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ABSTRACT 
Commercial Aloes are obtained from wild as well as cultivated plants but there is a lack of production 
of Aloe leaf to meet the industry demand because it is a slow way of multiplication. So, the aim of this 
investigation is studying the effect of in vitro technique with using different concentrations of NAA, 
BAP and their combination treatments not only on reproductive of Aloe vera plant but also on its 
chemical composition. Two in vitro experiments of micropropagation and regeneration were performed 
to reproduce Aloe vera plant and to increase its chemical compounds using MS media and different 
concentrations of NAA and BAP. In the micropropagation experiment the effect of NAA (0.0, 0.1, 0.2 
mg/L) and BAP (0.0, 0.5, 1.0, 2.0, 3.0, 4.0 mg/L) as well as their possible combination treatments was 
studied. The number of plantlet per explant of Aloe vera plant increased with increasing NAA and BAP 
concentrations and the maximum number of plantlets was recorded with combination of 0.1 mg/L NAA 
plus 4 mg/L BAP. From the other hand, the medium concentrations of NAA and BAP gave the 
maximum plantlet length and leaf length of Aloe vera plant. Despite, the moderate concentrations of 
BAP improved rooting parameters of Aloe vera plantlets in this study, the maximum concentration of 
NAA gave the best rooting parameters of Aloe vera plantlets. In addition, most concentrations of NAA 
and BAP were able to improve chlorophyll a, b and carotenoids. The combination treatment of 0.1 mg/L 
NAA plus 3 mg/L BAP recorded the maximum significant values of total phenolics and flavonoids 
contents as well as antioxidant activity of Aloe vera plantlets. In the regeneration experiment, the effect 
of different concentrations of NAA (0, 0.5, 1, 1.5 and 2 mg/L) in the present of BAP with concentration 
of 0.5 mg/l was studied. The highest number of plantlets was recorded with the concentration of 2 mg/L 
NAA in the present of 0.5 mg/L BAP. Using 3 mg/L NAA in the presence of 0.5 mg/L BAP had the 
maximum mean values of total phenolic and flavonoids contents as well as antioxidant activity of Aloe 
vera plantlets. Therefore, in vitro technique is suitable way to reproduce Aloe vera plant and to increase 
the production of its chemical compounds.  
 
Keywords: Aloe vera L, in vitro production; Total phenolics, Flavonoids, Antioxidant Activity, NAA, 

BAP. 

 
1. Introduction 

Lately, several side effects of synthetic drugs have contributed to medicinal plants being used as 
a steady source of different therapy. Aloe is belonging to family Asphodelaceae (Liliaceae) and it has 
400 species. Aloe vera L. Burm is a succulent, branched, shrubby or arborescent, xerophytic, pea-green 
color plant, perennial clump forming plant with a strong fibrous root and triangular, fleshy leaves that 
a spiky cactus, it produces about 12 to 16 basal leaves per plant weighing around 1500 g when it 
matures. The Aloe plant has long (up to 20 inches long and 5 inches wide), that have spikes along the 
edges. Aloe vera takes about four years to reach maturity and it has 12 years as its life span. The length 
of the leaves is about 0.5 m long and 8 to 10 cm breadth with a saw-like tooth across its margins (Sahu 
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et al., 2013). A. vera is native to hot and arid, grow easily in tropical sand and warm areas regions and 
widely grown as an ornamental plant (Saedi et al., 2020). It can be grown even in rain fed conditions 
(Aggarwal, 2007 and Aggarwal and Barna, 2004) but cannot survive in cold or freezing temperature 
areas “frost". A. vera grows in Mexico, India, South and Centeral America, Africa, Australia, Carribians 
and Iran (Sharrif and Verma 2011 and Sahu et al., 2013). It is one of a few Aloe species that has been 
explored by pharmaceutical and cosmetics industries. Aloe vera leaf has two important parts known as 
the outer green rind having vascular bundles and the second part is inner colorless parenchyma 
containing the Aloe gel (Miri et al., 2014). Many biochemical compounds have been characterized from 
the Aloe vera such as anthraquinones (aloin, Aloe emodin), resins, tannins, polysaccharides etc. The 
principal constituent of aloin is a water-soluble crystalline glycoside barbaloin (Aggarwal, 2007). It is 
sticky latex liquid from rind of leaf, widely used as bittering agents, taste modifiers, anti-obesity 
preparation, as a moisturizer, emollient, wound healer, laxative and also as cathartic agent against severe 
constipation (Pandey et al., 2016). Its active principle is ranging from 4.5 to 25 % of Aloin. Barbaloin 
''Antrokinon'' which are bioactive compounds used in various pharmaceutical products chemicals that 
are known as antivirus, antibacterial, anti-inflammatory and anticancer activities and these properties 
are mostly mediated by its antioxidative capacity (Pandey et al., 2016 and Sharrif and Verma, 2011). 
Seed propagation is not effective in A. vera and is mostly propagated by axillary shoots. However, 
large-scale propagation for commercial cultivation is difficult due to the low number of axillary shoots 
produced by a single plant. Conventional vegetative propagation of Aloe vera cannot adequately supply 
the increasing demand for planting materials (Hosseini and Parsa, 2007). Therefore, in vitro propagation 
is an alternative to increase commercial production of Aloe (Campestrini et al., 2006 and Silva et al., 
2007). The plant growth regulators are the organic chemical compounds, other than nutrients and 
vitamins. They have been defined as one of the main factors influence plants growth and their primary 
and secondary metabolites pool. Naphthalene acetic acid (NAA) is a plant growth regulator as synthetic 
auxin used in tissue culture to organogenesis and impact many processes such cell wall acidification, 
organization of meristems giving callus as unorganized cells or generally roots as defined organs, cell 
growth expansion, initiation of cell division, promote vascular differentiation, maintain apical 
dominance, promote root formation, delay leaf senescence, tropistic curvatures and fruit ripening. 6-
Benzylamino purine (BAP) or Benzyl adenine (BA) is an aromatic phytohormone, belonged to 
cytocynins that are useful for inducing adventitious bud formation, stimulating cell division and 
releasing lateral bud dormancy (Srivastava et al., 1989; Krikorian, 1995; Gaspar et al., 1996; De Klerk 
et al., 1997; Singh et al., 2001 and Al-Saif et al., 2011).  

