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ABSTRACT 
      This experiment was conducted to evaluate the in vitro shootlet multiplication, callogenesis 
potentiality and secondary metabolites of Hibiscus syriacus plants under different light qualities. 
When various types of culture media (B5, WPM and full or ¾ strength of MS) were tested, the results 
showed that MS medium was favored for culture establishment stage after three repeated subcultures. 
Different light qualities; white (2720 lux), blue (2620 lux), green (2600 lux), red (2640 lux) and 
yellow (2540 lux) were examined for shooting and rooting ability. Incubation of cultures under yellow 
light had significant stimulating effect on length and number of shootlets, number of leaves/shootlet 
as well as rooting percent, number and length of roots number and fresh weight of formed shoots. 
Also, when the callogenesis potentiality of plant was examined under different light qualities, two 
colors of light (blue and yellow) caused the highest fresh weights at the third subculture while, red 
light led to the highest callus dry weight. Secondary metabolites were evaluated in ethanol extracts of 
mother plant and in vitro callus and shoots cultures.The highest values of polyphenol content in both 
callus and shootlets were obtained when the cultures were incubated under red light as compared to 
other light colors and mother plants. Flavonoids exhibited the highest content in mother plant 
whereas, antioxidant activates (IC50) mg ml-1 showed the highest values in callus and shootlets that 
were subjected to yellow light. 
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Introduction 
 
        Hibiscus syriacus L. shrub (family Malvaceae) has economical values for fiber production and 
medicinal products, considered as ornamental cultivars with various flower colors (pink, purple or 
white) (Li et al., 1995). In some countries, it is incorporated in beverage additives because of its 
hardiest, and its high resistance to pests. The conventional propagation methods of Hibiscus syriacus 
(by cutting and seedling) selection offer limited possibilities of meeting the rapidly growing demands 
of the industry and for reforestation programs. While, the fundamental techniques to achieve in vitro 
plant morphogenesis have been well established for a number of years (Phillips, 2004), there are few 
investigated studies on micropropagation of Hibiscus spp. may be due to that they are woody plants 
(Hashish et al., 2015). Tissue culture protocol would allow the deemed commercially valuable woody 
species to be propagated and thus commercialized, much more rapidly than other more traditional 
methods. The success procedures of consecutive micropropagotion of many woody plants could be 
influenced by various factors from which physical conditions and growth media are the most 
important ones. Although, various culture medium types like White medium, Nitsch and Nitsch 
medium, MS medium and Gamborg medium have been reported for micropropagation (Prakash and 
Gurumurthi, 2005 and Diallo et al. 2008) but MS (Murashige and Skoog, 1962) was the most favored 
culture medium and widely used because it contains all the nutrients essential for in vitro plant 
growth.  
          Plant growth and development are controlled by light in two ways: photosynthesis and 
photomorphogenesis and three aspects of photoenvironment mostly influence in vitro growth and 
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morphogenesis; wavelength, flux density and photoperiod (George et al. 2008). Also, the vital role of 
light quality in plant development, morphogenesis, photosynthetic and metabolism may be due to the 
fact that the light quality affected the physiological and biochemical processes (Burritt and Leung 
2003 and Qin et al. 2005). Recent studies have focused on the identification of the phenolic 
components of various plants as well as determination of their antioxidant activity (Dall’Acqua et al., 
2008), these compounds have been confirmed with significant inhibitory activities on oxidants and 
bacteria, suggesting potential in food protection (Barbieri et al., 2017; Oz & Kafkas, 2017). 
Flavonoids are polyphenolic compounds that constitute a large group of secondary plant metabolites. 
 The aim of this experiment is to establish in vitro culture of Hibiscus syriacus  as affecting by culture 
medium types and to examine different light qualities on micropropagation and callogenesis 
potentiality as well as the secondary metabolites contents. 
 
