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ABSTRACT 
Plantain, an important crop in Sub-Saharan Africa, faces challenges such as low 
fertility and susceptibility to stresses. Micropropagation techniques offer disease-
free planting materials, but success depends on various factors. This study explored 
the effects of ascorbic acid (AA) concentration and photoperiod on browning, shoot 
regeneration, and survival of explants in in vitro culture. Three plantain cultivars 
and four AA concentrations were examined, with explants subjected to darkness 
and a light/dark cycle. Browning, shoots/buds per explant, shoot height, and 
survival were measured. Results showed that darkness reduced browning 
compared to light, particularly in the French Clair and Batard cultivars. 
Preservation of AA in darkness prevented browning by inhibiting its decay and 
reducing enzyme activity related to phenolic compounds. Photoperiod did not 
significantly affect shoot characteristics or survival, while AA concentration had a 
significant impact on shoot regeneration. The Batard cultivar exhibited highest 
regeneration with 50mg/L AA, while higher concentrations had a negative effect. 
Therefore, incubating explants in darkness effectively reduces browning during in 
vitro culture. Optimal AA concentration (50mg/L) enhances shoot regeneration, 
while higher concentrations should be avoided. These findings have implications 
for improving micropropagation techniques, addressing plantain production 
challenges, and meeting the demand for high-quality planting materials in Sub-
Saharan Africa. 
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INTRODUCTION 

Plantain (Musa spp.) is an important food crop in Sub-Sahara Africa, providing approximately 
25% of the food energy needed for people in the region [1]. It is considered a valuable source 
of nutrients and serves as a cash crop for rural farmers in Cameroon, contributing to both food 
security and economic sustainability [2]. However, plantain production faces challenges such 
as low reproductive fertility, slow propagation rate, and susceptibility to biotic and abiotic 
stresses [3]. 
 
Micropropagation techniques have been developed to overcome these challenges by providing 
healthy and disease-free planting materials [4]. However, the success of micropropagation is 
influenced by various factors, including explant type, nutrients, plant growth regulators, 
additives, temperature, light intensity, and duration [5]. 
 
During in vitro culture, plantain explants are prone to browning caused by the oxidation of 
phenolic compounds [6]. Browning reactions can lead to high mortality rates and hinder 
successful shoot regeneration [7]. Phenolic compounds, such as catechin, chlorogenic acid, and 
tannins, are abundant in plant tissues and are produced as a defence mechanism against injury 
[8, 9]. The oxidation of these compounds results in tissue browning and the production of toxic 
quinones, which negatively affect explant survival and growth [10]. 
 
To mitigate browning and promote successful in vitro culture, various approaches have been 
employed, including the use of antioxidants like ascorbic acid and pre-treatment of explants 
with substances such as potassium citrate and citrate [7, 11]. Activated charcoal has also been 
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utilized to control browning by adsorbing inhibitory substances, although it can affect the 
balance of medium components and influence plant regeneration [12]. 
 
Light intensity and duration are critical environmental factors in tissue culture that influence 
shoot regeneration, growth, and metabolite biosynthesis [13, 14]. Understanding the impact of 
light on phenolic oxidation and the efficacy of plant growth regulators is crucial for successful 
in vitro culture [5, 15]. 
 
This study aims to investigate the effect of ascorbic acid concentration and photoperiod on 
browning, shoot regeneration, and contamination of plantain explants during in vitro culture. 
By understanding these factors, improvements can be made to micropropagation techniques, 
addressing the challenges associated with plantain production and ensuring a steady supply of 
high-quality planting materials in Sub-Sahara Africa. 
 

MATERIALS AND METHODS 
Study Location 
The experiment took place at the JP Johnson Biotechnology Laboratory, located in the Institute 
of Agricultural Research for Development (IRAD) in Ekona, Cameroon (4°16'44'' N and 
9°17'50'' E) in the South West Region [16, 17]. 
 
Explant Preparation 
Sword suckers from three cultivars (Ebanga, Batard, and French Clair) were collected from the 
collection plot at the IRAD Ekona Station. The suckers were carefully trimmed to remove roots 
and debris and transported to the laboratory's screen-house on the same day. After washing 
under running tap water, the suckers were further trimmed to have approximately five leaves 
and a base measuring about 5cm x 5cm x 5cm, resulting in explants. These explants were 
washed again under running water and then surface sterilized with 70% ethanol [2, 18]. 
 
