. No analysis for natural products was
done.®

Hexane, chloroform, ethyl acetate and methanolic extracts
of dry leaves were prepared and tested for antifungal activity
against citrus sour rot agent G. candidum. First two were
inactive and methanol extract more active than ethyl acetate
extract.** Methanolic extract of dry pods was prepared and
tested against 13 different microbes and 8 different fungi. It
was active against all. Total phenolic content was found as
4655 mg g*' with reference to gallic acid, and total
flavonoid content was found as 24.6 mg g* compared with
quercitin.*® Fresh fruits were extracted with 80 % methanol
in water. The extract was found antimicrobial and moderate
antioxidant (DPPH).“® Dry leaves were extracted with n-
hexane, ethanol, methanol, ethyl acetate and water. Extracts
were tested for antimicrobial, antifungal and cytotoxic
activity (brine shrimp assay). n-Hexane was the most
cytotoxic and it had the highest antimicrobial activity along
with methanolic extract.*’
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Antidiabetic and related activities

Ethanol/water (96 %) extract of dry pods was tested for
streptozotocin-induced diabetes in rats. It decreased blood
glucose and lipids.*® Mixture of dried flowers of Roselle
(Hibiscus sabdariffa) and dry pods of Carob, was water
extracted and administered to alloxan-induced diabetic rats.
The extract was tested with or without Gamma radiation of
the plants mixture powder. In both cases it was found
active.*

Aqueous extract of immature pod was tested in alloxan-
induced diabetic rats for antidiabetic activity. It was found
more active than the aqueous extract of mature pods.>
Powder of dry pods was extracted with n-hexane for
phytosterols. The dry extract was found active against
alloxan-induced diabetes in pregnant female rabbits.> Same
extract was used by the same group to test the same activity,
but female rabbits were not pregnant.? Fiber purified
aqueous extract of seed-free dry pods, was prepared and
tested for antidiabetic activity by a-glucosidase inhibition.
Sufficient activity was found.%

Antiviral activity

Ethanolic extract of leaves was tested against Newcastle
Disease Virus and found partially active.>

Anticancer, antiproliferative and related activities

Ethanolic and ethyl acetate extracts of propolis that was
collected in an area (Morocco) with Carob as a major tree
were prepared, and tested against three mammalian tumor
cell lines. Medium activity was measured.>® Dry pods were
extracted with ethanol, and it was analyzed for reductive
components (very detailed), antioxidant, anticancer and
anticalpain activities. It was found moderately active for the
three activities.®® Aqueous extracts of dry pods or leaves
were tested against mouse hepatocellular carcinoma cell line,
and both found active, but leaves extract was more active.
Authors attribute this activity to the presence of gallic acid
and some of its esters.” Methanolic extracts of pods and
leaves were prepared and tested for antiproliferative and
apoptotic activities in MDA-MB-231 human breast cancer
cells, and both found active, with higher activity of leaves
extract. Authors relate these activities to the presence of
phenolic compounds.®®

Antidepressant

Acetone extract of fresh pods was prepared and analyzed
for tannins content, and tested as antidepressant by tail
suspension test and forced swim test. It was active in both
and the proposed mechanism of action is by an interaction
with the adrenergic and dopaminergic systems.5°

Antifibrotic

Seed and fibre free dry pods were extracted with water
and tested for Schistosoma mansoni-induced liver fibrosis
and reduction of oxidative stress in mice. Significant activity
was found.®
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Anti-inflammatory and related activities

Methanol extract of bark was tested for antioxidant
(DPPH), acute toxicity (rats) and chemical (Carrageenan) or
mechanical pow oedema. It was analyzed for major
compound families and flavonoids, tannins, sterols,
quinones and mucilages were found.’! A galactomannan
extracted from pods, authors refer to as LBG (locust bean
gum) was used as constrast material in magnetic resonance
enteroclysis (MRE) for immaging of Crohn‘s disease
(bowels chronic inflammatory disease). It gave best results
when used with water and mannitol.®? Leaves were extracted
with dichloromethane:methanol, 1:1 v/v. The extract was
tested for anti-inflammatory and cytotoxic activities and
found inactive in both.53

Antioxidant and related activities

Methanol extracts of leaves and pulps (all sexes of the
tree) were tested for radical scavenging (DPPH) and
antioxidant (carotene-linoleate) activities and leaves extract
found to be more active®® Leaves were extracted
successively with hexane, methanol/water (8:2, v/v), diethyl
ether, dichloromethane and ethyl acetate. The extracts of
three varieties of the tree were tested for antioxidant activity
(DPPH) and total phenolic content was determined.®