Materials and Methods 
  

This experiment was conducted at Tissue Culture Technique lab., Central laboratories, 
Department of Ornamental Plants and Woody Trees, National Research Centre (NRC) and Tissue 
culture and Germplasm Conservation Research Laboratory, Hort. Res. Institute, Agri. Res. Center 
(ARC), Egypt during the successive years  2016,2017 and 2018 to establish in vitro culture through 
different growth medium types for optimal production shootlet multiplication  and to investigate 
callogenesis potentiality as well as secondary metabolites of Hibiscus syriacus plants under different 
light qualities.  

 
Explant source and disinfection 
 

Nodal explants with axillary buds of Hibiscus syriacus were collected from shrub cultivated in 
Orman Botanical Garden, Giza, Egypt (July, 2017). The plant was kindly identified and authenticated 
by Prof. Dr. Abd Alsalam El Noiehy, Professor of Plant Taxonomy, Botany department, Faculty of 
Science, Ain Shams University. The excised nodal segments (0.5-1 cm long) were surface sterilized in 
70% (v/v) ethanol for 1 min, then in 20% commercial sodium hypochlorite solution and one drop of 
tween 20 (polyoxyethylenesorbiton monolaurate) for 10 min. Explant were rinsed tree times with 
sterlized distilled water followed with 7-min in 0.1 g/L HgCl2, and followed by three times rinses with 
autoclaved distilled water.  

 
Culture medium and  incubation conditions 
 

The sterilized nodal explants were cultured on Murashige and Skoog's, 1962 (MS) basal 
medium as the starting plant growth medium . Medium was supplemented with 30 g/L sucrose and 8 
g/L agar and was adjusted to pH 5.6 ±0.2.The medium was autoclaved at 121°C under 100 kPa for 20 
min. Cultures were incubated at 23 ±2°C, under 16/ 8 h photoperiod with light intensity of 30 µmol 
m−2s−1. After three weeks from explant culture on MS free medium the produced shootlets were 
segmented into nodal stems as well as leaves to be use for shootlets multiplication and callus 
induction.  

 
In vitro  shootlets culture establishment 
 

Explants (0.5-1cm length) were excised from in vitro shootlets and cultured on  Gamborg B5 
medium (Gamborg et al., 1968),Woody plant medium (Lloyd and McCown, 1980) and  full or 3/4 
strength of MS medium. Each medium was supplemented with 0.2 mg/l of 6-Benzyladenine (BA) 
according to Hashish et al. (2015). After three subcultures, survival percent, the number of 
shootlet/explant, length of shootlets (cm.) and the number of leaves/shootlet were recorded (each 
subculture four weeks). 

 
Micropropagation potentiality 
 

In vitro obtained shootlets were cultured on ¾ strength of MS medium supplemented with 0.2 
mg/l BA under different light qualities; white (2720 lux), blue  (2620 lux),  green    (2600 lux),  red  
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(2640 lux) and yellow (2540 lux). Light intensity from each color was measured by lux meter. Data 
were recorded after six weeks of culture as follows; shootlets survival percent, number of 
shootlets/explant, length of shootlets and the number of leaves/shootlet  as well as rooting percent, 
number and length of roots number, fresh and dry weights (g) of formed shootlets. 

 
Callus induction and growth produced from leaf explants 
 

The second and/or third leaf from the apex of in vitro 2-month-old shootlets were cut into 0.5 
cm by 0.5 cm segments, then were placed on MS producation medium supplemented with Zeatin  and 
2,4-D (0.5mg/l for each) to induce callus tissues . After four weeks, callus produced were subjected to 
different light qualities; white  (2720 lux), blue  (2620 lux),  green (2600 lux),  red (2640 lux) and 
yellow (2540 lux). Data of fresh weights (g) of forming callus after three subcultures were recorded. 
At the end of the third subculture, dry weight (g) was calculated for all treatments. 
 
Determination of secondary metabolites 
 
Preparation of ethanol extracts  
 

Ethanol extracts of dried powders from leaves of mother plant, in vitro shootlets (5 samples) 
and callus (5 samples) cultures of Hibiscus syriacus L. were prepared using defatted marc and 
ethanolic solution (70%). The ethanol extracts for each powder  sample were dried in a rotary 
evaporator at reduced pressure at 40℃ and subsequently stored in sealed amber bottles at 4ºC for 
phytochemical and biological investigation. The stock solution (1mg ml-1) for each plant sample was 
prepared by dissolving 100mg of the prepared ethanolic extract in 100 ml of distilled water using 
sonication. The prepared stock solution was used for determination of the total phenolics and 
flavonoids content. 
 
