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 Natural remedies are the primary treatment in the western traditional medicine. Roughly 90% 
of the sold pests are from the wild. India is an enormous repository of traditional medicinal plants. 
Herbal medicine increases daily toxicity and allopathic effects. The medicinal properties of the plant are 
the active ingredients. The regulators for plant growth in culture media are showing their effect on plant 
tissue culture.
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Introduction
 India is a huge repository of medicinal plants used in medical tradition. Several ethnic systems 
use several plant types to treat various diseases, including Siddhi, Ayurveda, Unani, Homeopathy or 
allopathy (McGaw et al. 2001). Due to toxicity and allopathic effects, use of herbal medicines is increasing 
every day. This is why there is a sudden increase in the number of herbal drugs produced.
 Herbal medicines are the main treatment in the traditional system of medicine. Today they are 
widely used because their biomedical advantages and places in cultural beliefs are widely used all over 
the world. Medicinal plants are used for the prevention, treatment or health promotion of diseases, to 
generate and contain a variety of chemical compounds which work on the body. The medicinal properties 
of the plant are due to these active components. The active principles for medicinal plants used for 
medicinal preparation are secondary metabolites. About 90% of phytochemicals are sold from the wild 
and more than 120 large plant-based products (Aynilian et al. 1972; Farnsworth et al. 1985; Shanker et 
al. 2008).
 A share is considered of the medicinal plant material used in the production of plant extract. 
Aegle marmelos (beal) was found throughout India and Southeast Asia. It belongs to the family of 
Rutaceae. Aegle marmelos is found in tropical forests from Northern, Central and Southern India, 
Southern Nepal, Pakistan, Myanmar, Sri Lanka (Pathirana 2020). The tree is medium, slender, aromatic, 
armed with gum and grows to 18 metres high. It contains three brochures. Its fruits are used in traditional 
medicine and food throughout its range. The unripe fruit is beneficial in the prevention of diarrhoea, 
dysentery and belly (Arumugam et al., 2008). The aqueous extracts of stem and root bark are used to 
treat malaria, fever, jaundice, and skin conditions such as ulcers, rash and eczema. The fruit and root 
have exhibited antiamoebial and hypoglycaemic activity in both pharmacological experiments (Kothari, 
2011 and Choudhary, 2017). Anti-diabetic (Yaheya and Ismail, 2009; Atul et al.' 2002) anti-oxidant was 
found to be unique phytochemical and biological studies (Duraisami et al., 2010; Kothari et al., 2010) and 
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anti-thyroid.
 μ-sitosterol, aegelin, lupeol, rutin, marmesinine, β-sitosterol, flavone, glycoside, oisopentenyl 
halfordiol, marmeline, and phenylethyl cinnamides contained the aegle marmelo leaves. A series of 
new compounds called anhydromarmeline, aegelinosides A and B were isolated from Aegle marmelos 
by phenylethyl cinnamide as α-glucosidase inhibitors (Yadav & Chanotia 2009; Bhattacherjee 2016; 
Govindachari and Premila 1983; Mudi et al. 2017; Alkaloid 1981; Bhar et al. 2019)

