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Abstract
The influence of white, blue and red Light-Emitting Diodes (LED) on the growth and the secondary metabolites production in
calli and shoots cultures of Gardenia jasmonides, Variegata was evaluated. The white light generally has a powerful effect on
both fresh and dry weights of the two types of cultures. White light treatment recorded (11.88 and 0.63 g) for the fresh and dry
weight (in case of calli) followed by the blue light which recorded (11.78 and 0.60 g ), respectively. The extracts of shoots
exposed to white LED light recorded the highest reducing efficiency (74.40 %). It could be justified as the shoots that exposed
to the white light recorded the highest cholorogenic acid (CGA) compared to all the other treatments. Among different
phenolic and flavonoids compounds which were tested in the calli and shoots cultures exposed to the different LED light
quality, only the chlorogenic acid was detected in the different treatments in both cultures with varying quantities. The white
LED light recorded the highest content of chlorogenic acid with both cultures, since it scored 52.43 µg / gdw with calli
cultures versus 8783.53 µg / gdw with shoots cultures.
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1. Introduction
Plants may play an essential role in production
of pharmaceutical compounds and other raw
materials. The medicinal plants are recognized as the
main stone in drug industries around the world. There
are different chemical groups which can be
considered as the main responsible for the different
medicinal value plants. Phenolic compounds,
flavonoids , tannins and alkaloids are the most
famous compounds of the medicinal plants [1].
Gardenia is an ornamental and medicinal woody
plant, belongs to the coffee family (Rubiaceae). There
are more than hundred different species belongs to
the genus Gardenia among them the specie jasmonide
which include two sub- species (Ellis and variegata
).The double-flowered form of gardenia is used for
ornamental purposes, whilst the single-flowered one
is considered as a medicinal plant, since the double –
flowered one does not bear fruits which is considered

as the medicinally used organ [2].Gardenia plays an
important role in the traditional Chinese medicine
[3]. It is full of phenolic compounds (i.e. cinnammic
acid, chlorogenic acid ) and anti-inflammatory
flavonoids (i.e. rutin) which qualifies it for use as a
pain treatment or for the treatment of inflammatory
diseases [4].
Chlorogenic acid (CGA) is considered as an ester
of the caffeic acid and (−)-quinic acid [5].
Chlorogenic acids (CGA) are recognized as cinnamic
acid derivatives which have different biological
effects mostly related to their anti- inflammatory
activities.
In the last few years, chlorogenic acid has been
shown to have a series of medicinal benefits, among
them it minimize the relative risk of Alzheimer’s
disease , diabetes type 2 and cardiovascular disease [
6–8], and it has different antibacterial and antiinflammatory activities [9-10]. The major source of
CGA in nature (5–12 g/100 g) is the Green (or raw)
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coffee [11], also buckwheat seedlings could be
considered as a good source of chlorogenic acid [12]
so, among the plant biodiversity it would be good to
find new original sources for chlorogenic acid as
well.
In order to face the increasing demand for
plant metabolites used in the pharmaceutical industry,
recent researches focused on the development of new
biotechnological techniques from them the in vitro
culture to elevate the bioactive metabolites in plant
material is needed[ 13]
Biotechnology offers the different techniques to
use cells, tissues, organs or whole organisms by
growing them in vitro (under controlled
environmental conditions) and manipulate with them
to get the desired compounds.
Light is the main
physical factor in the controlled environmental
conditions, which is directly affects the plant growth
and development, also the production of plant
secondary metabolites is greatly affected with light.
Light is essential for photosynthesis process and also
for the regulation of the plants development [ 14] .
Utilizing different spectral composition could be
considered as an efficient way to affect the plant
growth and quality of plant production in controlled
environments [15]. Recently, it was found that light
emitted diodes (LED) lighting play an efficient role
in in vitro plant growth [16 ] and plant productivity
[17-19 ]. Since they are more preferred in the in vitro
growing environments due to their small size,
durability, low heat emission and energy
consumption; all of which traits make them the most
preferred for the in vitro plant propagation work [20].
Therefore, this research is conducted to evaluate
the effect of white, red, blue Light-Emitting Diodes
(LED) light on the growth and the production of
secondary metabolites in calli and shoots cultures of
Gardenia jasmonides, Variegata.

