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ABSTRACT 

Manipulation of algae filtration (the waste of microbiology laboratories) is a method for 
improvement micropropagation of Stevia rebaudiana through substitution MS medium with algae 
filtration. The growth parameters; i.e.; shoot numbers, shoot lengths, node numbers and leaf numbers 
were promoted by the most MS substitution percent with filtration of algae types. The highest value of 
shoots number (3.33shoots/explant) as well as the highest shoot length (8.50 cm) was achieved with 
MS substitution with 40%microgreen algae Chlorella kessleri filtration. On the other hand, higher 
nodes number (8.67node/explant) and leaves number (17.33 leaf/explant) were possessed with MS 
substitution with 20%Scenedesmus obliqus filtration. During rooting stage, using MS substitution with 
40% Scenedesmus obliqus filtration significantly increased the number of roots on explants 
(9.33root/explant). Also, the highest roots length (5.50cm) was obtained with MS substitution with 80% 
Chlorella vulgaris filtration. In acclimatization stage, the highest survival percentage (50%) was 
observed with either MS substitution with 20 or 60% of all algae types filtration. Also, full MS 
substitution (100% algae filtration) with Chlorella vulgaris, Scenedesmus obliqus or Chlorella kessleri 
augmented the highest survival percent. The highest plantlet length (8.50 cm) was a sheaved with MS 
substitution with 40%Chlorella vulgaris filtration. The maximum value of TPC contents (699.70µg/L) 
was observed with MS substitution with 40% Ankistrodesmus falacatus filtration. The highest 
antioxidant activity was exhibited by both algae type and MS dilution percent. The highest antioxidant 
activity (95.33%) was recorded with MS substitution with 20% Chlorella vulgaris filtration. The 
positive effect of MS substitution with partially or totally filtrations of algae types can be useful in 
recycling the waste of microbiology laboratories as well as reducing the coast of plant micropropagation 
because of the ability of manipulation the polysaccharides, hormones, amino acids and natural 
components which release in algae medium during its growth.  
 
Keywords: Stevia, Algae filtration, Microgreen algae, MS substitution, Antioxidant activity, phenolic 

compounds, mineral contents 
 
Introduction 

Stevia rebaudiana Bertoni, is a small shrub that belongs to the family Asteraceae. The plant is 
perennial with a productive life of about 5 to 7 years. The leaves of this plant contain a natural material 
called stevoside, which was used for long time as a natural sweetener in its origin. The sweeteners of 
this material were reported to be over 200 times stronger than this of sucrose sugar (Amat, 1982 and 
Soejarto et al., 1982). Over 100 phytochemicals have been discovered in stevia since it is rich in 
terpenes and flavonoids. Stevia contains a complex mixture of diterpenes, triterpenes, stigmasterol, 
tannins and volatile oil. The constituents responsible for stevia's sweetness were documented in 1931, 
when eight novel plant chemicals called diterpenic glycosides (5-14%) were discovered and named as 
stevioside, dulcoside and rebaudioside A, B, C, D and E. (Taylor, 2003, Starratt et al., 2002 and 
Mitsuhashi et al., 1975). The leaves of stevia are the source of diterpene glycosides, stevioside and 
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rebaudioside, (Yoshida, 1986). Stevioside is regenerated as a valuable natural sweetening agent because 
of its relatively good taste and chemical stability (Yamazaki and Flores, 1991 and Toyoda and Matsui, 
1997).  

The main problem in cultivation of stevia is the heterozygousity. Self incompatible nature of 
flowers leads to lack of fertilization, poor seed viability and vigor, these reasons lead to reduce seed 
efficiency propagation (Tadhani et al. 2006; Rathi and Arya 2009). Also, cutting propagation is not 
sufficient to overcome the needs of new introduced plants. For all previous propagation difficulties of 
traditional methods, tissue culture is the most rapid method for the mass propagation.  

Cyanobacteria or blue green algae are prokaryotic photosynthetic microorganism, which 
produces various natural compounds. These compounds could be useful sources to enhance or substitute 
the influenced of synthetic plant growth regulators on tissue cultures of different plants in vitro (Metting 
and Pyne, 1996). The approach of using cyanobacterial cultures would overcome many barriers of 
micropropagation, which involved costly synthetic chemicals (Banerjee and Sarkar, 2008). The most 
common medium in plant tissue culture is Murashige and Skoog medium (MS), which was partially 
substitution with different algae types filtrates (Scenedesmus obliquus, Aphanocapsa albida and 
Gloeotrichia echinulata) (0.0, 20, 40, 60 and 80 % alternation of MS) for three potato subcultures as 
well as microtubers formation.  Algae types and the most alternation percent of MS by algae filtrates 
promoted potato growth parameters through three subcultures (Hamza and Hamouda, 2013). A protocol 
for in vitro callus induction in Stevia plant by using Cyanobacterial media and MS media was 
established (Seema et al., 2011).  