History
 The idea of in-vitro cell culture was developed in 1902 by Gottieb Heberlandt, a German 
physiologist. The creation of calluses culminated in both of these testing attempts involving the culture 
of isolated cells, the root tips and stem tips. As plant tissue crop development increased quickly in 
1930, vitamin B (Lazzeri, Hildebrand, and Collins 1987; Escobar–Guzmán et al. 2009) and auxins were 
dramatically found to be essential for meristem-containing tissue to improve (Cell et al. 1983; Gaspar et 
al., 1996). The findings were published. In 1926, Fritz Went discovered the first plant growth regulator, 
Indole Acetic Acid (IAA), it is a naturally occurring auxine (Zhao 2010; Lata et al. 2006; Gautheret 1983). 
 Besides PGRs, scientists have attempted to improve culture media through variations in 
mineral quality in essence. Murashige and Skoog prepared a medium 25 times greater than the Knop 
solution by increasing the concentration of salt. This approach quintupled the production of tobacco 
tissue (Murashige and Skoog 1962; Gautheret 1983). The role of plant tissue culture in the plant genetics 
industry was exemplified first by Kanta and Maheshwari, 1962. The test tuber fertilisation technique was 
developed to eliminate the obstacles to sexual incompatibility with the cultivation of excised ovules and 
pollen grains in the same region. Plant tissue culture is a quick and efficient technique for expansion, 
the use of small shoots and success where other methods fail (Leaman et al. 2002).
 There has been substantial studies on micropropagation. Aegle marmelos organogenesis from 
nuclear culture (Hossain et al. 1993a). Aegle marmelo development by core callus culture is recorded in 
Hossain (Hossain, Islam, Karim, Rahman, et al. 1994a). Aegle marmelos nodal explants were published 
in 1994. Callus culture derived from Nodal Explants was documented in 2009 (Ranjoy Das et al. 2009). 
Aegle marmelos direct organogenesis has been documented (Puspasree Puhan and Thirunavoukkarasu 
2011). Puhan and Rath explain Aegle marmelo's culture of axillary bud formation (Puspashree Puhan 
and Rath 2012). The direct regeneration of the shooting tip demonstrated by Devi and Gopal (C. B. P. 
Devi, Gopal, and Settu 2014a; B. C. Devi and Narmathabai 2011).

Method
Preparation of culture media
 The MS medium was used for these tests. Added 50 ml of A & C 20X stock solution and 5 
ml of each B&D 200X solution for preparing 1 litre of MS media. Myo-inositol, sucrose, plant growth 
regulators, amino acids, antibiotics, vitamins and final volume is supplemented with a supplement of 
0.1 percent. Media fortified by different concentrations of growth regulators including 2,4-D, IAA, IBA, 
and NAA for the induction of calluses, somatic embryogenesis, and root induction as well as various 
cytokines concentrations such as BAP, Kn, TDZ alone and together with Auxin and Cytokines were 
fortified. The medium's pH was changed to 5.8 with either 0.1 N HCl or 0.1 N NaOH. The medium then 
was heated to 0.8% Agar to heat for the homogenization of the agar in a microwave oven. In cultivation 
tubes (50 ml / 300 ml), or in 25X150 Borosil test tubes or Phyta jar, media was then poured. After pouring 
the medium the test tube was plugged with non-absorbent cotton plug or bottles were tightly capped 
and labelled properly.

Sterilization of culture media
 The culture tube was tightly capped after plugging with an nonabsorbent cotton plug, wrapped 
with a muslin cloth. Moisture media in Autoclave for 15 lb, 121oc for 20 min. After autoclaving tubes were 
cool and firm, or in slanting stands, they were placed to prepare the slants for explant. The autoclaved 
media were stored until further use in a cool and dry place.

Collection of plant materials
 Explants were chosen for the nodes, internodes, Axillary shoots tips. Aegle marmelos plants 
from the colony of universities, Sardar Patel University and BRD School of Bioscience campus, Sardar 
Patel University, have in the morning been taken as explants from the healthy and disease-free plants. 
Proliferation nodes from healthy Aegle marmelos buds containing only one node have been removed 
before inoculation in an axillary shoot.

Establishment of aseptic culture
Pretreatment of Explants
 The explants collected were thoroughly washed for 30 minutes in running tap water. Then 
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explant washed 5-10 minutes, followed by washing for about 30 minutes in running tap water, with 
5-10% soap (Himedia). Afterwards, explants were washed in running tap water for 15 minutes with 1% 
bavistine solution. Explants were then washed twice with distilled water to remove fungicide traces.