Ethanol extract of dry pods was tested for antioxidant
activity (BHA, highly active) and analyzed for polyphenols
and carotenoids.®® 80 % Agqueous methanol extract was
prepared from pods and tested for antioxidant activity (3
methods) and analyzed by reverse phase HPLC.5" Immature
pods were extracted (without seeds) with water, methanol,
ethanol, acetone, petroleum ether and hexane. Extracts were
tested for antioxidant activity (ABTS), analyzed for total
phenolic content and tested in vitro and in vivo (rats) for
cerebral and myocardial lipid peroxidation. Polar extracts
were more active than non-polar ones.5®

Methanol extract of leaves was tested for antioxidant
activity by various methods and found highly active
compared with other fruiting plants.5® Total phenolic content
and antioxidant (DPPH, FRAP) capacity of dry leaves
methanolic extract were determined. Compared with other
studied plants (3), Carob showed moderate activities.”® Dry
Carob pods powder aqueous extract was prepared and its
total phenolic content and antioxidation activity were
determined. Both were found relatively high.”* Aqueous and
methanolic extracts were prepared (plant part not indicated)
and were tested for antioxidant activity and total phenolic
content. Both extracts showed similar results and were
relatively high compared with other (94) plants.”
Methanolic extract of leaves was prepared and tested for
radical scavenging activity (DPPH, high), antioxidant
activity (linoleic acid system assay, high) and antitumor
activity (remarkable). It was also analyzed for polyphenolic
content.”

Aqueous extract of dry pods was prepared and analyzed
for major nutritional materials and minerals. Its antioxidant
activity and total phenolic content were determined. An
infusion was made that contained Carob extract with other
plants and antifungal and antibacterial activities were
measured and found high.”
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Methanolic and ethyl acetate extracts were prepared from
bark and were analyzed for major compound families, total
phenolic content and antioxidant activity (DPPH) were
measured. Methanolic extract was more active.” Dry leaves
were extracted with 80 % ethanol-water, and the extract was
fractionated with n-hexane, DCM and ethyl acetate. The
ethyl acetate fraction showed the highest antioxidant (DPPH,
B-carotene bleaching assay) and antimicrobial activities.”
Carob seeds were ground and supplied, without further
treatment, to female rats to test antioxidant and
hepatoprotective activities of the powder against ethanol-
induced oxidative stress. Results were measured by serum
enzymes.”” Aqueous extract of dry pods (or leaves) was
prepared and found active inhibitor of neutrophils
myeloperoxidase.”®” Dry leaves aqueous extract was found
protective against cell DNA oxidative stress caused by H20-
and it had no genotoxicity.® Fresh pulp was extracted by
ultrasonic-assisted 80 % aqueous ethanol. The effect of the
free/ecapsulated extract was tested for anioxidant and
nutritional value of yogurts. The free form had higher
antioxidant activity (shorter shelf-life) and both forms did
not alter nutritional value.®! Ground pods were defatted with
hexane and the dry residue was added to Kefir (yogurt). It
improved its antioxidant capacity and increased bacteria
growth.®? Dry pods powder was added to pasta flour. The
antioxidant activity (ABTS, FRAP) was improved and the
nutritional values were increased.®® Powdered Carob pods
were added directly to rats food to test its hepato- and
nephroprotective effect against oxidative stress induced by
CCly. Positive results were obtained.®* Pulp powder was
extracted with acetone/water (7:3) and encapsulated with
polycaprolactone. Encapsulated and non-ecapsulated extract
of ripe and unripe pulp was tested for antioxidant activity
(ORAC, DPPH, FRAP) after in vitro digestion model. The
encapsulation provided slow release of phenolic compounds
and protection against digestive fluids.2> Pod powder was
fed to rabbits and its antioxidant activity was monitored
through the activity of three oxidizing enzymes. It also
promoted the growth of the animals.%

Antiatherosclerotic

Commercial insoluble dietary fibre (81 % w) from carob
pod was found antiatherosclerotic in rabbits.®

Anxiolytic-sedative and antiproliferative

Methanolic extracts of leaves and pods were prepared and
tested for central and peripheral benzodiazepine receptors
binding. Leaf extracts, especially young leaves, found more
active. No active compounds are indicated.®®