The aim of this study was investigate partially or totally MS media substitution with filtration of 
cyanobacterial media and determine the effect of new media on growth parameters and chemical 
components of Stevia rebaudiana in vitro. 

 
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 stok 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 Material and Surface Sterilization 

Shoot tips were the 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). 

  
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). 

  
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. 
 
Algae Cultivation:  

Algae were grown in Erlenmeyer flasks, (250 ml) on liquid BG11 medium (Rippka, 1979). The 
cultures were incubated in the room temperature of approximately 25±2°C under light intensity 2500 
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lux provided by cool, white, fluorescent tubes under continuous illumination. The maximum algae 
yield; which used in preparing MS medium was obtained after 15 days (Hamza and Hamouda, 2013). 

 
Algae Harvesting:  

The algae culture were filtrated through cotton layers in order to harvest the algae and collect 
the filtrates, after 15 days of cultivation. 

 
Media composation and plant multiplication: 

In this investigation, algae media filtrations of various algae types (Scenedesmus obliqus, 
Ankistrodesmus falacatus, Chlorella kessleri and Chlorella vulgaris) were used as partially or totally 
alternative media substitution with MS medium. The treatments depended on partially or totally MS 
medium substitution with various algae types medium [0.0 (full MS) as control, 20, 40, 60, 80 MS 
substitution with algae filtration and full MS substitution with algae filtration (100%)]. All prepared 
media contained 3% sucrose, 0.2 mg/ BA, and 0.6% w/v agar. Then media were distributed 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 two explants. Cultures maintained in 
multiplication for three subcultures with 21 days intervals period. After third subculture, the following 
growth parameters were recorded; number of shoots /jar, shoots 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 30 days. 

 
Chemical analysis:- 
 
Sample preparation and extraction 

In vitro leaves were collected after three subcultures, and were cleaned and air-dried before 
drying in oven at 40oC. Then, the dried leaves 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) as described by Khamsah et al. (2006).  

 
Total phenolic contents (TPC) assay:  

TPC was determined using spectrophotometer as described by Singleton and Rossi, (1965). 
 

Antioxidant activity assay by DPPH: 
The examined samples were carried out according to the method described by Chan et al. 

(2007). 
 
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) 
was used. The least significant differences among treatments were compared using LSD at 5% level 
according to Steel and Torrie (1980). 

 
Results 
 
Effect of modified MS media on multiplication parameters of Stevia rebaudiana  

In Table (1) data of the main effect of some microgreen algae filtrations on shoot numbers of 
Stevia rebaudiana after 3rd subculture showed that, Chlorella kessleri filtration gave the highest value 
(1.78shoots/jar) of Stevia rebaudiana shoot numbers. On the other hand, Chlorella vulgaris filtration 
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resulted in the lowest shoot number (1.17shoots/jar). However, data of the main effect of MS 
substitution with algae filtration showed that, the highest shoot number (2.07shoots/ jar) was achieved 
with MS substitution with 20% algae filtration. Concerning interaction, Shoot number was significantly 
increased (3.33shoots/jar) when MS substitution with 20 or 40% Chlorella kessleri with no significant 
between them. Concerning data of the main effect of using media filtrations microgreen algae filtration 
on shoot lengths showed that, the higher shoot lengths was observed when shoots were cultured on 
Chlorella kessleri or Scenedesmus obliqus filtration medium (6.14 and 6.08cm, respectively) with no 
significant differences between them. While, shoot length resulted with filtration of Ankistrodesmus 
falacatus possessed the lowest significant shoot length (3.31cm). Regarding data of the main effect MS 
substitution with algae filtration, either full MS substitution with 100 or 20% algae filtration recorded 
the higher values of shoot lengths (6.00 and 5.58cm). The results of interaction between algae types and 
MS substitution with algae filtration revealed that the highest shoot length (8.50cm) was recorded when 
MS substitution with 40% Chlorella kessleri algae filtration (Fig. 1).  