2. Experimental
Plant material:
In vitro growing Gardenia jasmonides Variegata
plantlets were used as a source of plant material in
this study. The plantlets were subcultured for three
times on MS medium [21] supplemented with 2 mg/l
BA for shoots multiplication needed in this study.
Calli cultures:
For callus induction, leaves of the in vitro
growing gardenia plantlets were cut to segments of
about 0.5cm long and placed on MS medium
supplemented with 0.5 mg /l BA + 0.5 mg /l picloram
________________________________________________
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for one subculture in dark. The inducted callus was
transferred to MS medium supplemented with 4 mg/l
TDZ for calli production needed in this study.
Effect of exposing the calli and shoots to the
different light LED quality on the fresh and dry
weights:
For studying the effect of different LED light
quality on Gardenia calli cultures, about 0.5 g of calli
were singled out on petri dishes containing MS
medium supplemented with 4 mg/l TDZ. Ten petri
dishes were placed under blue, red and white LED
light for one month. While, for studying the effect of
different LED light quality on gardenia shoots
cultures, a single shoot of about 0.5 g was
subcultured on MS medium supplemented with 2
mg/l BA. Ten jars were placed under blue, red and
white LED light for one month. All the LED lamps
are LED T8 True light (18 watt and 220 volt). Light
intensity was measured with lux-meter it recorded
4130 lux with white light, 657 lux with red light and
283 lux with blue light.
After one month, the
explants were harvested and the fresh weights were
recorded. The samples were dried using freeze dryer
and dry weights were recorded.
Sample extraction:
100 mg of grounded dried samples each of calli
and shoots in each treatment were extracted with 1.5
ml 80 % methanol for 24 hrs. The extracts were then
sonicated in an ultrasonic water bath (Grant, United
Kingdom) for 20 min. Samples were centrifuged for 5
min at 6000 rpm (Sigma, 2- 16 PK, and Germany).
The supernatants were collected and the pellets were
re-extracted twice with 500 µl of the solvent. The
extracts were stored at - 20 ◦ C until further use.
DPPH Radical scavenging activity:
The DPPH assay was used with some
modifications according to Gabr et al., (2017) [22].
The stock reagent solution (1 × 10-3 mol L-1) was
prepared by dissolving 22 mg of DPPH in 50 ml of
methanol and stored at - 20◦ C until use. The working
solution (6× 10 – 5 mol L-1) was prepared by mixing
6 ml of stock solution with 100 ml of methanol to
obtain an absorbance value of 0.8 + or – 0.02 at 515
nm, as measured using a spectrophotometer. Extract
of the different samples (0.1 ml of each) were
vortexed for 30 s with 1.9 ml of DPPH solution and
left to react for 30 min, after which the absorbance at
515 nm was recorded. A control with no added
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extract was also analyzed. Scavenging activity was
calculated as follow:
Radical-scavenging (DPPH ) activity (%) = [(
Acontrol - Asample ) / A control] × 100
Where A is the absorbance at 515 nm.
Determination of phenols and flavonoids content
by HPLC:
The extraction was performed according to
Gabr et al., [22]. The methanol solution of the
extracted samples were evaporated and concentrated
to a dry residue which was dissolved in 1 ml of
methanol and kept at 4◦C in darkness. The content of
flavonoids and total phenols were determined by
HPLC on a UNICAM CRYSTAL 200 Liquid
Chromatograph. The mobile phase consisted of
methanol and water (both acidi¬fied with 0.3%
orthophosphoric acid p.a. - w/v). Flavonoids were
eluted with linear gradient from water to 50%
methanol in 5 min, following by isocratic elution with
50% methanol for 20 min. The flow-rate was 1.4
ml/min. Substances were detected by absorption at λ
= 288 nm and their identification were carried out by
the comparison of retention times and absorption
spectra with standards complex of flavonoids
standards: Rutin (quercetin-3-rutinosid), apeginin-7glucoside and Kaempferol (kaempferol-3-rutinoside).
For phenolic acids: chlorogenic acid, vanillic, ferulic,
rosmarinic and cinnamic. All Standards’ used were
manufactured by Sigma Aldrish. Samples content
were expressed as µg/g dry weight and derived using
a known concentration of standard and sample peak
areas.
Statistical analysis:
All analysis was performed in ten replicates
and data reported as mean ± standard deviation (SD).
Results were processed by Excel.