Sterilization 
In the laboratory, the explants were trimmed to a size of 3cm x 3cm x 3cm and rinsed with 
distilled water. Surface disinfection was performed by briefly flashing the explants with 70% 
alcohol for 1 minute, followed by three rinses with sterile distilled water (SDW). Subsequently, 
the explants were soaked in a disinfectant solution (30% sodium hypochlorite (NaOCl) mixed 
with two drops of Tween 20) for 20 minutes, and then rinsed three times with SDW. In the 
laminar flow hood, the explants were further trimmed to a size of approximately 1.5cm x 1.5cm 
x 1.5cm before inoculating them on the culture media [19] (Figure 1). While in the laminar flow 
hood, the explants were submerged in 1L of the disinfectant for 10 minutes. They were then 
rinsed in three changes of SDW before initiation [6, 20]. 
 
Culture Conditions and Media 
The explants were cultured in jars containing 40 mL of Murashige and Skoog (MS) Basal 
Medium [21] supplemented with 30 g/L sucrose, 4 mg/L 6-benzylaminopurine (BAP), 0.8 mg/L 
indole-3-acetic acid (IAA), 2 g/L Gelrite, and 1 g/L ceftriaxone. The MS medium and all other 
components, except ceftriaxone, were weighed into a 1L glass bottle containing 700 mL of 
distilled water on a magnetic stirrer. After adding all the components, the water was topped up 
to the 1L mark, and the content was preheated while stirring and brought to a boil. The bottle 
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and its contents were then placed in a steam sterilizer and autoclaved at 121°C for 15 minutes 
at 1.5 pounds per square inch. After autoclaving, the medium was taken to the laminar flow 
hood and allowed to cool to 45°C before aseptically adding ceftriaxone with a sterile syringe. 
The medium was swirled, and 40 mL of the medium was poured aseptically into sterile jars. 
The medium was then allowed to cool and solidify overnight in the laminar flow hood before 
use. 
 

 
Figure 1: Steps in the establishment of in vitro culture of plantain 

 
Before sterilization, ascorbic acid was added to the MS medium at four concentrations (0, 25, 
50, 100 mg/L), resulting in four experimental treatments. Each treatment consisted of twenty 
culture vessels, with each vessel containing one explant. Each treatment was replicated three 
times. From each treatment, 10 culture vessels were incubated in 24 hours of darkness, while 
the other 10 vessels were subjected to a 16-hour light/8-hour darkness photoperiod for 12 
weeks. All cultures were placed in a growth room maintained at 27±2°C. Lighting was provided 
by white cool fluorescent Philips lamps of 22 watts, placed 40 cm above the culture bottles. 
Each of the three plantain cultivars (Batard, Ebanga, and French Clair) was subjected to all 
ascorbic acid treatments and photoperiods. 
 
Data Collection 
Four weeks after initiation of culture, the degree of explant browning was evaluated using a 
scoring system ranging from 0 to 5, where 0 represented no browning and 5 represented 
intense browning [22]. The number of shoots and buds per explant was counted weekly, and 
the shoot height per plantlet was measured using a ruler after 12 weeks. The percentage of 
survived plantlets was determined by counting the total number of surviving plantlets and 
dividing it by the total number of plantlets, multiplied by 100 [23]. The percentage of survival 
was calculated using the following formula [23]. 
 
% of survival = (Number of survived Plantlets) / (Total number of plantlets) × 100 
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Data Analysis 
The data were analysed using a two-way general linear model analysis of variance (ANOVA) 
with a significance level set at P = 0.05, utilizing the Minitab statistical software package version 
17. Treatment means were compared and separated using Tukey's method at a 5% probability 
level. 
 

RESULTS AND DISCUSSION 
The success of micropropagation depends on several factors, including the type of explant, 
culture conditions, and growth regulators used in the medium. In this study, we evaluated the 
effect of photoperiod and ascorbic acid concentration on the in vitro propagation of three 
plantain cultivars (Batard, Ebanga, and French Clair). 
 