In Table (1) data of the main effect of deferent algae types filtration showed that, filtration of 
Scenedesmus obliqus recorded the highest value of node numbers (5.72 nodes/shoot) while the lowest 
node number (3.83nodes/shoot) was observed with Chlorella vulgaris filtration. Concerning the main 
effect of MS substitution with algae filtration showed that, the highest node number (5.58nodes/shoot) 
was obtained with MS substitution with 20% algae filtration. Interaction between both alga types and 
MS substitution with algae filtration affected node numbers, the highest value (8.67nodes/shoot) was 
recorded with MS substitution with 20% Scenedesmus obliqus filtration. Leaf number was affected by 
the main effect of alga types. Anyway, Scenedesmus obliqus filtration maximized leaf number (11.11 
leaf/ shoot). While, the main effect of MS substitution with algae filtration significantly increased leaf 
numbers, MS substitution with 20% algae filtration maximized leaf numbers (11.17leaf/shoot). 
Interaction results cleared that MS substitution with 20% Scenedesmus obliqus or 100% Ankistrodesmus 
falacatus filtrations media resulted in the higher leaf numbers (17.33 and 16 leaf/shoot) with no 
significant between them. 
  
Table 1: Effect of modified MS media on shoot parameters of Stevia rebaudiana after 3rd subculture 

Filtrations of  
Agae types (A) 

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

Shoots number/jar 
Ankistrodesmus falacatus 1.00 3.00 1.00 1.00 1.00 1.00 1.33 

Chlorella kessleri  1.00 3.33 3.33 1.00 1.00 1.00 1.78 
Chlorella vulgaris  1.00 2.00 1.00 1.00 1.00 1.00 1.17 
Scenedesmus obliqus  1.00 2.00 1.00 1.00 1.00 1.00 1.22 
Mean 1.00 2.67 1.58 1.00 1.00 1.00  
LSD at 5% A 0.18 B0.14 A X B 0.34    
                                  Shoots length (cm) 
Ankistrodesmus falacatus 5.00 3.83 1.33 1.00 1.00 7.67 3.31 
Chlorella kessleri  5.00 7.5 8.50 7.17 4.33 4.33 6.14 
Chlorella vulgaris  5.00 5.33 3.83 5.00 4.17 4.17 4.58 
Scenedesmus obliqus  5.00 5.67 5.67 5.50 6.83 7.83 6.08 
Mean 5.00 5.58 4.83 4.67 4.08 6.00  
LSD at 5% A0.53 B0.43 A x B 1.06    
                                  Nodes number /shoot 
Ankistrodesmus falacatus 4.33 4.00 3.33 2.67 3.00 8.00 4.22 
Chlorella kessleri  4.33 5.00 5.33 5.33 5.33 3.33 4.78 
Chlorella vulgaris  4.33 4.67 4.33 3.00 3.00 3.67 3.83 
Scenedesmus obliqus  4.33 8.67 6.67 4.67 4.67 5.33 5.72 
Mean 4.33 5.58 4.97 3.97 4.00 5.08  
LSD at 5% A 0.45 B 0.37 A x B 0.90   

                                Leaves number/shoot 
Ankistrodesmus falacatus 8.67 8.000 6.667 5.33 6.00 16.00 8.44 
Chlorella kessleri  8.67 10.00 10.67 10.67 10.67 6.67 9.56 
Chlorella vulgaris  8.67 9.33 9.33 6.00 6.00 7.33 7.78 
Scenedesmus obliqus  8.67 17.33 13.33 9.33 9.33 8.67 11.11 
Mean 8.67 11.17 10.00 7.83 8.00 9.6  
LSD at 5% A 0.94 B 0.77 A x B 1.88    
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Fig. 1: Effect of modified MS media on shoot parameters of Stevia rebaudiana after 3rd subculture 
 
Effect of modified MS media on root parameters of Stevia rebaudiana after rooting stage  

