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Natural indigo dye from biogenic materials is an alternative to synthetic indigo that pollutes the environment. Indigo 
production from the Indigofera tinctoria plant is in practice since ancient time through biomass fermentation in water. 
Maximum indigo yield depends on complete release of indigo precursor indican from plant biomass during fermentation. In 
this study, we assessed the role of fungal elicitors on indigo dye yield during biomass fermentation using three strains 
namely; Aspergillus niger, Trichoderma reesei and Sclerotium rolfsii. Fungal extracts were prepared from fungal mycelia, 
raised separately on Potato Dextrose agar medium and extracted in a buffer solution containing 1N HNO3 plus 1N NaOH. 
The extracts were added to fermentation water in 1, 5 and 10% doses (v/v) separately during biomass fermentation keeping 
other parameters for fermentation and further processing for dye production fixed. Indigo yield with 10% A. niger extract 
was 1.56% (w/w), which was higher in comparison to control 0.45% (w/w). A. niger extract at 10% enhanced indigo yield 
up to 3.5 times compared to control, and 2.7 and 2.1 times, respectively to other two cultures [T. reesei (0.58% w/w) and  
S. rolfsii (0.93% w/w)] used at the same concentration. 
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Pollution management in dye and fabric industry is a 
priority area of research in view of the environmental 
pollution of the recalcitrant chemical ingredients used 
for dye synthesis, residual dyes and their degraded 
intermediates. These negatively affect the physico- 
chemical properties of water bodies1,2 eco-systems 
and some of them are even toxic to organisms3. In 
human civilization, Indigo is the oldest natural dye as 
come to be known used for dyeing fabric, toy and as 
an intermediate for synthesis. It is gained from a 
variety of plant species comes from different regions 
and landscapes around the globe4. Indogofera. 
tinctoria of Fabaceae is the commercial variety used 
for dye yield popularly known as ‘Neel’ in India5. 

Commercial indigo dye is predominantly produced 
through chemical synthesis and the ingredients are 
hazardous and toxic6. Due to its high productivity and 
purity, synthesis of indigo has replaced extraction 
from plants albeit their hazardous effects on the 
environment which has become alarming now7,8. 
Research works have reported the presence of 

reducing agents, recalcitrant residues and toxic 
reminiscent in wastewater from dye industry which 
pose a serious threat to the environment and human 
health7-9. Hence, a cleaner, greener and eco-friendly 
approach for indigo production is much needed. 
Supplementing synthetic dyes with their natural 
counterpart is an alternate strategy to ameliorate the 
environmental pollution as most of the byproducts 
during production and application of natural dyes are 
biodegradable10. In the plant derived natural indigo, 
presence of cis-indirubin (isoindirubin, red), trans-
indirubin (isoindigotin, red) along with trans-indigo 
(indigotin, blue), indigo gluten and traces of 
flavonoids, makes biogenic indigo more eye-catching 
due to vivid hue and unique colourations in the 
fabric11. Therefore, natural indigo dyed fabrics have 
high demand in the European, East Asian and 
American fashion markets12.  
 

India had the legacy of indigo production from the 
Indigofera plant13. In Indigofera; indigo is present as 
precursor indican as secondary metabolite in vacuole 
of plant cell14. Indican is released from the cell 
vacuole through fermentation of plant biomass which 
is accelerated by microbial action. Released indican is 
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acted upon by β-glucosidase enzyme that cleaves  
its glucose moiety to and converts to indoxyl.  
Indoxyl which upon further oxidation gets dimerized 
to form indigo15. 

 

The production of biogenic-indigo is an alternative 
to chemical processes, being an eco-friendly and 
sustainable process; however, has the drawback of 
extreme low productivity. In this context, elicitation is 
one of the most pertinent techniques to enhance 
natural indigo production thereby improving the 
limitation in high yield16. On a broader aspect, 
elicitors are of two types, biotic and abiotic, as shown 
in Fig. 117. The biotic elicitors are generally derived 
from microbes or plants whereas the abiotic elicitors 
are basically chemical compounds. A wide range of 
abiotic and biotic additives, such as chitosan,  
β-glucan, sodium acetate, methyl jasmonate and 
fungal filtrates have been effectively used, direct to 
exaggerate and stimulated productivity in cell culture 
regimes18. An ‘elicitor’ is defined as a substance 
which when introduced in small concentration to 
living system, enhances or improves the biosynthesis 
of valuable plant compounds19. Fungal elicitation has 
been reported in recent researches; as one of the 
prominent methods to increase the yield of metabolic 
compounds by hastening the biosynthesis pathway of 
biologically important compounds20. Low energy 
requirements and mild reaction conditions have 
provided new avenues for microbial production of 
indigo keeping with benign environment21. Here, we 
have investigated the effect of three different fungal 
strains as elicitors, namely Aspergillus niger (513), 
Trichoderma reesei (1052) and Sclerotium rolfsii 
(1084) on natural indigo production from I. tinctoria 
plant. 