Phytochemical investigations  
 

Folin-ciocalteu reagent and sodium carbonate (Sigma Chemicals, USA) were utilized for the 
assessment of the total phenolic content. For the determination of flavonoids, sodium hydroxide and 
aluminum chloride (Sigma Chemicals, USA) were purchased. Solvents of analytical grade were used: 
methanol, absolute ethanol, n-hexane perchloric acid (Fisher chemical, UK). Reference standers: 
gallic acid and quercetin were obtained from Sigma Chemicals (USA). Distilled water was used in all 
experiments. 

 
Determination of total phenolic content  
 

The total phenolic content of in vitro shootlets, callus and leaves samples of Hibiscus syriacus 
L. mother plant extracts were determined by the Folin–Ciocalteu method, with slight modification 
(Meda et al., 2005). 

Briefly, aliquots of 0.1 g of each extract of plant samples were dissolved in 1 ml of deionized 
water. This solution (0.1 ml) was mixed with 2.8 ml of deionized water, 2 ml of 2% (w/v) sodium 
carbonate (Na2CO3), and 0.1 ml of 50% (v/v) Folin–Ciocalteau reagent. After incubation at room 
temperature for 30 min, the relative absorbance of the reaction mixture was measured at 750 nm using 
a UV spectrophotometer (Hitachi, Tokyo, Japan; Model 100 - 20) against a blank solution (containing 
all reagents except the plant sample). Gallic acid (GA) was chosen as a standard phenolic to construct 
a seven-point standard curve (4–16 μg ml-1), the total phenolics contents in plant extracts were 
determined as mean value of triplicate. The data were expressed as milligram gallic acid equivalents 
(GAE)/g dry weight of extract. The data were then converted into GAE/g dry matter from plant 
samples by using this equation: y = 98.597x + 250.08, R² = 0.9909.  
Where, Y= the absorbance, x= concentration (μg ml-1), R²= the correlation coefficient.  
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Determination of total flavonoids content 
 

The total flavonoids content of in vitro shootlets, callus and mother plant leaves samples of 
Hibiscus syriacus L. extracts were determined by the aluminum chloride colorimetric method 
described by Chang et al., (2002), with some modifications. An aliquot of 10 mg of each plant sample 
extract were dissolved in 10 ml deionized water (1mg ml-1). This solution (0.5 ml) was mixed with 1.5 
ml of 95% (v/v) alcohol, 0.1 ml of 10% (w/v) aluminum chloride hexahydrate (AlCl3), 0.1 ml of 1 M 
potassium acetate (CH3COOK), and 2.8 ml of deionized water. After incubation at room temperature 
for 40 min, the absorbance was measured at 415 nm against a blank containing all the above reagent 
except the sample using a UV spectrophotometer (Hitachi, Tokyo, Japan; Model 100 - 20). Quercetin 
was chosen as a standard to construct a seven points standard curve (10 -70 μg ml-1). The total 
flavonoids content in sample extracts were determined from mean values of triplicated assays. The 
data were expressed as milligram quercetin equivalents (QE)/g dry weight of extract using the 
following equation: y = 54.785x + 785.64, R² = 0.9985. 
Where, y= the absorbance, x= concentration (μg ml-1), R²= the correlation coefficient.  
  
