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ABSTRACT  

Employment of algae in plant tissue culture is valuable issue due to release of essential 
substances like growth regulators, vitamins, polysaccharides and essential nutrient elements. These 
substances could enhance plant growth. The aim of this study was to evaluate the efficiency of using 
either partially or totally alternative low-cost media (algae media including various algae types) 
instead of MS medium. Stevia rebaudiana Bertoni is recently introduced to Egypt, so, establishment 
an efficient   micropropagation protocol is strategically need. MS medium was substitution with 0.0, 
20, 40, 60, 80 and 100% algae medium including different types of algae (Scenedesmus obliqus, 
Ankistrodesmus falacatus, Chlorella kessleri and Chlorella vulgaris). Three subcultures were carried 
out using the same media before recording data. Combination of algae types and MS substitution 
affected growth parameters of Stevia rebaudiana. MS substitution with 40% Chlorella vulgaris, 40% 
Ankistrodesmus falacatus, MS substitution with 60, 80 or 100% Ankistrodesmus falacatus and full 
MS substitution (100% algae) with Scenedesmus obliqus resulted in higher shoots number, shoot 
length, nodes number and leaves number, respectively. At rooting stage, vegetative growth and root 
parameters were promoted by full MS substitution (100% algae) with Ankistrodesmus falacatus which 
was the most effective in increasing the number of roots (10.00 roots/explant). Root length also was 
augmented by MS substitution with 60% Chlorella vulgaris, or 40% Ankistrodesmus falacatus, which 
recorded the similar highest root length (12.00 cm). At acclimatization stage, the highest survival 
percentage of acclimatized plantlets (66%) was observed with 60, 80 or 100% MS substitution with 
Chlorella vulgaris as well as MS full substitution (100% algae) of either Ankistrodesmus falcatus or 
Chlorella kessleri. The highest value of plantlet length (10.00cm) was observed with 60 or 80% MS 
substitution with Chlorella kessleri or Chlorella vulgaris. The highest value of total phenol contents 
(625.40µg/L) was obtained with MS substitution with 60% Scenedesmus obliqus. The highest 
antioxidant activity (81.37%) was recorded with full MS substitution with algae (100% algae) of 
Scenedesmus obliqus. Macro and microelements contents were enhanced by substitution of MS 
medium with different algae types. Indeed, substituting of MS medium by low-coast media of various 
algae types is an efficient for stevia micropropagation. 

 
Keywords: Micropropagation, Cyanobacteria, Scenedesmus obliqus, Ankistrodesmus falacatus- 

Chlorella kessleri, Chlorella vulgaris 

 
Introduction 

Stevia rebaudiana Bertoni is a small, herbaceous, semi-bushy, tropical perennial shrub. It is one 
of the 154 members of the genus Stevia which belongs to Asteraceae family and the herb native to 
South America (Singh et al., 2017). The leaf of stevia is the source of diterpenoid glycosides 
(stevioside and rebaudioside). These compounds are 300 times sweeter than sucrose but zero calories, 
(Jain et al., 2009), so it could control blood sugar (Mousumi 2008 and Singh et al., 2017). Stevia is 
used today in preparation of non-calorie food stuffs (Durán et al., 2013; Marcinek and Krejpcio, 
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2016).  The seeds of Stevia show a very low germination percentage due to infertile seed and 
insufficient endosperm (Yadav et al., 2011 and Kumar, 2013). Due to above mentioned difficulties 
tissue culture is an alternative method to prepare sufficient number of plantlets within short time 
duration for mass propagation of Stevia plants. Plant tissue culture carried out through culture of 
shoot tips or axillary buds. Tissue culture technique proved to be boon for the production of high 
quantity and quality plantlets for farmers. It can help in producing true to type and homozygous plants 
with improved quality and development of improved genotypes with a high content of rebaudioside-
A, higher biomass production, wider adaptability, better germination (Singh et al., 2017). 

Plant regeneration from in vitro culture can be achieved by either organogenesis or 
embryogenesis. Growth regulators promote plant proliferations (Jain et al., 2014 and Ibrahim et al., 
2010). IBA showed to be more significant and effective for rooting than NAA in all concentrations 
used. The maximum root induction (100%) was observed on medium supplemented with 1.0 or 2.0 
IBA (mg/l) Root induction was observed on MS basal medium without PGR/low concentration of 
IBA i.e. 0.5 mg/l (Atalay et al., 2011). 

Algal organisms are known to be a rich source in biologically novel compounds that can be 
potentially bioactive compounds against phytopathogens (Kulik, 1995). Cyanobacteria or Blue green 
algae are prokaryotic photosynthetic microorganism that produces a wide array of substances, 
including plant growth regulators (Metting and Pyne, 1996). Processed macro algae can be applied as 
an alternative, plant growth regulators and may have a role in maintaining crop production levels, 
health and quality in the future (Sharma et al., 2013). Various compounds of cyanobacteria could be 
useful sources to enhance or substitute the influenced of synthetic plant growth regulators on tissue 
cultures of different plants in-vitro (Hamza and Hamouda, 2013). The approach of using 
cyanobacterial cultures would overcome many barriers of micropropagation were costly synthetic 
chemicals involved (Banerjee and Sarkar, 2008). The combined effect of cyanobacterial media and 
MS medium was found optimal for maximum shoot and root formation (Seema et al. 2011). 

The aim of this study was to evaluate the efficiency of using either partially or totally 
alternative low-cost media (algae media including various algae types) instead of MS medium. 

 
Materials and Methods 
 
1. Plant Materials: 

Mother plants stock is planted in the nursery of Genetic Engineering and Biotechnology 
Research Institute (GEBRI), University of Sadat City. Explants used in tissue culture experiments 
were dissected from mother plants during spring. Shoot tips of Stevia rebaudiana were used as 
Explants in starting stage. While, algae cultures of microgreen algae (Scenedesmus obliqus, 
Ankistrodesmus falacatus,Chlorella kessleri and Chlorella vulgaris) were obtained from the 
Department of microbial biotechnology, Genetic Engineering and Biotechnology Research Institute 
(GEBRI), University of Sadat City. 