Materials and Methods 
 

Plant material 
Indigofera tinctoria seeds were collected from 

local markets and plants were cultivated in 15"×15" 
size field plots in the CSIR-NEERI campus, Nagpur, 
India. Farm yard manure was added to the plots  
@ 1000 kg hectare-1 and ploughed. Seeds were shown 
in June, 2016 and watered as and when required. Leaf 
biomass from three months old plants were used in 
the experiments.  
 

Fungal cultures 
Three different cultures Aspergillus niger, 

Trichoderma reesei and Sclerotium rolfsii were 
procured from National Collection for Industrial 
Microbiology (NCIM-NCL), Pune. Each of these 
cultures were grown separately in 200 mL potato 
dextrose broth in 500 mL Erlenmeyer flask under 
aseptic condition and incubated for 15 days at 27oC 
under dark. After 15 days, the fungal mycelia formed 
on the surface of the broth, were collected on filter 
papers through filtration. 
 
Elicitor preparation 

Known weight of each fungal biomass was 
subjected to acid wash neutralization and 
homogenized in mortar and pestle according to the 
reported method22,23. The homogenized mass was 
centrifuged at 10000 rpm for 5 min and the 
supernatant was used as fungal elicitors. Extract from 
each culture was added separately to the water used 
for steeping biomass in the concentrations of 1,5,  
and 10% (v/v). 
 
Lab scale experimental setup 

All experiments were carried out in a fabricated 
polypropylene reactor of 500 mL capacity. About 15 g 
leaves were placed inside the reactor and immersed in 
150 mL tap water in the ratio of 1:10 (leaf biomass: 
water). The biomass was kept submerged under the 
water by putting weight over them so as to provide 
anaerobic environment for a steady duration. 
Different parameters viz. pH, redox potential (mV) 
and temperature (°C) of water were measured before 
adding to the fabricated reactor. The three different 
fungal extracts were added in separate experiments at 
doses of 1, 5 and 10% (v/v) as elicitors. In a typical 
fermentation setup for 1% elicitor dose, 1.5 mL of the 
fungal extract was added to 150 mL of fermenting 
water (v/v) with 15 g of plant biomass. The control 
experiments were devoid of fungal elicitors. Fermentation 
and subsequent steps for dye production were carried 

 

Fig. 1 — Classification of elicitors for production of secondary
metabolites 
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out under fixed condition keeping all other parameters 
same. All experiments were carried out in triplicate 
and numerical data presented as mean ± SD.  
 
Analytical method 

The oxidation-reduction potential (ORP), pH and 
dissolved oxygen (DO) of the broth before and after 
fermentation was measured by an ORP meter (model: 
Hanna Instruments, HI98120 ORP/Temperature 
Tester), pH meter (model: EUTECH Instruments, Part 
of Thermo Fisher Scientific, Cyberscan DO 110, 
Serial No- 2061918) and DO meter (Model: EUTECH 
Instruments, Part of Thermo Fisher Scientific, 
Cyberscan PC 300, Serial No- 986792,). Indigo yield 
was quantified through spectrophotometry using 
dimethyl sulphoxide (DMSO) as the solvent at a 
wavelength of 620 nm24 by a spectrophotometer 
(Shimadzu, Model no. UV 1800). Pure indigo 
(Sigma-Aldrich, R304949) was used to prepare the 
standard curve in the range of 0.01 to 0.2 ppm at the 
increment of 0.01 ppm. 
 
Results and Discussion 

Dye yield from Indigofera tinctoria plant biomass 
through fermentation in addition with the fungal 
extracts have been investigated in this study. The 
main limitation in natural indigo production method is 
its extreme low productivity. Hence, it cannot be an 
alternative to chemical processes, to meet the 
commercial requirement. Elicitation of plant cells in 
culture has proved to be one of the most useful 
techniques to improve the production of valuable 
metabolites25. There are several reports of fungal 
elicitors successfully used to increase the yield of 
secondary metabolites from plant cell cultures 
enhancing the production of commercially important 
compounds26. 
 