Chemical composition and some related activities

Methanolic and aqueous extracts of sapwood were
prepared and analyzed for phenolic contents and their
components. The extracts were also tested for antioxidant
(H207) and antitumor activities, where methanolic extract
was more active.®® Pods of trees from various locations in
Morocco were analyzed for fibre, sugar and polyphenolic
content.*® Seeds-free pod syrup was prepared from trees that
grow in Bulgaria and in Turkey, analyzed for sugar content
and compared. Turkish product had higher sugar content.®

Eur. Chem. Bull., 2017, 6(10), 456-469

DOI: 10.17628/ech.2017.6.456-469

Section C-Review

Chemical composition of pods from different localities was
determined for major compound families, minerals and
nutritional ingredients. Aqueous extracts were prepared with
hot and cold water, and higher temperatures yielded higher
concentrantions.®? Determination of the tannins, pectins,
hemicellulose, cellulose, nitrogen, mineral elements, sugars
and fat contents was carried out on carob pods.** Major
chemical composition was determined with detalied
extraction (aqueous) conditions of time and temperature.®
Composition of Carob pods was determined in terms of
carbohydrates, protein, fat, polyphenols and tannins. 70 %
acetone/water was the most effective solvent for the
extraction and recovery of tannins.®® Detailed report of
major nutrients determination in pods, with results and
methods.% Pods were analyzed for carbohydrates, protein,
fat, minerals, vitamins (6), phenolics (11) and fatty acids
(17).5” Major nutritional components of pulp and detailed
amino acid composition is reported.®® Methanolic extract of
green pods and leaves was prepared, analyzed for chemical
composition (major categories) and tested for antibacterial
activity.®® Three pulp extracts were prepared: 70%
ethanol/water, 80 % methanol and aqueous. All were
analyzed for chemical composition and tested for in vitro
antioxidant activity. Ethanolic extract found most active and
it was tested in vivo (rats, AlCls-induced oxidative stress),
and found active antioxidant.!®® This study focused on
carbohydrate and fatty acid content of pods during different
development satges of Carob trees. It also compared wild
and domestic cultivars.’®® This study compares between
phenolic content (mainly) of ripe and unripe pods.!%? Effect
of seasonality and its relation with CO, assimilation and
photosynthesis is reported in terms of changes in chemical
composition of major nurtrients.’%® Detailed study of
determination of compounds in methanolic pod extract by
Liquid Chromatography—Electrospray lonization-Tandem
Mass Spectrometry. Details include conditions (solvents,
positive, negative), compounds and their fragmentation.%*
Essential oil was prepared from fresh whole pods and
extracted from aqueous phase with DCM. Its analysis
showed mainly long chain hydrocarbons, unpolar acids and
other unpolar compounds. It was found active against
several types of bacteria and cycotoxic against cancer cell
line.1% A short review article about chemical composition of
Carob with some interesting uses that are usually ignored by
other reports has appeared.’®® Total flavonoid content of
leaves was determined by 70 % ethanol/water extraction.
The extract was analyzed by HPLC and nine compounds
were detected, with myricetin as major.2%” New acylated
flavonol glycoside was isolated and characterized from
methanolic  extract that was fractionated and
chromatographed by various solvents. Authors name the
new compound ceratoside (Figure 3). Full spectroscopic
data is reported.1®
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Figure 3. New compounds isolated from Carob.
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Experimental and theoretical method for reducing
isobutyric acid content in pods by roasting is required, since
its foul smell decreases Carob uses for food products.'®
Seed oil was analyzed and the major constituents are: fatty
acids, tocopherols and phytosterols.**® Defatted pods of two
types (natural and commercial flour) were extracted with
methanol and phenolic acids content was determined. Gallic
acid was the major constituent.'!

Dry leaves were extracted with 70 % ethanol/water and
analyzed by different methods for polyphenols. No new
compounds are reported.'*? Leaves, bark, skin and pulp were
oven-dried (500 °C) and their mineral content (Ca, K, Mg,
Na, P, CIl, Cu, Fe, Zn, Se) was measured by atomic
absorption spectrophotometry.'*® Nitrogen and ash content
of pods was measured in wild and grafted Carob trees.!*
Mineral content (Mg, Cu, Fe, Zn, Se, Mn) of pods was
determined by ICP-OES.™® Partial mineral content (K, Ca,
Cl, Mg, Na) was determined by neutron activation
analysis.!® Kinetic study of the extraction of polyphenols
from pods using environment friendly solvents (best, 30 %
ethanol/water, 1 % citric acid), and a new compound
reported (Figure 3).1%7