 
Plant and algae media components  

For in-vitro regeneration of Stevia rebaudiana Bertoni, Murashige and Skoog medium was 
used (Murashige and Skoog., 1962). Microgreen algae were grown in BG-11meduim (Rippka, 1979).  

 
Plant Material and Surface Sterilization 

Shoot tips were shortened to 2 cm then they were put under running tap water. Then these 
Explants were surface sterilized by immerging in 2% (v/v) sodium hypochlorite solution for 4 min 
with shaking, followed by three rinses with sterile distilled water (Hamza, 2011). 

 
Culture medium and culture conditions 
  MS medium contained 30 g/l sucrose, 6g/l agar, 0.2g/l activated charcoal (Ac) and 0.2 mg/l 
BA (Benzyl adenine), used as the basal medium. (Hamza, 2011). The pH of the medium was adjusted 
to 5.6-5.8 before adding agar, then the culture medium was autoclaved at 15 psi and 121°C for 20 
min. All the cultures were maintained in growth room at 25±2°C, 16 /8h light /dark photoperiod and 
light intensity 2000lux. 
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Algae Cultivation:  
Algae were grown in Erlenmeyer flasks, (250 ml) on liquid BG11 medium. The cultures were 

incubated in the room temperature of approximately 25±2°C and a light intensity 2500 lux provided 
by cool, white, fluorescent tubes under continuous illumination. The maximum algae yield; which 
used in preparing MS medium substitution, was obtained after 15 days (Hamza and Hamouda, 2013) 
 
Media preparation and plant multiplication: 

Media containing various algae types (Scenedesmus obliqus, Ankistrodesmus falacatus, 
Chlorella kessleri and Chlorella vulgaris) were used as partially alternative media instead of MS 
medium. The treatments depended on partially or totally substitution of MS medium with various 
algae type [0.0(full MS) as control, 20, 40, 60, 80 %MS substitution with various algae types and full 
MS substitution (100%algae)]. All prepared media contained 3% sucrose, 0.2 mg/ BA, and 0.6% w/v 
agar. Then media were divided into 250 ml culture jars (50 ml medium for each). Media were 
sterilized and incubated in clean area until used. Each treatment contained five replicates and each 
replicate contained three jars. Cultures were maintained in multiplication for three subcultures with 21 
days intervals period. After third subculture, the following growth parameters were recorded; number 
of shoots/jar, shoot length (cm), number of nodes/shoot and number of leaves/shoot. 

 

Acclimatization 
Acclimatization was implemented through gradually decreasing the relative humidity to reach 

the level of glasshouse environment (70%). Plantlets were washed in running water to remove the 
culture medium then soaked in 2 g/l solution of fungicide (rizolex). Plants were transported to plastic 
pots (6 cm diameter and 6 cm height) which contain peat moss and sand at equal volume. Plants were 
covered with plastic bags which gradually removed after 30days. 

 

Chemical analysis 
 

Sample preparation and extraction 
In vitro plantlets were collected after three subcultures and were cleaned and air-dried before 

drying in oven at 40oC. Then, the dried plantlets were ground separately into fine powder using a dry 
grinder. The dried powder of each plant’s leaves (100mg) was transferred into a beaker; absolute 
methanol was added into the beaker as a solvent (20 ml). Then the mixture was shaken for 20 min, 
then the mixture was filtrated by filter paper (Whatman No.1) according to method described by 
Khamsah et al. (2006).  

 
Total phenolic contents (TPC) assay was determined as described by Singleton and Rossi, (1965). 
Antioxidant activity assay by (DPPH): DPPH of the examined samples were carried out according 
to the method described by Chan et al., (2007). 
 

Metal determination by ICP-MS 
For metals determination Harvested plant materials were dried at 65 ◦C for 72 h and then 

ground with a mill. A total of 0.5 g of each sample was then digested with 10 ml of a mixture of 69% 
HNO3, conc HCl (3:1v/v) in a heating digester (DK 20, VELP Scientifica, Milan, Italy). 
Plant extracts were filtered through disposable 0.2 µm PTFE syringe filters (DISMIC-25HP, 
Advantec, Tokyo, Japan). The metal concentrations in these extracts were determined by means of 
inductively coupled plasma-mass spectroscopy (ICP-MS) (iCAP, Thermo, Germany). Certified 
reference materials (Mer, Germany) were included in the analyses. The recovery of metals was within 
the certified limits.Qtegra software was used for average and relative standard deviation calculation 
(APHA, 2005). 
 

Determination of total nitrogen (N), phosphate (P) and potassium (K) 
Total-N was determined in the environmental and food technology lab using kjeldhal method 

according to A.O.A.C, (1990). 
 
Statistical analysis:  

All experiments were complete randomized design. Each treatment contained five replicates 
and data were analyzed using Computer software MSTAT-C (MSTAT Development Team, 1988). 
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The least significant differences among levels of each treatment were compared using LSD. test at 
5%level according to Steel and Torrie (1980). 
 