Surface Sterilization
 Sodium Hypochlorite has been used for surface sterilisation. Explants have been sterilised 
for 10 minutes with 4% Sodium hypochlorite. Excluders were then rinsed 2-3 times inside the laminar 
airflow with sterile distilled water.
Explants with antibiotic solution were washed for 15-20 minutes for microbe-free explants.

Inoculation of explants on to medium
 Strict aseptic conditions have been applied in all transmission operations. Prior to use, 70 per 
cent alcohol was applied to the laminar airflow cabinet.
 All vessels and other accessories were cleaned by alcohol. Before inoculation, forceps, scapale 
and blade were usually autoclaved. Before inoculation, hand and arms had to be washed with alcohol or 
sprit or sanitizers.
 Sterilized explants were excised from both ends with the use of a fine sterile forceps and 
Scapale, and the flame was flame-sterilized on the rims of the sugar tubes and mouth of bottles, and 
then inoculated in culturing rods into the relevant media. With cotton plugs the culture tubes were 
closed. In order to prevent contamination, the necessary care was taken.

Maintainance of culture
 The entire crop was kept at 25oC. The light sources were 40 watts of fluorescent tubes 
measuring 2.5 metres wide. The light intensity was LUX 2500-3500 at the cultural level, followed by 6-10 
hr darkness during a 14-18 hr light regime. The crops are kept with relative humidity of 60 percent.

Subculture and Shoot induction and multiplication
 Depending on the stage of growth, subcultures take place regularly within an interval of 4 
weeks. For further multiplication and elongation of the shoot, subculture is necessary. In combination 
with auxins at low concentrations, the nodal segments were placed in MD media with a variety of 
concentrations of cytokinine. Sub-culture took place on the same medium every 3 weeks. After six 
to 12 weeks of culture, the number of shooting per explant was recorded. There were at least twelve 
replicates tested, with twice repeated experiments.

in-vitro ROOTING
 Healthy and elongated 3 to 4 cms shootings have been cut from culture and moved in rooting 
media consisting of 1⁄2 MS media complemented by various auxin concentrations. After 3-4 weeks of 
transmission data have been recorded.

Observation and data analysis
 After 15-20 days of inoculation, data were recorded. Experiments with 10 replicates per 
treatment have been conducted. The data were calculated on bud break, number of shooting, shooting 
length, root count and proportion response. Use the following formula to quantify the percentage answer 
for bud break.

  % response =   Total number of shoots responded in bud break  X 100
                                     Total number of replicates

 The rate of multiplication represents the number of shoots produced per explant on a medium 
after number of days of its inoculation is mentioned in results.

Results
 Current sudies are focused on rapid micropropagation of Aegel marmelos.. There have been 
previous clonal propagating studies of Aegle marmelos. (Varghese et al. 1993; Islam et al. 1994; Islam 
et al. 1996; Ajithkumar and Seeni 1998; Das et al. 2008; Das et al. 2009; Ramanathan et al. 2011; Puhan 
and Rath 2012). Due to the presence of pre-existing meristem which can easily be developed into shoots, 
plant regeneration from nodal explant is one of the most promising ways of multiplying a selected 
species to its true type.

Effect Of Various Cytokinins In The Nodal Explant of Aegle marmelos
 After treatment with 4% NaOCL, 40mg/l Citric Acid and a mixture of antibiotics, Nodal explants 
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Effect of combination of BAP and Kn in axillary shoot proliferation in Aegle marmelos.Graph 1
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Effect of combination of cytokinins in axillary multiplication in Aegle marmelosTable 1

1.0 mg/l BAP with Kn mg/l
No. of Replicates % Response Average no. of shoots S.D.