Effect of elicitors on indigo yield 

The three fungal extracts were prepared from 
Aspergillus niger, Trichoderma reesei and Sclerotium 
rolfsii, added separately to the fermentation water in 
1%, 5% & 10% (v/v) of the broth and dye yield was 
estimated as described in materials and methods. 
Results indicate A. niger and S. rolfsii extracts 
enhanced indigo yield, whereas T. reesei had slight 
inhibitory effect. Elicitation with A. niger extract 
elicited maximum indigo (4.88 mg g-1) at 10% v/v 
dose, which was 3.8 - 4 times higher than control  
(Fig. 2). There was also increase in indigo yield with  
S. rolfsii extract, but elicitation effect was 

comparatively lower in comparison to A. niger but 
twice in comparison with the control. These results 
indicate that addition of A. niger and S. rolfsii extracts 
during biomass fermentation elicits indigo productivity 
from the plant biomass, whereas that was not evident 
with the extracts of T. reesei. Kim et al.22 have also 
reported application of chitosan as elicitor enhanced  
2-3 folds indirubin yield in Polygonum tinctorium cell 
culture. Many techniques have been attempted for 
natural indigo production; out of which elicitation is 
one of the simple approaches27,28. It is reported that 
elicitors beyond a certain dosage could negatively 
affect a plant cell system and induce hypersensitive 
response leading to cell death29. Addition of A. niger 
elicitor to Catharanthus roseus cells has been reported 
to enhance the metabolite content with an increase in 
the dose up to 1.5% (v/v), above which plumbagin 
accumulation was decreased30. It is presumed that this 
could be the case with extracts of T. reesei which did 
not elicit indigo yield in our experiments. Specific 
nature and composition of active ingredients in the 
eliciting agent is the key component to elicit product 
formation in a bioprocess, and the optimum dosage for 
elicitation is worked out through dosage dependent 
response experimentation. 
 
Effect of elicitors on redox potential 

Oxidation reduction potential (ORP) of the 
fermentation broth was monitored after addition of 
different doses of the three types of elicitors at 1, 5 
and 10% (v/v) during fermentation and oxidation 
process presented in Fig. 3 A and B, respectively. 
Redox is an indicator of the oxidation and reduction 
biochemical reactions and also governs the 

 

 
 

Fig. 2 — Effect of elicitor dosage on pure indigo yield (results are 
of three independent set of experiments) 
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availability of metabolism of biologically important 
nutrients, such as carbon, nitrogen, oxygen, hydrogen 
and sulphur for microbial activity essential for 
optimum fermentation. Metabolic activity of 
microorganism depends on the redox potential of 
culture environment. An ORP profile, observed in 
fermented broth, indicates changes in metabolic flux 
due to microbial involvement in fermentation31. 
Measurement of ORP allows the fermenter operative 
to monitor the addition of reducing and oxidizing 
agents, while ensuring the redox potential to be in 
proper range for cell growth, especially when the 
dissolved oxygen (DO) level is very low32. In our 
experiments, ORP was high during the fermentation 
process for all the doses (1, 5 and 10%) of the three 
fungal extracts as compared to control, but during the 
oxidation stage of indigo production, redox potential 
decreased drastically for both, control and extracts 
treatment. Higher ORP values were obtained in case 
of S. rolfsii and T. reesei elicitation at all dosages as 
compared to their respective control experimental 
setup. But, the ORP was highest (−338 mV) with 10% 
extract of A. niger that also coincided with highest 
indigo yield, thus confirming the highest redox value 
with maximum yield. Ali et al.33 suggested that 

elicitation with methyl jasmonate (MJ) and salicylic 
acid (SA) induced an oxidative stress in ginseng root 
(Panax ginseng) affecting the redox state of 
ascorbate. Investigation shows race specific elicitors 
brought changes in redox process with induced redox 
activity, stimulating defence mechanism in tomato 
against fungal pathogen34,35. 
 
Effect of elicitors on pH 

The pH values were monitored during at the end of 
fermentation and oxidation process, respectively after 
addition of different dosage of elicitors. A. niger 
extracts at different doses (1, 5 and 10%) showed 
gradual increase in indigo yield in the acidic range of 
pH. Indigo yield was maximum (4.88 mg g-1)  
by elicitation with 10% A. niger extract at pH 
4.93 and 5.94 in respective stages, represented in  
Fig. 3 C and D, respectively. 