Commercial Aloes are obtained from wild as well as cultivated plants but there is a lack of 
production of Aloe leaf to meet the industry demand as reported by Aggarwal and Barna (2004). Natural 
propagation of Aloe vera is primarily by means of axillary shoots, suckers (or) offshoots, which are 
separated carefully from mature plants and transplanted. Plants will produce a commercial crop in one 
year (Aggarwal, 2007) and it is rather a slow way of multiplication to meet the growing demand. The 
presence of male sterility among Aloe species is also a barrier in rapid propagation (Natali et al., 1990). 
In vitro technique provides an opportunity to solve the problem of the lack of production of Aloe vera 
leaves and offshoots (Hashemabadi and Kaviani 2008, Hashem and Kaviani 2010). Several studies have 
been made to cultivate Aloe vera under in vitro conditions. Oliveira et al., (2009), Das et al. (2010); 
Nayanakantha et al. (2010); Kanwar et al. (2015) established protocols for large-scale of Aloe vera 
production using micropropagation.  

The success of the micropropagation method depends on several factors like genotype, media, 
plant growth regulators and type of explants, which should be observed during the process (Lin et al., 
2000 and  Pati et al., 2006). Most important of these parameters are the plant growth regulators included 
in the culture media (Gomes and Canhoto, 2003). Plant growth regulators act like signals to stimulate, 
inhibit or regulate growth in the developmental programs of plants (Mercier et al., 1997). Cytokinins 
and auxins like NAA and BAP were usually used on the micropropagation of Aloe vera. 

So, this work is studying the effect of in vitro technique with different concentrations of NAA 
and BAP not only on reproductive of Aloe vera plant but also on its chemical composition.  
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2. Materials and Methods 
 

The following experiment was performed at the Tissue Culture and Plant Micropropagation 
Laboratory of Horticulture Department, Faculty of Agriculture, Damanhour University and Medical 
and Aromatic Plants Research, National Research Centre, Dokki, Giza since October 2017 to October 
2020 for Aloe vera plant. 

 
2.1 Plant material 

Aloe vera plants were brought from National Research Centre, Dokki, Giza. 
 
2.2 Sterilization 

All explants were washed with running tap water for about 20-30 minutes till all the foreign 
materials and soil particles removed from the surface and then wiped thoroughly. After surface 
sterilization with running tap water explants were subjected to 0.20-0.25% sodium hypochlorite for 10-
15 minutes followed by thoroughly washing with sterile distilled water. Subsequently explants were 
washed with freshly prepared 0.1% mercuric chloride solution for 10 minutes and finally washed 
thoroughly with sterile distilled water for 4-5 times to remove all the traces of mercuric chloride and 
then dried in aseptic environment for culturing purpose. 

