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Abstract

Background: Carob (Ceratonia siliqua L) is one of the important crops in terms of nutritional and medicinal value
in the countries of Western Asia and North Africa. Despite the fact that some countries have used Carob in
traditional medicines, the modern food industry began to discover the great potential of this plant which
differentiates with antioxidant capacity as well as other important medicinal activities. Some of very few studies that
have been reported on this important plant were published.

Methodology: In the present study, micropropagation behavior and biochemical constituents of Ceratonia siliqua L.
cultured on MS medium supplemented with different types and concentrations of cytokinins (0.0, 0.5, 1.0, or 1.5
mg/| BA, Kin, or TDZ and 0.2 mg/I NAA) under various light qualities ((white, green, blue, red, and yellow) were
examined.

Results: MS culture medium supplemented with BA produced the highest shootlets number/explants. For light
quality, the data showed that green light increased shootlet number/explants, fresh and dry weights. However,
yellow light increased shootlet length and leaves number and also caused significant increase in total phenols,
flavonoids, and antioxidant capacity (DPPH) as compared to other lights. HPLC analysis showed that yellow light
caused the highest accumulation of total phenolic and catechin that were the highest accumulated compounds
(509 pg/ml) followed by that were accumulated under green light (412.68 pg/ml). Shootlets grown under white
light (control) gave the highest accumulation of p-coumaric acid, rosmarinic acid, and cinnamic acid. Shootlets
grown under blue light gave the highest accumulation of gentisic acid and syringic acid. Red light caused the
highest accumulation of vanillic acid. However, white light accumulated the highest amount of flavonoid
compounds comparing with other light qualities.

Conclusion: This study had reached to optimize a suitable micropropagation protocol of Ceratonia siliqua L. and
characterization of biochemical constituents that can be beneficial for increasing its medical value which will help
in food industries for commercial purposes.
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Background
Carob tree (Ceration siliqua L.) belongs to family
Fabaceae. It is widely cultivated for its edible pod, and as
ornamental tree in gardens (Girolamo and Laura 2002).
It is used in reforestation action and its cultivation in
modern orchards is being undertaken to value marginal
lands and substitute for drought sensitive species (Sidina
et al. 2009). The economic importance of this species
comes from its industrial utilization. Pods and seeds of
carob are used as raw material in food, pharmaceutical,
and cosmetic industries (Barracosa et al. 2007). Propaga-
tion of Ceratonia siliqua by seeds does not ensure either
the sex or the genetic characteristics of the ecotype
(Barracosa et al. 2007). Using propagation by cutting has
failed because rooting is difficult (Lee et al. 1997). So,
using in vitro culture allows an alternate option for
carob propagation (Romano et al. 2002), and is consid-
ered as a technique for the preservation of plant genetic
material, the grown plant breeding program, and the fast
production of large quantities of propagation materials
(Mitrakos 1987). In this respect, many researches of
Ceratonia siliqua micropropagation using various ex-
plants are available (Thomas and Metha 1983 and
Romano et al. 2002). Using type and concentration of
cytokinins were the most important factors affecting on
shoot multiplication and the best multiple shoot re-
sponse was obtained with using MS medium (Romano
et al. 2002). Light quality was effective by modulated
photoreceptors on shoot elongation and lateral branch-
ing through changing the concentration of plant
hormones (Muir and Zhu 1983; Smith 1982). Plants have
evolved a plethora of signal-transducing photoreceptors
that regulate their growth and development in relation
to the presence, amounts, direction, duration, and qual-
ity of light (Smith 1994; Quail 2002). Plant responses do
not depend only on the absence or presence of light but
also on the variations in light quality (Pedroso et al.
2017). Light quality has important effects on plant
growth and development, especially for photosynthesis
and photo morphogenesis, the two process that, through
signals received by the photoreceptors, regulate plant
growth, differentiation, and metabolism (Guo et al
2007). Plant growth can be affected by endogenous
hormone levels interactions with light quality. In this
respect, Ou Yang et al. (2015) revealed that red and blue
lights are associated with plant growth, development,
and phytohormone metabolism. In addition, they re-
ported that blue light promotes IAA accumulation and
phenylpropanoid biosynthesis. In contrast, red light af-
fects stem growth by regulating biosynthesis of GAs.
These experiments aimed to establish a micropropaga-
tion protocol that can be used in further studies for
mass production of shootlets and secondary metabolites
from Ceratonia siliqua L. plant.
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Materials and methods