3. Results and Discussion
Effect of exposing the calli and shoots to the
different light LED quality on the fresh and dry
weights
It is well known that Light is very important for
Plants either in photosynthesis process or also for the
regulation of their development.
Table (1): Effect of exposing the calli and shoots
cultures to different light LED quality on the fresh
and dry weights, after one month of culturing.
________________________________________________
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Treatments

Explant

Mean of fresh
weight in grams

Red LED

Calli

8.7276±1.6839

Blue LED

Calli

11.7815±2.5893

White LED

Calli

11.8885±0.7626

Red LED

Shoots

0.8265±0.7264

Blue LED

Shoots

0.7156±0.5083

White LED

Shoots

1.8753±1.4841

Mean of
dry weight
in grams
0.4890
±0.1358
0.6037
±0.1504
0.6315
±0.1138
0.0828
±0.05716
0.0831
±0.0473
0.2686
±0.1417

Data represent mean ±S.D.

A

C

B

Fig. (1) Effect of different LED light quality on shoot
cultures , after one month of culturing
A: Shoot in Red LED light
B: Shoot in blue LED light
C: Shoot in white LED light

A

B

C

Fig. (2) Effect of different LED light quality on calli
cultures , after one month of culturing
A: Calli in Red LED light
B: Calli in blue LED light
C: Calli in white LED light
Data presented in table (1) show the effect of
exposing the calli and shoots cultures to different
light LED quality (red, blue and white) on fresh and
dry weight after one month of culturing. Data
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declared that the white light generally has a powerful
effect on both fresh and dry weights of the two types
(calli and shoots) of cultures. White light treatment
recorded (11.88 and 0.63 g) for the fresh and dry
weight ( in case of calli cultures) followed by the blue
light which recorded (11.78 and 0.60 g ) respectively.
While, this treatment (white) recorded ( 1.8 7 and
0.26 g) with the shoots cultures. On the other hand,
blue and red light treatments had a relatively weak or
little effect on weights either fresh or dry in case of
shoots cultures (figs 1 and 2).
Plant growth is considered a result of some
processes like cell division and elongation,
directional growth and branching. Light spectrum,
intensity and direction affect directly these
processes[17]. The fluorescent lamps (FLs) are
considered the common light sources used for in vitro
culture. Which emit wide-spectrum light (350 to 750
nm), which in return may contains low-quality
wavelengths unnecessary for promoting growth [23].
Due to the light emitting diodes (LEDs) several
advantages they could be considered as an alternative
light source for in vitro culturing. The LED lights can
causes higher growth and development in plants [16]
since they eliminate light wavelengths that are
inactive for photosynthesis. In spite of, blue and red
light are absorbed by photosynthetic pigments more
effectively than green [18 and 24]. However, there
are several studies declared that the white light
could be equivalent to or more effective than redblue (RB) LED light in plant growth promoting [ 24].
Regarding the effect of red, blue and white lights
on crop growth, there are varying results. For
example, it was declared that the growth under white
light, produced by dysprosium and fluorescent lamps,
was equivalent to that under red : blue (1:1) LED
light at the same light intensity in tomato and
chrysanthemum. [25 and 23]. As well as, Lin et al. [
26] reported that the fresh and dry weights of plants
grown under red: blue LED light were not
significantly different from those grown under white
fluorescent light in lettuce. While in petunia ,
Phansurin et al. [ 27] suggested that white LED light
effectively supports petunia plant growth than red :
blue LED light due to its ability to transmit through
leaves
and
subsequently
increases
the
photosynthesis at the canopy level. Contrary to this,
what was reported with Lee et al. [28] who reported
that, the blue light treatment increases fresh weight
________________________________________________
Egypt. J. Chem. 65, No. 2 (2022)

and dry matter production in buckwheat. Also, the
fresh weight and the dry weight of Anoectochilus
roxburghii which was exposed to the blue light
treatment were significantly greater than in the
control.
DPPH Radical scavenging activity:
DPPH is considered as a powerful method for
assessment the antioxidant efficiency of plants crude
extracts. Using
an antioxidant compound and
various plant extracts as hydrogen donors in the
conversion process of the free radical 2,2-diphenyl-1picrylhydrazyl to the stable diamagnetic molecule
diphenyl picryl hydrazine by reduction which will be
accompanied with a change in color from purple to
yellow in a short time is the main base of this
test[29].
Table (2): Effect of exposing the calli and shoots
cultures to different light LED quality on free
radical scavenging capacity of DPPH (%), after
one month of culturing.
Treatment