 
2.3 Treatments 
2.3.1 Micropropagation of Aloe vera plant:  

All explants were planted on full-strength MS (Murashige and Skoog, 1962) medium including 
vitamins (MS medium) with 4.43 g/L. The pH was adjusted to 5.7 ± 0.1 using 0.1N NaOH or 0.1N HCl. 
It was autoclaved at 121°C and 15 psi for 20 min. Shoots were placed in each glass vessel containing 
50 ml of medium and transferred to a growth chamber maintained at 24 ± 1°C under 16 h photoperiod 
and 8 h darkness provided by cool-white fluorescent lamps emitting a photosynthetic photon flux 
density of 40 μmol m-2 s-1.The used plant growth regulators for multiplication and rooting were NAA 
with concentrations of (0.0, 0.1, 0.2 mg/L) and BAP with concentrations of (0.0, 0.5, 1.0, 2.0, 3.0, 4.0 
mg/L) as well as their possible combination treatments. 

 
2.3.2 Direct regeneration of Aloe vera plantlets: 

The effect of different concentrations of NAA (0, 0.5, 1, 1.5 and 2 mg/L) in the present of BAP 
with concentration of 0.5 mg/l were used in regeneration culture of Aloe vera plantlets. 

 
2.3.4 Experiment layout: 
2.3.4.1 Micropropagation of Aloe vera plant: 

The experiment was conducted in factorial lay out arranged in completely randomized design 
(CRD) with three replications and two factors. 

 
2.3.4.2. Direct regeneration of Aloe vera plantlets: 

This experiment was conducted in a completely randomized design (CRD). 
 

2.5 Parameters: 
2.5.1 Micropropagation parameters of Aloe vera: 
2.5.1.2 Plantlets length (cm)  

The length of plantlets was measured by a ruler and the average was calculated. 
 

2.5.1.3 Explant weight (g) 
Each explant was taken and cleaned then weighted. 
 

2.5.1.4 Leaf length (cm) 
Leaf length of plantlets was measured by a ruler and the average was calculated. 
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2.5.1.5 Leaf area (cm2) 
Leaf area of Aloe vera was calculated as mentioned by Koller (1972). It was measured by using 

the longest leaf of each plantlet. The leaves of each jar were weighed. One square was taken from each 
leaf with a known area (1 cm2). The squares of each jar were weighed. The leaf area of each jar was 
calculating according to the following equation: Leaf area (cm2) = (Leaf weights x Square areas) / 
Square weights. 

 
2.5.1.6 Root numbers 

The number of roots which were produced from subculture was recorded from all plantlets in the 
jar. 

 
2.5.1.7 Root length (cm) 

Root length was measured for the longest root in the jar by a ruler. 
 

2.5.1.8 Chlorophyll a, b as well as total carotenoids content (mg/L) 
They were measured spectrophotometrically according to (Lichtenthaler and Buschmann, 2001). 

Half gram of fresh leaves was extracted by about 15 ml of 85% acetone with 0.5 g calcium carbonate. 
The mixture was filtrated through a glass funnel and residue was washed with a small volume of acetone 
and completed to 25 ml. The optical density of a constant volume of filtrate was measure at a wave 
length of 662 nm for chlorophyll a, 644 nm for chlorophyll b and 440 nm for carotene. The following 
equations were used to calculate the chlorophyll a and b, as well as total carotenoids contents in mg/L: 
Chlorophyll a = 9.784 E.662 – 0.99E.644 = mg/L 
Chlorophyll b = 21.426 E.644 – 4.65E.622 = mg/L 
Total Carotenoids = ((4.695 E.440)*v/w *100/100) - (0.268 (Chl.A+ Chl.B)) 
Where E= optical density at the wave length indicated. 
 
2.5.1.9 Chemical Analysis of Aloe vera plantlets 
2.5.1.9.1 Preparation of the extract 

Half gram of the dry plantlets was mixed with 8 ml of 70 % methanol and stored at room 
temperature, after 48 h, the infusions were filtered through Whatman No. 1 filter paper. 

 
2.5.1.9.2 Determination of total phenolic content (mg Gallic/g) 

Total phenolic content (mg / g) of each treatment was determined in the representative dry 
plantlets samples according to Singleton et al., (1999) as follows: The reaction mixture was prepared 
by mixing 0.5 ml of methanolic solution of extract, 2.5 ml of 10% Folin-Ciocalteu’s reagent dissolved 
in water and 2.5 ml 7.5% NaHCO3. Blank was concomitantly prepared, containing 0.5 ml methanol, 
2.5 ml 10% Folin-Ciocalteu’s reagent dissolved in water and 2.5 ml of 7.5% of NaHCO3. The samples 
were thereafter incubated at room temperature for 45 min. The absorbance was determined using 
spectrophotometer at λmax = 765 nm. The samples were prepared in triplicate for each analysis and the 
mean value of absorbance was obtained. The same procedure was repeated for the standard solution of 
Gallic acid and the calibration line was construed. Based on the measured absorbance, the concentration 
of phenolics was read (mg/ml) from the calibration line; then the content of phenolics in extracts was 
expressed in terms of Gallic acid equivalent (mg of Gallic /g of extract). 