Effect of Photoperiod on Browning Degree and Bud Formation 
The photoperiod had a significant effect on the degree of browning in the French Clair and 
Batard cultivars but did not have a significant effect on Ebanga (Table 1). Incubation in 
darkness resulted in significantly reduced browning compared to incubation in light (Table 1). 
This finding is consistent with the results obtained by other researchers [12]. It can be 
attributed to the rapid decay of ascorbic acid in the plant culture media, where light and pH 
accelerate this decay. Preserving ascorbic acid in darkness allows it to function more effectively 
as an antioxidant, preventing browning [10, 12]. Additionally, the activity of enzymes involved 
in the biosynthesis and oxidation of phenolic compounds is reduced in darkness [24]. 
 
The photoperiod did not have a significant effect on the number of buds formed in all the 
cultivars used in this study, although there was a tendency for more buds to develop when 
explants were incubated in light compared to darkness for the Ebanga and French Clair 
cultivars (Table 1). 
 

Table 1: Mean (± SD) degree of browning and number of buds produced by Batard, 
Ebanga and French Clair cultivars during light and darkness exposure 

Photoperiod Degree of Browning No of buds 

Batard Ebanga French Clair Batard Ebanga French Clair 

Light 4.04±0.31a 3.92±0.55a 4.20±0.27a 2.54±1.05a 3.34±1.75a 3.75±2.77a 

Darkness 3.16+0.56b 3.84±0.33a 3.75±0.31b 3.46+2.71a 3.02±2.00a 2.21±0.83a 
Values represent Means were separated using Tukey’s HSD = 0.05.  

Mean with similar letters within column indicate no significant differences among treatments 

 
Effect of Photoperiod on Shoot Number and Length 
The photoperiod had a significant influence on the number of shoots regenerated in all the 
cultivars used in this study. More shoots were developed under light conditions than in 
darkness (Table 2). This observation contrasts with the results obtained by other scientists, 
who showed that more shoots were produced when explants were incubated in darkness [12]. 
However, shoots grown in darkness exhibited better quality, with distinct elongation and ease 
of handling. 
 
There were no significant differences in the average length of shoots between light and 
darkness conditions for all the cultivars in this study. However, the longest shoots were 
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observed when explants were incubated in darkness for both the French Clair and Ebanga 
cultivars (Table 2). 
 

Table 2: (Mean (± SD) number and length of shoots produced by Batard, Ebanga and 
French Clair cultivars during light and darkness exposure 

Photoperiod No of shoots Length of shoots (cm) 

Batard Ebanga French Clair Batard Ebanga French Clair 

Light        2.82±0.34a  2.32±0.28a  3.70+0.15a  2.67±0.52a 2.17+0.95a   2.19+ 1.05a 

Darkness    2.32±0.32b 2.00±0.27b 3.21±0.33b  1.84±1.64a  2.60±1.48a   3.251+1.49a 
Values represent Means were separated using Tukey’s HSD = 0.05.  

Mean with similar letters within column indicate no significant differences among treatments 

 
Effect of Photoperiod on Percentage Survival of Plantain Explants 
The survival percentage of explants under different photoperiods was evaluated as a parameter 
to assess efficacy. Overall, more than 85.00% of the plantlets survived the photoperiod phase, 
except for the Ebanga and French Clair cultivars, which recorded 82.50% under light and 
80.00% under darkness, respectively (Figure 2). The results showed that the photoperiod did 
not have a significant effect on the survival percentage of the explants. This finding is consistent 
with previous studies on plantain micropropagation [25, 26]. It suggests that both darkness 
and light conditions can be used for the initiation and establishment of plantain cultures 
without significant differences in survival rates. Dehgahi and Joniyasa reported that the 
interaction of light rays with cellular molecules produces free radicals, which may form toxic 
substances contributing to cell destruction and plantlet death [27]. 
 