Three types of domesticated Carob were analyzed for
sugars, minerals and fatty acids.!'® Phytochemical analysis
of methanolic extract of pods has been done and antioxidant
(DPPH) and cytotoxic activities were tested. Polyphenolics
(gallic acid) comprised most of the extract, that had high
antioxidant activity and low cytotoxic activity.'*® D-pinitol
content in various commercial Carob syrups was determined
to be around 90 g Kg* on an average of the dry weight.'?® A
detailed report of isolation, quantification and identification
of polyphenols in pods has appeared.'?* 70 % Acetone/water
was used to extract pods and the extract was analyzed for
polyphenols and tested for antioxidant activity. Gallic acid
was major compound.t?? A short report of quantification of
polyphenolic content of different Carob cultivars in Portugal
has been published.'?® Total phenolic content of pods from
different areas and different domesticated cultivars in
Morocco was determined in this report.*?

Comparison between ripe and unripe pods and using three
solvents for extraction of the content of leucoanthocyanins
(3,4-dihydroxy flavans).'?® In this report, 137 compounds
were identified in the volatile phase of Carob seeds. During
roasting, more than 50 % of them are evaporated, mostly
those that have unpleasant odors.*?® Later study discovered
169 compounds with clear dominance of short chain acids
(77.5 %).1?" Use of advanced isolation and detection method
(headspace solid-phase micro extraction, HD-SPME)
revealed new yet known volatile compounds in pods, that
were not reported in ref. 126, 127.*2® The extraction,
isolation, quantification and characterization of galloyl
glucose compounds have been reported.?®

Deseeded pods of cultivatied and wild varieties were
analyzed for sugar content. Domesticated plants had higher
sugar content. Monosaccharide compositions were also
reported.’®® Alkaline hydrolysis of condensed tannins
separated sugars from polyphenols in pods, gave (+)-
gallocatechin, (-)-epicatechin and (-)-epicatechin gallate as
major compounds.*®* Tannins isolated from ripe pods were
hydrolysed with thioglycolic acid to yield free polyphenols
and sugars ( Scheme 1).1%2 It has been claimed that part of
sweet taste of pods is due to 6-deoxymannose and 1-
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methoxy-6-deoxygalactose but no evidence has been
provided.!

Ethanol production

Ethanol was produced from pods that were extracted with
water. Details of extraction and fermentation conditions
have been presented. Maximum yields were around 45 9%.%3*

Heavy metals related activities

Silver nanoparticles were prepared from AgNO3 solution,
using Carob aqueous extract as reductant. The AgNP's have
antibaterial activity against E. coli.’*®* Dry pod methanolic
extract found to be active corrosion inhibitor of copper and
brass in aqueous 1 M HNO3.*%® Bark was cleaned and
treated for biosorption of heavy metals (Zn*?, Ni*?, Cu*? and
Cd*?). Different variables are discussed and pH, metal
concentration, contact time, adsorbent dose have been
optimized. Kinetics of adsorption has been presented.’%”
Ethanol extract of pods was found protective against lead
(Pb) poisoning in Oreochromis niloticus fish. In this report,
all along the article ether extract is mentioned but in the
experimental section, alcohol extraction is described. 38
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Scheme 1. Hydrolysis of tannins.

Human nutrition, nurtitional sources and risk assessment

Carob flour was added to Tarhana (yogurt-wheat based
food), and fibre, ash, Ca, K, Cu, total phenolic content and
total antioxidant capacity were determined. All nutitional
values and antioxidant property increased.’®® Powder of
Carob pods was added to wheat biscuits. Their mineral and
total phenolic content was found higher than biscuits
without addition.4? Risk assessment (ltaly) of toxic metals
(Pb, Cd) and pesticides (organochlorines, organophosphates,
pyrethrins and pyrethroids, in honey of bees that feed on
Carob trees) were done. No risk was detected.!* Heavy
metals (Cd, Pb, Fe, Cu, Mn, Ni, Cr, Se) in honey of bees
that fed from Carob trees (Turkey) among other plants have
been determined.!4