Results  
 
Efficiency of MS as substituted with algae medium on multiplication parameters of Stevia 
rebaudiana after 3rd subculture 
          Data presented in Table (1) and Figure (1) show the effect of some microgreen algae and MS 
substitution with algae on shoots number of Stevia rebaudiana after 3rd subculture. Data of the main 
effect of algae types showed that the highest shoots number (1.50shoots/jar) was obtained when Stevia 
rebaudiana was treated by Chlorella vulgaris. On the other hand, the lowest shoots number (1.06 
shoots/ jar) was observed with Chlorella kessleri, Data of the main effect of MS substitution showed 
that, the highest record of shoots number (1.92shoots/jar) was achieved with MS was substitution with 
20% algae types .Concerning the interaction, shoots number was significantly increased (3.33shoots/ 
jar) when MS substitution with 40% Chlorella vulgaris.  
Regarding the effect of some microgreen algae and MS substitution on shoot length Table (1), data of 
the main effect of algae types indicated that the higher shoot length (8.68, 8.40 and 8.22cm, 
respectively) were observed when shoots were cultured on medium contained Scenedesmus obliqus, 
Ankistrodesmus falacatus or Chlorella vulgaris compared to Chlorella kessleri witch possessed the 
lowest shoot length (7.79cm). Regarding the data of the main effect of MS substitution with algae, 
MS substitution with 40% algae recorded the highest value of shoot length (9.33cm). Results of 
interaction between algae types and MS substitution revealed that the highest shoot length (10.00cm) 
was recorded when MS was substitution with 40% Ankistrodesmus falacatus algae. 
 
Table 1: Efficiency of MS as substituted with algae medium on shoot parameters of Stevia 
rebaudiana after 3rd subculture. 

Algae types(A) Percent of MS substitution with algae (B) 
0.0 20 40 60 80 100 Mean 

 Shoots number/jar 
Ankistrodesmus falacatus 1.00   2.67  1.00     1.00      1.00      1.00   1.33   
Chlorella kessleri  1.00    1.00      1.00      1.00      1.00      1.00      1.06   
Chlorella vulgaris  1.00    1.67     3.33   1.00      1.00     1.00      1.50   
Scenedesmus obliqus  1.00    2.33   1.00      1.00      1.00      1.00      1.22 
Mean 1.00   1.92   1.58   1.00     1.17   1.00    
LSD at 5% A0.35 B0.28 AxB0.69     
 Shoot length (cm) 
Ankistrodesmus falacatus 6.08     9.00   10.00   8.83  8.50 8.00   8.40  
Chlorella kessleri  6.08     8.78 8.67 7.42     7.17      8.50 7.79    
Chlorella vulgaris  6.08     9.33  9.33   7.83     7.83      8.83  8.22 
Scenedesmus obliqus  6.08     9.67   9.33   9.00 9.17  8.83  8.68  
Mean 6.08     9.20   9.33   8.27     8.17    8.54   
LSD at 5% A0.7 B0.57 AxB1.4     
 Nodes number/shoot 
Ankistrodesmus falacatus 4.50 4.83 6.16 8.83  8.50   8.0   6.86  
Chlorella kessleri  4.50  3.83     5.50 6.667    5.67 4.67     5.14  
Chlorella vulgaris  4.50   5.33 6.0  5.00  5.50 5.17 5.25  
Scenedesmus obliqus 4.50   5.50 4.67         5.83 5.0    6.33   5.36  
Mean 4.50 4.87      5.58     6.58  6.17   6.00   
LSD at 5% A0.53 B0.44 AxB 1.06     
 Leaves number/shoot 
Ankistrodesmus falacatus 9.00  10.00    12.33   10.67  11.00 12.33   10.89 
Chlorella kessleri  9.00  7.67         11.0 12.50   11.33   9.33     10.14 
Chlorella vulgaris  9.00  11.67   12.00   10.67 11.0 10.33 10.78 
Scenedesmus obliqus  9.00 10.33  9.667   12.33  10.33 12.67   10.72 
Mean 9.00     9.917    11.25   11.54   10.92   11.17    
LSD at 5% NS B0.9 AxB2.2     
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Fig. 1: Efficiency of MS as substituted with algae medium on shoot parameters of Stevia rebaudiana 
after 3rd subculture.  

Where A is regular MS (without substitution), B is MS substitution with 40% Chlorella vulgaris, C is MS 
substitution with 40% Ankistrodesmus falacatus And D is full MS substitution (100% algae) of Scenedesmus 
obliqus.  

 
 Nodes number are presented in Table (1). The data of the main effect of algae types showed 

that Ankistrodesmus falacatus recorded the highest value of nodes number (6.86 node/shoot) while the 
lowest nodes number (5.14 node/shoot) was observed with Chlorella kessleri. Data of the main effect 
of MS substitution with algae showed that, the highest nodes number (6.58node/shoot) was obtained 
with MS substitution with 60% algae followed by MS substitution with 80 or 100% algae (6.17 and 
6.00 node/shoot, respectively) with no significant differences between them. The interaction data 
indicated that both algae types and MS substitution percentage affected nodes numbers, the higher 
values (8.83, 8.50 and 8.00 nodes/shoot) were recorded with MS substitution with 60, 80or 100% 
Ankistrodesmus falacatus. 

Data of the main effect of algae types on number of leaves observed that no significant effect 
for the algae in that concern. However, Ankistrodesmus  falacatus maximized number of leaves (10.89 
leaf/shoot) with no signifecant different compared to the other types. Data of the main effect of MS 
substitution with algae showed that, MS substitution with 40, 60, 80 or 100% algae maximized 
number of leaves with no significant difference between them.  Interaction results cleared that the 
highest value of number of leaves (12.67leaf/shoot) was observed with full MS substitution with 
(100%) Scenedesmus obliqus followed by MS substitution with 60% Chlorella kessleri 
(12.50leaf/shoot) or MS substitution with 100, 40% Ankistrodesmus falacatus (12.33leaf/shoot). 

