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Abstract 
 

In vitro Musa acuminata L. cv. ‘Gros Michel’ is a potential alternative source of secondary 

metabolites but low yield was obtained. Elicitation is used to increase secondary metabolite 

production by many plant species. The objective of this study was to investigate the effect of 

salicylic acid (SA), an elicitor, on secondary metabolite accumulation and antioxidant activity in 

shoot cultures of M. acuminata cv. ‘Gros Michel’. Shoots of one centimeter in length were cultured 

for four weeks on Murashige and Skoog (MS) medium supplemented with 22.19 µM 6 -

benzyladenine (BA) and 0, 100, 200, or 300 µM SA. The results showed that SA was effective in 

enhancing the secondary metabolite production and antioxidant activity of M. acuminata cv. ‘Gros 

Michel’  shoots. The contents of secondary metabolites and antioxidant activity were significantly 

different among the treatments. Shoots treated with 100 µM SA exhibited the greatest accumulation 

of total saponins (263.86±0.42 mg diosgenin/ g dry extract), total phenolics (124.44±8.39 mg 

GAE/g dry extract), and total flavonoids (105.26±6.43 mg CE/g dry extract). These were 1.27, 1.25, 

and 1.34 times that of the control. The strongest antioxidant radical scavenging was also observed 

from 100 µM SA treated shoots (DPPH EC50 value of 9.79±0.86 µg/ml and ABTS EC50 value of 

86.66±1.50 µg/ml). 
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1. Introduction 
 

Musa acuminata belongs to family Musaceae. Its fruits are a rich source of secondary metabolites 

including vitamins, phenolics, carotenoids, biogenic amines and phytosterols. Some of these 

compounds perform as antioxidants and are useful for human health [1]. Musa acuminata is a wild 

species of banana distributed in tropical regions of South East Asia [2]. ‘Gros Michel’ is one of the 

triploid cultivars of M. acuminata, and has the genome AAA. It is a seedless cultivar and is usually 

eaten raw [1, 3]. Traditional doctors use M. acuminata fruit, peel, pseudostem, flower, leaf, and root 

for the treatment of cancer, allergies, fever, coughs, and diabetes mellitus [2]. Onyema et al. [4] 

reported that M. acuminata pseudostem had pharmaceutical value, containing flavonoids, phenolic 

compounds, saponins, tannin, alkaloids, oxalate, hemagglutinin, phytate, and cardiac glycoside. 

Saponins are secondary metabolites that normally accumulate in plants and are involved in plant 

defenses against pathogens, pests, and herbivores [5]. Biological and pharmacological properties of 

these compounds have been reported such as antiphlogistic, antihepatotoxic, hypoglycemic, and 

antiallergic [6]. Phenolic compounds and flavonoids are secondary metabolites with polyphenol 

structures and are also produced as defense mechanisms [7]. They possess several biological 

activities including antioxidant effects, anticancer [8, 9], anti-inflammatory, and cardio-protective 

effects [9].   

Plant tissue culture has been used for mass propagation of several plant species of Musa 

[10-13]. This in vitro technique offers both plant multiplication and secondary metabolite production 

from cells and organs, as each cell maintains a complete genetic information [7, 14]. A single cell 

can develop into a new plantlet and is able to synthesize the same secondary metabolites as the 

parent plant grown under natural conditions [14]. Production of secondary metabolites from plant 

tissue culture offers shorter production cycles, a constant product supply, consistent quality and 

independence from climatic factors [7, 14]. Studies of medicinal plants have identified secondary 

metabolite contents with antioxidant properties, but production may be low [7, 15]. Elicitation is an 

effective technique for enhancing secondary metabolite production under aseptic conditions. Type 

and concentration of elicitor significantly affect elicitation. It is necessary to determine the optimum 

elicitor type and concentration for each plant species [16, 17]. Salicylic acid (SA) has been widely 

used as elicitor inducing defensive mechanisms in many plant species [16]. SA is a phenolic 

compound that is normally found as a phytohormone [18]. Enhancement of secondary metabolite 

accumulation by SA has been reported for Taxus chinensis [19], Hypericum hirsutum [20], Jatropha 

curcas [21], Thevetia peruviana [22], Chlorophytum borivilianum [23], Fagonia indica [24], 

Centella asiatica [25], and Piper cumanense [26]. However, SA has not yet been applied to M. 

acuminata cv. ‘Gros Michel’. In this study, the effect of SA at different concentrations on 

enhancement of total saponins, total phenolic compounds, and total flavonoids including 

antioxidants was investigated using in vitro shoot cultures of M. acuminata cv. ‘Gros Michel’.  