The main effect of algae types affected roots number; Chlorella vulgaris or Scenedesmus obliqus 
filtrations recorded the higher values (5.17 and 5.11 roots/plantlet) with no significant differences 
between them .While, the lowest root number was recorded with Ankistrodesmus falacatus filtrations 
(3.78 roots/ plantlet). Also, the main effect of MS substitution with algae filtration affected the roots 
number, which ranged from (4.00 to 5.67 roots/plantlet). MS substitution with 40 or 100% algae 
filtration resulted in increasing roots number (5.67 roots/ plantlet) with no significant differences 
between them. Concerning the interaction between filtrations of algae types and MS substitution with 
algae filtration, MS substitution with 40%Scenedesmus obliqus filtration was the most effective in 
increasing the number of roots (9.33roots/ plantlet). Regarding root lengths, the main effect Chlorella 
vulgaris filtration recorded the highest significant root length (3.14cm). While, the main effect MS 
substitution with algae filtration data clearly indicated that, roots length ranged from (0. 67 to 3.17 cm) 
with full MS to full MS substitution with algae filtration (100% algae) , respectively. The interaction 
indicated that MS substitution with 80% Chlorella vulgaris filtration recorded the highest roots length 
(5.50cm), while the lowest root lengths (0.67cm) was obtained with full MS with all filtrations of algae 
types.  

 
Table 2: Effect of modified media on root parameters of Stevia rebaudiana after rooting stage 

Filtrations of algae types(A) 
Percent of MS  substitution with algae filtration (B) 

0.0 20 40 60 80 100 Mean 

 Roots number/plantlet 

Ankistrodesmus falacatus 4.00 4.00 4.60 1.33 3.33 5.30 3.78 

Chlorella kessleri  4.00 3.67 4.00 6.67 4.30 4.30 4.50 

Chlorella vulgaris  4.00 4.33 4.67 5.00 6.00 7.00 5.17 

Scenedesmus obliqus  4.00 5.00 9.33 2.67 3.67 6.00 5.11 

Mean 4.00 4.250 5.67 3.97 4.33 5.67  

LSD at 5% A 0.71 B 0.56 Ax B1.4    

 Roots length (cm) 

Ankistrodesmus falacatus 0.67 1.00 0.67 0.67 2.30 4.50 1.69 

Chlorella kessleri  0.67 0.83 4.50 3.33 3.00 1.83 2.30 

Chlorella vulgaris  0.67 4.50 2.17 3.00 5.50 3.00 3.14 

Scenedesmus obliqus  0.67 2.50 2.83 2.20 1.50 3.33 2.20 

Mean 0.67 2.23 2.54 2.29 3.08 3.17  

LSD at 5% A 0.42 B 0.34 A x B 0.83    
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Acclimatization stage  
 
Effect modified MS media on survival percentage and plantlet parameters of Stevia rebaudiana 
after two months acclimatization. 

In Table (3) data of the main effect of algae types filtration showed that average of survival 
percent after acclimatization ranged from (30.46 to 41.6%) as affected with different filtrations of algae 
types, where the highest percentage of survival (41.6 %) was achieved with Scenedesmus obliqus 
filtration. while, the lowest survival percentage (30.46%) was recorded with Ankistrodesmus falacatus 
filtration with significant differences among the treatments. Percentage of survival was affected by the 
main effect MS substitution with algae filtration; MS substitution with 20 or 60% significant enhanced 
the percentage of plantlets survival (50%). On the other hand, the interaction recorded the highest 
survival value (50 %) with either MS substitution with 20 or 60% of all filtrations algae types. However; 
full MS substitution with 100% Chlorella vulgaris, Scenedesmus obliqus or Chlorella kessleri 
filtrations (complete algae medium) gave the highest survival percentage (50%).  
 
Effect of modified MS media on plantlet length of Stevia rebaudiana after two months 
acclimatization.   

Data presented in Table (3) the main effect of algae types filtration indicated that Chlorella 
kessleri or Scenedesmus obliqus filtration enhanced plantlets length (6.14 and 6.08 cm) with no 
significant differences between them, Also, The main effect MS substitution with algae filtration 
maximized plantlet length, the higher plantlet length (6.00, 5.58 and 5.00 cm, respectively) was obtained 
with MS substitution with 100, 20% or (full MS) as control with no significant differences between 
them. Concerning the interaction, the higher plantlets length (7.50, 8.50 and 7.17cm, respectively) were 
observed with MS substitution with 20, 40 or 60% filtration Chlorella kessleri, also, MS substitution 
with 100%  Ankistrodesmus falacatus or Scenedesmus obliqus filtration produced the higher plantlets 
length (7.67 and 7.83cm, respectively) with no significant differences among all previous treatments 
(Fig. 2). 
 