This investigation was carried out during the years 2018
and 2019 at Tissue Culture and Germplasm Conservation
Research Laboratory, Horticulture Research Institute,
Agriculture Research Center (ARC) and Tissue Culture
Technique lab., Central laboratories, Department of
Ornamental Plants and Woody Trees, National Research
Center (NRC), Egypt on Ceratonia siliqua L. to optimize a
micropropagation protocol and enhance biochemical
synthesis.

Plant materials

Nodal segments of carob were excised from female ju-
venile suckers which were grown at Horticulture insti-
tute farm in March 2018. The explants were sterilized by
0.1% mercuric chloride (MC) for 10 min and cultured
on free MS (Murashige and Skoog 1962) medium for 4
weeks (all explants survived and free contaminated).

Culture medium

Cuttings obtained from in vitro propagated shootlets at
2.0 cm long were excised and individually placed on 250
ml/jar containing 25 ml of MS basal medium supple-
mented with 25 g/l sucrose and solidified with agar (7 g/
). The pH of medium was adjusted to 5.7 + 0.1 with
HCL 01 N or NaOH 0.1 N before sterilization by
autoclaving at 121 °C for 30 min. Growth regulators: 6-
Benzylaminopurine (BAP), Thidizeron (TDZ), Kinetin
(Kin), and naphthalene acetic acid (NAA) were added to
the culture medium according to the experimental stage
as follows:

The explants that survived and free contaminated were
cultured on full MS medium supplemented with differ-
ent types of cytokinins (BA, Kin, or TDZ) at various
concentrations (0.0, 0.5, 1.0, or 1.5 mg/l) in combination
with 0.2 mg/l NAA. After the third subculture, shootlet
number/explants, shootlet length (cm), and leaves num-
ber/shootlet were recorded.

Incubation conditions
Cultures were incubated under 16:8 h photoperiod of
cool-white light at 1250 lux during all stages.

The best multiplication medium (0.5 mg/l BA + 0.2
NAA) was used for testing the proliferation ability of
in vitro cultures under different light qualities (white,
green, blue, red, and yellow) using LED light source.

The shootlet number/explants, shootlet length (cm),
leaves number/shootlet, fresh and dry weights (g), and
the estimation of biochemical analysis were recorded
after 1 month.

Analytical scheme
Spectrophotometer analysis for total phenolic content
(TP), total flavonoid content (TF), and free radical
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scavenging activity were performed on jenway (6715,
UK). For evaluation of TP, TF, and free radical
scavenging activity of in vitro shoots, the samples were
subjected to extraction according to the protocol de-
scribed by Gabr et al. (2016). Total phenolic content was
performed using Folin-Ciocalteu reagent according to
the method reported by Velioglu et al. (1998) and was
calculated using the following and expressed in mg gallic
acid/L

Total phenolic production (mg/l) = DW (g/) x total
phenolic content (mg/g).

Total flavonoid content was determined using
aluminum chloride (ALCL colorimetric method reported
by Chang et al. 2002) and expressed in mg quercetin/L.

For antioxidant activity determination, 2,2-diphenyl-1-
picrylhydrazyl (DPPH) was used as described by Gabr
et al. (2016).