Antioxidant activity (DPPH assay)  
 

The antioxidant activity of in vitro shootlets, callus and leaves of Hibiscus syriacus L. were 
evaluated by using the 1, 1 diphenyl-2-picrylhydrazyl (DPPH) assay (Burits and Bucar, 2000), with 
some modifications, aliquots (1, 2 and 3 ml) of each stock solution (10mg ml-1) extract were 
separately added to 5 ml of a 0.004% (w/v) of DPPH and volume was completed to 10 ml methanol. 
After, a 30 min incubation period at room temperature, the absorbance at 517 nm was compared to 
DPPH in ethanol without an extract sample (blank) using a UV spectrophotometer (Hitachi, Tokyo, 
Japan; Model 100 - 20). All the experiments were carried out in mean values of triplicate. The percent 
inhibition of free radical formation (I %) was calculated as;  
I% = (A blank- A sample / A blank) × 100  
Where; A blank is the absorbance of the control reaction (containing all reagents except the extract) and 
A sample is the absorbance of the mixture containing the extract. The IC50 (defined as the concentration 
of extract required to produce 50% of the maximum inhibition) was calculated from graphing 
inhibition percentage against extract concentration in each case. Determinations were carried out in 
mean values triplicates. Gallic acid was used as a positive control, with different concentrations (5-50 
μg ml-1) were treated similarly as the tested extracts. 
  
Data analysis 
 

All of in vitro experiments used completely randomized design with 10 replicates per treatment. 
Means were compared using L.S.D test at 5% as the method described by Steel and Torrie (1980). 
 

Results and Discussion 
 
Culture establishment 
 

     Data tabulated in Table (1) and Fig. (1) showed the effect of various types of culture 
medium (B5, WPM and full or ¾ strength of MS medium) after three repeated subcultures on 
shootlets proliferation of Hibiscus syriacus. It could be observed that there is no significant 
differences in both survival percent and shootlets number per explants were resulted from using 
different types of culture medium. Meanwhile, B5, full and ¾ strengths of MS caused the best results 
as compared to WPM which gave the lowest ones. However, significant promoting effect of MS at ¾ 
strength was observed for both shootlets number formed/explant and shootlets length which were the 
highest (1.43 and 13.00cm, respectively) followed by full strength of MS, which gave 1.42 and 
3.67cm, respectively. It seems that MS medium was favored for culture establishment stage 
comparing with other medium types. Similar findings by Cohen (1995) pointed out that MS was the 
most favored culture medium and widely used because it contains all the nutrients essential for in 
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vitro plant growth. In comparison to other media formulation, MS comprises high levels of nitrogen, 
potassium and some of the micronutrients, particularly boron and manganese. Moreover,the strength 
of media is one of the most important factors to optimize the regeneration protocol (Diallo et al. 
2008). 
 
Table 1: Effect of various types of culture medium (B5, WPM and full or ¾ strength of MS) after 

three repeated subcultures on shootlets proliferation of Hibiscus syriacus 
Medium type 

 
Survival % 

Shootlets number/ 
explant 

Shootlets length 
(cm) 

Leaves number/ 
explant 

B5 100 1.17 2.33 2.00 
WPM 50 1.08 2.17 1.83 
Full MS 100 1.42 3.67 4.11 
¾   MS 100 1.43 13.00 4.83 
LSD at 0.05 *ns *ns 5.22 1.14 

*ns means no significant difference  

Effect of light quality on plant micropropagation potentiality 
 

As shown in Table (2), the different light qualities; white (2720 lux), blue (2620 lux), green    
(2600 lux), red (2640 lux) and yellow (2540 lux) were examined for shooting and rooting ability of 
Hibiscus syriacus. No significant differences were indicated for both survival percent and dry weights 
of shootlets as a result of using various light qualities. However, culture incubation under red light 
resulted in the highest number of shootlets formed per explant (1.56) followed by yellow light (1.33) 
comparing with White light which caused the lowest value (1.0). From the tabulated data (Table 2), It 
can also be observed that yellow light had significant stimulating effect on length and number of 
shootlets, number of leaves/shootlet as well as rooting percent, number and length of roots number 
and fresh weight of formed shoots which were highest (15.92 cm, 4.35, 22.22%, 1.0, 7.67 cm and 
0.54g, respectively) as compared to control (white light) and other light colors. Root elongation and 
growth was stimulated most strongly by yellow light (Kozak, 2011).However, similar response to red 
light was observed by Gabryszewska and Rudnicki (1995) on Gerbera jamesonii ‘Queen Rebeca’. 
Red light significantly inhibited the increase in fresh weight of shoots on control medium. 
Gabryszewska and Rudnicki (1997) observed that the in vitro culture of Ficus benjamina developed 
the highest number of shoots in red light. Moreover, red and green lights greatly promoted 
regeneration of shoots (Burritt and Leung, 2003 and Qin et al., 2005). Another study by Witomska 
and Ladyzynska (2002) mentioned that red and blue colored light had inhibition effect on 
rhizogenesis in petunia, while white light had stimulating effect.  
 