0.1
0.2
0.3

24
24
24

83
88
67

1
1.37
0.75

0.65
0.96
0.60

2.0 mg/l BAP with Kn mg/l
0.1
0.2
0.3

24
24
24

96
92
79

1.33
1.91
0.91

0.81
0.97
0.58

3.0 mg/l BAP with Kn mg/l
0.1
0.2
0.3

24
24
24

58
92
54

0.75
1.33
0.62

0.79
0.76
0.64

1.0 mg/l BAP with TDZ mg/l
0.1
0.2
0.3

24
24
24

58
63
58

0.62
1.87
0.70

0.57
0.79
0.69

2.0mg/l BAP with TDZ mg/l
0.1
0.2
0.3

24
24
24

50
33
50

0.54
0.41
0.5

0.58
0.65
0.51

3.0 mg/l BAP with TDZ mg/l
0.1
0.2
0.3

24
24
24

75
83
62

0.79
1.87
0.70

0.50
0.44
0.62

were placed in vessels containing sterilised MS medium (Murashige and Skoog 1962). The treatment 
duration is important, the long treatment period can damage the explants or lead to browning (Singh 
et al. 2011). Different amounts of cytokine in the media are increased; exogenous cytokine allows the 
axillary shoot fire to replicate. There was a division of the nodal bud after 7-8 days of inoculation. If 
explants are inoculated such that the node enters the media, the response and induction of several 
shootings is high.

Effect of BAP in the nodal explant of Aegle marmelos
 Different levels of BAP, i.e. 1 to 5 mg/l, and 1.2 and 3 mg/l BAP, were detected as successful in 
the study of shoot multiplication effect in Aegle marmelos nodal explants (Ajithkumar and Seeni 1998). 
(Ajithkumar and Seeni 1998). Among these three BAPs with a more productive response of 98.5% and 
an average shooting number of 2.1 were more effective (Table 1). After 6-7 days of inoculation, Bud 
breakage was observed.

Effect of Kinetin in the nodal explant of Aegle marmelos
 Different levels of BAP, i.e. 1 to 5 mg/l, and 1.2 and 3 mg/l BAP, were detected as successful in 
the study of shoot multiplication effect in Aegle marmelos nodal explants (Ajithkumar and Seeni 1998). 
(Ajithkumar and Seeni 1998). Among these three BAPs with a more productive response of 98.5% and 
an average shooting number of 2.1 were more effective (Table 1). After 6-7 days of inoculation, Bud 
breakage was observed.

Effect of Kinetin in the nodal explant of Aegle marmelos
 Different concentrations of Kn were used for induction of shoot multiplication in nodal explant of 
Aegle marmelos. It was observed that among the five conc. of Kn, 1,3 and 4 mg/l are effective(Ajithkumar 
and Seeni 1998), in which 4.0 mg/l gave the best result with 70% response. Bud breaking was observed 
after 10-12 days of inoculation.

Effect of TDZ in the nodal explant of Aegle marmelos
 Multi-shoot induction in Aegle marmelos was examined at concentrations from 1-5 mg/l of 
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TDZ (Ahmed and Anis 2012). 2,3 and 4 mg/l were successful from those five concentrations. Of these 
three 4.0 mg/l, 87 percent and 1.2 average no of shoots are more successful. After 13 to 14 days of 
inoculation, Bud breaking was observed.

Effect of 2iP in the nodal explant of Aegle marmelos
 For multiple induction shot Aegle marmelos, 1-5mg/l range of 2iP was used (Tripathi and 
Tripathi 2003). 1 and 4 mg/l were found to be effective. Out of these 4.0mg/l is more effective with 79 
percent response and 1.2 average no of shoot. After 13 to 14 days of inoculation, Bud breaking was 
observed.

Effect of Zeatin in the nodal explant of Aegle marmelos
 For inducing shoot multiplication in Nodal explants of Aegle marmelos, different Zeatin 
concentrations were employed (Debnath 2008). 2 and 3 mg/l have been found to be more effective. Of the 
two, 2.0 mg/l is more effective, with an average response of 87.2% and 1.2%. After 15 days of inoculation 
Bud split was observed.