In case of T. reesei and S. rolfsii elicitation even 
with highest dosage, there was not much change in 
pH during both fermentation and oxidation of broth. 
This corresponds to meagre enhancement in indigo 
yield unlike to elicitation with extracts of A. niger. It 
is presumed that indoxyl liberated from indican, is 
oxidized spontaneously by air, thereby enhancing 

 
 

Fig. 3 — Effect of elicitor dosage on redox potential (A & B) during (A) fermentation process and (B) oxidation process; and pH (C & D) 
during (C) fermentation process and (D) oxidation process. [Results are of three independent set of experiments] 
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indigo yield at pH >535. It is known that pH of a 
reaction system is vital for much chemical and 
analytical scrutiny, hence often used as an indicative 
parameter of the process dynamics. The pH gradient 
present in vacuole, cytosol, and extracellular 
medium, plays an important role in both active and 
passive release of secondary metabolites in plant 
cells in vitro36. Marero et al.37 reports the maximum 
yield of (4.99 mg g-1) indirubin content at a specific 
pH of 5.7 achieved by treating P. tinctorium cell 
culture with cell wall released heat soluble elicitator 
from a fungal pathogen Rhizoctonia. soloni resulting 
in enhancement and accumulation of indirubin. 

 

The indigo dye is derived from indican through 
several steps of extraction; beginning with 
fermentation to release the dye precursor from plant 
tissue to the fermentation broth, cleavage of the  
β-glucoside molecule from the precursor by the  
β-glucosidase enzymes to make free indoxyl 
molecules, dimerization of the free indoxyl with 
oxygen through a induced oxidation process by air 
sparging to form the dye molecule and separation of 
the dye molecule from the broth. The extraction 
process is a chemo-biochemical process, and biomass 
fermentation stage is the primary step to release 
indican from the biomass. High indigo yield depends 
on complete release of indican from the biomass for 
its subsequent processing. The biochemical reactions 
during fermentation are important to provide the 
optimum conditions for partial tissue digestion, and 
facilitate complete release of indican to the broth for 
further processing. The microbial enzymes work 
apposite biocatalysts to perform these intricate 
reactions. A broad multiplicity of chemical 
compounds comprising terpenoids, aromatics, 
coumarins, alkaloids and steroids can undergo 
biotransformation using plant cells; organ cultures. 
The biocatalyst mediated reactions are stereo specific 
reaction types include oxidations, reductions, 
hydroxylation, methylations, acetylation, isomerization, 
glycosylation and esterification. Use of fungal 
extracts as elicitors to facilitate indicant release offer 
great potential to enhance indigo dye yield from the 
plant biomass. Fungal elicitors have been widely and 
successfully utilized to facilitate or improve yield of 
the product from the biochemical reactions38. Our 
study has shown that A. niger extract is an effective 
elicitor to enhance indigo dye yield from the 
Indigofera plant biomass when added to the 
fermentation water.  

Conclusion 
Indigo dye production from Indigofera tinctoria 

plant biomass was elicited by addition of fungal 
extracts during biomass fermentation. Three fungal 
strains i.e. A. niger, S. rolfsii and T. reesei were used 
at doses of 1, 5 and 10% (v/v) of the fermentation 
water which enhanced dye yield after processing of 
the ferment through the extraction process. These 
strains were chosen due to their known ability in 
synthesizing β-glucosidase enzymes which act for 
hydrolyzing indican-glucose moiety releasing more 
indoxyl to the broth for further oxidation to form the 
dye. The results of pure indigo yield obtained in this 
study implied that among the three elicitors, A. niger 
was the best. pH and redox potential were monitored 
during the fermentation and oxidation stage to assess 
their role on dye yield in addition to the fungal 
extracts. At acidic pH, indigo yield is maximising. It 
is possible that, addition of fungal extracts created 
acidity of broth resulting in better plant biomass 
maceration followed by cell vacuole disruption 
leading to increased indican release to the broth. The 
negative value of redox potential suggests 
spontaneous metabolic flux indicating more the 
negativity of redox, higher is the indigo yield. 
 
Acknowledgement 

This research was supported by CSIR, DST, Govt. 
of India and Mitsui Engineering Ltd. India.  
 