 
Efficiency of as MS substituted on root parameters of Stevia rebaudiana   after rooting stage 
 

In Table (2) data of the main effect of Algae types showed that these types affected roots 
number. Chlorella vulgaris recorded the highest value in that concern (5.89 roots/plantlet) followed 
by Ankistrodesmus falacatus (5.33 roots/ plantlet). While the lowest roots number (4.50 roots/ 
plantlet) was recorded by Scenedesmus obliqus. Data of the main effect of MS substitution showed an 
effect for that substetution on roots number, which ranged from 3.75 to 6.17roots/plantlet. MS 
substitution with 60, 80 or 100% resulted in increasing roots numbers with no significant differences 
between them (6.17, 6.08 and 6.17roots/ plantlet, respectively). Concerning the interaction between 
algae types and MS substitution, Full MS substitution (100% algae) with Ankistrodesmus falacatus 
was the most effective in increasing the number of roots (10.00 roots/ plantlet) followed by MS 
substitution with 60 or 80% Chlorella vulgaris (9 and 8.67 roots/ plantlet, respectively) with no 
significant difference between them. 

Regarding root length, data of the main effect of algae types showed that Chlorella kessleri or 
Chlorella vulgaris recorded the highest significant root length (8.94 and 8.50cm, respectively). While, 
the data of the main     effect of MS substitution clearly indicated that root length significantly    was 
affected with MS substitution with algae as root length ranged from 5.79 to 9.67cm with MS 
substitution with 20 or 100% algae, respectively. The interaction indicated that MS substitution with 
60% Chlorella vulgaris and MS substitution with 40% Ankistrodesmus falacatus recorded the highest 
root length (12.00 cm for each), while the lowest root length (1.83cm) was obtained with  MS 
substitution with 20% Scenedesmus obliqus.  
 
 



Middle East J. Agric. Res., 8(2): 425-437, 2019 
ISSN: 2077-4605 

430 

Table 2: Efficiency of MS as substituted on root parameters of Stevia rebaudiana after rooting stage 
Algae types(A) Percent of MS substitution with algae (B)  

0.0 20 40 60 80 100 Mean 
 Roots number/plantlet 
Ankistrodesmus falacatus 4.00 2.33 6.67 5.00 4.00 10.00 5.33 
Chlorella kessleri 4.00 2.33 5.00 5.33 7.33 4.67 4.78 
Chlorella vulgaris  4.00 5.67 2.33 9.00 8.67 5.67 5.89 
Scenedesmus obliqus  4.00 4.67 4.33 5.33 4.33 4.33 4.50 
Mean 4.00 3.75 4.58 6.17 6.08 6.17  
LSD at 5% A:0.68 B: 0.56 AxB:1.37     
 Root length (cm) 
Ankistrodesmus falacatus 6.00 4.00 12.00 8.00 8.00 9.00 7.83 
Chlorella kessleri 6.00 9.00 6.33 10.67 11.00 10.67 8.94 
Chlorella vulgaris  6.00 8.33 6.67 12.00 9.67 8.33 8.50 
Scenedesmus obliqus  6.00 1.83 3.67 6.00 5.67 10.67 5.64 
Mean 6.00 5.79 7.17 9.17 8.58 9.67  
LSD at 5% A:0.78 B:0.64 AxB:1.56     

 

 

Fig. 2: Efficiency of MS as substituted on roots number and root length.  
Where: A is the best roots number resulted from full MS substitution with Ankistrodesmus falacatus and B is the 
tallest roots resulted from MS substitution with 60% Chlorella vulgaris  

 
Acclimatization stage 
  
Efficiency of MS as substituted with algae medium on survival percentage and plantlet 
parameters of Stevia rebaudiana after two months of acclimatization. 
 

In Table (3) and Figure (3) data of the main effect of algae types showed that average of 
survival percent after acclimatization which ranged from 20 to 49.7% as affected by different types of 
algae, where the highest percentage of survival (49.7 %) was achieved at Chlorella vulgaris while the  
Lowest survival percentage of plantlets (20%) was significantly recorded with Ankistrodesmus 
falacatus compared with the other treatments. Data of the main effect of MS substitution on survival 
Percentage, increasing in MS substitution up to 100% algae (complete algae medium) was combined 
with gradual significant enhancement the percentage of   plantlets survival (53.90%). On the other 
hand, the interaction treatments recorded a similar high survival percentage (66%) when MS was 
substituted with 60 or 80% Chlorella vulgaris. Also, full MS substitution (100%) with Chlorella 
vulgaris, Scenedesmus obliqus or Chlorella kessleri. 

In Table (3) data of the main effect of algae types indicated that Chlorella vulgaris or 
Chlorella kessleri enhanced plantlet length (7.78and7.72cm) .Also, Data showed that the main effect 
of MS substitution on plantlet showed that, the higher plantlet length (8.75and 8.50cm)was obtained 
from MS substitution with 80 or 60% algae respectively, while full MS medium (control) reduced the 
plantlet length (4.63cm).Concerning the interaction, the highest plantlet length (10.00,10.00, and 9.33 
cm) was observed with MS substitution with 60%Chlorella kessleri , 80% Chlorella vulgaris or full 
MS substitution (100 % algae) Chlorella kessleri or Chlorella vulgaris respectively. In addition, MS 
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substitution with 80 or 100% Chlorella vulgaris possessed the higher plantlet lengths (10.00 and 
9.33cm, respectively), with no significant differences between them.  