Table 2: Effect of light quality on micropropagation potentiality of Hibiscus syriacus shootlets. 

Light 
type 

Survival 
% 

Shootlets 
number/ 
explant 

Shootlet 
length 
(cm) 

Leaves 
number/ 
explant 

Rooting 
% 

 

Root 
number/ 
shootlet 

Root 
length 
(cm) 

Fresh 
Weight 

of 
shootlet 

Dry weight 
of 

shootlet 
(g) 

White 76.00 1.00 8.94 3.00 0.00 0.00 0.00 0.21 0.04 
Blue 100 1.11 11.33 3.50 11.11 0.33 1.67 0.41 0.07 

Green 66.67 1.17 8.00 2.22 0.00 0.00 0.00 0.41 0.06 
Red 77.67 1.56 7.11 2.38 0.00 0.00 0.00 0.31 0.03 

Yellow 100 1.33 15.92 4.35 22.22 1.00 7.67 0.54 0.08 
LSD at  

0.05 
 *ns 0.43 7.26 0.93 21.44 0.97 6.75 0.20  *ns 

*ns means no significant difference. 



Middle East J. Agric. Res., 7(4): 1484-1491, 2018 
ISSN: 2077-4605 

1489 

  

Fig. 1: In vitro  shootlets multiplication of Hibiscus syriacus; (A): culture establisment by using ¾ 
strength of MS medium and (B): micropropagated plants under yellow light color. 

Effect of light quality on callogenesis potentiality 
 

The callogenesis potentiality of plant was examined under different light qualities and was 
presented in callus fresh weight during three repeated subcultures and its dry weight at the end of  the 
third subculture (Table 3 and Fig.2). The results revealed that both blue and yellow lights led to the 
increase of callus growth to the highest fresh weight (4.12 and 4.23 g, respectively) as compared to 
other light types. The trend continued during the three subcultures by using of these two colors of 
light (blue and yellow) which caused the highest fresh weight at the third subculture (reached to 4.43 
and 4.47g, respectively). On the other hand, red light led to producing the highest callus dry weight 
(0.21g) after the third subculture.  Many researchers pointed out that light had significant effect on 
callus growth and morphogenesis (George et al. 2008). Plant growth can be affected by endogenous 
hormone interaction levels  with light quality (OuYang et al., 2015). 
 
Table 3: Effect of light quality on callogenesis potentiality of Hibiscus syriacus. 

Light colors 

Callus fresh weight (gm) 
Mean light 
color (A) 

Callus dry 
weight 

after the last 
subculture.(g) 

Sub1 Sub2 Sub3 

White 2.90 3.43 3.20 3.18 0.11 
Blue 3.77 4.17 4.43 4.12 0.18 

Green 3.67 3.77 4.00 3.81 0.15 
Red 2.80 3.07 3.20 3.02 0.21 

Yellow 3.90 4.33 4.47 4.23 0.16 
Mean subculture (B) 3.41 3.75 3.86  0.16 

LSD at 0.05 A=0.28            B=0.22         A×B=0.49  
*sub:means subculture number. 

  

 Fig. 2: In vitro callogenesis of Hibiscus syriacus; (C): callus induction by using ¾ strength of MS 
medium supplemented with 0.5 mg/l of both Zeatin and 2,4-D  and (D): callus growth under 
yellow light color. 

B A 

C D 
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Secondary metabolites in ethanol extract of mother plant and in vitro calli and shootlets 
cultures. 
 