Explant

Red LED
Blue LED
White LED
Red LED
Blue LED
White LED

Calli
Calli
Calli
Shoots
Shoots
Shoots

Scavenging activity
%
54.89333 ± 22.78017
73.4575 ± 13.51197
66.9675 ± 21.23941
68.005 ± 15.02168
65.7525 ± 17.4874
74.405 ± 3.389912

Data represent mean ±S.D.
Data presented in table (2) indicated that the
extracts of calli exposed to blue LED light are more
efficient in reduce the stable, purple-colored free
radical DPPH into the yellow-colored DPPH (73.45
%) more than the extracts from calli exposed to white
or red LED light which had low reducing efficiency
(66.96 and 54.89 % ) respectively. Whilst, the
extracts of shoots exposed to white LED light
recorded the highest reducing efficiency (74.40 %)
comparing with those exposed to red or blue LED
light which had low reducing efficiency ( 68.00 and
65.75 ) respectively . As for calli , our results may be
explained as that the blue light have very high
frequencies which in turn mean that it carries a large
amount of energy which can cause damages to the
cellular functions of the plant. To protect the plant
tissues from the incoming energy as well as clean up
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any “free radicals” produced in the cell, plants may
produce different compounds which in turn increase
the DPPH radical scavenging activity [30]. In this
respect, Manivannan et al. [31] reported that the red
and blue light-emitting diode (LED) both elevate the
antioxidant capacities in Chinese foxglove, and blue
light was more efficient than red one. While , Adil et
al, [32]recorded that The least DPPH percentage was
observed in calli of C. officinale Makino grown in
complete dark condition The percent antioxidant
activity for calli of C. officinale Makino grown in
vitro under white, blue, red and red : blue lights
recorded ranges between 92 ̶ 93% without any
significant difference among them. Our results
opposes what was reported with Jang et al.,[33]) who
declared that the DPPH radical scavenging activity in
Camellia japonica callus culture showed its highest
activity (82.4%) with the calli cultures grown under
a mixture of red and blue light while the lowest
DPPH activities were detected in calli cultures
grown under white (23.2%) and blue (25.0%) lights.
As for shoots cultures, our results opposes what was
declared El Ashry et al, [34], who found that, the
highest DPPH percentage was recorded after 30 days
of exposing the red beet shoots to the blue light
(42.27%) while its lowest value (14.30%) was
recorded with exposing the shoots cultures to the
green light for 10 days. As for that the extracts of
shoots exposed to white LED light recorded the
highest reducing efficiency (74.40 %) it could be
justified as the shoots that exposed to the white light
recorded the highest cholorogenic acid (CGA)
compared to all the other treatments for the two
different cultures.
Determination of phenols and flavonoids contents
by High Performance Liquid Chromatography
(HPLC).
Among different phenolic and the flavonoids
compounds which were tested in the calli and shoots
cultures exposed to the different LED light quality (
red, blue , white), only the chlorogenic acid was
detected in the different treatments in both cultures
with varying quantities.
Table (3): Effect of exposing the calli and shoots
cultures to different light LED quality on
chlorogenic acid content (µg / g dry ), after one
month of culturing.
________________________________________________
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Treatment

