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                    Abstract
1-Deoxynojirimycin (DNJ), one of the main bioactive compounds in mulberry plants, is a strong inhibitor of α-glucosidase with potential therapeutic effects on chronic disease, diabetes mellitus type 2. The effects were evaluated of light sources—red, blue and white LEDs, and fluorescent lights (control)—on the DNJ biosynthesis in mulberry (Morus spp.) cultured in vitro. Plants were exposed to different light conditions for 7 days, and then the leaves were harvested for DNJ extraction and quantification. Under low-light conditions, exposure to LED lights, particularly red light, increased the DNJ production in mulberry leaves (1.31 ± 0.08 mg g−1 DW). The light intensity and duration of the LED treatment also had a noticeable impact on the DNJ content. When the light intensity increased, the DNJ contents were enhanced approximately 3-fold compared to the control (1.12 ± 0.44 mg g−1 DW). However, notably no significant difference was observed between the red (3.25 ± 0.15 mg g−1 DW), blue (3.03 ± 0.37 mg g−1 DW), and white LEDs (2.94 ± 0.45 mg g−1 DW). Illumination with LEDs for 7 days efficiently improved the accumulation of DNJ, whereas a slight decrease was found when the plants were treated for 28 days. Furthermore, the DNJ concentration of mulberry leaf extracts was correlated with their inhibitory activities against α-glucosidase. These findings suggested a positive effect of short-period illumination with LED lights on DNJ production in mulberry, which could be helpful in the pharmaceutical and nutraceutical industries.


Key message

              
              Mulberry tissue culture served as an additional source of 1-deoxynojirimycin (DNJ).LEDs significantly increased DNJ production, and its content was positively related to the α-glucosidase inhibitory activity.

            


                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            Fig. 1[image: ]


Fig. 2[image: ]


Fig. 3[image: ]


Fig. 4[image: ]


Fig. 5[image: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Effect of combined high-temperature and UV-C radiation on stilbene accumulation and stilbene biosynthetic pathway genes in mulberry (Morus sp.)
                                        
                                    

                                    
                                        Article
                                        
                                         22 December 2023
                                    

                                

                                Benyapa Manosan, Saharat Kettipok, … Wannarat Phonphoem

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Exogenous spraying of 4-chlorophenoxyacetic acid sodium salt promotes growth and flavonoid biosynthesis of mulberry leaves (Morus alba L.)
                                        
                                    

                                    
                                        Article
                                        
                                         31 July 2023
                                    

                                

                                Zhen Zhang, Yun Duan, … Meng Wang

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Growth and biochemical responses of kale to supplementary irradiation with different peak wavelengths of UV-A light-emitting diodes
                                        
                                    

                                    
                                        Article
                                        
                                         14 January 2022
                                    

                                

                                Da-Seul Choi, Thi Kim Loan Nguyen & Myung-Min Oh

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    Data availability

              
              All data is available on request to corresponding author.

            

References
	Abd El-Mawla AMA, Mohamed KM, Mostafa AM (2011) Induction of biologically active flavonoids in cell cultures of Morus nigra and testing their hypoglycemic efficacy. Sci Pharm 79(4):951–961. https://doi.org/10.3797/scipharm.1101-15
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Ahn SY, Kim SA, Yun HK (2015) Inhibition of Botrytis cinerea and accumulation of stilbene compounds by light-emitting diodes of grapevine leaves and differential expression of defense-related genes. Eur J Plant Pathol 143(4):753–765. https://doi.org/10.1007/s10658-015-0725-5
Article 
    CAS 
    
                    Google Scholar 
                

	Baligar VC, Fageria NK, Paiva AQ, Silveira A, Pomella AWV, Machado RCR (2006) Light intensity effects on growth and micronutrient uptake by tropical legume cover crops. J Plant Nutr 29(11):1959–1974. https://doi.org/10.1080/01904160600927633
Article 
    CAS 
    