HPLC analysis for phenolic and flavonoids was per-
formed on an Agilent 1100 liquid chromatography with
Zorbax SB-C18 Column. Samples (20 pl) were injected
and analyzed at flow rate of 0.4 ml min at 35 °C. A gra-
dient programme was used with 1% (V/V) aqueous
phosphoric acid (eluent A) and 40% (V/V) aqueous
acetonitrile (eluent B). The eluent was monitored at 254,
290, and 330 mm. The identification and quantification
of phenolic acids were done by comparing retention
time and area of the peaks in the extracts against that of
the standard compounds. All standards were purchased
from Sigma-Aldrich.

Statistical analysis

In all treatments, 25 explants in five replicates were
used. The lay-out of the experiment was designed in
complete randomized design and test least significant
difference (LSD) at p < 0.05 was used for comparison
among means according to Steel and Torrie (1980).

Results

Effect of different cytokinin types and concentrations on
shooting behavior

Data in Table 1 clearly show the effect of fortified of MS
medium with cytokinins different type (BA, Kin, or
TDZ) at various concentrations (0.0, 0.5, 1.0, or 1.5 mg/
1) with 0.2 mg/l NAA on behavior of shooting. The data
clarified that explants cultured on MS medium supple-
mented with BA produced maximum shootlet number/
explants at three concentrations (0.5 , 1.0, or 1.5 mg/l)
which gave (2.75, 2.79, or 2.82 shootlet/explant, respect-
ively). On the other hand, MS culture medium free of
hormones reduced shootlet number/explants (2.20
shootlet) and led to the longest shootlets (2.35 cm). MS
medium supplemented with 1.5 mg/l of TDZ increased
leaves number/shootlet (3.60 leaf/shootlet).
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Table 1 Effect of different types of cytokinin at different
concentrations on shooting behavior of Ceratonia siliqua L

Character Shootlets Shootlet Leaves

Treatment (mg/) number/ length number/
explant (cm) shootlet

Control (MS free of hormones) 220 2.35 3.20

0.5 BA + 0.2 NAA 2.75 210 340

1.0 BA + 0.2 NAA 2.79 1.90 3.20

1.5 BA + 0.2 NAA 282 1.90 2.80

0.5 kin + 0.2 NAA 2.30 2.20 3.20

1.0 kin + 0.2 NAA 245 1.90 2.80

1.5 kin + 0.2 NAA 265 220 3.60

0.5 TDZ + 0.2 NAA 2.50 2.10 2.60

1.0 TDZ + 0.2 NAA 260 1.80 240

15TDZ + 0.2 NAA 255 1.80 240

LSD at 5% 043 048 0.81

Effect of light quality on in vitro growth behavior

Data in Table 2 and Fig. 1 indicated that incubation of
cultures under different light qualities showed variations
in in vitro growth of shootlets as well as fresh and dry
weights of shootlets. Cultures that were incubated under
green light produced highest values of shootlet number
(3.34) and fresh and dry weights (5.04 and 1.83 g, re-
spectively). On the other hand, cultures that incubated
under yellow light produced longest shootlet and highest
leaves number (3.82 ¢cm and 5.02 leaf/shooltlet).

Total phenol and total Flavonoids content

Significant variances in total phenol content profile were
shown by in vitro Ceratonia siliqua shootlets grown
under different light spectrum. Plantlets grown under
yellow light present the maximum level (27.59 mg/ml)
(Fig. 2). Shootlets grown under yellow light showed the
highest total phenol content (25.03 mg/ml), followed by
green and red (22.58 and 20.49 mg/ml), respectively.
While the lowest total phenol content level was shown
with blue lights (16.78 mg/ml). Total flavonoids content
showed (Fig. 3) the same as total phenol content, shoot-
lets grown under yellow light presented the maximum
level of total flavonoids content (826.069 pg/g DW). Red
light accumulated high level of total flavonoids content
compared with blue or green lights (626.69, 508.44, and
421.16 pg/g DW, respectively).