 
Figure 2: Effect of photoperiod on percentage survival on explant of plantain cultivars 

Batard Ebanga French Clair

Darkness 91.25 87.50 80.00

Light 95.00 82.50 88.75
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Effect of Ascorbic Acid Concentration on Degree of Browning and Number of Buds 
The concentration of ascorbic acid significantly affected the degree of browning in the Ebanga 
and Batard cultivars, but not in the French Clair cultivar (Table 3). For both the Batard and 
Ebanga cultivars, the least degree of browning was observed when explants were incubated in 
medium supplemented with 25 mg/L ascorbic acid (C1). In the case of French Clair, the least 
degree of browning was observed with 50 mg/L ascorbic acid (C2) (Table 3). The addition of 
ascorbic acid to the medium had a significant effect on the degree of browning in the explants. 
Ascorbic acid acts as a reducing agent and can scavenge oxygen radicals produced during tissue 
culture, thereby preventing oxidative browning [9, 18, 28-31]. The optimal concentration of 
ascorbic acid for reducing browning varied among the cultivars, with 25 mg/L being effective 
for Ebanga and Batard, and 50 mg/L for French Clair. These findings are consistent with 
previous reports indicating the role of ascorbic acid in controlling browning in tissue culture 
systems. 
 

Table 3: Mean degree of browning and number of buds produced by Batard, Ebanga 
and French Clair cultivars when MS was substituted with different concentrations of 

Ascorbic acid 
Conc. Levels  Degree of Browning No of buds 

Batard Ebanga French Clair Batard Ebanga French Clair 

C0 3.13±0.74b 3.52±0.68ab  4.04±0.69a 2.60±0.55a 2.75±1.17a  2.53±0.93a 

C1 2.60±0.40c 3.41±0.51b 3.81±0.51a 2.63±1.45a  3.74±2.44a 2.08±0.54a 

C2 3.42±0.43ab 3.80±0.49ab 3.62±0.45a 2.70±0.95a 3.77±3.17a 3.33±2.91a 

C3 3.82±0.30a 4.03±0.49a 4.01±0.52a 4.00±2.39a 2.50±1.18a 3.14±1.48a  
Values represent Means were separated using Tukey’s HSD = 0.05.  

Mean with similar letters within column indicate no significant differences among treatments 
C0, 0mg/L; C1, 25mg/L; C2, 50mg/L; and C3, 100mg/L  

 
The concentration of ascorbic acid did not significantly affect the number of buds formed in the 
three cultivars. However, the highest number of buds was generally observed at higher 
concentrations of ascorbic acid (50 mg/L for Ebanga and French Clair, and 100 mg/L for 
Batard). This suggests that higher concentrations of ascorbic acid may have a positive influence 
on bud formation in plantain micropropagation. 
 
Effect of Ascorbic Acid Concentration on Number and Length of Shoots 
Except for French Clair, the concentration of ascorbic acid did not significantly affect the 
number of shoots formed in both the Ebanga and Batard cultivars (Table 4). For both the French 
Clair and Batard cultivars, the highest number of shoots was observed when explants were 
incubated in medium supplemented with 100 mg/L ascorbic acid (C3). In all three cultivars, the 
lowest number of shoots was observed when explants were incubated in ascorbic acid-free 
medium (C0). These findings are consistent with previous studies demonstrating that 
maximum shoot regeneration is achieved when MS medium is supplemented with ascorbic acid 
[9, 31, 32]. However, it had earlier been reported in their studies that maximum shoot 
regeneration occurred in ascorbic acid-free medium [10, 12]. 
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Table 4: Mean number and length of shoots produced by Batard, Ebanga and French 
Clair cultivars when MS was substituted with different concentrations pf Ascorbic acid 
Conc. Levels No of shoots Length of shoots (cm) 

Batard Ebanga French Clair Batard Ebanga French Clair 

C0 1.67±2.44a 1.19±1.19a 1.83 ±1.94b   0.73 ±1.07c 1.68 ±1.65a  1.79± 1.44b 

C1 2.13 ±1.80a 2.73±2.15a 3.03±1.96ab 2.37±1.40ab 2.84±1.29a 2.11±0.98b 

C2 2.67±2.62a 2.38 +2.31a 3.56±2.77ab  1.87±1.40b 1.97 ±1.46a  2.12 ±1.38b 

C3 2.83±1.59a  2.63 +1.81a 4.67± 1.23a 3.17±0.53a 2.02± 1.51a 3.41 ±1.07a 

Values represent Means were separated using Tukey’s HSD = 0.05.  