Honey of bees that feed on Carob flowers (Italy) has been
physicochemically characterized. Most important presented
value is sugar content.’*3 Honey of bees that feed on Carob
flowers (Morocco) was physicochemically characterized.
Most important presented value is mineral content.
Antioxidant activity (DPPH) was tested and found high.#
Human volunteers, fed with tannates rich carob-fibre that
was added to diary food, had improved cardiovasular
functions and significantly lowered cholesterol levels.'#
Extraction of pods with refluxing methanol resulted in high
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content of condensed tannins extract, that was added to kids’
diet. Lowering of cholesterol level was significant.1*6
Sancks that conatined Carob with the same amount of
available carbohydrates as chocolate snacks were compared
in terms of glycemic index (GI). Carob snacks resulted in
much lower GI.}4" This study aimed on the finding of
optimal ratio of Carob flour in snack to achieve acceptable
taste and texture in order to compete with chocolate
snacks.**® Nutritional content was tested and compared
between homemade and commercial Carob flour. In all
nutritional aspects, soluble sugars, amino acids, fatty acids
and mineral content, homemade flour was better.1*® Carob
pods are fermented in to produce a special type of wine in
Serbia.!®

Animal food and nutrition

Aqueous extract of Pod was tested against cellulolysis and
proteolysis of rumen bacteria activity. Its inhibition of
cellulolytis was related by authors to high carbohydrate
content, while anti-proteolysis activity was related to tannin
compounds.’>! Deseeded pods and seeds were analyzed for
mineral, protein and energy content. Seeds have higher
values but tests showed that they are harder to digest for
animals. So, pods have higher nutritional importance.*?
Sugar content of Carob pods help both nursing ewes and
lambs in the growth process.!® Effect of feeding quails with
Carob seed powder as food additive was tested. It was found
that mortality of birds decreased, egg quality and fatty acid
content increased, and cholesterol levels decreased.'>*

Gastroprotection and other digestive system related activities

Pods were extracted with 70 % methanol/water and
extract was tested against HCl-ethanol induced gastric ulcer
and found moderately active, compared with other plants
used in this study.**> Aqueous extract of pods was tested for
antioxidant activity (DPPH) and against ethanol-induced
oxidative gastric stress (lipoperoxidation and hydrogen
peroxide increase) in rats and found active.!®® Aqueous
extract of pods was tested against dextran sulfate sodium-
induced sub-acute experimental ulcerative colitis in adult
Wistar rats. Results were positive and authors attributes this
to phenolic compounds in Carob.'®” Aqueous extract of pods
was prepared, analyzed (RP-HPLC) for tannins and dietary
fiber, total sugar and total phenolics content. It was also
tested against small intestinal motility in rats and jejunal
permeability in mice, and found active in both tests.'*®
Soluble galactomannans were water extracted from Carob
seeds, and formulated to treat gastric reflux of infants.
Results were positive after three days treatment.*>®

Hepatoprotective

Aqueous extract of dry pods was tested against ethanol-
induced oxidative stress in rat liver and found active.6°

Inhibition of enzymes and other medicinally active materials

Ethyl acetate extract of immature pods inhibits the growth
of peas (Pisum sativum) promoted by gibberellic acid.!6
Growth inhibition of peas by different extracts of Carob was
compared with the same activity of abscisic acid. This
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natural growth inhibitor is stronger than Carob extracts.2
Carob extracts inhibit natural growth promoter indol-3-
acetic acid, but this inhibition is weaker than inhibition of
gibberellic acid (ref. 161).1%% Pods were extracted with 60 %
ethanol/water and the extract moderately inhibited protease
action. This was done in search of anti-infectous plant
extracts.'® Decoctions of different parts of Carob tree were
prepared and tested for antioxidant activity (DPPH, ABTS
and FRAP), and enzyme inhibition (AChE, BuChE, a-
amylase and a-glucosidase). All decoctions were highly
active in all tests. 1%

Nephroprotection and urinary system related activities

Carob honey (syrup) was tested as diuretic in rats and
found very active. Authors attribute this activity to flavonoid
content of Carob pods.'®® Pods were extracted with 70 %
ethanol/water and the extract was administered to diabetic
(STZ-induced) rats. Results showed moderate improvement
in kidney function.®” Aqueous extract of pods was prepared
and tested against dextran sulfate sodium-induced injuries in
rat liver and kidney, and found active. Polyphenolic content
of extract is probably responsible for the antioxidant and
anti-inflammatory properties.’®® Leaves and pods were
extracted with 70 % ethanol-water, and the extract was
tested for reduction of oxidative nephrotoxicity of synthetic
anticancer agent cisplatin, and found active.'®® Leaves were
extracted with 80 % ethanol/water and the extract was
fractionated with ethyl acetate, n-hexane and DCM. All
fractions, including the remaining aqueous phase, were
analyzed for total phenolic content and tested for antioxidant
activity (3 methods). It was also against renal failure caused
by oxidative stress that was CCls-induced. All tested
fractions were active, where the ethyl acetate fraction was
most active.0