 

 

2. Materials and Methods 

 

2.1 Plant material and culture conditions 
 

In vitro shoots of M. acuminata cv. ‘Gros Michel’ were subcultured at four week intervals on 

Murashige and Skoog (MS) medium supplemented with 22.19 µM 6 -benzyladenine (BA) and 3% 

(w/v) sucrose until sufficient regenerated shoots were available. The medium pH was adjusted to 

5.6-5.8 with 1 N NaOH prior to gelling with 0.8% (w/v) agar, followed by autoclaving at 121oC for 

15 min. The cultures were incubated at 25±2o C with a photoperiod of 16 h under fluorescent lamps 

with light intensity of 3,000 lx.  
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2.2 Preparation of elicitors 
 

A stock SA solution at a concentration of 0.1 M (BDH Prolabo, Belgium) was prepared following 

Wang et al. [19]. This was dissolved in absolute ethanol and diluted with distilled water. The 

solution was filter sterilized before adding to the culture medium through a 0.22 µm syringe filter.  
 

2.3 Elicitation treatments 
 

Four-week-old in vitro shoots of M. acuminata cv. ‘Gros Michel’ were used as the explants. Shoots 

were cut into samples approximately one centimeter in length and cultured on MS medium 

supplemented with 22.19 µM BA and 100, 200, or 300 µM SA for four weeks. MS medium 

supplemented with only 22.19 µM BA was used as a control. The experiment used a completely 

randomized design with four treatments and three replications. Shoots were harvested and the shoot 

fresh weight was recorded. The shoots were dried at 50ºC for 48 h and the dry weight was recorded. 

Extracts were prepared by powdering the dried sample with pestle and mortar. The ground samples 

were macerated with ethanol at the ratio of 1:3 (sample: ethanol) for three days. Extracts were 

filtered, evaporated in a hot air oven at 50ºC for 48 h, and kept at -20ºC until use. 

 

2.4 Determination of total saponin content 
 

Total saponin content was measured using a vanillin-sulfuric assay modified from Hiai et al. [27]. 

One milligram of plant extract was dissolved in 2 ml of absolute ethanol and sonicated for 1 min. A 

sample of 0.25 ml was mixed with 0.25 ml of 8% vanillin reagent and 2.5 ml of 72% H2SO4. The 

mixture was incubated in a water bath at 60oC for 10 min then cooled to 25oC for 10 min. 

Absorbance was measured at 544 nm using a microplate reader (PowerWave XS-BT-MQX200R). 

The total saponin content was reported as mg diosgenin/ g dry extract. 

 

2.5 Determination of total phenolic content 
 

Total phenolic content was measured using the Folin–Ciocalteu method, following Jirakiattikul et 

al. [28]. Plant extract solution at a concentration of 1 mg/ml was sonicated for 1 min. A sample of 

20 µl was mixed with 100 µl of dilute Folin-Ciocalteu reagent and 80 µl of 7.5% (w/v) sodium 

carbonate solution. The solution was incubated at 25oC for 30 min and the absorbance was measured 

at 765 nm using a microplate reader. The total phenolic content was reported as mg GAE/g dry 

extract (mg of gallic acid equivalents per g dry extract) . 