Effect of Metatropolin in the nodal explant of Aegle marmelos
 For multiple shot induction in Aegle marmelos, 1-5 mg/l range of metatropolin was used. Media 
with 2, 3 and 4 mg/l metatropolin concentrations were find to be effective. With 83 percent reaction 
and 2.01 average shoot no, 4.0 mg is more effective. Bud breakage after 9-10 days of inoculation was 
observed.
 BAP and metatropoline in Aegle marmelos nodal explants are most effective as seen above. The 
amounts of BAP are 0f 1.0 mg/l, 2.0 mg/l and 3.0 mg/l. Metatropolin with 3.0 mg/l and 4.0 concentrations 
is effective. BAP was used for further research in additional experiments.

Effect Of Various Combinations Of Cytokinins In The Axillary Shoot Proliferation 
 The different combinations of cytokinins were used in the basal MS media for the induction 
of axillary shoot proliferation. The axillary shoot bud break was observed after 7-8 days after the 
innoculation. In the basal media different concentration of BAP, Kn and TDZ were used. 
The effect of the combination of cytokinins as follow:

Effect of combination of BAP and Kn in axillary shoots proliferation of Aegle marmelos
 There are different concencentration of BAP and Kn was used. BAP ranging from 1-3mg/l and 
Kn ranging from 0.1-.0.3 mg/l. It was obsrved that the media having concentration of 2.0 mg/l BAP with 
0.2 mg/l Kn are more effective for the axillary shoot proliferation of Aegle marmelos. The bud breakage 
is observed after 7-8 days of innoculation. These combinations of cytokinins gave 92% of response with 
1.92 average no. of shoots (Table 1).

Effect of combination of BAP and TDZ in axillary shoots proliferation of Aegle marmelos
 There are different concentrations of BAP and TDZ were used for the axillary shoot proliferation 
of Aegle marmelos.  BAP ranging from 1-3mg/l and TDZ ranging from 0.1-.0.3 mg/l were used. It was 
observed that media having 2.0 mg/l BAP with TDZ 0.1 and .03 mg/l effective for the axillary shoot 
proliferation (Table 1). Bud breaking was observed after 13-14 days of innoculation. The combination 
shows 63% and 83% response and 1.87 average shoot no. in 0.1 and 0.3 mg/l TDZ respectively.
 As shown in the graph combination of 2.0mg/l BAP with Kn havin 0.2 mg/l are more affective 
then the combination of BAP and TDZ. The combination of cytokinins good for the shoot proliferation as 
compare to using individual cytokinins in the media, because combination of cytokinins enhances the 
shoot proliferation.

SUBCULTURE OF Aegle marmelos
 Shoots are subcultured for the production of multiple shoots and shoot elongation in the fresh 
media in a subsicuent time. In 15-20 days, the Shoots passed to new media. In the different cytokininin 
and Auxin concentrations, the numerous shoots are formed, followed by the transmission to the rooting 
media.

Rooting and Hardening of Aegle marmelos
 Person shooting was mounted on 1/2 MS media containing a high in- vitro rooting concentration 
of auxins (Raj and Basavaraju 2012). Shoot excised and pushed onto the rooting media (2 cm or longer). 
The base medium MS (1962) with various amounts of NAA was replaced by the rooting medium. The 0.4 
mg NAA roots with a 1⁄2 MS medium from the shoot base were created. The basis of the shoot initially 
produces a wound and develops the root of the wound. After 40 days of transition into rooting media, 
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roots were formed.
 Hardened After 4 weeks of planting, thoroughly washed with tap water, 0.1 percent (w/v) of 
Bavistin, then washed and planted with autoclaved artificial field in pots (diameter of five cm) and 4 
weeks with sterile water purified, for 5 minutes, in an antifungal solution. Plants were repoted with 
autoclaved sand and manure from the field in the ratios of 1:1:1 in polythene bags (20 cm or 10 cm) and 
then in larger pots (25 centimetres diameter) containing non sterile sand: ground: compost mixture 
(1:3:1) and kept shady for another three weeks in the garden with water as needed.