                    Google Scholar 
                

	Boonsnongcheep P, Sae-foo W, Banpakoat K et al (2019) Artificial color light sources and precursor feeding enhance plumbagin production of the carnivorous plants Drosera burmannii and Drosera indica. J Photochem Photobiol B 199:111628. https://doi.org/10.1016/j.jphotobiol.2019.111628
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Branas C, Azcondo FJ, Alonso JM (2013) Solid-state lighting: a system review. IEEE Ind Electron Mag 7(4):6–14. https://doi.org/10.1109/MIE.2013.2280038
Article 
    
                    Google Scholar 
                

	Bülent KSE (2014) Effect of light intensity and temperature on growth and quality parameters of grafted vines. Notulae Botanicae Horti Agrobotanici Cluj-Napoca. https://doi.org/10.15835/nbha4229704
Article 
    
                    Google Scholar 
                

	Chaudhury A, Duvoor C, Reddy Dendi VS et al (2017) Clinical review of antidiabetic drugs: implications for type 2 diabetes mellitus management. Front Endocrinol (Lausanne) 8:6–6. https://doi.org/10.3389/fendo.2017.00006
Article 
    
                    Google Scholar 
                

	Cho NH, Shaw JE, Karuranga S et al (2018) IDF diabetes atlas: Global estimates of diabetes prevalence for 2017 and projections for 2045. Diabetes Res Clin Pract 138:271–281. https://doi.org/10.1016/j.diabres.2018.02.023

	Coelho GC, Rachwal MFG, Dedecek RA, Curcio GR, Nietsche K, Schenkel EP (2007) Effect of light intensity on methylxanthine contents of Ilex paraguariensis A. St Hil Biochem Syst Ecol 35(2):75–80. https://doi.org/10.1016/j.bse.2006.09.001
Article 
    CAS 
    
                    Google Scholar 
                

	Devi VD, Urooj A (2008) Hypoglycemic potential of Morus indica. L and Costus igneus. Nak.—a preliminary study. Indian J Exp Biol 46(8):614–616

	Espinosa-Leal CA, Puente-Garza CA, García-Lara S (2018) In vitro plant tissue culture: means for production of biological active compounds. Planta 248(1):1–18. doi:https://doi.org/10.1007/s00425-018-2910-1
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Hao J-Y, Wan Y, Yao X-H et al (2018) Effect of different planting areas on the chemical compositions and hypoglycemic and antioxidant activities of mulberry leaf extracts in Southern China. PloS one 13(6):e0198072–e0198072. doi:https://doi.org/10.1371/journal.pone.0198072
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Hardicka DJ, Hutchinson DW (1993) The biosynthesis of 1-deoxynojirimycin in Bacillus subtilis var niger. Tetrahedron 49(30):6707–6716. https://doi.org/10.1016/S0040-4020(01)81840-8
Article 
    
                    Google Scholar 
                

	Heo JW, Lee CW, Murthy HN, Paek KY (2003) Influence of light quality and photoperiod on flowering of Cyclamen persicum Mill. cv. ‘Dixie White.’ Plant Growth Regul 40(1):7–10. https://doi.org/10.1023/A:1023096909497
Article 
    CAS 
    
                    Google Scholar 
                

	Hu X-Q, Jiang L, Zhang J-G, Deng W, Wang H-L, Wei Z-J (2013) Quantitative determination of 1-deoxynojirimycin in mulberry leaves from 132 varieties. Ind Crops Prod 49:782–784. doi:https://doi.org/10.1016/j.indcrop.2013.06.030
Article 
    CAS 
    
                    Google Scholar 
                

	Hussain MS, Fareed S, Ansari S, Rahman MA, Ahmad IZ, Saeed M (2012) Current approaches toward production of secondary plant metabolites. J Pharm Bioallied Sci 4(1):10–20. doi:https://doi.org/10.4103/0975-7406.92725
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Huttunen K, A. H A, N HK, Hirvonen MR (2003) Production of proinflammatory mediators by indoor air bacteria and fungal spores in mouse and human cell lines. Environ Health Perspect 111(Print):0091–6765. doi:https://doi.org/10.1289/ehp.5478 85–92
Article 
    