Glycemic response

Carob seeds were extracted with methanol and petroleum
ether. Both extracts were tested in vivo (rats) for glycemic
response. Crude polyphenols of Carob were also tested. No
positive results were obtained.”* Healthy human volunteers
were supplied with tablets of Carob flour. Glycemic index
showed clear improvement.172

Neuroprotection

In a short review article attempts have made to link the
active compounds in Carob with neuroprotection against
monosodium glutamate damages. No direct link is
established.™®

Reproductive system related activities

Monosodium glutamate caused damage to reproductive
organs of female Wistar rats. When fed with Carob powder,
the damages were less.t’* Pods were extracted with 50 %
ethanol/water and the extract was tested for its effect on
fertility of male rats. Results indicate that it can increase
testosterone synthesis and increases sperm density in
seminiferous tubules.’™ A review article mentions Carob as
a medicinal plant (decoction) for treatment of abnormal
uterine bleeding by Avicenna.l’®

461



Carob (Ceratonia siliqua): health, medicine and chemistry
Phytoestrogens, bone recovery

Seed flour was screened for chemical composition,
especially lignans. The detected phytosterols were
secoisolariciresinol, lariciresinol, isolariciresinol and
pinoresinol (Figure 4).2"7 Rats that were fed with Carob pod
powder showed improvement in osteoporosis bone model in
rats.*’®

Skin depigmentation

Various parts of Carob were extracted with ethanol and
the dry extract was fractionated with other solvents.
Methanolic fraction of bark extract was most active inhibitor
of tyrosinase, the enzyme responsible for oxidation of amino
acid tyrosine, that causes hyperpigmentation. The extract
was also tested in L-dopa model and found active. It was
also tested with human volunteers for irritation and found
non-irritant. Three isolated gallates were active.”®

MeO. 0. OH

O on  Meo O ‘ o Meo O

HO HO Ho O OMe

Q OH OH
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Figure 4. Phytosterols detected in the seed flour of Carob.

Toxicological evaluation

Goats fed with Carob leaves showed no signs of illness.&
Seeds aqueous extract was prepared and supplied to rabbits
in drinking water. No physical or behavioral adverse effects
were recorded. 8

Meatbolism of proanthocyanins

Proanthocyanidins (condensed tannins) in unripe pods
were radiolabelled by *C, they were extracted with acetone-
water (3:1 v/v), isolated and fed to rats. Proanthocyanidins
were partially metabolized and they are not inert within the
animal gut.182

Neutralization of toxicity of Egyptian horned viper venom

Aqueous extract of seeds was tested for neutralization of
toxicity of Egyptian horned viper (Cerastes cerastes) venom
in vitro (hyaluronidase inhibition) and in vivo (rats). It had
weak activity.!®

Waterpipe smoke and amiodarone toxicity amelioration

Aqueous extract of pods ameliorates impairments in liver,
kidney and lung functions and decreased the oxidative stress
induced by exposure to water pipe smoke and amiodarone in
rats.184
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Discussion

Reading the literature of ethnomedicinal and other
traditional uses of Carob (Table 1) reveals an interesting, yet
a strange fact. The plant (molasses of ripe pods) is very well
know in Palestinian traditional medicine to have strong anti-
inflammatory activity, especially mouth inflammations; and
modern research approves this property. But articles of
ethnomedicine of Carob do not mention this at all. S. A.
Baydoun and her colleagues from Lebanon (Ref. 26),
mention many traditional uses of Carob but not a clue of
anti-inflammatory activity.

Antibacterial/antifungal activity of various extracts of C.
siliqua was reported by many research groups (ref. 38-47).
A. H. Ibrahim and her colleagues, prepared aqueous and
methanolic extracts of C. siligua and tested them for
antibacterial activity.®® They isolated nine pure compounds
from these extracts. All the nine compounds are known to
have antibacterial activities. The structures of five of them
are shown in Figure 1.