 
2.5.1.9.3 Determination of flavonoids content (mg rutin/g) 

Flavonoids content (mg rutin/g) of each treatment were determined in the representative dry 
plantlets samples according Quettier et al., (2000) as follows: The reaction mixture was prepared by 
mixing 1 ml of methanolic solution of extract and 1 ml of 2% AlCl3 solution dissolved in methanol. 
The samples were incubated for an hour at room temperature. The absorbance was determined using 
spectrophotometer at λmax = 415 nm. The samples were prepared in triplicate for each analysis and the 
mean value of absorbance was obtained. The same procedure was repeated for the standard solution of 
rutin and the calibration line was construed. Based on the measured absorbance, the concentration of 
flavonoids was read (mg/ml) on the calibration line; then, the content of flavonoids in extracts was 
expressed in terms of rutin equivalent (mg of rutin /g of plantets). 
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2.5.1.9.4 Antioxidant Activity of plantlets extract 
The ability of the plantlets extract to scavenge DPPH free radicals was assessed by the standard 

method (Tekao et al., 1994), adopted with suitable modifications (Kumarasamy et al., 2007) as follows: 
DPPH was prepared by dissolving 10 mg in 100 ml 70 % methanol. A known volume (50 µl) of 
methanolic extract was dissolved in 450 µl 70 % methanol then mixed with DPPH (0.5 ml). The 
mixtures were well shaken and then placed in darkness at room temperature for 30 min. The absorbance 
was recorded at 517 nm. The control samples contained all the reagents except the extract. Methanol 
was used to zero the spectrophotometer. The inhibition percentage of the DPPH radical was calculated 
according to the formula: I % = [(AB - AS)/AB] x 100 

Where I=DPPH inhibition %, AB=absorbance of control sample and AS = absorbance of a tested 
sample at the end of the reaction. Each assay was carried out in triplicate. 

 
2.5.2 Parameters of direct regeneration of Aloe vera plantlets 

2.5.1 Plantlets number (cm) 
2.5.2 Leaf length (cm) 
2.5.3 Leaf numbers 
 

2.5.4 Chemical Analysis of Aloe vera plantlets 
All of total phenolic content (mg gallic / g), flavonoids content (mg rutin / g) and antioxidant 

activity of dry plantlets extract were determined as mentioned in micropropagation experiment in this 
study. 

 
2.6 Acclimatization 

All plantlets of both experiments were acclimatized in the greenhouse of the Faculty of 
Agriculture, Damanhour University. 

 
2.7: Statistical Analysis  

Analysis of variance with SAS software (SAS Institute, 1988) was carried out on the test 
treatments data. Treatments’ means were compared using the LSD test at 5% level of probability. 
 
3. Results 
  
3.1. Micropropagation of Aloe vera plant 
3.1.1. Plantlets numbers  

Plantlets numbers was significantly affected with NAA, BAP concentrations and their 
combination treatments (Fig., 1). Moreover, the maximum average numbers of plantlets (30.9) of Aloe 
vera plant was observed with using NAA at level of 0.2 mg/L compared with other concentration 
(Figure 1). Regarding the application of BAP, the maximum average number of plantlets (37.3) was 
found with the application of 4 mg/L BAP (Figure 1). For combination treatments, the maximum 
number of plantlets (54) was recorded with combination of 0.1 mg/L NAA plus 4 mg/L BAP (Figure 1 
and Photo 1).  

 
3.1.2. Plantlet length  

The plantlet length was significantly affected with NAA, BAP application and their combination 
treatments (Fig., 1). Moreover, the maximum plantlet length (3.5 cm) of Aloe vera was observed with 
application of 0.1 mg/L NAA (Figure 1) compared with other concentrations. Regarding the application 
of BAP the maximum plantlet average length (5.1 cm) was found with the application of 1mg/l BAP 
(Figure 1). For combined treatments, the longest plantlet (5.4 cm) was observed with the combined 
treatment of 0.1 mg/L NAA plus 1 mg/L BAP (Figure 1).  

 
3.1.3 Fresh weight of plantlets per explant  

Figure (1) showed significant difference in the weight of the plantlets per explant between the 
concentrations of NAA. The maximum mean value of weight was 25.1 g for concentration of 0.2 mg/L 
NAA (Figure 1), while for BAP, the maximum mean value of weight was 27.0 g recorded at the 
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concentration of 1 mg/L BAP. Insignificant differences were recorded between the concentrations of 
0.5 and 1 mg/L BAP (Figure 1). For combined treatments, the maximum significant values (34.5 to35.1) 
were recorded with the combination of 0.1 mg/L NAA plus 1 mg/L BAP and 0 mg/L NAA plus 3 mg/L 
BAP, respectively (Figure 1).  