                    Google Scholar 
                

	Iqbal S, Younas U, Sirajuddin, Chan KW, Sarfraz RA, Uddin K (2012) Proximate composition and antioxidant potential of leaves from three varieties of mulberry (Morus sp.): a comparative study. Int J Mol Sci 13(6):6651–6664. https://doi.org/10.3390/ijms13066651

	Jain AK, Sarkar A, Datra RK (1996) Induction of haploid callus and embryogenesis in in vitro cultured anthers of mulberry (Morus indica). Plant Cell Tissue Organ Cult 44(2):143–147. https://doi.org/10.1007/BF00048192
Article 
    
                    Google Scholar 
                

	Johkan M, Shoji K, Goto F, Hashida S-n, Yoshihara T (2010) Blue light-emitting diode light irradiation of seedlings improves seedling quality and growth after transplanting in red leaf lettuce. HortSci 45(12):1809. https://doi.org/10.21273/hortsci.45.12.1809
Article 
    
                    Google Scholar 
                

	Kimura T, Nakagawa K, Fau - Saito Y, Saito Y, Fau - Yamagishi K et al (2004) Determination of 1-deoxynojirimycin in mulberry leaves using hydrophilic interaction chromatography with evaporative light scattering detection. J Agric Food Chem. https://doi.org/10.1021/jf0306901 (0021–8561 (Print))
Article 
    PubMed 
    
                    Google Scholar 
                

	Kimura T, Nakagawa K, Kubota H et al (2007) Food-grade mulberry powder enriched with 1-deoxynojirimycin suppresses the elevation of postprandial blood glucose in humans. J Agric Food Chem 55(14):5869–5874. https://doi.org/10.1021/jf062680g
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Komaikul J, Kitisripanya T, Tanaka H, Sritularak B, Putalun W (2015) Enhanced mulberroside A production from cell suspension and root cultures of Morus alba using elicitation. Nat Prod Commun 10(7):1253–1236. https://doi.org/10.1177/1934578X1501000730

	Kubica P, Szopa A, Prokopiuk B, Komsta Ł, Pawłowska B, Ekiert H (2020) The influence of light quality on the production of bioactive metabolites — verbascoside, isoverbascoside and phenolic acids and the content of photosynthetic pigments in biomass of Verbena officinalis L. cultured in vitro. J Photochem Photobiol B 203:111768. https://doi.org/10.1016/j.jphotobiol.2019.111768
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Kumar S, Narwal S, Kumar V, Prakash O (2011) α-Glucosidase inhibitors from plants: a natural approach to treat diabetes. Pharmacogn Rev 5(9):19–29. https://doi.org/10.4103/0973-7847.79096
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Kwon HJ, Chung Jy Fau - Kim JY, Kim Jy Fau - Kwon O, Kwon O (2011) Comparison of 1-deoxynojirimycin and aqueous mulberry leaf extract with emphasis on postprandial hypoglycemic effects: in vivo and in vitro studies. J Agric Food Chem. https://doi.org/10.1021/jf103463f (1520–5118 (Electronic))
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Lee MK, Arasu MV, Park S et al (2016) LED lights enhance metabolites and antioxidants in Chinese cabbage and kale. Braz Arch Biol Technol. https://doi.org/10.1590/1678-4324-2016150546
Article 
    
                    Google Scholar 
                

	Lee Y, Lee D-E, Lee H-S et al (2011) Influence of auxins, cytokinins, and nitrogen on production of rutin from callus and adventitious roots of the white mulberry tree (Morus alba L.). Plant Cell Tissue Organ Cult 105(1):9–19. https://doi.org/10.1007/s11240-010-9832-3
Article 
    CAS 
    