 

2.6 Determination of total flavonoid content 
 

Total flavonoid content determined using a modified method of Zhu et al. [29]. Plant extract solution 

at a concentration of 1 mg/ml was prepared. A sample of 500 µl was mixed with 75 µl of 5% (w/v) 

NaNO2 for 6 min, then 150 µl of 10% (w/v) AlCl3 was added. After a 5-min reaction, 500 µl of 1 M 

NaOH and 275 µl of distilled water were added. The solution was left for 15 min and the absorbance 

was measured at a wavelength of 510 nm. Flavonoid content was determined using a catechin 

standard calibration curve and the results were expressed as mg CE/g dry extract (mg catechin 

equivalents per g dry extract).  
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2.7 Determination of antioxidant activity 
 

2.7.1 DPPH radical scavenging assay 
 

The scavenging capacity was evaluated following Yamasaki et al. [30]. Plant extract solution was 

prepared at a concentration of 1 mg/ml, and 100 µl was mixed with 100 µl of 6x10-5 M DPPH. The 

solution was left in the dark for 30 min and absorbance was measured at a wavelength of 520 nm. 

Inhibition (%) was calculated as follows: % Inhibition = [(Abscontrol – Abssample)/ Abscontrol] x 100 

where Abscontrol is the absorbance of the control and Abssample is the absorbance of the sample. EC50 

values were calculated using a regression equation.  

 

2.7.2 ABTS radical scavenging assay 
 

The assay procedure was modified from Re et al. [31]. Twenty µl of 10 mg/ml sample solution was 

combined with 180 µl of ABTS reagent. The solution was left for 6 min in the dark and absorbance 

was measured at a wavelength of 734 nm. Inhibition (%) and EC50 values were calculated as 

mentioned above. 

 

2.8 Statistical analysis 
 

All tests were performed in triplicate. Data was analyzed using one-way ANOVA followed by 

Duncan’s new multiple range test for mean comparison at p  0 .05.  
 

 

3. Results and Discussion 
 

3.1 Fresh and dry weight of shoots  
 

SA at all concentrations affected shoot fresh and dry weight (Figure 1). The lowest fresh weight of 

53.85±7.50 mg/shoot was recorded for 300 µM SA, while the 100 and 200 µM SA treated shoots 

had fresh weights of 77.12±8.76 and 74.96±12.07 mg/shoot, respectively. The control treatment had 

the greatest shoot fresh weight of 153.91±12.40 mg/shoot (Figure 1 A).  

The dry weight of SA treated shoots was significantly lower than that of control (Figure 1 

B). The dry weights of the 100-300 µM SA treated shoots were 6.82±1.04-9.11±1.47 mg/shoot, 

compared with 11.82±0.86 mg/shoot for control.  

The growth response to SA is different in each plant species. At low concentrations, it 

promotes plant growth, as SA is a growth regulator. Sakhanokho and Kelley [32] reported that the 

shoot biomass of Hibiscus acetosella and H. moscheutos (cv. ‘Luna Red’) was improved by low 

concentrations of SA (0.5 mM). In our experiment, however, SA had a negative effect on shoot 

biomass. The concentration used may have been insufficiently low to act as a plant hormone. This 

may have generated an imbalance condition [33] or have reduced primary metabolism [34]. This 

was in agreement with previous studies, which reported decreased growth of plant cells or organs 

such as the callus of root cultures of Panax ginseng [35], cell suspension of Gardenia jasminoides 

[36], root cultures of Talinum paniculatum [37], and shoot cultures of Dioscorea membranacea 

[38]. 
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Figure 1. A) fresh weight, and B) dry weight of Musa acuminata cv. ‘Gros Michel’ shoots after 

treatment with salicylic acid at 0-300 µM for four weeks 

 

3.2 Secondary metabolites and antioxidant activity 
 

As can be seen from Figure 2 A, the total saponin contents of the 100 µM SA treated shoots 

(263.86±0.42 mg diosgenin/g dry extract) were not significantly different from that of the 200 µM 

SA treated shoots (261.81±2.61 mg diosgenin/g dry extract). These were 1.27 and 1.26 times that 

of control (208.31±0.42 mg diosgenin/g dry extract). The lowest total saponin content of 

201.91±3.37 mg diosgenin/g dry extract was recorded in the 300 µM SA treated shoots. 