These five compounds were reported by other groups for
having antibacterial activities. For example, n-nonadecanol
from Schinus lentiscifolius,*®® lupeol from Albizia
adianthifolia,’®® genisstein from soybean (Glycine max),®’
geraldone from Flourensia oolepis,’® and liquiritigenin
from Dalbergia odorifera.'® N. Aissani et al. isolated (-)-
epigallocatechin-3-gallate (Figure 2) from the methnolic
extract of Carob leaves. It is interesting to notice that in
reference 38 the same extract was prepared and analyzed but
this compound was not isolated. Methyl ester of gallic acid
was isolated. Epigallocatechin-3-gallate is the major
antibacterial agent in green tea (Camellia sinensis).?®

One general fact can be noticed, methanolic extract of
leaves has the highest antibacterial capacity. But it is also
important to notice the contradiction between the reports of I.
Talibi et al.* and B. Kivcak and T. Mert*: while the first
reports that n-hexane extract of dry leaves was inactive
antimicrobial, the second reports that the very same extract
had the highest activity, along with methanolic extract. The
weak antimicrobial activity reported by C. Tassou et al.,'%
can not be explained or compared with later reports since
Carob tree part was not indicated and extraction solvent was
80 % ethanol/water.

But Carob can be a medium for bacteria growth also. A.
Hariri and his colleagues reported the growth of L.
bulgaricus from Carob pods syrup.®? Despite the fact that
this bacterium is a "friendly" one that is used for cheese
production from milk, the sugar rich Carob pods syrup, that
has high nutritional value, can potentially help growing
harmful bacteria. Fungi can also grow on nutritional Carob
trees. M. EI-Neketi and her colleagues have isolated and
characterized six new interesting compounds, including
alkaloids and polyketides from the fungi Penicillium
citrinum, that grows on Carob trees in Morocco.’®® The
structures of these compounds are shown in Figure 5.

Among the reported Carob extracts tested for antidiabetic
activity, it seems that the report of F. Mounce and M. Al-
Saeed (ref. 51) is the less understandable.
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Figure 5. Alkaloids and polyketides from the fungi Penicillium
citrinum, that grows on Carob trees.

They claim to find n-hexane extract of dry pods to be
active against alloxan-induced diabetes in pregnant female
rabbits. They claim that this extraction method yields
"phytosterol extract". Obviously, phytosterols are highly
soluble in hexane, but this extract naturally contains many
other non-polar compounds that are found in Carob pods. So,
it is scientifically inaccurate to refer the biological activity
to a single compound or compound family, while the extract
is crude and not fractionated.

Anticancer and related activities of Carob have been
studied partially. Anyhow, some of these published studies
must be considered very carefully. For example, H. A.
Mouse and his colleagues tested ethanolic and ethyl acetate
extracts of popolis extract from Morocco. They claim that
the raw material was prepared by bees from mailny three
trees, including Carob. But when they analyzed these
extracts by HPLC, they did not find a single compound that
is solely conatined in Carob.

Anti-inflammatory activity of Carob extracts reported in
references 61-63, are to the best our knowledge,
underestimating the capacities of this plant. Based on very
pesonal experience and many others, we can state that
molasses of Carob are very active against mouth
infalammations. As we mentioned above, this is very well
known activity in Palestinian traditional medicine, and its
very strange that even publications about ethnomedicine of
C. siliqua do not mention it.

Most reports about medicinal activities of Carob extracts,
especially antioxidant activity and its related properties (ref.
64-86) indicate very clearly that extracts of polar solvents
have higher activity than those of non-polar solvents. In
most cases, extraction was done with methanol. This can be
understood on the basis of the nature of the active
compounds in Carob, most of them are polyphenols, that are
relatively polar compounds. Even though other powerful
antioxidants such as carotenoids are present in Carob, their
amounts are much lower than that of polyphenols, and so,
their contribution to the total antioxidant capacity is low.
Special attention can be paid to the report of A. Ben Hsouna
and his colleagues (ref. 76), where they state that the ethyl
acetate leaves "extract" had the highest antioxidant and
antimicrobial activities among the "extracts" that they
prepared. As far as we can understand this, introducing the
results this way is misleading. Leaves were originally
extracted with 80 % aqueous ethanol, a very polar solvent.
The dry extract was fractionated with ethyl acetate, DCM
and n-hexane, where ethyl acetate is the most polar solvent
among the three. HPLC analysis of this fraction yielded
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polyphenolic compounds: 1,6-di-galloyl-glucose, 1,2,6-tri-
galloyl-glucose, myricetin glucoside, 1,2,3,6-tetra-galloyl-
glucose, myricetin rhamnoside and syringic acid. To
conclude this part, it is important to pay attention to two
additional reports. First, S. Klenow and her colleagues,*®
raised the question: does an extract of Carob have
chemopreventive potential related to oxidative stress? And
after a fundamental research they conclude that the answer
is not clearly "yes". So, the antioxidant quality of Carob is
superb but its anticancer properties are not the same. This
doubt is strengthened by the report of N. Khalifa and her
colleagues who found high antioxidant of extracts of leaves
and pods of Carob, but zero and very weak cytotoxic
activity, respectively.'®5" Second, V. Goulas et al. published
a comprehensive review article about "functional
components of Carob fruit".* Its not clear why the most
important medicinal and food value of Carob pods,
antioxidant activity, was so clearly ignored there.