                    Google Scholar 
                

	Lefsrud MG, Kopsell DA, Sams CE (2008) Irradiance from distinct wavelength light-emitting diodes affect secondary metabolites in kale. HortSci 43(7):2243. https://doi.org/10.21273/hortsci.43.7.2243
Article 
    
                    Google Scholar 
                

	Lekkham P, Srilaong V, Pongprasert N, Kondo S (2016) Anthocyanin concentration and antioxidant activity in light-emitting diode (LED)-treated apples in a greenhouse environmental control system. Fruits 71:269–274. doi:https://doi.org/10.1051/fruits/2016022
Article 
    CAS 
    
                    Google Scholar 
                

	Li Q, Kubota C (2009) Effects of supplemental light quality on growth and phytochemicals of baby leaf lettuce. Environ Exp Bot 67(1):59–64. doi:https://doi.org/10.1016/j.envexpbot.2009.06.011
Article 
    CAS 
    
                    Google Scholar 
                

	Li H, Xu Z, Tang C (2010) Effect of light-emitting diodes on growth and morphogenesis of upland cotton (Gossypium hirsutum L.) plantlets in vitro. Plant Cell Tissue Organ Cult 103(2):155–163. https://doi.org/10.1007/s11240-010-9763-z
Article 
    
                    Google Scholar 
                

	Lou DS, Zou FM, Yan H, Gui ZZ (2011) Factors influencing the biosynthesis of 1-deoxynojirimycin in Morus alba L. Afr J Agric Res 6:2998–3006

                    Google Scholar 
                

	Mizuno T, Amaki W, Watanabe H (2011) Effects of monochromatic light irradiation ny LED on the growth and anthocyanin contents in leaves of cabbage seedlings. Acta Hortic 907:179–184. https://doi.org/10.17660/ActaHortic.2011.907.25

	Nam TG, Kim DO, Eom SH (2018) Effects of light sources on major flavonoids and antioxidant activity in common buckwheat sprouts. Food Sci Biotechnol 27(1):169–176. https://doi.org/10.1007/s10068-017-0204-1

	Ohashi KK, Fukuyama T, Nakai A, Usami H, Ono E, Watanabe H (2013) Growth and alkaloids production in Madagascar periwinkle plants grown under red LED. IFAC Proc Volumes 46(4):274–277. https://doi.org/10.3182/20130327-3-JP-3017.00063
Article 
    
                    Google Scholar 
                

	Onose S, Ikeda R, Nakagawa K et al (2013) Production of the α-glycosidase inhibitor 1-deoxynojirimycin from Bacillus species. Food Chem 138(1):516–523. https://doi.org/10.1016/j.foodchem.2012.11.012
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Purwianingsih W, Hidayat R, Rahmat A (2019) Increasing anthraquinone compounds on callus leaf Morinda citrifolia (L.) by elicitation method using chitosan shell of shrimps (Penaeus monodon). J Phys 1280:022001. https://doi.org/10.1088/1742-6596/1280/2/022001
Article 
    CAS 
    
                    Google Scholar 
                

	Qian H, Liu T, Deng M et al (2016) Effects of light quality on main health-promoting compounds and antioxidant capacity of Chinese kale sprouts. Food Chem 196:1232–1238. doi:https://doi.org/10.1016/j.foodchem.2015.10.055
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Rao SR, Ravishankar GA (2002) Plant cell cultures: chemical factories of secondary metabolites. Biotechnol Adv 20(2):101–153. https://doi.org/10.1016/s0734-9750(02)00007-1
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Rohela GK, Shukla P, Muttanna, Kumar R, Chowdhury SR (2020) Mulberry (Morus spp.): an ideal plant for sustainable development. Trees For People 2:100011. https://doi.org/10.1016/j.tfp.2020.100011
Article 
    
                    Google Scholar 
                

	Routray W, Orsat V, Lefsrud M (2018) Effect of postharvest LED application on phenolic and antioxidant components of blueberry leaves. ChemEng 2(4):56. https://doi.org/10.3390/chemengineering2040056
Article 
    CAS 
    