Antioxidant capacity DPPH

Shootlets grown under yellow light gave the highest anti-
oxidant capacity (87.37%) compared with other light
qualities as well as control (white light). Shootlets grown
under red light gave the lowest antioxidant capacity
(80.316%). Interestingly, a positive correlation was found
between total phenol, total flavonoids, and antioxidant
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Table 2 Effect of light quality on shooting behavior of Cerationia siliqua L

Light quality Shootlets number/explant Shootlet length (cm) Leaves number/shootlet Shoot fresh weight (g) Shoot dry weight (g)
White 2.74 2.10 340 5.04 1.20
Green 3.340 3.04 354 6.63 1.83
Blue 298 270 368 597 142
Red 3.04 2.96 3.60 6.48 1.63
Yellow 252 382 5.02 581 135
LSD at 5% 0.70 1.07 0.87 0.88 022

capacity. The different spectrum of lights induced a
change in antioxidant activity in similar mode to that of
total phenol, total flavonoids content, which signify that
most of the phenolic and flavonoids compounds, in ex-
tract act as antioxidants.

Effect of light quality on phenolic and flavonoids
compounds HPLC analysis
HPLC was used to identify 13 phenolic acids and seven
flavonoids under the impact of five different light
qualities (Table 3). The obtained results showed highly
different amounts of the different identified phenolic
acids. Yellow light promoted the accumulation of gallic
acid, catechin, chlorogenic acid, and sinapic acid with
high accumulation of total phenolic acids. While, white
light (control) accumulated a high amounts of p-
coumaric acid, rosmarinic acid, and cinnamic acid.
Results of flavonoids as shown in Table 4 showed that
the highest value of rutin accumulated in shootlets
subjected to blue light (22.16 pg/ml). White light
improved the accumulation of all other flavonoids than
other spectrum of light.

Discussion
The present data in Table 1 were in agreement of those
found by Saidi et al. (2016) on carob and Sawsan and

Zienab (2014) on Cephalotaxus Harrington; they re-
ported that BAP (0.5 mg/l) with NAA (0.1 mg/l) stimu-
lated better stem formation and those growth.

Data in Table 2 were confirmed by early results found
by many reports (Gabryszewska and Rudnicki 1995;
Bach and Malik 1999; Bach et al. 2000; Bach and
Swiderski 2000; Witomska and Koszewska 2002) who
mentioned that light quality significantly affected dry
weight, plantlet height, and number of leaves. Red light
significantly enhanced adventitious bud formation and
shoot elongation in petunia and Gerbera, while blue
light increased the number of adventitious buds and
fresh weight of shoots on Freesia, Hyacinthus and
Cyclamen.

Concerning results of total phenol and total flavonoids
content (Figs. 2 and 3), Ardeleana et al. (2018) found
that yellow light produced high levels of total phenol
and total flavonoids in in vitro seedlings of Ocimum
basilicum L. cultivar Aromat de Buzau than red or white
lights. Our results indicated that red light is more effect-
ive than blue in production of total phenol content as
well as total flavonoids content. Similarly, red light
enhanced phenolic content in leaf of lettuce and total
flavonoid content in Rehmannia glutinosa (Manivannan
et al. 2015; Li et al. 2013). On the other hand, Bach et al.
(2015) reported that red and blue light treatments did

B: Green

A: White

supplemented with 0.5 mg/I BA + 0.2 NAA

C: Blue

Fig. 1 Effect of light (a white, b green, ¢ blue, d red, and e yellow) on in vitro growth behavior of Ceratonia siliqua L. cultured on MS medium

D: Red E: vellow
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not induce any changes in the content of total phenolics
between the studied cultivar sachenalia (Ronina and Ru-
pert). Younas et al. (2018) reported that deviations in
total phenolic and flavonoid contents reveal that light
quality affect different plant species variably. Shiga et al.
(2009) reported that white light enhanced phenolic con-
tent and antioxidant activity in Ocimumba silicum.