Explant

Red LED
Blue LED
White LED
Red LED
Blue LED
White LED

Calli
Calli
Calli
Shoots
Shoots
Shoots

Chlorogenic
acid ( µg / g
dry weight)
12.90
4.91
52.43
1353.23
7537.71
8783.53

The data in table (3) declared that chlorogenic
acid content varied greatly among the two different
types of cultures. Its content was measured in
micrograms in calli cultures with the different
treatment, whilst it reached milligram in the shoots
cultures with all the treatments. It was found that, the
white LED light recorded the highest content of
chlorogenic acid with both cultures, since it scored
52.43 µg / gdw with calli cultures versus 8783.53 µg /
gdw with shoots cultures. Chlorogenic acid (CGA) is
recognized as cinnamic acid derivatives with a highly
biological effects due to their anti-inflammatory
activities. Steck,( 1968) [35] suggested two different
pathways for the synthesis of chlorogenic acid from
cinnamate which are the first route :cinnamic acid -------p-cuomaric acid ----------p - coumaroylquinic
acid ------------ chlorogenic acid while the secondary
route; cimamic acid ---------p - coumaricacid ----------- caffeic acid---------- chlorogenic acid. Recently
chlorogenic acid shows various pharmaceutical
benefits like it could reduce the risk of Alzheimer’s
disease , diabetes type 2 and cardiovascular disease
[6–8], and it also owes different anti-bacterial and
anti -inflammatory activities[ 9- 10].
Among the different factors affecting plant
development, physiology and its
cellular
differentiation the light is considered the most
important one [36]. Light spectrum type which is
considered one of the environmental factors is
essential signaling component affecting plant
physiology and its metabolism [37- 38] Recently,
LEDs have been increasingly applied in vitro which
return to their advantages over conventional light
sources. Since, LEDs are consuming lower energy
which leads to longer life cycle, and also they have
higher spectral specificity than standard fluorescent
lamps [FL]
[24]. Moreover, the usage of
monochromatic light is important in research centers
[16]. FL light is composed of a range of wavelengths
(350–750 nm) and thus it is more preferable as a light
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source for different plant species; however, even
though it has some disadvantages which are, the
higher consumption of electricity and the much more
heat emission than LEDs [39]. LED irradiation has
been proved to be much more effective in stimulating
plant metabolite production [40]. The light spectrum
of the LEDs has a very strong effect on plant growth,
its development and the production of metabolites.
Light spectra affects plant physiology in different
ways among species [ 41]. As for the effect of light
on chlorogenic acid content, our results are on line
with what was found with Bach et al., [42] who
declared that, the chlorogenic acid was found in the
shoots of lachenalia ‘Rupert’ grown under white light
compared with that grown under complete darkness ,
red or blue light.Whereas our results opposes what
was detected with Szopa and Ekiert, [43] on their
study on Schisandra chinensis since they reported
that the highest overall amount of phenolic
compounds was obtained in extracts from the cultures
maintained under blue light. The most dominant
compounds were: chlorogenic acid (15.33 mg/100 g
DW), protocatechuic acid (13.11 mg/100 g DW) and
gallic acid (6.27 mg/100 g DW) they added that a
high satisfactory total amount (41.62 mg/100 g DW)
was also detected in the cultures which was
maintained in complete darkness.
Finally it could be concluded that chlorogenic acid
is much more in the shoots cultures compared with
calli cultures also, the exposure to the white light
increase the chlorogenic acid content. This results
could be explained as the increase in phenolic
compounds has been found always in plants exposed
to environmental stresses such as UV-radiation or
high light intensity [44- 45]. Higher content of
phenolics in the leaves may be explained as the
leaves are exposed to these factors greatly. Also,
Afzalpurkar and Lakshminarayana [46] described
changes in the content of endogenous chlorogenic,
caffeic, and quinic acid during maturation of
sunflower seeds. This process was found to be
accompanied by decreasing content of chlorogenic
acid and increasing concentration of caffeic . Which
proves that there is an opposite relation between
chlorogenic and caffeic acid.
4.Conclusions
Finally it could be concluded that chlorogenic acid
is much more in the shoots cultures compared with
________________________________________________
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calli cultures also, the exposure to the white light
increase the chlorogenic acid content.
5. Conflicts of interest
There are no conflicts to declare.
6. Formatting of funding sources
The manuscript is funded through National Research
Centre projects. Project no.:12020120.
7. Acknowledgments
Acknowledgments should be provided to the National
Research Centre (In House projects) for funding this
manuscript through the project no: 12020120.
8. References
1. Duraipandiyan V. , Ayyanar M. and Ignacimuthu
S. Antimicrobial activity of some ethno medicinal
plants used by Paliyar tribe from Tamil Nadu,
India BMC Complement Alt. Med.,635-640
(2006).
2. Mizukam H. XII Gardenia jasminoides Ellis: In
Vitro Propagation and the formation of iridoid
glucosides. In: Biotechnology in Agriculture and
Forestry, Vol. 7 Medicinal and Aromatic Plants II
(ed. by Y. P. s. Bajaj). Springer-Verlag Berlin
Heidelberg (1998). DOI: 10.1007/978-3-64258833-4
3. Dharmananda, S. Gardenia: Key herb for
dispelling dampness and heat via the triple burner,
Inistitute
for
Traditional
Medicine,
Portland,Oregon
(2003).
http://itomoneline.org/arts/gardenia.htm.
4. Uddin, R. Saha, M. R. Subhan, N. Hossain, H.
Jahan, I.A. Akter, R. and Alam, A.
HPLCanalysis of polyphenolic compounds in Gardenia
jasminoides and determination of antioxidant
activity by using free radical scavenging assays.
Advanced Pharmaceutical Bulletin. 4(3), 273-281.
(2014).
5. Boerjan, W. Ralph, J. and Baucher,M. Lignin
biosynthesis. Annual Review of Plant Biology.
54: 519-546 (2003).
Doi:10.1146/annurev.arplant.54.031902.134938.
PMID 14503002.
6. Lindsay, J. Laurin, D. Verreault, R. Hebert, R.
Helliwell, B. Hill, G.B. and Dowell, M. C. I.
Risk factors for Alzheimer’s disease: a
prospective analysis from the Canadian Study of
Health and Aging. Am. J. Epidemiol, 156:445–
453(2002).
7. Salazar-Martinez, E. Willett, W.C. Ascherio, A.
Manson, J.E. Leitzmann, M.F. Stampfer, M.J.
and Hu, Coffee consumption and risk for type 2
diabetes mellitus. Ann. Intern. Med. 140:1–8.
(2004).