Conflict of Interest 

The authors declare no conflict of interest. 
 
References 
1 Shahid M, Islam S & Mohammad F, Recent advancements  

in natural dye applications: a review. J Clean Prod,  
53 (2013) 310.  

2 Diagne M, Sharma VK, Oturan N & Oturan MA, 
Depollution of indigo dye by anodic oxidation and electro-
Fenton using B-doped diamond anode. Environ Chem Lett, 
12 (2013) 219. 

3 Pang YL & Abdullah AZ, Current status of textile industry 
wastewater management and research progress in Malaysia: 
a review. Clean, 41 (2013) 51. 

4 Maugard T, Enaud E, Choisy P & Legoy MD, Identification 
of an indigo precursor from leaves of Isatis tinctoria (Woad). 
Phytochemistry, 58 (2001) 897. 

5 Motamarri SN, Karthikeyan M, Rajasekar S & Gopal V, 
Indigofera tinctoria Linn-A Phytopharmacological Review. 
Int J Res Biomed Sci, 3 (2012) 164. 

6 Cooksey C, Historic dyes and how to identify them. Biotech 
Histochem, 84 (2009) 123. 

7 Chequer FMD, de Oliveira DP, Ferraz ERA, de Oliveira GAR, 
Cardoso JC & Zanoni MVB, Textile dyes: dyeing process 



INDIAN J EXP BIOL, AUGUST 2019 
 
 

624

and environmental impact. INTECH Open Access Publisher, 
ISBN 978-953-51-0892-4, (2013) 151. DOI: http://dx.doi.org/ 
10.5772/53659 

8 Cobb K & Orzada B, Facets of Indigo: Combining 
Traditional Dye Methods with State-of-the-Art Digital Print 
Technology, A Sustainable Design Case. Green Fashion. 
(Springer, Singapore), 2016, 25.  

9 Meksia N, Tichaa MB, Kechidac M & Mhennia MF, Using 
of eco-friendly α-hydroxycarbonyls as reducing agents to 
replace sodium dithionite in indigo dyeing processes. J Clean 
Prod, 24 (2012) 149. 

10 Coury F, How natural dyes in the textile industry are 
compatible with eco-innovation. Econoving, (2011) 1. 

11 Maugard T, Enaud E, Sayette A, Choisy P & Legoy MD,  
β-Glucosidase catalyzed Hydrolysis of Indican from leaves of 
Polygonum tinctorium. Biotechnol Progr, 18 (2002) 1104.  

12 Annapoorani S, Sustainable Textile Fibers. Sustainable 
Innovations in Textile Fibres. (Springer, Singapore), 2018, 1  

13 Sarangi BK, Tiwari S, Dutta S, Pulavarty A, Yadav D & 
Pandey RA, Green Technology concept for 
commercialization: Natural Indigo an Alternative to its 
Synthetic counter, Transdisciplinary Environmental Issues. 
(Lambert Academic Publishing, Germany), 2013, 131. 

14 Minami Y, Takao H, Kanafuji T, Miura K, Kondo,  
Hara-Nishimura I & Matsubara H, β-Glucosidase in  
the Indigo Plant: Intracellular Localization and Tissue Specific 
Expression in Leaves. Plant cell Physiol, 38 (1997) 1069. 

15 Minami Y, Nishimura O, Nishimura I, Nishimura M, 
Matsubara H, Tissue and intracellular localization of indican 
and the purification and characterization of indican synthase 
from indigo plants. Plant Cell Physiol, 41 (2000) 218. 

16 Namdeo AG, Plant cell elicitation for production of secondary 
metabolites: a review. Pharmacog Rev, 1 (2007) 69. 

17 Thakur M & Sohal BS, Roles of elicitors in including 
resistance in plants against pathogenic infection: a review. 
ISRN Biochemistry, (2013) 1. 

18 Vasconsuelo A & Boland R, Molecular aspect of the early 
stages of elicitation of secondary metabolites in plants. Plant 
Sci, 172 (2007) 861. 

19 Patel H & Krishnamurthy R, Elicitors in plant tissue culture. 
J Pharmacogn Phytochem, 2 (2013) 1.  

20 Sarangi BK, Tiwari S, Datta S, Mudliar S, Vaidya AN & 
Pandey RA, Biotechnological approach for indigo dye 
production from natural resources for green environment.  
J Plant Sci Res, 27 (2011) 215.  