       The data in Tables (4 and 5) indicated that polyphenol content in both callus tissues and shootlets 
were in the highest values (12.075 and 12.79 mg/100mg dw, respectively) when  cultures were 
incubated under red light as compared to other light colors and mother plant content. Flavonoids 
exhibited the highest content (2.73 mg/100mg dw) in mother plant whereas, antioxidant activaity ( 
IC50 mg ml-1 ) showed the highest values (4.45 and 4.95, respectively) produced from callus and 
shootlets that were subjected to yellow light. These results were confirmed by those obtained by 
Manivannan et al. (2015) who found that   red light enhanced phenolics content in lettuce leaf and 
total flavonoids content in Rehmannia glutinosa. Ardelena et al. (2018) observed that yellow light 
produce the highest levels of total phenols and total flavonoids content in in vitro seedlings of 
Ocimum basilicum L.cultivar Aromat de Buzau than red or white lights.  

 
Table 4: Determination of secondary metabolites in ethanol extract of Hibiscus syriacus L. mother 

plant and shootlets cultures  
Light color Polyphenol (mg/100 mg, 

d.w.) 
Flavonoids (mg/100 

mg, d.w.) 
Antioxidant activity 

IC50 mg ml-1 
White 8.36 1.25 2.34 
Blue 8.00 2.48 2.93 

Green 8.465 1.66 3.36 
Red 12.79 1.52 3.23 

Yellow 7.05 3. 4.95 
Mother plant 7.01 2.73 3.70 

 
Table 5: Determination of secondary metabolites in ethanol extract of Hibiscus syriacus L. mother 

plant and callus cultures 
Light color Polyphenol (mg/100 

mg, d.w.) 
Flavonoids (mg/100 

mg, d.w.) 
Antioxidant activity 

IC50 mg ml-1 
White 6.715 0.217 2.64 
Blue 5.645 0.366 2.32 

Green 5.775 0.523 2.95 
Red 12.08 0.44 2.31 

Yellow 7.06 0.408 4.45 
Mother plant 7.01 2.73 3.70 

 
Acknowledgement 
 
    The authors of this work are greatly thankful to National Research Centre, 33 El Bohouth st. 
(formal El Tahrir st.) –Dokki – Giza – Egypt, P.O.12622, for supporting fund of this research. 
 

References 

Ardelean, M., A. Ardelean, I. Don , A.Lobiu and M. Burducea, 2018. Effect of led lighting on growth 
and phenolic content on in vitro seedlings of ocimumbasilicum l. cultivar ,Aromat de 
Buzau”,Food and EnvironmentSafety. XVII(1): 66 – 73. 

Barbieri, R., E. Coppo, A.,  Marchese, M.  Daglia, , E., Sobarzo-Sánchez, S. F.,   Nabavi and S. M.  
Nabavi, 2017. Phytochemicals for human disease: An update on plant-derived compounds 
antibacterial activity. Microbiological Research, 196: 44–68.    

Burits, M. and F. Bucar, 2000. Antioxidant activity of Nigella sativa essential oil. Phytotherapy 
Research., 14: 323-328. 

Burritt,D.J. and D.W.M.Leung, 2003. Adventitious shoot regeneration from Begonia×erythrophylla 
petiole sections is developmentally sensitive to light quality. Physiol. Plant., 118: 289−296. 

Chang, C., M. Yang, H.Wen and J. Chern, 2002. Estimation of total flavonoid content in propolis by 
two complementary colorimetric methods. J Food Drug Anal., 10: 178-182.    



Middle East J. Agric. Res., 7(4): 1484-1491, 2018 
ISSN: 2077-4605 

1491 

Cohen,D., 1995. The culture medium.Acta Hort. 393: 15-24. 
Dall’Acqua S., R. Cervellati, MC. Loi, and G. Innocenti, 2008.  Evaluation of in vitro antioxidant        

properties of some traditional Sardinian medicinal plants: investigation of the high antioxidant 
capacity of Rubus ulmifolius. Food Chem, 106: 745–749.  

Diallo, M.S., A.Ndiaye, M.Sagna and Y.K.Gassama-Dia, 2008.Plants regeneration from African 
cowpea variety (VignaunguiculataL.Walp.).Af. J. Biotech. 7: 2828-2833. 