Table 3: Effect of modified MS media on survival and plantlet length of Stevia rebaudiana after two 

months acclimatization 
Filtration of Algae 

types(A) 

Percent of MS substitution with algae filtration (B) 

0.0 20 40 60 80 100 Mean 

 Survival number (percent) of acclimatized plantlets 

Ankistrodesmus falacatus 1(16.5) 3(50) 2(33.3) 3(50) 1(16.5) 1(16.5) 30.46 

Chlorella kessleri  1(16.5) 3(50) 2(33.3) 3(50) 2(33.3) 3(50) 38.85 

Chlorellavulgaris  1(16.5) 3(50) 2(33.3) 3(50) 3(50) 3(50) 33.3 

Scenedesmus obliqus  1(16.5) 3(50) 2(33.3) 3(50) 3(50) 3(50) 41.6 

Mean 1(16.5) 3(50) 2(33.3) 3(50) 2.25(37.45) 2.5(41.6)  

LSD at 5% A0.03 B0.02 A x B 0.06   

 Plantlet length (cm) 
Ankistrodesmus falacatus 5.00 3.83 1.33 1.0 1.00 7.67 3.32 

Chlorella kessleri  5.00 7.50 8.50 7.17 4.33 4.33 6.14 

Chlorella vulgaris  5.00 5.33 3.83 5.0 4.17 4.17 4.6 

Scenedesmus obliqus  5.00 5.67 5.67 5.50 6.83 7.83 6.08 

Mean 5.00 5.58 4.83 4.67 4.08 6.00  

LSD at 5% A 0.53 B 0.43 A x B 1.06   
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Where : con is control (MS without substitution), 1 to 5 : 20, 40 ,…,100% MS substituted with A. 
falacatus, 6 to 10: 20, 40,…100% 100% MS substituted with C. kessleri, 11 to 15: 20, 40 ,…,100% MS 
substituted with C. vulgaris and 16 to 20: 20, 40 ,…,100% MS substituted with S. obliqus. 
 
Effect of modified MS media on total phenolic contents (TPC) of Stevia rebaudiana  in vitro  

As shown in Table (4), there is a significant increase in total phenol contents of Stevia rebaudiana 
treated with algae types and MS substitution with algae filtration. The main effect of algae type filtration 
results cleared that the highest TPC contents (372.4 µg/L) was obtained with Chlorella kessleri 
filtration, followed by (283.6 µg/L) with Ankistrodesmus falacatus filtration.  On the other hand, the 
lowest value of total phenol contents (154.4 µg/l) was recorded with Scenedesmus obliqus filtration. 
Concerning the main effect of MS substitution with algae filtration, MS substitution with 40% algae 
filtration recorded the highest value (406.6 µg/l), while the lowest value (149.3µg/l) recorded by MS 
substitution with 60% algae filtration. Interaction between algae types filtration and MS substitution 
with algae filtration showed that, MS substitution with 40% Ankistrodesmus falacatus filtration 
enhanced total phenol contents (699.7 µg/L). 
 
Table 4: Effect of modified MS media on total phenolic content of Stevia rebaudiana in vitro 

Filtrations of Algae types  
(A) 

Percent of MS  substitution with algae filtration  (B) 

0.0 20 40 60 80 100 Mean 

Ankistrodesmus falacatu  384.7 427.7 699.7 11.00 148.3 30.33 
 

283.6 

Chlorella kessleri  384.7 6.00 409.0 273.3 595.7 566.0 
 

372.4 

Chlorella vulgaris 384.7 257.3 
 

368.7 134.7 67.00 
 

88.67 216.8 

Scenedesmus obliqus  384.7 17.33 149.0 178.0 75.00 122.7 154.4 

Mean 384.7 177.1 406.6 149.3 221.5 
 

201.9  

LSD value   A8.19 B6.69 A x B16.39    

 
Effect of modified MS media on antioxidant activity of Stevia rebaudiana using [DPPH assay (1, 
1-Diphenyl-2-picryl-hydrazyl)]  

The data illustrated in table (5) noted that all of the tested samples of Stevia rebaudiana were 
effective in reducing of the stable radical to the yellow colored diphenyl picrylhydrazine, indicating that 
these extracts are high antioxidant activity. The main effect of algae types filtration showed that the 
highest antioxidant activity was exhibited by Stevia extracts which resulted with culture media 
contained Chlorella kessleri filtration (89.83%).  