The chemical composition of Carob was widely
investigated. Locality, seasonality and stage of development
can influence the chemical composition of plants, and Carob
is not an exception (ref. 90-92, 101-103). These effects are
well known for other plants, and many studies of Carob
indicate this, including the report of A. Haddarah and her
colleagues from Lebanon.'” One of the important reports of
chemical composition of Carob was published by Y. M.
Boufdi and her colleagues.’® They prepared three extracts
of pulp, and while the vast majority of composition studies
report approximate compositions, this study reports a very
detailed composition (Table 2, page 79 in the article). Most
of the identified compounds are polyphenols and their
derivatives.

Polyphenolic compounds are major components of Carob.
They are responsible for most of its medicinal and other
activities, such as antioxidant-reductive activity. This
property enable extracts of Carob being corrosion
inhibitors.**® One of the new polyphenolic that were isolated
for the first time from Carob is ceratoside, that its structure
is shown in Figure 3.1

Hydrolysis (degradation) of condensed tannins which are
polyphenols attached by glycosyl bonds to sugars can be
done in several reactions. One of the convenient reactions
that is performed under mild conditions, is hydrolysis with
thioglycolic acid, that can also hydrolyse other ether
bonds.*®2 This reaction was discussed by Sears and
Casebier.'®® In scheme 1, we illustrate the application of this
reaction to myricetin-3-rhamnoside. %2

Carob extracts are being studied in recent years for
gastroprotective activities, and they were found highly
active, so far.1%51% Most studies were done in vivo after
induction of gastric disorder in animals. These diorders were
induced by various chemicals such as ethanol, hydrochloric
acid, sodium chloride or dextran sulfate sodium. In most
reports, authors link the medicinal activity to polyphenols
found in Carob pods. One of these compounds is pyrogallol
(1,2,3-trihydroxy benzene).® A short summary of these
activities can be found in a recent review article that was
published by 1. C. Theophilou and her colleagues.'*® Some
activities however, have been attributed to soluble
galactomannans.*® A general structure of Carob
galactomannan, polysaccharide composed of mannose in
major chain, with galactose branching, is shown in figure 6
(short form).2%
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Figure 6. General structure of galactomannan found mainly in
Carob beans

Carob phytoestrogens were found active in bone
recovery.t””1® These compounds are shown in figure 4.
This activity is very well known and it was finely presented
in a comprehensive review article by Lagari & Levis.?*

Finally, Carob tree is a very important nutritional source,
both for humans and animals, and relying on its potenial and
safety, even its used parts and by-products can have
nutritional and medicinal important uses.? It is important to
indicate here that in this review article we tried to focus our
attention on major natural products found in Carob, despite
the fact that some compounds that are found in trace
amounts, might be of some interest.2°® But these compounds
are found in other plants in higher amounts and were studied
in that context.204

Conclusions and suggested future research

(1) Carob has very important nutritional and medicinal
qualities. Some were reasonably studied but others should
be studied more thoroughly.

(2) Some of the reports concerning antibacterial activity of
Carob are contradicting. Further studies are needed to clear
these confusions. It is also recommended to use modern
tools such as ionic liquids for extraction.

(3) There is a need to perform more studies of antiviral
capacity of Carob.

(4) 1t is highly desirableto expand the research of anti-
inflammatory activity of Carob since it is very well based in
Palestinian ethnomedicine and almost was not studied so far.

(5) Works of actual research of neuroprotective effect of
Carob were never published. This field should be
extensively studied.

6) There is an importance to expand the studies of the
medicinal studies of the potential of Carob products as
nutritional sources, especially in terms of antiobesity agents.
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