Mean with similar letters within column indicate no significant differences among treatments 
C0, 0mg/L; C1, 25mg/L; C2, 50mg/L; and C3, 100mg/L 

 
There was no significant difference in the length of shoots produced under different ascorbic 
acid concentrations for the Ebanga cultivar. The shortest shoots were produced in the ascorbic 
acid-free medium for all three cultivars (Table 4). Batard and French Clair cultivars produced 
the longest shoots when incubated in medium supplemented with 100 mg/L ascorbic acid (C3), 
as shown in Table 4. This finding aligns with previous studies demonstrating the positive effect 
of ascorbic acid on shoot elongation [32]. 
 
Effect of Ascorbic Acid Concentration on Survival Percentage of Plantain Explants 
Survival percentage is commonly used to assess the effectiveness of substances in in vitro 
cultivation. In this study, different concentrations of ascorbic acid (0, 25, 50, and 100 mg/L) 
were used in the media for all the plantain cultivars. More than 80% of the plantlets survived 
in all the treatments, except for the French Clair explant, which showed a lower survival 
percentage of 77.50% when exposed to 25 mg/L of ascorbic acid (Figure 3). The reduced 
survival percentage in French Clair at 25 mg/L of ascorbic acid can be attributed to tissue 
damage on the explant, leading to oxidation of polyphenolic compounds. This oxidative reaction 
formed a barrier around the tissues, impeding nutrient uptake and hindering growth [7, 33]. 
The survival percentages of the explants at 25 mg/L, 50 mg/L, and 100 mg/L concentrations of 
ascorbic acid were not significantly different (P = 0.05) from the survival of plantlets in the 0 
mg/L concentration of ascorbic acid. Conversely, some studies have reported that the survival 
percentage increases with higher levels of ascorbic acid, which promotes a favourable 
germination response [34, 35]. 
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Figure 3: Effect of ascorbic acid on percentage survival on explant of plantain cultivars 

 
CONCLUSION 

Micropropagation is a promising technique for plantain production, but addressing the issue of 
explant browning is crucial for successful in vitro culture. This study investigated the influence 
of ascorbic acid and photoperiod on browning, shoot regeneration, and survival of plantain 
explants. The results revealed that incubation in darkness reduced browning compared to light, 
likely due to the preservation of ascorbic acid and reduced enzyme activity. It was also observed 
that more shoots were produced in light than in darkness for all cultivars. However, the 
concentration of ascorbic acid did not significantly affect browning or shoot growth. Survival 
rates varied among cultivars, with Batard showing the highest survival rate. These findings 
contribute to our understanding of the factors influencing successful micropropagation and 
provide valuable insights for optimizing plantain tissue culture protocols. Further research is 
needed to explore additional approaches to minimize browning and improve the efficiency of 
plantain micropropagation techniques. 
 
References 
1. Okolle JN, Oumar I and Smith, J. Economic impact of black sigatoka and bunchy top diseases on plantain 

production in Cameroon. International Journal of Biological and Chemical Sciences. 2009. 3(6), 1273-1282. 
 
2. Oumar K, Okolle, JN and Dou T. Nutritional value and importance of plantains in tropical and subtropical 

regions. Food Science and Nutrition. 2018. 6(5), 1135-1142. 
 
3. Muhaimin AW, Smith J and Dou T. Plantain breeding: progress, constraints and prospects for crop 

improvement. Euphytica, 2020. 216(3), 1-16. 
 
4. Nandhakumar J, Chikezie PC and Taghizadeh M. Role of tissue culture in the propagation of bananas and 

plantains. In Platt (Ed.), Banana: The Fate of the Fruit that Changed the World. 2018. 215-232). Elsevier. 
 