On the other hand, the main effect of MS substitution with algae filtration showed that the higher 
antioxidant activity percent (90.00 and 92.17%) was recorded with Stevia extracts which resulted with 
MS substitution with 40 or 80% algae filtration. While the lowest antioxidant activity percent (77.33%) 
was recorded in Stevia extracts which resulted with (full MS) as control. Concerning the effect of 
interaction between filtrations of algae types and MS substitution with algae filtration , the results in 
Table (5) showed that the higher antioxidant activity (92.00, 93.00, 93.67, 92.33 or 90.70%) were 
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recorded in Stevia extracts which were planted on medium contained MS substitution with 20, 40, 60, 
80 or 100 % Chlorella kessleri filtration with no significant between them. Similar high results with no 
significant different (95.33, 90.00, 91.00 or 93.33% respectively) were obtained with MS substitution 
with 20, 40, 80 or 100% Chlorella vulgaris filtration, MS substitution with 40, 60 or 80% Scenedesmus 
obliqus filtration gave (91.00, 90.00 or 93.33% respectively). 
 
Table 5: Effect of modified MS media on antioxidant activity by DPPH assay (1, 1-Diphenyl-2-picryl-

hydrazyl) of Stevia rebaudiana in vitro 
Filtrations of  Algae types 

(A) 
Percent of MS substituted with algae filtration(B) 

Mean 
0.0 20 40 60 80 100 

Ankistrodesmus falacatus 77.33 88.70 
 

86.00 
 

89.67 
 

92.00 
 

85.00 86.44 

Chlorella kessleri  77.33 92.00 
 

93.00 93.67 92.33 90.70 89.83 
 Chlorella vulgaris  77.33 95.33 90.00 50.00 91.00 

 
93.33 

 
82.83 

 Scenedesmus obliqus  77.33 76.33 91.00 90.00 93.33 86.00 
 

85.67 
 Mean 77.33 88.08 

 
90.00 

 
80.83 92.17 88.75  

LSD value   A 8.19 B 6.69 A x B 16.39     

 
Discussion 

MS substitution with Algae type filtration affected the growth parameters of Stevia rebaudiana; 
shoots number, shoots length, nodes number and leaves number. The highest value of shoot number 
(3.33shoots/jar)was recorded with MS substitution with 20 or 40% Chlorella kessleri as well as the 
highest shoot length (8.50 cm) was achieved with  MS substitution with 40% Chlorella kessleri 
filtration. These results were in agreement with those obtained by Seema et al., (2011) who stated that 
the effect of modification of MS medium using cyanobacterial media (CM) (70 ml CM + 30 ml MS) 
was found optimal for maximum shoot proliferation of Stevia rebaudiana plant. Node number (8.67 
nodes/explant) and leaf number (17.33 leaf/explant) were possessed the highest values with MS 
substitution with 20% Scenedesmus obliqus filtration. These results were in agreement with those 
obtained by Hamouda and Farfour, (2013) who observed the effect of three species of red marine algae 
in Faba bean plant; they indicated that the application of Laurencia obtusa + Jania rubens caused 
48.21% increase in plant length, and increase in number of leaf. Concerning root parameters, algae 
types and MS substitution with algae filtration promoted growth and root parameters; using MS 
substitution with 40% Scenedesmus obliqus filtration significantly increased the numbers of root on 
explants (9.33root/explant). Also, the highest root length (5.50cm) was obtained with MS substitution 
with 80% Chlorella vulgaris filtration. These results were in agreement with those obtained by Hamza 
and Hamouda, 2013 who stated that Aphanocapsa albida at 40% substitution of MS maximized root 
parameters of potato plant especially root number. Considering acclimatization, the highest survival 
value (50%) was obtained with either MS substitution with 20 or 60% of all algae types filtration. Also, 
full MS substitution with Chlorella vulgaris, Scenedesmus obliqus or Chlorella kessleri filtration at 
100% (complete algae medium) gave the highest survival percentage (50%). The highest plantlet length 
(8.5cm) was observed with MS substitution with40% Chlorella kessleri filtration Indeed, filtration of 
algae types and MS substitution percentage affected total phenolic contents. The highest total phenol 
contents (TPC) (699.70 µg/L ) was obtained with MS substitution with 40% Ankistrodesmus falacatus 
filtration 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 TPC 
in Faba bean plant. The highest antioxidant activity was exhibited by both algae type and MS 
substitution percent; the highest antioxidant activity (95.33%) was recorded with MS substitution with 
20% Chlorella vulgaris filtration. 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.  
 
Conclusion 

The replacement of MS medium in whole or in part by filtration of algae types showed valuable 
importance of recycling the wastes of microbiological labs, in addition to reduce the cost of 
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micropropagation  media by taking advantage of the leakages of these algae in their growth medium 
such as polysaccharides, hormones, amino acids and natural components. 
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