 
Table 3: Efficiency of MS as substituted on survival and plantlet length of Stevia rebaudiana after 

two months of acclimatization  
Algae types(A) Percent of MS substitution with algae (B) 

0.0 20 40 60 80 100 Mean 
 *Survival  number (%) of acclimatized plantlets 

Ankistrodesmus falacatus 1 (17.5) 1 (17.5) 1 (17.5) 2 (33.0) 1 (17.5) 1 (17.5) 1.2(20) 
Chlorella kessleri  1 (17.5) 2 (33.0) 2 (33.0) 2 (33.0) 3 (50.0) 4 (66.0) 2.3(38.7) 
Chlorella vulgaris  1 (17.5) 2 (33.0) 3 (50.0) 4 (66.0) 4 (66.0) 4 (66.0) 3.0(49.7) 
Scenedesmus obliqus  1 (17.5) 2 (33.0) 3 (50.0) 3 (50.0) 2 (33.0) 4 (66.0) 2.5(41.58) 

Mean 1.0(17.5) 1.7(29.1) 2.3(37.62) 2.7(45.5) 2.5(41.6) 3.3(53.9)  
LSD at 5% A0.026 B0.02 AxB0.05     
 Plantlet length (cm) 

Ankistrodesmus falacatus 4.63 4.63 5.33 7.33 7.33 7.00 6.03 
Chlorella kessleri  4.63 5.67 7.67 10.00 9.0 9.33 7.72 
Chlorella vulgaris  4.63 6.67 7.67 8.33 10.00 9.33 7.78 
Scenedesmus obliqus  4.63 5.00 5.33 8.33 8.67 4.67 6.11 

Mean 4.63 5.50 6.50 8.50 8.75 7.58  
LSD at 5% A:0.7 B:0.58 AxB: 1.41     

*survival percentage was calculated for six plantlet/replicate. 

 
Fig. 3: Efficiency of MS as substituted with algae on survival and plantlet length of Stevia rebaudiana 

after two months of acclimatization  

Efficiency of MS as substituted with algae medium on total phenol contents (TPC µg/l) of Stevia 
rebaudiana in vitro 
 

As shown in Table (4), data of the main effect of algae types showed that the presence of 
algae in the culture medium observed a significant increase in the total phenol contents of Stevia 
rebaudiana the highest value in that concern (404.3µg/l) was obtained with Scenedesmus obliqus 
followed by Ankistrodesmus falacatus (305.5µg/l). On the other hand, the lowest value of phenol 
contents (272.9µg/l) was recorded with Chlorella kessleri. Concerning MS substitution, data of the 
main effect showed that MS substitution with 60, 80 or100% algae recorded higher values (374.0, 
340.5 and 340.4 µg/l, respectively). While the lower value (209.5µg/l) was recorded with full MS 
medium (control). 

Interaction between algae types and MS substitution showed that most treatments contained 
Scenedesmus obliqus enhanced the phenol contents, wherever, MS substitution with 60% 
Scenedesmus obliqus gave the highest phenol contents (625.4 µg/l) followed by MS substitution with 
80, 40 or 100%of the same algae (482.5, 420.3 and 417.0 µg/l, respectively). However, MS 
substitution with 20% Ankistrodesmus falacatus medium possessed sufficient value of total phenol 



Middle East J. Agric. Res., 8(2): 425-437, 2019 
ISSN: 2077-4605 

432 

contents (425.6 µg/l). While, the lowest value of TPC (209.5µg/l) was recorded on full MS medium 
without any substitution with algae type media.  

 
Table 4: Efficiency of MS as substituted with algae medium on phenol contents (µg/l) of Stevia 

rebaudiana  
Algae types (A) Percent of MS substitution with algae (B) 

0.0 20 40 60 80 100 Mean 
Ankistrodesmus falacatus 209.5   425.6 319.8  326.6   340.0    211.6    305.5  
Chlorella kessleri  209.5     282.1   323.0   284.7 266.0  272.2  272.9   
Chlorella vulgaris 209.5      320.5  277.0   259.5   273.6     460.6    300.1  
Scenedesmus obliqus 209.5   271.0 420.3     625.4   482.5    417.0    404.3   
Mean 209.5 324.8 335.0 374.0 340.5 340.4  
LSD at 5% value   A:2.99 B:2.44 AxB:5.98     

 
Table 5: Efficiency of MS as substituted with algae medium on free radical percent of Stevia 

rebaudiana  
Algae types(A) Percent of MS substitution with algae (B) 

0.0 20% 40% 60% 80% 100% Mean 
Ankistrodesmus falacatus 76.37 77.7 77.87 78.2 76.4 79.80 77.74 
Chlorella kessleri. 76.37 80.27 72.67 68.8 78.80 80.20 76.18 
Chlorella vulgaris  76.37 78.73 77.63 79.60 70.27 78.50 76.85 
Scenedesmus obliqus  76.37 80.03 78.30 79.13 79.57 81.37 79.13 
Mean 76.36 79.20 76.62 76.43 76.27 79.97  
LSD value   A2.99 B2.44 AxB5.98     

 
Efficiency of MS as substituted on antioxidant activity of Stevia rebaudiana using [ DPPH assay 
(1, 1-Diphenyl-2-picryl-hydrazyl)] 
 

The illustrated data in Table (5) noted that all the tested samples of Stevia rebaudiana were 
effective in reducing of the stable radical DPPH to the yellow colored diphenyl picrylhydrazine, 
indicating that these extracts are active in DPPH antioxidant activity. Data of the main effect of algae 
types showed that the highest DPPH antioxidant activity was exhibited by Stevia extracts which 
resulted from culture media contained Scenedesmus obliqus (79.13 %), Ankistrodesmus falacatus. 
(77.74 %), Chlorella vulgaris (76.85 %) or Chlorella kessleri (76.18 %). On the other hand, Data of 
the main effect of MS substitution with algae showed that the highest DPPH antioxidant activity 
percent (79.20 and 79.97%) was recorded from Stevia extracts which resulted from MS substitution 
with 20or100% while the lowest DPPH antioxidant activity percent (76.27%) was recorded with 
Stevia extracts which resulted with MS substitution with 80% algae. Concerning the effect of 
interaction between algae types and MS substitution with algae, the results in Table (5) showed that 
the highest antioxidant activity (81.37%) was recorded in Stevia extracts which were planted on 
medium contained MS substitution with 100% Scenedesmus obliqus followed by (80.27 or 80.20%, 
respectively) from 20 or 100% Chlorella kessleri ,similar highest results with no significant difference 
were obtained with extraction of Stevia resulted with full MS substitution (100%) Ankistrodesmus 
falacatus (79.8%). On the other hand, the lowest DPPH antioxidant activity (68.80%) was recorded in 
Stevia extracts which results with MS substitution with 60% Chlorella kessleri medium.  
 