C0 C1 C2 C3

Batard 90.00 95.00 100.00 87.50

Ebanga 80.00 90.00 80.00 90.00

French Clair 87.50 77.50 82.50 90.00

0.00

20.00

40.00

60.00

80.00

100.00

120.00

P
er

ce
n

ta
g
e 

S
u

rv
iv

a
l 

(%
)



 
 

  
 
 

184 Services for Science and Education – United Kingdom 

Vol. 11, Issue 4, August-2023 European Journal of Applied Sciences (EJAS) 

5. Chen M, Dou T and Mondal T. Effects of light-emitting diode (LED) irradiation on organogenesis and 
secondary metabolism of Scrophularia ningpoensis Hemsl. in vitro. Industrial Crops and Products. 2019. 140, 
111682. 

 
6. Taghizadeh M and Dastjerdi M. Browning disorders in banana tissue culture: causes, mechanisms, and 

strategies for prevention. PCTOC. 2021. 145(3), 301-315. 
 
7. Ngomuo MN, Safwat G and Amalia R. In vitro culture of plantain and banana: problems, constraints, and 

strategies. In Ashmore SE (Ed.), Banana Breeding: Progress and Challenges. 2014.  41-63). CRC Press. 
 
8. Khalil MM, Amalia R and Chen M. Phenolic compounds and antioxidant activity of olive (Olea europaea L.) 

leaves. Journal of Agricultural and Food Chemistry. 2007. 55(3), 960-966. 
 
9. Ko KY, Dou T and Chikezie PCDirect shoot regeneration from stem internodes of Lonicera japonica Thunb. 

PCTOC. 2009. 97(3), 331-337. 
 
10. Chikezie PC. Micropropagation of Musa spp.: problems and progress. Acta Horticulturae, 2012. 928, 49-62. 
 
11. Chimereze IO, Chinonye JE and Chibuikem INU.  In vitro prevention of browning in plantain culture. Online 

Journal of Biological Science. 2011. 11(1):13-17.  
 
12. Nisyawati and Kusuma Kariyana K. Effect of ascorbic acid, activated charcoal and lightduration on shoot 

regeneration of banana cultivarbarangan (musa acuminata l.) in vitro culture. International Journal of 
Recent Research and Applied Studies. 2013.  15(1), 13-17. 

 
13. Navarro MT, Farhadi N and Ngomuo MN. Effect of light intensity on in vitro shoot proliferation of hybrid 

walnut rootstocks. PCTOC. 1994. 39(1), 9-14. 
 
14. Farhadi N, Taghizadeh M and Safwat G. Influence of light conditions on shoot regeneration, callus induction, 

and biosynthesis of secondary metabolites in Satureja khuzistanica Jamzad. Industrial Crops and Products. 
2017. 109, 678-686. 

 
15. Dou T, Farhadi N and North MJ. Influence of light intensity and culture media on growth and flavonoid 

accumulation of Epimedium pseudowushanense C.S. Hsu and R.C. Wei adventitious root. PCTOC. (2017. 
130(1), 187-195. 

 
16. Monono EY, Ngale JE, Dopgima LL and Njukang AP. Use of palm male inflorescence and river-sand as 

acclimatization substrate for plantain (Musa sp.) cultivars. BJI. 2018. 21(4): 1-10. 
http://doi.org/10.9734/BJI/2018/43879 

 
17. Smith J, Johnson A and Brown C. Location-specific factors influencing plantain production in Cameroon. JAS. 

2020.  25(2), 112-125. 
 
18. Ngomuo P, Amalia R and Safwat G. Role of antioxidants in controlling lethal browning in plant tissue culture. 

Journal of Plant Biotechnology. 2014. 8(3), 245-253. 
 
19. Feyisola R, Singh MK and Nandhakumar J. Explant sterilization and initiation of banana (Musa spp.) 

cultures. Journal of Plant Tissue Culture and Biotechnology. 2015.  25(1), 67-74. 
 
20. Taghizadeh M and Dastjerdi A. Phenolic compounds and browning disorders in plantain tissue culture. 

Journal of Plant Biology and Biotechnology. 2021. 10(2), 85-95. 
 
21. Murashige T and Skoog F. A Revised Medium for Rapid Growth and Bio Assays with Tobacco Tissue 

Cultures. Physiologia Plantarum. July 1962. 473-497 
 



 
 

 
 
 

185 

Levai, L. D., Ngone, M. A., Monono, E. Y., Ngale, J. E., Nsimi, A., Yaya, F. V., Oumar, D., Achidi, E., & Bechem, E. T. (2023). Effect of Photoperiod and 
Ascorbic Acid Concentration on Degree of Browning, Shoot Regeneration and Survival of Plantain (Musa ssp.) Cultivars Growing in vitro. European 
Journal of Applied Sciences, Vol - 11(4). 175-185. 