                    Google Scholar 
                

	Sagbo IJ, van de Venter M, Koekemoer T, Bradley G (2018) In vitro antidiabetic activity and mechanism of action of Brachylaena elliptica (Thunb.) DC. Evidence-based Complement Altern Med 2018:4170372–4170372. https://doi.org/10.1155/2018/4170372
Article 
    
                    Google Scholar 
                

	Samuoliene G, Sirtautas R, Brazaitytė A, Viršilė A, Duchovskis P (2012) Supplementary red-LED lighting and the changes in phytochemical content of two baby leaf lettuce varieties during three seasons. J Food Agri Environ 10:701–706.  https://doi.org/10.1234/4.2012.3491

	Shibano M, Fujimoto Y, Kushino K, Kusano G, Baba K (2004) Biosynthesis of 1-deoxynojirimycin in commelina communis: a difference between the microorganisms and plants. Phytochemistry 65(19):2661–2665. https://doi.org/10.1016/j.phytochem.2004.08.013
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Shim YJ, Doo Hk Fau - Ahn S-Y, Ahn Sy Fau - Kim Y-S et al (2003) Inhibitory effect of aqueous extract from the gall of Rhus chinensis on alpha-glucosidase activity and postprandial blood glucose. J Ethnopharmacol. https://doi.org/10.1016/s0378-8741(02)00370-7 (0378–8741 (Print))
Article 
    PubMed 
    
                    Google Scholar 
                

	Staiger D (2008) Light and plant development. Annual plant reviews, volume 30. Annals of Botany 101(3): 480–481. https://doi.org/10.1093/aob/mcm309

	Tewary PK, Oka S (1999) Simplified clonal multiplication of mulberry using liquid shake culture. Plant Cell Tissue Organ Cult 59(3):223–226. doi:https://doi.org/10.1023/A:1006496323743
Article 
    
                    Google Scholar 
                

	Thabti I, Elfalleh W, Hannachi H, Ferchichi A, Campos MDG (2012) Identification and quantification of phenolic acids and flavonol glycosides in Tunisian Morus species by HPLC-DAD and HPLC–MS. J Funct Foods 4(1):367–374. https://doi.org/10.1016/j.jff.2012.01.006
Article 
    CAS 
    
                    Google Scholar 
                

	Thakur K, Zhang Y-Y, Mocan A, Zhang F, Zhang J-G, Wei Z-J (2019) 1-Deoxynojirimycin, its potential for management of non-communicable metabolic diseases. Trends Food Sci Technol 89:88–99. https://doi.org/10.1016/j.tifs.2019.05.010
Article 
    CAS 
    
                    Google Scholar 
                

	Vichasilp C, Nakagawa K, Sookwong P, Higuchi O, Luemunkong S, Miyazawa T (2012) Development of high 1-deoxynojirimycin (DNJ) content mulberry tea and use of response surface methodology to optimize tea-making conditions for highest DNJ extraction. LWT - Food Sci Technol 45(2):226–232. https://doi.org/10.1016/j.lwt.2011.09.008
Article 
    CAS 
    
                    Google Scholar 
                

	Wang D, Zhao L, Wang D et al (2018) Transcriptome analysis and identification of key genes involved in 1-deoxynojirimycin biosynthesis of mulberry (Morus alba L.). PeerJ 6:e5443–e5443. https://doi.org/10.7717/peerj.5443
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Watcharatanon K, Ingkaninan K, Putalun W (2019) Improved triterpenoid saponin glycosides accumulation in in vitro culture of Bacopa monnieri (L.) Wettst with precursor feeding and LED light exposure. Ind Crops Prod 134:303–308. https://doi.org/10.1016/j.indcrop.2019.04.011
Article 
    CAS 
    