The results in Table 3 are in agreement with Leal-
Costa et al. (2015). They found that yellow light
improved the production of phenolic compounds in
Phyllanthus tenellus grown in vitro. Likewise, Shiga et al.
(2009) reported that white light enhanced accumulation
of chicoric acid, romarinic acid, and caffeic acid in Oci-
mumba silicum. On the other hand, Bach et al. (2015)

found that total production of phenolic compounds in
Lanchenalia “Ronina” and “Rupert” in vitro cultures sub-
jected to white and blue light varied from 1.1 to 2.0 mg/
g dry weight and it was higher than lachenalia exposed
to red light (0.5 mg/g dry weight). Szopa and Ekiert
(2016) investigated the influenced of lighting conditions
(far-red, red, blue, white, and darkness) on lignin and
phenolic acids accumulation. They found that blue light
was found to be the most effective lighting to the pro-
duction of both groups of compounds. Their total
amounts reached the maximum values of 376.41 mg/100
g dry weight and 46.57 mg/100 g dry weight, and were
correspondingly 1.31 and 1.37 times greater than under
white light. The amounts of individual compounds from
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Fig. 3 DPPH free radical scavenging (%) under different light qualities. Values presented means + standard error from replicates
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Table 3 Comparison of phenolic acids under the five different
light qualities on Ceratonia siliqua L

Compounds (pg/ml) White (control) Yellow Green Blue Red

Gallic acid 6.18 6.30 441 5.56 446
Protocatechuic acid 2.76 250 278 263 197
p-Hydroxybenzoic acid 0.00 1.79 339 316 220
Gentisic acid 0.20 0.15 0.69 1.08 0.58
Catechin 323.03 509.00 41268 26544 267.12
Chlorogenic acid 0.00 0.17 000 010 014
Syringic acid 2.94 1.29 2.72 6.81 2.14
Vanillic acid 148 141 1.62 1.69 1.79
Ferulic acid 0.23 019 026 017 023
Sinapic acid 0.24 0.28 0.26 0.23 0.27
p-Coumaric acid 3.13 0.65 0.54 0.99 1.00
Rosmarinic acid 046 0.23 019 020 029
Cinnamic acid 0.14 0.02 0.05 006 0.1
Total 340.80 52398 42958 288.10 282.30

the tested groups increased from 1.51 to 3.38 times
(lignin), and from 1.74 to 2.72 times ( phenolic acids),
depending on the lighting condition.

The results in Table 4 are in harmony with Pedroso
et al. (2017) when studied the impact of five different
lights on rutin accumulation in in vitro cultivated Hyp-
tismarrubioides. They demonstrated the blue and white
lights promoted the greatest rutin accumulation (0.30
and 0.31 mg g * of dry weight) after 30 days of irradi-
ation. In line with these results, Thwe et al. (2014) re-
ported that irradiation with blue light increased
polyphenol content in lettuce and induced the produc-
tion of rutin and cyaniding 3-0-rutinoside in Fagopyrum
tataricum.

Conclusion
Investigation of growth regulators and light quality on
in vitro culture of Ceratonia siliqua revealed that adding

Table 4 Comparison of flavonoid under the five different light
qualities on Ceratonia siliqua L

Compounds (ug/ml)  White (control)  Yellow Green Blue Red
Rutin 21.62 13.04 965 2216 821
Apigenin-7-glucoside  3.65 232 207 355 156
Myricetin 0.34 0.20 0.22 022 025
Quercetin 038 0.09 0.08 010 0.M
Apigenin 043 024 0.28 024 025
Kaempferol 048 0.00 0.09 008 0.00
Chrysin 043 0.00 0.1 000 000
Total 27.33 1589 1248 2636 1039
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0.5 mg/l BA with 0.2 mg/l NAA to MS medium
produced large shootlet number/explant. For light qual-
ity, green light increased shootlet number/explant, fresh
and dry weights. Besides that, yellow light increased total
phenol, total flavonoids, and antioxidant capacity
(DPPH) and increased accumulation of total phenolic
acid and catechin.
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