Conclusion 
 For fire propagation an effective protocol has been introduced. Aegel  marmelos  is an essential 
herb It is rich in antibacterial, anti-fungal, antidiabetic and antioxidant characteristics. The most 
powerful explant was found in the section of the nodal stems. The suitability of the nodal stem section 
was explained by covered axillary buds not damaged during surface sterilisation. Due to the considerable 
fluctuations in the season that affect explant cultivation, aseptic bael cultures could not be established 
during the year. A major element in in-vitro cultivation is a plant selection season. Various cytokinins 
have been used. BAP 2.0 mg/L was best used among various cytokinines, which had a response of 92 
percent and produced around 1.6 average shoots. The most effective induction of cytokinin BAP was 
multiple shoots.  But the multiplication of shoots was increased by a blend of a cytokinine.Plant response 
to shooting development was heavily controlled by the growth regulators' type and concentration of the 
medium. It has been concluded that a simple effective regeneration protocol was developed for Aegel 
marmelos.

References 
[1] Ajeethkumar and Seeni S (1998). Rapid clonal multiplication through in vitro axillary shoot proliferation of 
Aegle marmelos (L) Corr., a medicinal tree. Plant Cell Rep., 17(5): 422-426.

[2] A.K. Bhattacherjee, D. Pandey, A. Dikshit. (2019) Nutraceutical profiling of some Indian bael (Aegle marmelos 
Correa) cultivars. Fruits 74:4, pages 187-193.

[3] Atul, N.P. & Nilesh, V.D. & Akkatai, A.R. & Kamlakar, S.K.. (2012). A review on Aegle marmelos: a potential 
medicinal tree. International Research Journal of Pharmacy. 3. 86-91.

[4] Arumugam S, Kavimani S, Kadalmani B, et al (2008) Antidiabetic activity of leaf and callus extracts of Aegle 
marmelos in rabbit. ScienceAsia 34:317–321. 

[5] Aynilian GH, Farnsworth NR, Persinos GJ (1972) Isolation of lupeol from Crataeva benthamii. Phytochemistry 
11:2885–2886. doi: 10.1016/S0031-9422(00)86535-8

[6] Bhar K, Mondal S, Suresh P. An Eye-Catching Review of Aegle marmelos L. (Golden Apple). Pharmacognosy 
Journal. 2019;11(2):207-224.Bhatt ID and Dhar U (2004). Factors controlling micropropagation of Myrica 
esculenta buch-Ham. ExD. Don: a high value wild edible of Kumaun Himalaya. Afr. J. Biotech., 3: 534-540.

Effect of combination of cytokinins in the axillary shoot proliferation of Aegle marmelos.Graph 2



International Journal of Biotechnology and Bioengineering, Volume 7 Issue 1,  January 2021.

The Effect of Combination of Cytokinins on Micropropagation of Aegle marmelos (Corr.) Linn.

28

[7] Bhattacharjee S (2012) The Language of Reactive Oxygen Species Signaling in Plants. J Bot 2012:1–22. doi: 
10.1155/2012/985298 

[8] Chandra R and Padaria JC (1999). Litchi shoot bud culture for micropropagation. J. Appl. Hort., 1(1): 38-40.

[9] Devi, C B Pradeepa, R M Gopal, and A Settu. 2014b. “Plant Regeneration of Aegle marmelos ( L .) Corr . from 
Cotyledon Explants through In Vitro Studies.” Journal of Natural Product & Plant Resources 4 (2): 52–55.Alkaloid 
AN (1981) AND OTHER COMPONENTS UNRIPE FRUITS OF AEGLE h4AR , I / IELOS *. 20:2606–2607.