Efficiency of MS as substituted with algae medium on Macro and microelements contents: 
Macroelements contents: 
 

Regarding Table (6) Data of the main effect of algae types showed that the highest record in 
nitrogen content (51.16 ppb) was obtained with Chlorella kessleri. Also, Chlorella vulgaris gave the 
highest value (3545.3ppb) of phosphorus content. Concerning potassium content, it was increased 
when Chlorella kessleri was used which gave the highest value (709.6 ppb), followed by 
Ankistrodesmus falacatus (663.6 ppb), the lowest value (606.5 ppb) obtained with Scenedesmus 
obliqus. Concerning Magnesium, Chlorella kessleri algae recorded the highest Mg content (24.39 
ppb). Concerning Calcium content, Chlorella kessleri algae recorded the highest value (52.11ppb) of 
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Ca content. As for the main effect of MS substitution with algae showed that, the highest nitrogen 
value (50.75 ppb) was detected with MS substitution with 40% algae. Also, MS substitution with 40% 
algae maximized phosphorus content (3476.7ppb). Concerning K content, MS substitution with 60% 
algae resulted the highest K content (865.00 ppb). MS substitution with 40% algae recorded the 
highest Mg value (32.26 ppb). Concerning Ca content, MS substitution with 60or 40% algae recorded 
highest Ca value (55.83and 55.00 ppb, respectively). Results of interaction cleared that, MS 
substitution with 40% either Scenedesmus obliqus or Chlorella kessleri algae gave the highest results 
in nitrogen contents (65.00 and 62.00ppb, respectively). Concerning phosphorus content, MS 
substitution with 40, 60, 80 or 100% Chlorella vulgaris algae medium significantly enhanced the  
phosphorus contents with no significant difference between them(4248, 4245, 4240 and 4240 ppb, 
respectively)., MS substitution with 40 or 60%  Chlorella kessleri recorded the higher K values (1150 
and 1000 ppb, respectively).concerning Mg content, MS substitution with 60% Ankistrodesmus 
falacatus gave the highest Mg value (38.30 ppb). Also, full MS substitution with100% Chlorella 
kessleri algae gave the highest Ca content (89.00ppb). 
  
Table 6: Efficiency of MS as substituted with algae medium on contents of macroelements of in vitro 

Stevia rebaudiana  

Algae types(A) 
Percent of MS substitution with algae (B) 

0.0 20 40 60 80 100 Mean 
 N (ppb) 
Ankistrodesmus falacatus 33.0      27.0   51.0    41.0  60.0 49.0  43.5    
Chlorella kessleri  33.0      49.0    62.0    53.0 53.0 57.0  51.16   
Chlorella vulgaris  33.0  44.0     25.0   28.5 26.0 27.0 30.60   
Scenedesmus obliqus  33.0   48.0  65.0   53.0 31.67 20.0  41.77 
Mean 33.00       42.00    50.75   43.87 42.66 38.25   
LSD at 5% A0.40 B0.37 AxB0.89     
 P (ppb) 
Ankistrodesmus falacatus 2326.   2627.    2967.   2564. 1433 886.0 2133.8 
Chlorella kessleri  2326.    3216.    2493.   2490. 2099. 1162.  2297.6  
Chlorella vulgaris  2326.   1973.  4248.   4245. 4240. 4240. 3545.3 
Scenedesmus obliqus  2326.    1939.   4199.    1976. 3471 1898. 2634.8 
Mean 2326.     2438.7 3476.7 2818. 2788. 2046  
LSD at 5% A0.5600 B0.6859 1.372AxB     
 K (ppb) 
Ankistrodesmus falacatus 644.3  989.0   456.0  975.0 502. 415. 663.6 
Chlorella kessleri  644.3  649.0 1150.   1000 594 220.  709.6   
Chlorella vulgaris  644.3    626   13.27   701. 984  953. 653.8  
Scenedesmus obliqus  644.3    732.0  12.25    784 867 599 606.5    
Mean 644.3     749.0    407.9   865.0 737.0 547.0  
LSD at 5% A70.59  B86.45  AxB172.9      
 Mg (ppb) 
Ankistrodesmus falacatus 11.33   28.63     32.13   38.3 13.3 10.87   22.43   
Chlorella kessleri  11.33   12.53     34.30    30.4 32. 25.80    24.39   
Chlorella vulgaris  11.33   9.00   30.93    15.0 14.17 13.17 15.60   
Scenedesmus obliqus.  11.33   26.60      31.67   32.67  28.83 10.67   23.63    
Mean 11.33     19.19  32.26  29.09 22.08  15.13    
LSD at 5% A0.135 B0.16 AxB 0.33     
 Ca (ppb) 
Ankistrodesmus falacatus 21.00  29.33 79.33 82.33 54.67  26.67 48.89b 
Chlorella kessleri  21.00  20.00  53.33  59.00  70.33 89.00 52.11 
Chlorella vulgaris  21.00 11.00 24.33  22.00 22.00 14.67 19.17 
Scenedesmus obliqus 21.00  53.00  63.00 60.00 30.33 15.33  40.44 
Mean 21.00  28.33 55.00 55.83  44.33 36.42   
LSD at 5% A1.480 B1.812 AxB3.624     

 
Microelements content: 

In Table (7) Ferrous content of in vitro Stevia rebaudiana, data of the main effect of algae 
types showed that culture medium included chlorella kessleri recorded the highest content of Fe 
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(109.70ppb) followed by culture media which contained Ankistrodesmus falacatus., Scenedesmus 
obliqus or Chlorella vulgaris (84.78, 71.78 and51.61 ppb, respectively). Concerning content of Zn, 
Ankistrodesmus falacatus gave the highest value of Zn in Stevia shoots (15.13 ppb), while 
Scenedesmus obliqus recorded the lowest Zn value (3.39ppb). Regarding shoot content of Mn , the 
highest values (10.17, 10.11 and 10.00ppb) were recorded with Ankistrodesmus falacatus., 
Scenedesmus obliqus or Chlorella vulgaris algae. While, the lowest Mn content (9.33 ppb) resulted 
with medium contained Chlorella kessleri. Concerning Cu content, the highest content (5.46 ppb) was 
detected from shoots came from medium contained Chlorella kessleri. While, the lowest Cu content 
value was recorded (2.09 ppb) for shoot which treated with Chlorella vulgaris. Shoots resulted from 
medium contained Scenedesmus obliqus algae maximized Pb content (23.6 ppb).  
 