A statistically significant difference in total phenolic contents was found among treatments 

(Figure 2 B). The highest total phenolic content (124.44±8.39 mg GAE/g dry extract) was recorded 

from the 100 µM SA treated shoots. This was 1.25 times that of control. The total phenolic content 

of the 200 µM SA treated shoots was 104.96±8.14 mg GAE/g dry extract, which was not 

significantly different from that of the control (99.66±7.65 mg GAE/g dry extract). The total 

phenolic content was lower when shoots were treated with SA at the highest concentration of 300 

µM. 

The effect of SA on total flavonoid content was similar to that on total phenolic content. 

The greatest content of 105.26±6.43 mg CE/g dry extract was observed in the 100 µM SA treated 

shoots. This was 1.34 times that of control (Figure 2 C). The total flavonoid content of the 200 µM 

SA treated shoots (81.84±3.68 mg CE/g dry extract) was not significantly different from that of the 

control (78.08±5.46 mg CE/g dry extract). The 300 µM SA concentration produced the lowest total 

flavonoid accumulation (54.49±2.68 mg CE/g dry extract). 
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Figure 2. A) total saponin content, B) total phenolic content, and C) total flavonoid content after 

shoots were treated with salicylic acid at 0-300 µM for four weeks 

 

The strongest DPPH radical scavenging was recorded for the 100 µM SA treated shoots, 

with an EC50 of 9.79±0.86 µg/ml (Figure 3 A). DPPH radical scavenging by the 200 and 300 µM 

SA shoots (EC50 values of 13.90±0.42 µg/ml and 17.44±0.96 µg/ml, respectively) was below that 

of control (EC50 of 11.99±0.73 µg/ml). 

The 100 µM SA treated shoots exhibited the strongest ABTS radical scavenging, with an 

EC50 of 86.66±1.50 µg/ml (Figure 3 B). The weakest ABTS antioxidant (EC50 of 111.08±4.39 

µg/ml) was exhibited by the 300 µM SA shoots, and was not significantly different from control 

(EC50 of 105.40±2.42 µg/ml). 
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Figure 3. A) DPPH, and B) ABTS antioxidant scavenging activity after shoots were treated with 

salicylic acid at 0-300 µM for four weeks 

 

From the results, SA at a concentration of 100 µM was most effective for enhancement of 

total saponin, total phenolics, and total flavonoids from in vitro shoots of M. acuminata cv. ‘Gros 

Michel’. DPPH and ABTS radical scavenging assays were performed to analyze antioxidant 

activity. In both assays, the greatest antioxidant activity was observed from 100 µM SA treated 

shoots. This may reflect the greater accumulation of total phenolic compounds and flavonoids. 

These compounds have antioxidant properties, as their polyphenol structures scavenge free radicals 

[9]. SA at a concentration of 300 µM adversely affected secondary metabolite accumulation and 

antioxidant activity, perhaps through a toxic effect on plant cells. This result was consistent with 

that of Coste et al. [20] for H. hirsutum, and of Cai et al. [39] for Changium smyrnioides. In both 

cases, high concentrations of elicitor reduced accumulation of secondary metabolites. Therefore, 

elicitor concentration is a factor that must be considered for each specific case [16, 17, 40].  

SA is a signaling molecule that triggers a defensive mechanism or systemic acquired 

resistance (SAR) when under pathogen attack [40-42]. It also induces expression of genes involved 

in biosynthesis of some secondary metabolites [40]. Many studies have successfully used SA to 

increase production of secondary metabolites including hypericin and pseudohypericin by H. 

hirsutum [20], phenolics, flavonoids, and antioxidants by T. peruviana [22], and polysaccharides, 

phenolics, and flavonoids by Orostachys cartilaginous [43].  
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4. Conclusions 
 

Total saponin, total phenolic, total flavonoid accumulation, and antioxidant activity of in vitro M. 

acuminate cv. ‘Gros Michel’ shoots were enhanced by SA at a concentration of 100 µM. The results 

of this investigation will support further pharmaceutical study of in vitro M. acuminate cv.’Gros 

Michel’ shoots. 

 

 

5. Acknowledgements 
 

The authors gratefully acknowledge the financial support provided by Faculty of Science and 

Technology, Thammasat University, Contract No. SciGR19/2563 . The authors would also like to 

thank Mr. John Winward from Thammasat University for proof reading this manuscript. 