 
 

  

   

  

Fig.1: The mean values of plantlets number, plantlet length (cm), explant weight of Aloe vera as 
affected with NAA and BAP concentrations and their combined treatments. Data are the mean 
values ± SE. Bars with letters are not significant at P ≤ 0.05. 
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Photo 1: Micro-propagation stages of Aloe vera plant 

 
4.1.4. Leaf length 

Data in Figure (2) indicates that leaf length was significantly affected with NAA, BAP 
concentrations and their combined treatments. In addition, the maximum leaf length of Aloe vera 
plantlet (2.4) was observed with application of NAA at level of (0.1 mg/L). There were insignificant 
differences between the concentrations of 0 and 0.1 mg/L of NAA as the leaf length limited between 
2.0 to 2.1 cm  (Figure 1). Regarding the application of BAP, the maximum mean value of leaf length 
(4 cm) was recorded with 1 mg/L BAP (Figure 1). For combined treatments, the maximum length of 
leaf (4.6 cm) was recorded with the combined treatment of (0 mg/L NAA plus 1 mg/L BAP (Figure 2).  
 

  

 
Fig. 2: The mean values of leaf length (cm) and leaf area (cm2) of Aloe vera as affected by NAA and 

BAP concentrations and their combined treatments. Data are the mean values ± SE. Bars with 
the same letters are not significant at P ≤ 0.05. 

 
3.1.5. Leaf area 

Application of NAA showed a significant difference in leaf area (Fig, 2), as the maximum area 
of leaf was ranged between 1.2 cm2 and 1.3 cm2 and less value of it (0.6 cm2) was found at a 
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concentration of 0.2 mg/L NAA (Figure 2). Also it was found that there was a significant difference in 
leaf area between BAP concentrations, as the highest value for leaf area was recorded at a concentration 
of 1 mg/L BAP was 1.8 cm2 (Figure 2). In addition for combination, the highest value of leaf area (2.8 
cm2) was found at a concentration of 0.1 mg/L NAA plus 1 mg/L BAP (Figure 2). 

 
3.1.6 Root number 

The root number was significantly affected with most NAA, BAP concentrations and their 
combined treatments (Fig., 3). Regarding the application of NAA, maximum number of root (5.1) was 
found with the application of 0.2 mg/L NAA (Figure 3). Moreover, the maximum average number of 
roots (8.11) was observed with using BAP at level of 1 mg/L compared with other concentrations 
(Figure 3). For combination treatments, the maximum average number of root (12.3) was recorded with 
the combination treatment of 0.2 mg/L NAA plus 1 mg/L BAP (Figure 3 and photo 2).  

 
3.1.7. Root length 

There were significant differences in the length of the roots of Aloe vera plant between the 
concentrations of NAA (Figure 3), where the highest root length (4.4 cm) was found at a concentration 
of NAA 0.2 mg/L. Although there were significant differences between different concentrations of the 
BAP plant growth regulator on the length of the Aloe vera roots length, as the maximum mean value 
(5.9 cm) was noticed at the concentration of 1.0 mg/L BAP (Figure 3), there were also significant 
differences for combination treatments but there was insignificant differences between 0 mg/L NAA 
plus 1 mg/L BAP, 0.2 mg/L NAA plus 0.5 mg/L BAP and 0.2 mg/L NAA with 1 mg/L BAP 
concentrations as the maximum length of roots was ranged between 6.2 cm to 6.3cm (Figure 3). 
 

   

   
Fig. 3: The mean values of root number and root length (cm) of Aloe vera as affected with NAA and 

BAP concentrations and their combined treatments. Data are the mean values ± SE. Bars with 
the same letters are not significant at P ≤ 0.05. 
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Photo 2: Rooting stages of Aloe vera plant. 

3.1.8. Chlorophyll a  
Statistical analysis showed that chlorophyll a values of Aloe vera was significantly affected with 

most of NAA, BAP concentration and their combined treatments, (Figure 4). The greatest mean value 
of chlorophyll a (2.94 mg/L) was detected with NAA at level of 0.2 mg/L (Figure, 4) compared with its 
other concentrations. Regarding the application of BAP, the lowest mean value of chlorophyll a (2.15 
mg/L) was recorded at 0 mg/L BAP and the greatest mean value of chlorophyll a (3.11 mg/L) was 
recorded at level of 3 mg/L BAP (Figure 4). For the combined treatments, the maximum chlorophyll a 
value (3.7 mg/L) was recorded with combined treatment of 0.2 mg/L NAA with 3 mg/l BAP (Figure 
4). 