Table 7: Efficiency of MS as substituted with algae medium on microelements of Stevia rebaudiana  

Algae types(A) Percent of MS substitution with algae (B) 
0.0 20 40 60 80 100 Mean 

 Fe(ppb) 
Ankistrodesmus falacatus 176.3 54.67 84.00 99.00 47.00 47.67 84.78 
Chlorella kessleri  176.3 34.33 166.0 153.3 57.67 70.33 109.7 
Chlorella vulgaris  176.3 34.00 25.00 26.00 25.00 23.33 51.61 
Scenedesmus obliqus.  176.3 43.33 86.33 48.00 53.33 23.33 71.78 
Mean 176.3 41.58 90.33 81.58 45.75 41.17  
LSD at 5% A 0.47 B0.58  AxB1.16     
 Zn(ppb) 
Ankistrodesmus falacatus 3.90 43.67 18.43 14.67 5.53 4.567 15.13 
Chlorella kessleri  3.90 2.60 5.87 7.0 14.07 22.93 9.39 
Chlorella vulgaris  3.90 5.97 3.23 2.97 2.6 2.13 3.48 
Scenedesmus obliqus 3.90 2.60 5.50 2.87 3.53 1.93 3.39 
Mean 3.90 13.71 8.26 6.87 6.45 7.89  
LSD at 5% A0.24  B0.29 AxB0.59      
 Mn(ppb) 
Ankistrodesmus falacatus 7.67 12.00 15.67 11.67 8.00 6.00 10.17 
Chlorella kessleri  7.67 6.00 15.00 11.67 10.33 5.33 9.33 
Chlorella vulgaris  7.67 5.00 13.33 12.00 11.7 10.33 10.00 
Scenedesmus obliqus 7.67 11.00 13.33 12.00 10.33 6.33 10.11 
Mean 7.67 7.67 14.33 11.83 10.08 7.00  
LSD at 5% A0.30 B0.37 AxB0.73     
 Cu(ppb) 
Ankistrodesmus falacatus 5.67 2.00 2.43 4.37 2.20 9.67 4.39 
Chlorella kessleri  5.67 1.70 10.10 9.33 2.97 2.97 5.46 
Chlorella vulgaris  5.67 2.00 1.37 1.23 1.00 1.27 2.09 
Scenedesmus obliqus 5.67 4.00 5.00 2.0 2.33 1.87 3.48 
Mean 5.67 2.45 4.725 4.23 2.13 3.94  
LSD at 5% A0.18 B0.22  AxB0.449      
 Pb(ppb) 
Ankistrodesmus falacatus 2.70 0.57 9.57 2.27 2.00 2.87 3.33 
Chlorella kessleri  2.70 0.46 1.50 2.17 4.57 2.50 2.32 
Chlorella vulgaris  2.70 1.37 0.49 0.11 0.16 0.23 0.84 
Scenedesmus obliqus 2.70 0.78 1.67 1.70 132.0 2.70 23.6 
Mean 2.70 0.79 3.31 1.56 34.68 2.07  
LSD at 5% A0.08  B0.099  AxB0.19      
 Na(ppb) 
Ankistrodesmus falacatus 5.20 6.49 18.67 6.73 4.90 6.53 8.09 
Chlorella kessleri  5.20 7.00 12.20 7.80 10.0 3.20 7.57 
Chlorella vulgaris  5.20 6.53 7.767 11.0 15.40 4.57 8.41 
Scenedesmus obliqus.  5.20 3.67 6.80 5.30 4.23 2.57 4.63 
Mean 5.20 5.922 11.36 7.80 8.63 4.21  
LSD at 5% A   0.12  B   0.14  A x B 0.28     

 
Also, medium contained    Chlorella    vulgaris or Ankistrodesmus falacatus gave the higher Na 

content (8.41and 8.09 ppb), while medium contained Scenedesmus obliqus minimized shoot content 
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of Na (4.63 ppb).  Data of the main effect of MS substitution showed that control (full MS) resulted in 
maximized Fe content in Stevia shoots (176.3 ppb). In the other hand, the lowest value of shoot 
content of Fe was recorded (41.17ppb) from full MS substitution (complete alga medium). 
Concerning Zn, MS substitution with 20% algae led to enhance shoot content of Zn (13.71 ppb). Also, 
the highest value of Mn (14.33ppb) was recorded for shoots which were culture on MS substitution 
with 40% algae. Concerning Cu, control (full MS) cleared highest Cu content (5.67ppb) while, MS 
substitution with 80% algae recorded the lowest value (2.13ppb). Concerning shoot content of Pb, 
shoots with medium contained MS substitution with 80% algae recorded the highest value (34.68 ppb) 
of Pb. Medium contained MS substitution   with 40% algae resulted in increasing shoot content of Na 
(11.36 ppb).  The interaction between algae types and MS substitution with algae revealed that the 
highest value of Fe content in Stevia shoot (176.3 ppb) was obtained from full MS (control) of in vitro 
Stevia rebaudiana shoots, concerning Zn content, the highest value of Zn content in Stevia shoots 
(43.67ppb) when shoots were cultured on MS substitution with 20% Ankistrodesmus falacatus. Also, 
maximum content of Mn (15. 67ppb) from Stevia shoots which came from MS substitution with 40% 
Ankistrodesmus falacatus. 