 

 

References 
 

[1] Singh, B., Singh, J.P., Kaur, A. and Singh, N., 2016. Bioactive compounds in banana and their 

associated health benefits. Food Chemistry, 206, 1-11. 

[2] Nimisha, S.M. and Pradeep, S.N., 2017. Traditional uses, phytochemistry and pharmacology 

of wild banana (Musa acuminata Colla). Journal of Ethnopharmacology, 196, 124-140. 

[3] Heslop-Harrison, J.S. and Schwarzacher, T., 2007. Domestication, genomics and the future for 

banana. Annals of Botany, 100, 1073-1084. 

[4] Onyema, C.T., Ofor, C.E., Okudo, V.C. and Ogbuagu, A.S., 2016. Phytochemical and 

antimicrobial analysis of banana pseudo stem (Musa acuminata) Br. Journal of Pharmacy 

Research, 10, 1-9. 

[5] Osbourn, A., Goss, R.J. and Field, R.A., 2011. The saponins: polar isoprenoids with important 

and diverse biological activities. Natural Product Reports, 28, 1261-1268. 

[6] Lacaille-Dubois, M.A. and Wagner, H., 1996. A review of the biological and pharmacological 

activities of saponins. Phytomedicine, 2, 363-386. 

[7] Matkowski, A., 2008. Plant in vitro culture for the production of antioxidants – A review.  

Biotechnology Advances, 26, 548-560. 

[8] Saxena, M., Saxena, J. and Pradhan, A., 2012. Flavonoids and phenolic acids as antioxidants 

in plants and human health. International Journal of Pharmaceutical Sciences Review and 

Research, 16, 130-134. 

[9] Tungmunnithum, D., Thongboonyou, A., Pholboon, A. and Yangsabai, A., 2018. Flavonoids 

and other phenolic compounds from medicinal plants for pharmaceutical and medical aspects: 

An overview. Medicines, 5, 93, https://doi.org/10.3390/medicines5030093 

[10] Arinaitwe, G., Rubaihayo, P.R. and Magambo, M.J.S., 2000. Proliferation rate effects of 

cytokinins on banana (Musa spp.) cultivars. Scientia Horticulturae, 86, 13-21. 

[11] Srangsam, A. and Kanchanapoom, K., 2003. Thidiazuron induced plant regeneration in callus 

culture of triploid banana (Musa sp.) ‘Gros Michel’, AAA group. Songklanakarin Journal of 

Science and Technology, 25, 689-696.  

[12] Divakaran, S.P. and Nair, A.S., 2011. Somatic embryogenesis from bract cultures in diploid 

Musa acuminata cultivars from South India. Scientia Horticulturae, 131, 99-102. 

[13] Nandhakumar, N., Kumar, K., Sudhakar, D. and Soorianathasundaram, K., 2018. Plant 

regeneration, developmental pattern and genetic fidelity of somatic embryogenesis derived 

Musa spp. Journal of Genetic Engineering and Biotechnology, 16, 587-598. 

https://dx.doi.org/10.3390%2Fmedicines5030093


 
Current Applied Science and Technology Vol. 21 No. 3 (July-September 2021) 

 

577 

 

[14] Rao, S.R. and Ravishankar, G.A., 2002. Plant cell culture: chemical factories of secondary 

metabolites. Biotechnology Advances, 20, 101-153. 

[15] Dias, M.J., Sousa, M.J., Alves, R.C. and Ferriera, I.C.F.R., 2016. Exploring plant tissue culture 

to improve the production of phenolic compound: A review. Industrial Crops and Products, 

82, 9-22. 

[16] Namdeo, A.G., 2007. Plant cell elicitation for production of secondary metabolites: A review.  

Pharmacognosy Review, 1, 69-79. 

[17] Vasconsuelo, A.A. and Boland, R., 2007. Molecular aspects of the early stages of elicitation 

of secondary metabolites in plant. Plant Science, 172, 861-875.  

[18] Hayat, Q., Hayat, S., Irfan, M. and Ahmad, A., 2010. Effect of exogenous salicylic acid under 

changing environment: A review. Environmental and Experimental Botany, 68, 14-25. 