[10] Dewan A, Nanda K and Gupta SC (1992). Plant Cell Rep.,12: 18-21.
Dube, Pratibha, Moumita Gangopadhyay, Saikat Dewanjee, and M. Nasim Ali. 2011. “Establishment of a Rapid 
Multiplication Protocol of Coleus Forskohlii Briq. and in Vitro Conservation by Reduced Growth.” Indian Journal 
of Biotechnology 10 (2): 228–31.

[11] Duraisami R, Mohite V a., Kasbe AJ (2010) Anti stress, adaptogenic activity of standardized dried fruit extract 
of Aegle marmelos against diverse stressors. Asian J Pharm Clin Res 3:1–3.

[12] Govindachari TR, Premila MS (1983) Some alkaloids from Aegle marmelos. Phytochemistry 22:755–757. 
doi: 10.1016/S0031-9422(00)86977-0

[13] Hossain, M, R Islam, M R Karim, S M Rahman, and O I Joarder. 1994a. “Production of Plantlets from Aegle 
marmelos Nucellar Callus.” Plant Cell Reports 13 (10): 570–73. doi:10.1007/BF00234513.

[14] Hossain, M, R Islam. 1994b. “Production of Plantlets from Aegle marmelos Nucellar Callus.” Plant Cell 
Reports 13 (10): 570–73. doi:10.1007/BF00234513.

[15] Hossain, M, R Islam, M.R. Karim, O.I. Joarder, and B.K. Biswas. 1994. “Regeneration of Plantlets from 
in Vitro Cultured Cotyledons of Aegle marmelos Corr. (Rutaceae).” Scientia Horticulturae 57 (4): 315–21. 
doi:10.1016/0304-4238(94)90114-7.

[16] Hossain, M, M R Karim, R Islam, and O I Joarder. 1993a. “Plant Regeneration from Nucllar Tissues of 
Aegle marmelos through Organogenesis.” Plant Cell, Tissue and Organ Culture 34 (2): 199–203. doi:10.1007/
BF00036102.

[17] Kaur K, Verma B and Kant U (1998). Plants obtaincd from the Khair tree (Acacia catechy Willd.) using 
mature nodal segments. Plant Cell Rep., 170: 427-429.

[18] Kothari S, Mishra V, Bharat S, Tonpay SD (2011) Antimicrobial activity and phytochemical screening of 
serial extracts from leaves of Aegle marmelos (Linn.). Acta Pol Pharm - Drug Res 68:687–692.

[19]  Lata, H., X. C. Li, B. Silva, R. M. Moraes, and L. Halda-Alija. 2006. 
“Identification of IAA-Producing Endophytic Bacteria from Micropropagated Echinacea Plants Using 16S rRNA 
Sequencing.” Plant Cell, Tissue and Organ Culture 85 (3): 353–59. doi:10.1007/s11240-006-9087-1.

[20] Lazzeri, Pa, Df Hildebrand, and Gb Collins. 1987. “Soybean Somatic Embryogenesis: Effects of Nutritional, 
Physical and Chemical Factors.” … Cell, Tissue and Organ Culture 2 (86): 197–208.

[21] Leaman, Danna, Sven Walter, Sarah a Laird, Alan R Pierce, Dagmar Lange, Sonia Lagos-witte, F F Kumba, 
et al. 2002. “Medicinal Plant Conservation.” Iucn 8 (June): 40.

[22] McGaw LJ, Rabe T, Sparg SG, et al (2001) An investigation on the biological activity of Combretum species. 
J Ethnopharmacol 75:45–50.
Mishra M, Saxena RP, Srivastava AK and Pathak RK (1998). Studies on micropropagation of Aonla (E. officinalis 
Gaertn). Prog. Hort., 31(3-4): 116-122.

[23] Mishra M, Chandra R, Pati R and Bajpai A (2007). Micropropagation of guava (Psidium guajava L.). ISHS 
Acta Horticulture, 735: 155-158.
Murashige, T, and F Skoog. 1962. “A Revised Medium for Rapid Growth and Bio Assays with Tobacco Tissue 
Cultures.” Physiologia Plantarum 15: 473–97. doi:DOI: 10.1111/j.1399-3054.1962.tb08052.x.