Also, the highest Cu content (10.10ppb) from shoots which resulted with MS substitution with 
40% Chlorella kessleri. Concerning Pb content, shoots from medium contained MS substitution with 
80% Scenedesmus obliqus algae gave (132.0ppb) of Pb which considered the highest content. It is 
important to mention that the most MS substitution either Chlorella kessleri or Chlorella vulgaris 
minimized the Stevia shoot content of Pb. Concerning Stevia shoot content of Na, MS substitution 
with algae affected Na content of     Stevia shoots, shoots which resulted from medium contained MS 
substitution with 40% Ankistrodesmus falacatus recorded the highest Na content (18.67ppb). 
Scenedesmus obliqus or Chlorella kessleri with full MS substitution (100% algae) showed low Na 
content (2. 57 and 3.20 ppb) in Stevia shoots compared with other treatments.  

 
Discussion 

 
MS substitution with Algae types affected the growth parameters of Stevia rebaudiana; 

shoots number, shoot lengths, nodes number and leaves number, MS substitution with 40%Chlorella 
vulgaris significantly increased stevia shoots number (3.33shoots /jar). The highest shoot length 
(10.00cm) was recorded when MS substitution with 40% Ankistrodesmus falacatus algae. On the 
other hand, full MS substitution (100%algae) with Scenedesmus obliqus medium resulted in the 
highest leaves number (12.67leaf/shoot). The highest nodes number was recorded when MS 
substitution with 60, 80 or 100% Ankistrodesmus   falacatus algae (8.83, 8.50 and 8.00 node/ explant). 
It means that during multiplication of Stevia, MS medium could be replaced with a cheaper one such 
as algae medium in various substitution percentage. These results in agreement with those obtained by 
Hamza and Hamouda, 2013, who stated that algae types and the most substitution percent of MS with 
algae medium promoted growth parameters of potato plant through three subcultures. Substitution of 
MS with 60 and 40% Aphanocapsa albida resulted in the maximum growth parameters. Also, MS 
substitution with 40 % Scenedesmus obliqus or MS substitution with 80 % Aphanocapsa albida 
maximized fresh weight. However, concluded that results of our study may be due to the algae release 
of growth regulators, vitamins and essential nutrient elements like K, Ca, Mg and S which may 
promote growth parameters. Also, results came in line with Metting and Pyne (1996) and Banerjee 
and Sarkar (2008) who stated that cyanobacteria produced various compounds which could be benefit 
sources to improve or substitute the effect of synthetic plant growth regulators on in-vitro propagation 
of various plants. In addition, a wide array of substances may be produced through cyanobacteria like 
plant growth regulators which may overcome many micropropagation barriers. Also, during rooting 
stage, algae types and MS substitution promoted growth and root parameters; as full MS substitution 
with  Ankistrodesmus  falacatus was the most effective in increasing the number of roots 
(10.00roots/explant ) and MS substitution with 60%, Chlorella  vulgaris or  MS substitution with 40% 
Ankistrodesmus falacatus recorded the highest root length (12.00cm).  These results were supported 
by those obtained by Hamza and Hamouda, 2013 who stated that MS substitution with 
40%Aphanocapsa albida maximized root parameters of potato especially roots number. Considering 
acclimatization stage, the highest survival percentage (66%) was observed with MS substituted with 
either 60 or 80% Chlorella vulgaris, Also, full MS substitution with Chlorella vulgaris, Scenedesmus 
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obliqus or Chlorella kessleri (100% algae medium). Plantlet length observation proved that MS 
substitution with 60,80 or 100% Chlorella kessleri or Chlorella vulgaris possessed the highest plantlet 
length (10.00 and 9.33cm, respectively). Indeed, algae types and MS substitution affected total 
phenolic contents. The highest value of total phenol contents (625.4µg/L) was obtained with MS 
substitution with 60%Scenedesmus obliqus. These results were in agreement with those obtained by 
Hamouda and Farfour (2013) who stated that application of Laurencia obtusa + Aphanocapsa albida 
caused the highest increase of total phenols content in Faba bean plant. The highest DPPH 
antioxidant activity was exhibited by both algae type and MS substitution; the highest antioxidant 
activity (81.37%) was recorded with full MS substitution with Scenedesmus obliqus .These results 
were in agreement with those obtained by Hamouda and Farfour, 2013, where application of 
Laurencia obtusa + Aphanocapsa albida caused the highest increase of antioxidant activity in Faba 
bean plant. Plant mineral content were affected by both algae type and MS substitution. 
Macroelements; N, P, K, Ca and Mg contents were enhanced by algae types and MS substitution. 
Plant content of microelements; Fe, Zn and Mn were affected by treatments.  Heavy metals; Cu and 
Pb, as well as Na contents were affected by MS substitution percentage and algae type. The result 
may be due to the ability of algae type in making macro and micro elements more available for plant 
or for the effect of algae on releasing substances like enzymes, hormones or amino acid which may 
affect the ability of element up take. Considering sodium and the heavy metals, algae affected their 
contents in the plant because algae medium (BG11) contains these elements which is important for 
algae growth.  

 
Conclusion 

MS medium could be alternated partially or totally by low-coat alga media (alga medium 
including alga) without negative effects on growth parameters. Microgreen algae is a natural and 
renewable source grow naturally in Egypt, so, employment of natural reproducible materials as a 
tissue culture medium could reduce the cost of the medium and the percent of somaclonal variations 
as well as improve the national income. More researches should be carried out to optimize the 
employment of algae medium for economic and research purposes.  
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