701

INFLUENCE OF LIGHT QUALITY ON GROWTH AND SECONDARY METABOLITE IN…..
__________________________________________________________________________________________________________________

8. Ranheim, T. and Halvorsen, B.
Coffee
consumption and human health: beneficial or
detrimental? Mechanisms for effects of coffee
consumption on different risk factors for
cardiovascular disease and type 2 diabetes
mellitus. Mol. Nutr. Food Res. 49 (3):274–284.
(2005).
9. Almeida, A.A . Farah, A. Silva , D.A.M. Nunam,
E.A. and Glo´ria, M.B.A. Antibacterial activity
of coffee extracts and selected coffee chemical
compounds against enterobacteria. J. Agric. Food
Chem. 54:8738–43. (2006).
10. Santos , M.D. Almeida, M.C. Lopes, N.P. and
Souza, G.E.P.
Evaluation of the anti inflammatory, analgesic and antypiretic activity of
the natural polyphenol chlorogenic acid. Biol.
Pharm. Bull. 29:2236–40. (2006).
11. Farah, A. and Donangelo, C.M. Phenolic
compounds in coffee. Braz. J. Plant Physiol.
18:23–36. (2006).
12. Sytar, O., Zhenzhen, C., Brestic, M., Prasad,
M.N.V., Taran, N. and Smetanska, I. Foliar
applied nickel on buckwheat (Fagopyrum
esculentum) induced phenolic compounds as
potential antioxidants. Clean - Soil, Air,
Water.41(11):1129–1137.( 2013).
13. Hussain, M.S. Rahman, M.A. Fareed, S. Ansari,
S. Ahmad, I. and Saeed, M. Current approaches
toward production of secondary plant metabolites.
J. Pharm. Bio allied Sci. 4(1):10 -20. (2012).
doi:10.4103/0975-7406.92725. [Crossref], [PubMed],
[Google Scholar]
14. Horwitz, B.A. Properties and transduction chains
of the UV and blue light photoreceptors. In:
Kendrick, R.E., Kronenberg ,G.H., editors. Photo
morphogensis in Plants, 2nd edition. Springer
Science and Business Media Kluwer. pp. 327–
350. (1994).
15. Sytara, O., Zivcaka, M., Neugartd, S.,
Toutounchic, P. M. and Brestica M. Environ.and
Exper.Botany. 165: 30 – 38. (2019).
16. Gupta, S.D. and Jatothu, B. Fundamentals and
applications of light-emitting diodes LEDs in in
vitro plant growth and morphogenesis. Plant
Biotechnology Reports. 7:211–220. (2013).
17. Huché-Thélier, L. Crespel, L. Le Gourrierecb, J.
Morel, P. Sakr, S. and Leduc. N. Light signaling
and plant responses to blue and UV radiations—
Perspectives for applications in horticulture.
Environmental and Experimental Botany.121 :
22–38. (2016).
18. Yamori, W. Photosynthesis and respiration. In T
Kozai, G Niu, M Takagaki, eds, Plant Factory: An
Indoor Vertical Farming System for Efficient
Quality Food Production, Ed 1, Academic Press,
Elsevier, Amsterdam, The Netheranlds. Pp. 141150. (2016).
________________________________________________
Egypt. J. Chem. 65, No. 2 (2022)