 
3.1.9. Chlorophyll b 

The results revealed that chlorophyll b was significantly affected by different concentrations of 
NAA and BAP as well as their combination treatments (Fig., 4). The treatment, 0.2 mg/L NAA gave 
the highest mean value of chlorophyll b (1.2 mg/L) as shown in Figure (4). Regarding the levels of 
BAP, the concentration of 3mg/L BAP gave the highest mean value (1.42 mg/L) of chlorophyll b 
(Figure 4). While the combination treatments of 0.2mg/L NAA with 3 mg/L BAP gave the highest mean 
value of chlorophyll b (2.1 mg/L) (Figure 4). 

 
3.1.10. Total Carotenoids  

Statistical analysis of total carotenoids showed significant differences between NAA and BAP 
concentrations and their combined treatments as shown in Figure (4). The maximum mean value of 
carotenes (1.32 mg/L) was recorded with 0.2 mg/L of NAA. For BAP concentrations, the maximum 
mean values of carotene (1.53 to 1.57 mg/L) were recorded with the levels of 2 and 3 mg/L BAP (Figure 
4). Also they were ranged between (1.4 to 1.6 mg/L) as affected with combined treatments of NAA and 
BAP concentrations (Figure 4). 

 
3.1.11. Total phenolic content (mg Gallic/g) 

Total phenolic content was significantly affected with NAA, BAP concentrations and their 
combined treatments (Fig., 5). Results showed that the maximum total phenolic content (1.62 mg 
Gallic/g) of Aloe vera dry plantlets observed with using NAA at level of 0.1 mg/L and the lowest content 
of phenoics (1.24 mg/g) was found with using the concentration of 0.2 mg/L NAA compared with other 
concentration (Fig., 5). Regarding the application of BAP, the maximum total phenolic content (2.43 
mg Gallic /g) was found with the application of 3 mg/L BAP and the lowest content of total phenolics 
(0.65 mg/g) was found with the concentration of 0 mg/L BAP (Fig., 5). For the combined treatments, 
the maximum content of total phenolics of dry plantlets were ranged between 2.4 to2.5 mg Gallic /g. 
Insignificant differences were observed between the combined treatment of 0.2 mg/L NAA plus 3 mg/L 
BAP and the combined treatment of 0.1 mg/L NAA with 3 mg/L BAP, respectively. On the other hand, 
the lowest content of phenolics (0.6 mg Gallic/g) was observed with insignificant differences between 
using the combination treatments of 0 mg/l NAA with 0 mg/L BAP and 0.2 mg/L NAA with 0 mg/L 
BAP as well as this of 0.2 mg/L NAA with 0.5 mg/L BAP (Figure 5). 



Middle East J. Agric. Res., 10(2): 654-673, 2021 
EISSN: 2706-7955   ISSN: 2077-4605                                           DOI: 10.36632/mejar/2021.10.2.48 

663 

  

  
 

  
 

Fig. 4: The mean values of Chl. a, Chl. b and Carotenes concentrations of Aloe vera as affected with 
NAA and BAP and their combined treatments. Data are the mean values ± SE. Bars with the same 
letters are not significant at P ≤ 0.05. 
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Photo 3: Acclimatization of micropropagated shoots Aloe vera plant. 

 
3.1.12 Total flavonoids content (mg Rutin /g)  

Data presented in Figure (5) showed that total flavonoids were significantly affected with 
application of the different concentration of NAA, BAP and their combined treatments. The maximum 
flavonoids content (0.90 mg Rutin/g) of Aloe vera shoot was observed with NAA at 0.1 mg/L (Figure 
5), compared to other concentrations , the application of BAP gave the maximum flavonoids content 
(1.17 mg Rutin/g) with the concentration of 3 mg/L (Figure 5). For the combined treatments, the 
maximum content of total flavonoids of shoots (1.4 mg Rutin/g) was recorded with using the 
combination treatment of 0.1 mg/L NAA with 3 mg/L BAP (Figure 5). 

 
3.1.13 Antioxidant Activity of Aloe vera extract 

The most antioxidant activity of multiplied dry shoots of Aloe vera extract (26.9 %) was reported 
with the concentration of 0.1 mg/L NAA. For BAP, the highest percentage of antioxidant activity (49.5 
%) was found with application of 3 mg/L. For the combination treatments, the utmost percentage of 
antioxidant activity (57.2 %) was noticed with 0.1 mg/L NAA combined with 3 mg/L BAP. 

 
3.2. Regeneration of Aloe vera  
3.2.1 Plantlets' number 

The plantlets numbers were significantly affected by NAA application in the presence of BAP 
with 0.5 mg/L, as well as the highest number of plantlets (8) was recorded with concentration of 2 mg/L 
NAA in the present of 0.5 mg/L BAP. The combination between both of NAA and BAP was able to 
induce regeneration of Aloe vera callus (Fig., 6 and Photo, 4).  
 
3.2.2 Leaf length 

Leaf length was significantly affected with all NAA concentrations in the presence of 0.5 mg/L 
BAP (Fig., 6). In addition, the highest length of plantlets (3 cm) was recorded with concentration of 2 
mg/L NAA combined with 0.5 mg/L BAP. 