                    Google Scholar 
                

	Wei Z-J, Zhou L-C, Chen H, Chen G-H (2011) Optimization of the fermentation conditions for 1-deoxynojirimycin production by Streptomyces lawendulae applying the response surface methodology. Int J Food Eng. https://doi.org/10.2202/1556-3758.2354
Article 
    
                    Google Scholar 
                

	Yagi M, Kouno T, Aoyagi Y, Murai H (1976) The structure of moranoline, a piperidine alkaloid from Morus species. Bull Agric Chem Soc Japan 50:571–572. https://doi.org/10.1271/nogeikagaku1924.50.11_571
Article 
    CAS 
    
                    Google Scholar 
                

	Yatsunami K, Ichida M, Onodera S (2008) The relationship between 1-deoxynojirimycin content and α-glucosidase inhibitory activity in leaves of 276 mulberry cultivars (Morus spp.) in Kyoto, Japan. J Nat Med 62:63–66. https://doi.org/10.1007/s11418-007-0185-0
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Yen G-C, Wu S-C, Duh P-D (1996) Extraction and identification of antioxidant components from the lleaves of mulberry (Morus alba L.). J Agric Food Chem 44(7):1687–1690. https://doi.org/10.1021/jf9503725
Article 
    CAS 
    
                    Google Scholar 
                

	Yin H, Shi Xq Fau - Sun B, Sun B, Fau - Ye J-j et al (2010) Accumulation of 1-deoxynojirimycin in silkworm, Bombyx mori L. J Zhejiang Univ Sci B. https://doi.org/10.1631/jzus.B0900344 (1862 – 1783 (Electronic))
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                


Download references




Acknowledgements
This research is supported in part by the Graduate Program Scholarship from The Graduate School, Kasetsart University, Bangkok, Thailand (MS). The authors gratefully acknowledge the KU biorefinery for providing use of the HPLC equipment. This research is also supported by International SciKU Branding (ISB), Faculty of Science, Kasetsart University (WPP).


Author information
Authors and Affiliations
	Department of Biochemistry, Faculty of Science, Kasetsart University, 50 Ngam Wong Wan Road, Chatuchak, Bangkok, 10900, Thailand
Marisa Sonthisut, Ratree Wongpanya & Wannarat Pornsiriwong Phonphoem

	Department of Computer Engineering, Faculty of Engineering, Kasetsart University, Bangkok, Thailand
Anan Phonphoem


Authors	Marisa SonthisutView author publications
You can also search for this author in
                        PubMed Google Scholar



	Ratree WongpanyaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Anan PhonphoemView author publications
You can also search for this author in
                        PubMed Google Scholar



	Wannarat Pornsiriwong PhonphoemView author publications
You can also search for this author in
                        PubMed Google Scholar





Contributions
MS: Methodology, investigation, data curation, writing—original draft preparation. RW: Conceptualization, resources, writing—reviewing and editing. AP: Tools and resources, investigation. WPP: Conceptualization, supervision, writing—reviewing and editing, project administration and funding acquisition. All the authors have read and approved the final manuscript.
Corresponding author
Correspondence to
                Wannarat Pornsiriwong Phonphoem.


Ethics declarations

              
              
                Conflict of interest

                The authors declare that there is no conflict of interest.

              
            

Additional information
Communicated by Heidi Halbwirth.
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Sonthisut, M., Wongpanya, R., Phonphoem, A. et al. Enhancement of 1-deoxynojirimycin production in mulberry (Morus spp.) using LED irradiation.
                    Plant Cell Tiss Organ Cult 148, 167–176 (2022). https://doi.org/10.1007/s11240-021-02175-3
Download citation
	Received: 28 June 2021

	Accepted: 21 September 2021

	Published: 01 October 2021

	Issue Date: January 2022

	DOI: https://doi.org/10.1007/s11240-021-02175-3


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Keywords
	1-Deoxynojirimycin
	Diabetes
	Light-emitting diode
	Mulberry
	Tissue culture








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					44.203.91.249
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    