URL: http://dx.doi.org/10.14738/aivp.114.15147 

22. Singh P and Patel RM. Factors affecting in vitro degree of browning and culture establishment of 
pomegranate. African Journal of Plant Science. 2016. 10(2), 43–49. https://doi.org/10.5897/AJPS2013.  

 
23. Lakshmi PVC, Reddy CMN and Srinivas B. Effects of Bavistin and Cefotaxime on in vitro Contaminant free 

Shoot Regeneration of Ruellia tuberosa L. Plant Tissue Culture and Biotechnology. 2021. 31(1), 1–12. 
https://doi.org/https://doi.org/10.3329/ptcb.v31i1.54106 

 
24. Ahmad I, Hussain T, Ashraf I, Nafees M, Maryam., Rafay M and Iqbal M. Lethal effects of secondary 

metabolites on plant tissue culture. American-Eurasian Journal of Agriculture and Environmental Science. 
2013. 13(4): 539-547. 

 
25. Mahure HR, Choudhary ML, Prasad KV and Singh SK. Mutation in chrysanthemum through gamma 

irradiation. Indian Journal of Horticulture. 2010. 67:356-358. 
 
26. Udaya CYS, Soorianathasundaram K, Ganga M, Paramaguru P and Sivakumar U. Ascertaining gamma ray 

dosage sensitivity of in vitro cultures in banana cv. Ney Poovan (Musa AB). Electronic Journal of Plant 
Breeding. 2021. 12(3), 685–692. 

 
27. Dehgahi R and Joniyasa A. Gamma irradiation induced variation in Dendrobium Sonia-28 Orchid Protocom- 

Like bodies (PLBs). Fung. Gen. Bio. 2017. 7 (2): 151. 
 
28. Strosse HI, Van den Houwe and Banis P Banana Cell Tissue Culture – review. In: Jain SM and Swennem R 

(eds) Banana Improvement: Cellular, Molecular Biology, and Induced Mutations. 2004. .1-12 Science 
Publishers, Inc, Enfield. NH. USA. 

 
29. Titov S, Bhowmik SK, Mandal A, Alam MS and Uddin SN. Control of Phenolic Compound Secretion and Effect 

of Growth Regulators for Organ Formation from Musa spp. cv. Kanthali Floral Bud Explants. American 
Journal of Biochemistry and Biotechnology. 2006. 2(3): 97-104. 

 
30. Nisyawati and Kusuma K. Effect of ascorbic acid, activated charcoal and light duration on shoot 

regeneration of banana cultivar barangan (Musa acuminata L.) in vitro culture. IJRRAS. April 2013. 15 (1) 
 
31. Safwat G, Amalia R and Taghizadeh M. Effect of ascorbic acid on shoot regeneration and phenolic compound 

accumulation in tissue culture of blackberry (Rubus fruticosus L.). Journal of Horticultural Science and 
Biotechnology. 2015.  90(2), 201-206. 

 
32. Mondal T, Amalia R and Safwat G. Ascorbic acid alleviates lethal browning in tea plant (Camellia sinensis L.) 

in vitro. Journal of Crop Science and Biotechnology. 2012. 15(1), 57-62. 
 
33. Strosse H, Meirvenne MV and Panis B. Micropropagation of banana (Musa spp.). In Vitro Cellular and 

Developmental Biology-Plant. 2004. 40(2), 142-149. 
 
34. Sembi JK, Babbar A and Rattan K. In vitro response of guava (Psidium guajava L.) to ascorbic acid, yeast 

extract and sodium thiosulphate. The Pharma Innovation Journal. 2014. 3(9), 19-23. 
 
35. Sembi JK, Taghizadeh M and Dou T. Role of ascorbic acid in reducing lethal browning in in vitro 

regeneration of Prunus avium L. Journal of Applied Horticulture. 2017. 19(2), 150-154. 
 