  
3.2.3 Leaves number per plantlet 

Leaves number per plantlet regenerated from Aloe vera callus was affected insignificantly with 
different concentrations of NAA in the presence of 0.5 mg/L BAP (Fig., 6). 

 
3.2.4 Total phenolic content  

Total phenolic content was significantly affected with application of NAA concentrations (Fig., 
7). As well as, the greatest concentration of total phenolics (1.57 mg Gallic/g) was recorded with the 
concentration of 3 mg/L NAA in the presence of 0.5 mg/L BAP.  
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Fig. 5: The mean values of total phenolic content (mg/g), total flavonoids content (mg/g), antioxidant 
activity (%) of Aloe vera as affected by NAA and BAP and their combined treatments. Data are 
the mean values ± SE. Bars with the same letters are not significant at P ≤ 0.05. 

 
3.2.5 Total flavonoids content  

It is clear that the highest content of flavonoids in regenerated plantlets from callus of Aloe vera 
in the extracts (0.76 mg/g) was recorded with the concentration of 3 mg/L NAA in the presence of 0.5 
mg/L BAP (Fig., 7).  

 
3.2.6 Antioxidant Activity 

It is obvious that the highest antioxidants activity (27.86 %) was recorded with the concentration 
of 3 mg/L of NAA in the presence of 0.5 mg/L BAP.  
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3.3 Acclimatization 
All plantlets of both experiments of micro-propagation and regeneration of Aloe vera were 

acclimatized. The percent of survival plantlets was 92 and 90 for the first and second experiment, 
respectively (Photos 3 and 4). 

 

 

 
Fig. 6: The mean values of plantlet number, leaf length (cm), leaf number of regenerated shoots from 

callus of Aloe vera as affected with NAA concentrations combined with 0.5 mg/L BAP. .Data 
is the mean value ± SE. Bars with the same letters are not significant at P ≤ 0.05. 
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Photo 4: Stages of regeneration of Aloe vera plant until acclimatization. 
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Fig.7: The mean values of total phenolics (mg/g), total flavonoids (mg/g), antioxidant activity (%) of 

regenerated shoots from callus of Aloe vera as affected with NAA concentrations combined with 
0.5 mg/L BAP. Data is the mean value ± SE. Bars with the same letters are not significant at P ≤ 
0.05. 
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4. Discussion 
The plant growth regulator controlled the growth, synthesis and accumulation of chlorophyll, 

carotene and secondary metabolites in the different plants (Halim and Phang, 2017; Atteya and El 
Gendy, 2018a; Atteya and El Gendy 2018b; Atteya et al., 2018).  

 
4.1 Plantlets parameters 

It is noticed from the mentioned and discussed results that the number of plantlet per explants of 
Aloe vera increased with increasing NAA and BAP concentrations. On the other hand, the low 
concentrations of NAA and BAP resulted in the maximum plantlet leaf area of Aloe vera. It may be due 
to the role of cytokinins as a plant growth regulator causes shoot induction by stimulating cell division 
and decreasing apical dominance in addition of the role of cytocynins via breaking the apical dominance 
in buds and induce subsidiary meristem grown into shoots (Jain and Ochatt, 2010; Pandy et al., 2016 
and Danial et al., 2019). For NAA it is due to its ability in increasing the cell division (Danial el al., 
2019). Our results agree with many researchers such as Singh and Sood (2009), Abdi et al., (2013), 
Pandey et al., (2016), Danial et al., (2019) on Aloe vera .Moreover, Christensen et al., (2008) on 
Hibiscus rosa-sinensis L., Hassan and Moubarak (2020) on Yucca elephantipes L. El-Otmani et al., 
(2000) and Abro et al., (2004) who found that the application of NAA increased in plant height. 
Christensen et al., (2008) on Hibiscus rosa-sinensis L. found decrease in leaf area per explant with 
increase the level of BAP. El Kinany et al., (2019) reported that cytokinins play an important role in 
counteracting or eliminating the apical dominance and stimulating the release of axillary buds from 
apical dominance and lead to increment in number of branches per plant. Liao et al., (2004) and Debiasi 
et al., (2007) stated the impact of benzyladenine (BA), indole-3-acetic acid (IAA), and 1-
naphthaleneacetic acid on bud initiation and enhancement multiple shoot proliferation from shoot tip 
explants. Wenping et al., (2004) reported that the MS medium containing NAA and BAP is the best 
medium for Aloe vera micropropagation. Lavakumaran and Seran (2014) reported that medium 
supplemented with 6-benzylaminopurine (BAP) and 1-naphthaleneacetic acid showed better 
morphogenic response for Aloe vera in vitro propagation. Khaleghi et al., (2008) on Alstroemeria cv. 
"Fuego" showed that the greatest number of shoots was obtained from the medium supplemented with 
0.2 mg/L NAA and 1.5 mg/L BAP. Increasing of BAP concentration caused a reducing length of shoots 
due to decrease apical dominant; also presence of low NAA concentration in the medium has been 
necessary for shoots primordial and rhizomes growth. Khanam and Sharma (2014) on Aloe vera. Natali 
et al., (1990) and Velcheva et al., (2005) who reported that media supplemented with only cytokinins 
could not promote in vitro regeneration.  