19. Kozai, T. Fujiwara, K. and Runkle. E.S. LED
Lighting for Urban Agriculture. Singapore:
Springer Science+Business Media. (2016).
20. Alvarenga, I.C.A . Pacheco, F. V. Silva, S. T.
.Bertolucci, S. K. V and Pinto, J. E. B.P In vitro
culture of Achillea millefolium L.: quality and
intensity of light on growth and production of
volatiles. Plant Cell, Tissue and Organ Culture
(PCTOC). 122(2): p. 299-308. ( 2015).
21. Murashigue, T. and Skoog, F. A revised medium
for rapid growth and bioassays with tobacco tissue
cultures. Physiol., Planta. 15: 473- 497. (1962).
22. Gabr, A.M.M. Arafa, N.M. El-Ashry A.A. and
El-Bahr M.K. Impact of zeatin and thidiazuron on
phenols and flavonoids accumulation in callus
cultures
of
Gardenia
(Gardenia
jasminoides).Pakistan Journal of Biological
Sciences. 20 (7): 328-335. (2017).
23. Kim, S.J. Hahn, E.J. Heo, J.W. and Paek, K.Y.
Effects of LEDs on net photosynthetic rate,
growth and leaf stomata of chrysanthemum
plantlets in vitro. Scientia Horticulturae. 101:143–
151. (2004).
24. Massa, G.D. Kim, H. Wheeler, R.M. and
Mitchell, C.A. Plant productivity in response to
LED lighting. HortScience. 43:1951-1956. (2008).
25. Xiaoying, L. Shirong, G. Taotao, C. Zhigang ,
X. and Tezuka, T. Regulation of the growth and
photosynthesis of cherry tomato seedlings by
different light irradiations of light emitting diodes
(LED). Afr. J. Biotechnol. 11:6169-6177. (2012).
26. Lin, K.H. Huang, M.Y. Huang, W.D. Hsu,
M.H. Yang, Z.W. and Yang, C.M. The effects of
red, blue, and white light-emitting diodes on the
growth, development, and edible quality of
hydroponically grown lettuce (Lactuca sativa L.
var. capitata). Sci. Hortic. 150:86–91. (2013).
27. Phansurin, W. Jamaree ,T. and Sakhonwasee, S.
Comparison of Growth, Development, and
Photosynthesis of Petunia Grown under White or
Red-blue LED lights. Horticultural Science and
Technology. 35(6):689-699. (2017).
28. Lee, S.W. Seo, J.M. Lee, M.K. Chun, J.H.
Antonisamy, P. Arasu, M.V. Suzuki, T. Al-Dhabi
N.A. and Kim. S.J. Influence of different LED
lamps on the production of phenolic compounds
in common and Tartary buckwheat sprouts.
Industrial Crops and Products. 54:320–326.
(2014).
29. Katalinic, V. Milos, M. Kusilic, T. and Jukic,
M. Screening of 70 medicinal plant extracts for
antioxidant capacity and total phenols. Food
Chemistry. 94: 550-557. (2006).
30. The Influence of light intensity and light quality
on secondary metabolism. Copyright 2019.
Fluence Bioengineering, Inc. | Designed and Built
In Austin, Texas.