Gabryszewska E.and R.M. Rudnicki, 1995. The influence of light quality on the shoot proliferation 
and rooting of Gerbera jamesonii in vitro. Acta Agrobot. 48 (2): 105–111. 

Gabryszewska E.and R.M. Rudnicki , 1997. The effect of light quality on the growth and 
development of shoots of Ficus benjamina in vitro. Acta Hort. 418: 163–167. 

Gamborg, O.L., R.A. Miller and K.Ojima, 1968. Nutrient requirements of suspension culture of 
soybean root cells. Ex. Cell. Res. 50: 15-158. 

George E.F.,M.A. Hall and G.J. De Klerk, 2008. Plant Propagation by Tissue Culture 3rd Edition, 
Vol. 1. Springer, Dordrecht, the Netherlands. 501 p. 

Hashish Kh.I.;Lobna, S. Taha and Soad, M.M. Ibrahim,2015. Micropropagation potentiality and 
pigments content of Hibiscus rosa-sinensis L. as affected by gamma radiation. International 
Journal of ChemTech Research,8 (9): 131-136. 

Kozak, D.,2011. The influence of light quality on in vitro growth and development of Gardenia 
jasminoides Ellis. Acta Sci. Pol., Hortorum Cultus 10(4): 65-73. 

Li, j.Y.,H.Makoto, M. Haruhiko, and U. Takeshi,1995. In vitro plant regeneration from leaf and petiol 
explants of Hibiscus syriacus L. Plant Tissue culture Letters, 12(2): 173-177. 

Lloyd G. and B. McCown, 1980.  Commercially-feasible micropropagation of mountain laurel, 
Kalmia latifolia, by use of shoot-tip culture. B., Int. Plant Prop. Soc. Proc. 30, 421. 

Manivannan A., P. Soundararajan ,N. Halimah, H. KoC.and B.R. Jeong , 2015. Blue LED light 
enhances growth, phytochemical contents, and antioxidant enzyme activities of Rehmannia 
glutinosa cultured in vitro, Horticulture, Environment, and Biotechnology, 56: 105-113. 

Meda, A.,C.E. Lamien, M. Romito, J. Millogo, and O.G. Nacoulma,  2005. Determination of the total 
phenolic, flavonoid and proline contents in Burkina Fasan honey, as well as their radical 
scavenging activity. Food Chem., 91: 571-77.                                                   

Murashige, T. and F.Skoog, 1962.A revised medium for rapid growth and bioassays with tobacco 
tissue cultures. Physiol. Plant. 15:473-479. 

OuYang, F., J.F. Mao,J. Wang, S. Zhang and Y. Li, 2015. Transcriptome analysis reveals that red and 
blue light regulate growth and phytohormone metabolism in Norway spruce [Piceaabies (L.) 
Karst]. PLOS ONE ,DOI :10.1371/ journal.pone. 0127896. 

Oz, A. T., and E.,  Kafkas, 2017. Superfood and functional food - an overview of their processing and 
utilization. London: INTECH (Chapter 8).  

Phillips, G.C.,2004: In vitro morphogenesis in plants – Recent advances. In Vitro Cellular and 
Developmental Biology-Plant, 40: 342- 345. 

Prakash, M.G. and K.Gurumurthi, 2005.Somatic embryogenesis and plant regeneration in Eucalyptus 
tereticornis.Curr.Sci. 88: 1311-1316. 

Qin Y.H.,S.L. Zhang ,A. Syed ,L.X. Zhang ,Q.P. Qin ,K.S. Chen and C.J. Xu , 2005. Regeneration 
mechanism of Toyonoka strawberry under different color plastic films. Plant Sci., 168: 
1425−1431. 

Steel, R.G.D. and J.H. Torrie,1980. Principles of Statistics. Abiometrical approach. Second 
Ed.,McGraw-Hill Kogakusha, L.T.D. 

Witomska, M. and K. Ładyżyńska, 2002. Wpływ światła I auksyn na ukorzenianie in vitro  jakość 
pędów petunii (Petunia x hybrida). Zeszyty Naukowe Akademii Rolniczejw Krakowie, 379: 193-
197 (Pl). 