 
4.2. Rooting parameters  

Moderate concentrations of BAP improved rooting parameters of Aloe vera, while the maximum 
concentration of NAA gave the best rooting parameters. NAA as a member of auxin family has direct 
role in the rooting and improve its properties (Atteya and El Gendy, 2018). NAA is an effective growth 
regulator for rooting (Lin et al. 2000) as it has a great adventitious roots formation due to their effects 
via increasing the cell division and elongation (Danial el al. 2019). These results are in harmony with 
Kumar et al., (2017), Pandey et al., (2016) and Danial et al., (2019). 

 
4.3. Chemical composition  

From the above mentioned results it is clear that most concentrations of NAA and BAP were able 
to improve chlorophyll a and b content, total carotenoids, total phenolic and flavonoids content as well 
as antioxidant activity of Aloe vera plantlets. It may be due to the role of auxins and cytokinins in 
improving cell division and elongation as well as enhancing tissues to absorb nutrients from media. 
Meanwhile, they effect on the plant metabolites composition as a secondary product of the plant (El-
Keltawi and Croteau, 1987). These results agree with Velcheva et al., (2005), Saggoo and Kaur (2010) 
and Kumar et al., (2017). Moreover, Sayd et al., (2010) found that antioxidant activity, total phenolic 
and flavonoids content were higher in shootlet cultured in all concentrations of cytokinins compared to 
medium free hormones and mother plants which gave the lowest amount. Amoo et al., (2012) evaluated 
in vitro bioactive secondary metabolite production and antioxidant activity of regenerated shoots of 
Aloe arborescens. Variable amounts of total phenolics, flavonoids and condensed tannins were detected 
in regenerated shoots from all the cytokinin treatments. Their study showed that the choice of cytokinin 
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type and concentration exogenously supplied during tissue culture markedly influences not only shoot 
proliferation but also the in vitro production of bioactive main and secondary metabolites. 

Gunathilake and Ranaweera (2016) showed that Aloe vera is a good source of carotenoids and 
chlorophyll. Carotenoids are pigments that play a role in the protection of plants against photo-oxidative 
processes and they are much effective antioxidant scavenging singlet molecular oxygen and peroxyl 
radicals. Atteya et al (2018) found that using plant growth regulators increased the chlorophyll content. 
Moreover, cytokinins retard chlorophylls degradation, preserve it and increase its synthesis. These 
results are in agreement with Hazarati et al (2012) and Saedi et al (2020) who presented that the highest 
content of chlorophyll a and total chlorophyll were found in medium supplemented with 0.5 mg / L of 
NAA with 1.5 mg / L of BAP. 
 
5. Conclusion 

Based on mentioned and discussed results, we could conclude that in vitro technique is suitable 
way to reproduce Aloe vera plant and to increase the production of its chemical compounds. For micro-
propagation of Aloe vera, the combined treatment of 0.1 mg/L NAA with 4 mg/L BAP is the best 
treatment to obtain the maximum number of plantlets while 0.1 mg/L NAA combined with 3 mg/L BAP 
is the best treatment to gain the maximum contents of total phenolic and flavonoids as well as 
antioxidant activity of Aloe vera plantlets. The treatment of 2 mg/L NAA in the present of 0.5 mg/L 
BAP is the best treatment to gain the maximum number of regenerated plantlets. While the treatment 
of 3 mg/L NAA with of 0.5 mg/L BAP gave the maximum content of total phenolics and flavonoids as 
well as antioxidant activity of Aloe vera regenerated plantlets.  
 
Abbreviation 

A. vera: Aloe vera; NAA: α-naphthalene acetic acid; BAP: 6-Benzyl amino purine or N6-
benzylaminopurine; BA: Benzyl adenine; MS medium: Murashing and Skoog medium; Ch.a: 
Chlorophyll a; Chl.b: Chlorophyll b; ml: Milliliter;L: Liter; gm (g): Gram; mg: Milligram; mg/L: 
Milligram per liter; mg/g: Milligram per gram; DPPH: 1.1-diphenyl-2-Picrylhydrazyl. Hydrate; cm: 
Centimeter; PH: Potential of hydrogen ion. 
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