[19] Wang, Y.D., Yuan, Y.J. and Wu, J.C., 2004. Induction studies of methyl jasmonate and 

salicylic acid on taxane production in suspension cultures of Taxus chinensis var. mairei. 

Biochemical. Engineering Journal, 19, 256-259. 

[20] Coste, A., Vlase, L. and Halmagyi, A., 2011. Effects of plant growth regulators and elicitors 

on production of secondary metabolites in shoot cultures of Hypericum hirsutum and 

Hypericum maculatum. Plant Cell Tissue and Organ Culture, 106, 279-288. 

[21] Mahalakshmi, R., Eganathan, P. and Parida, A.K., 2013. Salicylic acid elicitation on 

production of secondary metabolite by cell cultures of Jatropha curcas L. International 

Journal of Pharmacy and Pharmaceutical Sciences, 5, 655-659. 

[22] Mendoza, D., Cuaspud, O., Arias, J.P., Ruiz, O. and Arias, M., 2018. Effect of salicylic acid 

and methyl jasmonate in the production of phenolic compounds in plant cell suspension 

cultures of Thevetia peruviana. Biotechnology Reports, 19, e00273, https://doi.org/10.1016/ 

j.btre.2018.e00273 

[23] Chauhan, R., Keshavkant, S. and Quraishi, A., 2018. Enhanced production of diosgenin 

through elicitation in micro-tubers of Chlorophytum borivilianum Sant et Fernand. Industrial 

Crops and Products, 113, 234-239. 

[24]  Khan, T., Khan T., Hano, C. and Abbasi, B.H., 2019. Effects of chitosan and salicylic acid on 

the production of pharmacologically attractive secondary metabolites in callus cultures of 

Fagonia indica. Industrial Crops and Products, 129, 525-535. 

[25] Buraphaka, H. and Putalun, W., 2020. Stimulation of health-promoting triterpenoids 

accumulation in Centella asiatica (L.) Urban leaves triggered by postharvest application of 

methyl jasmonate and salicylic acid elicitors. Industrial Crops and Products, 146, 112171, 

https://doi.org/10.1016/j.indcrop.2020.112171 

[26] Rodríguez-Sánchez, L.K., Pérez-Bernal, J.E., Santamaría-Torres, M.A., Marquínez-Casas, X., 

Cuca-Suárez, L.E., Prieto-Rodríguez, J.A. and Patiño-Ladino, O.J., 2020. Effect of methyl 

jasmonate and salicylic acid on the production of metabolites in cell suspensions cultures of 

Piper cumanense (Piperaceae). Biotechnology Reports, 28, e00559, https://doi.org/10.1016/ 

j.btre.2020.e00559 

[27] Hiai, S., Oura, H. and Nakajima, T., 1976. Color reaction of some sapogenins and saponins 

with vanillin and sulfuric acid. Plant Medica, 29, 116-122. 

[28] Jirakiattikul, Y., Rithichai, P., Songsri, O., Ruangnoo, S. and Itharat, A., 2016. In vitro 

propagation and bioactive compound accumulation in regenerated shoots of Dioscorea 

birmanica Prain & Burkill. Acta Physiologiae Plantarum, 38, 249, https://doi.org/10.1007/s 

11738-016-2268-6 

[29] Zhu, H., Wang, Y., Liu, Y., Xia, Y. and Tang, T., 2010. Analysis of flavonoids in Portulaca 

oleracea L. by uv-vis spectrophotometry with comparative study on different extraction 

technologies. Food Analytical Methods, 3, 90-97. 

https://doi.org/10.1016/j.btre.2018.e00273
https://doi.org/10.1016/j.btre.2018.e00273
https://doi.org/10.1016/j.indcrop.2020.112171
https://doi.org/10.1016/j.btre.2020.e00559
https://doi.org/10.1016/j.btre.2020.e00559
https://doi.org/10.1007/


 
Current Applied Science and Technology Vol. 21 No. 3 (July-September 2021) 

 

578 

 

[30] Yamasaki, K., Hashimoto, A., Kokusenya, Y., Miyamoto, T. and Sato, T., 1994. 