21 Angelovaa Z, Georgieva S & Roosb W, Elicitation of plants. 
Biotechnol Biotechnol Equip, 20 (2006) 72.  

22 Kim JH, Shin JH, Lee HJ, Chung IS & Lee HJ, Effect of 
chitosan on indirubin production from suspension culture of 
Polygonum tinctorium. J Ferment Bioeng, 83 (1997) 206.  

23 Komaraiaha P, Amruthaa R, Kavi Kishora PB & 
Ramakrishna SV, Elicitor enhanced production of plumbagin 
in suspension cultures of Plumbagorosea L. Enzyme Microb 
Technol, 31 (2002) 634. 

24 Jacquemin D, Preat J, Wathelet V & Perpète E, Substitution 
and chemical environment effects on the absorption spectrum 
of indigo. J Chem Phys, 124 (2006) 1. 

25 Rosenthal GA & Berenbaum MR, Herbivores, their 
interactions with secondary plant metabolites. Ecological 
and Evolutionary Processes Vol. II 2nd Edition, (Academic 
Press, San Diego, CA), 1991. 

26 Komaraiah P, Reddy GV, Reddy PS, Raghavendra AS, 
Ramakrishna SV & Reddanna P, Enhanced production of 
antimicrobial sesquiterpenes and lipoxygenase metabolites in 
elicitor-treated hairy root cultures of Solanum tuberosum. 
Biotechnol Lett, 25 (2003) 593. 

27 Stoker KG, Cooke DT & Hill DJ, Influence of light on 
natural indigo production from woad (Isatis tinctoria). Plant 
Growth Regul, 25 (1998) 181. 

28 Chotani G, Dodge T, Hsu A, Kumar M, LaDuca R, Trimbur D 
& Sanford K, The commercial production of chemicals using 
pathway engineering. Biochim Biophys Acta, Protein Struct 
Mol Enzymol, 1543 (2000) 434. 

29 Roewer IA, Cloutier N, Nesseler CL & Luca V, Transient 
induction of tryptophan decarboxylase (TDC) and strictosidine 
synthase, (SS) genes in cell suspension cultures of 
Catharanthus roseus. Plant Cell Rep, 11 (1992) 86. 

30 Namdeo AG, Investigation on pilot scale bioreactor with 
reference to the synthesis of bioactive compounds from cell 
suspension cultures of Catharanthus roseus Linn. 
Dissertation, Devi Ahilya Vishwavidyalaya Indore, M.P. 
India, 2004.  

31 Dutta S, Roychoudhary S & Sarangi BK, Effect of different 
physico-chemical parameters for natural indigo production 
during fermentation of Indigofera plant biomass. 3 Biotech,  
5 (2017) 322.  

32 Nicholson SK & John P, The mechanism of bacterial indigo 
reduction. Appl Microbiol Biotechnol, 68 (2005) 117. 

33 Ali MB, Yu K, Hahn E & Peak KY, Methyl jasmonate and 
salicylic acid elicitation induces ginsenosides accumulation, 
enzymatic and non-enzymatic antioxidant in suspension 
culture Panax ginseng roots in bioreactors. Plant Cell Rep, 
25 (2006) 613. 

34 Hammond-Kosack K, Silverman P, Raskin I & Jones J, 
Race-specific elicitors of Cladosporium fulvum induce 
changes in cell morphology and the synthesis of ethylene 
and salicylic acid in tomato plants carrying the 
corresponding cf disease resistance gene. Plant Physiol, 
110 (1996) 1381. 

35 Han GH, Shin H & Kim W, Optimization of bio-indigo 
production by recombinant E. coli harbouring fmo gene. 
Enzyme Microb Technol, 42 (2008) 617. 

36 Brodelius P & Pedersen H, Increasing secondary metabolite 
production in plant-cell culture by redirecting transport. 
Reviews. Trends Biotechnol, 1 (1993) 30. 

37 Marero LM, Jin JH, Shin JH, Lee HJ, Chung I & Lee HJ, 
Effect of fungal elicitation on indirubin production from a 
suspension culture of Polygonum tinctorium. Enzyme Microb 
Technol, 21 (1997) 97. 

38 Araya-Cloutier C, Siti A, Besten H,  Gruppen H & Vincken J, 
Prenylation of phytochemicals through fungal elicitation of 
seeds to increase their antimicrobial potential. Phytochem 
Med Food, 3 (2015) 20. 

 
 
 