Amal A. El Ashry et.al.
702
_____________________________________________________________________________________________________________

https://fluence.science/science/influence-of-lightintensity/
31. Manivannan, A. Soundararajan, P. Halimah, N.
Ko, C.H. and Jeong, B.R. Blue LED light
enhances growth phytochemical contents, and
antioxidant enzyme activities of Rehmannia
glutinosa cultured in vitro. Hortic. Environ.
Biotechnol. 56: 105–113. (2015).
32. Adil, M. Ren, X. and Jeong, B. R. Light elicited
growth, antioxidant enzymes activities and
production of medicinal compounds in callus
culture of Cnidium officinale Makino, J. of Photo.
and Photo. Biolog. 196:111509(2019).
33. Jang, E. B. Ho, T. T. and Park, S. Y. Effect of
light quality and tissue origin on phenolic
compound accumulation and antioxidant activity
in Camellia japonica calli. In Vitro Cellular &
Developmental Biology - Plant 56:567–577.
(2020).
34. El-Ashry, A. A. El-Bahr, M. K. and Gabr, A.
M.M. Effect of light quality on Betalain content
of red beet (Beta vulgaris L.) cultured in vitro.
Egyp. Pharm. J. 19 (2): 143 -148. (2020).
35. Steck, W. Metabolism of cinnamic acid in
plants:
Chlorogenic
acid
formation.
Phytochemistry. 7: 1711 – 1717. (1968).
36. Deng, M. Qian, H. Chen, L. Sun, B. Chang, J.
Miao, H. Cai, C. and Wang, Q. Influence of preharvest
red
light
irradiation
on
mainphytochemicals and antioxidant activity of
Chinese kale sprouts. Food Chem. 222: 1–5.
(2017). [CrossRef] [PubMed]
37. Chen, M. Chory J. and Fankhauser,C. Light
signal transduction in higher plants. Annu. Rev.
Genet. 38: 87–117. (2004). [CrossRef]
38. Samuolien˙ e, G. Brazaityt ˙ e, A. Urbonaviˇci ¯
ut˙ e, A. Šabajevien˙ e, G. and Duchovskis, P.
The effect of red and blue light component on the
growth and development of frigo strawberries.
Zemdirb. Agric. 97; 99–104. (2010).
39. Bello-Bello, J.J. Perez-Sato, J.A. Cruz-Cruz,
C.A. and Martinez Estrada, E. Light-emitting
diodes: Progress in plant micropropagation. In
Tech. 6;93–103. (2017).
40. Choi, H.G. Moon, B.Y. and Kang, N.J. Effects
of LED light on the production of strawberry
during cultivation in a plastic greenhouse and in a
growth chamber. Sci. Horticult. 189; 22–31.
(2015). [CrossRef]
41. Whitelam, G. and Halliday, K. Light and Plant
Development; Blackwell Publishing: Oxford, UK.
(2007).
42. Bach, A. Kapczyńska, A.
Dziurka, K. and
Dziurka, M. The importance of applied light
quality on the process of shoot organogenesis and
production of phenolics and carbohydrates in
________________________________________________
Egypt. J. Chem. 65, No. 2 (2022)

Lachenalia sp. cultures in vitro. South Afric. J.of
Bot. 114 : 14–19.(2018).
43. Szopa, A. and Ekiert, H. The importance of
applied light quality on the production of lignans
and phenolic acids in Schisandra chinensis
(Turcz.) Baill. cultures in vitro. Plant Cell Tiss.
Organ Cult. 127:115–121. (2016).
44. Hura, T. Hura, K. and Grzesiak, M. Early stage
de-etiolation increases the ferulic acid content in
winter triticale seedlings under full sunlight
conditions. Journal of Photochemistry and
Photobiology. 101: 279–285. (2010).
45. Bartwal, A. Mall, R. Lohani, P. Guru, S.K. and
Arora, S. Role of secondary metabolites and
brassinosteroids in plant defense against
environmental stresses. Journal of Plant Growth
Regulation. 32: 216–232. (2013).
46. Afzalpurkar, A.B. and Lakshminarayana, G.
Changes in chlorogenic, caffeic, and quinic acid
contents during sunflower seed maturation.
Journal of Agricultural and Food Chemistry. 29:
203–204. (1981).