Electrochemical method for estimating the antioxidative effect of methanol extracts of crude 

drugs. Chemical and Pharmaceutical Bulletin, 42, 1663-1665. 

[31] Re, R., Pellegrini, N., Proteggente, A., Pannala, A., Yang, M. and Rice-Evans, C., 1999. 

Antioxidant activity applying an improved ABTS radical cation decolorization assay. Free 

Radical Biology and Medicine, 26, 1231-1237. 

[32] Sakhanokho, H.F. and Kelley, R.Y., 2009. Influence of salicylic acid on in vitro propagation 

and salt tolerance in Hibiscus acetosella and Hibiscus moscheutos (cv ‘Luna Red’). African 

Journal of Biotechnology, 8, 1474-1481. 

[33] Cousins, M.M., Adelberg, J., Chen, F. and Rieck, J., 2009. Secondary metabolism-inducing 

treatments during in vitro development of turmeric (Curcuma longa L.) rhizomes. Journal of 

Herbs Spices and Medicinal Plants, 15, 303-317. 

[34] Chen, H. and Chen, F., 2000. Effects of yeast elicitor on the growth and secondary metabolism 

of a high-transhinone-producing line of the Ti transformed Salvia miltiorrhiza cells in 

suspension culture. Process Biochemistry, 35, 837-840. 

[35] Ali, M.B., Yu, K.W., Hah, E.J. and Paek, K.Y., 2006. Methyl jasmonate and salicylic acid 

elicitation induces ginsenosides accumulation, enzymatic and non-enzymatic antioxidant in 

suspension culture Panax ginseng roots in bioreactors. Plant Cell Reports, 25, 613-620. 

[36] Liu, Z.B., Chen, J.G., Yin, Z.P., Shangguan, X.C., Peng, D.Y. and Lin, T.L.P., 2018. Methyl 

jasmonate and salicylic acid elicitation increase content and yield of chlorogenic acid and its 

derivatives in Gardenia jasminoides cell suspension cultures. Plant Cell Tissue and Organ 

Culture, 134, 79-93. 

[37] Faizal, A. and Sari, A.V., 2019. Enhancement of saponin accumulation in adventitious root 

culture of Javanese ginseng (Talinum paniculatum Gaertn.) through methyl jasmonate and 

salicylic acid elicitation. African Journal of Biotechnology, 18, 130-135.  

[38] Jirakiattikul, Y., Rithichai, P., Boonyeun, T., Ruangnoo, S. and Itharat, A., 2020. Improvement 

of dioscorealide B production by elicitation in shoot cultures of Dioscorea membranacea 

Pierre ex Prain & Burkill. Physiology and Molecular Biology of Plants, 26, 585-591. 

[39] Cai, J., Ma, Y., Hu, P., Zhang, Y., Chen, J. and Li, X., 2017. Elicitation of furanocoumarins in 

Changium smyrnioides suspension cells. Plant Cell Tissue and Organ Culture, 130, 1-12. 

[40] Zhao, J., Davis, L.C. and Verpoorte, R., 2005. Elicitor signal transduction leading to 

production of plant secondary metabolites. Biotechnology Advances, 23, 283-333. 

[41] Angelova, Z., Georgiev, S. and Roos, W., 2006. Elicitation of plants. Biotechnology and 

Biotechnological Equipment, 20, 72-83. 

[42] Patel, H. and Krishnamurthy, R. 2013. Elicitors in plant tissue culture. Journal of 

Pharmacognosy and Phytochemistry, 2, 60-65. 

[43] Wen, T., Hao, Y.J., An, X.L., Sun, H.D., Li, Y.R., Chen, X., Piao, X.C. and Lain, M.L., 2019. 

Improvement of bioactive compound accumulation in cell cultures of Orostachys 

cartilaginous A. Bor. through elicitation with salicylic acid and effect of cell extract on 

bioactive activity. Industrial Crops and Products, 139(4), 111570, https://doi.org/10.1016/j. 

indcrop.2019.111570  

 

https://doi.org/10.1016/j.%20indcrop.2019.111570
https://doi.org/10.1016/j.%20indcrop.2019.111570