[24] Mudi, S. R., Akhter, M., Biswas, S. K., Muttalib, M. A., Choudhury, S., Rokeya, B., & Ali, L. (2017). Effect of 
aqueous extract of Aegle marmelos fruit and leaf on glycemic, insulinemic and lipidemic status of type 2 diabetic 



International Journal of Biotechnology and Bioengineering, Volume 7 Issue 1,  January 2021.

The Effect of Combination of Cytokinins on Micropropagation of Aegle marmelos (Corr.) Linn.

29

model rats, Journal of Complementary and Integrative Medicine, 14(2), 20160111.

[25] Nodye M, Diallo I and Gassama YK (2003). In vitro multiplication of semi-arid forest tree, Balanites aegyptica 
(L.) Del. Afr. J. Biotech., 2: 421-424.

[26] Pathirana CK, Ranaweera LT, Madhujith T, Ketipearachchi KW, Gamlath KL, Eeswara JP, et al. (2020) 
Assessment of the elite accessions of bael [Aegle marmelos (L.) Corr.] in Sri Lanka based on morphometric, 
organoleptic, and elemental properties of the fruits and phylogenetic relationships. PLoS ONE 15(5): e0233609.

[27] Puhan, Puspashree, and Shiba Prasad Rath. 2012. “In Vitro Propagation of Aegle marmelos ( L .) Corr ., 
a Medicinal Plant through Axillary Bud Multiplication.” Advances in Bioscience and Biotechnology 3 (April): 
121–25.

[28] Sen T, Dhara AK, Bhattacharjee S, et al (2002) Antioxidant activity of the methanol fraction of Pluchea indica 
root extract. Phyther Res 16:331–335. doi: 10.1002/ptr.892

[29] Shanker K, Singh SC, Pant S, et al (2008) Quantitative TLC analysis of sterol (24β-ethylcholesta-5, 22E, 
25-triene-3β-ol) in Agnimantha (Clerodendrum phlomidis Linn). Chromatographia 67:269–274.

[30] Siril EA and Dhar U (1997). Micropropagation of mature Chinese tallow tree (Sapium sebiferum Roxb.). 
Plant Cell Rep., 16: 637-640.

[31] Surana NM (1982). Rapid multiplication of an elite tree of Aegle marmelos correa through tissue growth. 
Differentiation and establishment in culture. Ph.D. Thesis. Univ. Jodhpur, Jodhpur.

[32] Tisserat B (1985). Embryogenesis, Organogenesis and plant regeneration. In.: Plant cell Culture, A Practical 
Approach. (Ed. RA Dixon, IRI, Oxford.) pp. 79-105Dhar U and Uppreti J (1999). In vitro regeneration of a mature 
leguminous liana (Bauhinia vahlii wight and arnott). Plant Cell Rep., 18: 664-669.

[33] Vaishnawa GR (1983). Clonal multiplication of an elite of Tecomella undulate through tissue culture. Ph.D. 
Thesis, Univ. Jodhpur.

[34] Verma RS, Padalia RC, Chauhan A (2014) Essential oil composition of   Aegle marmelos (L.) Correa: 
chemotypic and seasonal variations. J Sci Food Agric 94:1904–1913. doi: 10.1002/jsfa.6510

[35] Yadav NP, Chanotia CS (2009) Phytochemical and Pharmacological Profile of Leaves of Aegle marmelos. 
Pharma Rev 144–150.

[36] Yaheya M, Ismail M (2009) Clinical Evaluation of Antidiabetic Activity of Bael Leaves. 6:1518–1520.

[37] Yogita Choudhary, Abhishek Saxena*, Yatendra Kumar, Sagar Kumar, Vijay Pratap. Phytochemistry, 
Pharmacological and Traditional Uses of Aegle marmelos. UKJPB. 2017;5(5):27-33.


