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Abstract. The isolation of intact and high-molecular mass genomic DNA is an initial and essential step for many molecular 

biology applications like restriction enzyme fingerprinting, polymerase chain reaction (PCR) etc. The presence of essential oils, 
polysaccharides, polyphenols and other secondary metabolites in the medicinal plants can hamper and reduce the yield and purity of 
extracted DNA. In this protocol, we describe simple modifications to the conventional cetyl trimethylammonium bromide (CTAB) 
method for reliable isolation of high molecular weight genomic DNA from Gloriosa superba - a potent medicinal plant. The purity 
of genomic DNA was confirmed by excellent absorbance (A260/A280) ratio of ~1.8 calculated from the spectrophotometric 
readings and the DNA concentration ranged from 75 to 308 µg/g of leaves. The PCR amplification from the isolated DNA was 
optimized to produce clear amplification in all the germplasm tested as mentioned in our earlier research. Besides being rapid, 
effective and technically easy, the protocol can also be used for the isolation of genomic DNA from other crop plants too. 
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INTRODUCTION 

 

Medicinal plants produce a wide diversity of 

phytochemical constituents which exhibit a wide array 
of pharmacological properties to treat infections, 

diseases or health disorders, or as spices, perfumes, 

toxins and pesticides [12, 39]. Based on their functions 

in fundamental metabolic processes, the phytochemical 

constituents are divided into two groups, namely 

primary and secondary metabolites. Primary plant 
metabolites are more or less identical in all living cells 

and are involved in metabolism, growth, and 

development in basic life processes. It consists of tiny 

molecules such nucleic acids, proteins, amino acids, 

polysaccharides, and tricarboxylic acids. Secondary 
metabolites are biologically active natural compounds 

with a wide range of structural compositions and often 

low molecular weight and are classified according to 

their chemical structures into several classes viz 

phenolics, alkaloids, saponins, terpenes [15, 27, 33, 

40].  
Gloriosa superba L. (family Colchicaceae) also 

known as as  the flame lily or glory lily, is perennial 

climbing herb with tuberous roots from tropical Africa, 

India and south-eastern Asia. It is a poisonous herb 

containing high concentrations of colchicine in all its 

parts. It is commercially grown for use in Siddha, 
Ayurveda and Unani system of medicine and as a cash 

crop for extracting contains wide varieties of 

phytochemicals mainly 1,2-didemethyl colchicine, 2,3-

didemethyl colchicine, colchicoside, salicylic acid, 

glucosides and flucoside being the most common [16, 

20]. It is used for the treatment of gout arthritis, skin 
diseases, familia mediterranean fever, respiratory, 

urinary and reproductive systems, cardiovascular issues 

and many other disorders. It is both the state flower of 

Tamil Nadu (India) and the national flower of 

Zimbabwe [41].  

The genetic improvement processes include 

screening of accessions, choosing of parents and 

selection of progeny. The isolation of intact, high-

molecular mass genomic DNA is essential for crops 
improvement strategies including rDNA technology, 

endonuclease digestion, genomic library construction, 

southern blot analysis and polymerase chain reaction 

(PCR) technique like random amplified polymorphic 

DNA (RAPD), simple sequence repeats (SSR), inter 

simple sequence repeat (ISSR), Restriction Fragment 
Length Polymorphism (RFLP), Amplified fragment 

length polymorphism (AFLP), Short tandem repeats 

(STR) and in molecular biology applications. 

Furthermore, the germplasm characterization of 

medicinal tuberous crops facilitates the breeding of 
improved genotypes by utilizing molecular markers to 

identify the genetic links between accessions of the 

wild and cultivated gene pools [3, 35]. Selecting an 

appropriate method for DNA isolation requires a 

number of variables, including tissue type, DNA 

concentration, the purity needed for downstream 
applications, time, and cost [23]. The most 

basic steps involved in DNA purification from cellular 

components involves disruption, lysis, removal of 

proteins/ contaminants and recovery of DNA [31]. So, 

the efficiency of genomic DNA extraction from 

various plant species needs to be optimized to each 
plant tissue. It is challenging to extract high-quality 

DNA because these secondary metabolites which 

interfere by precipitating with the DNA, lowering the 

yield and lowering its quality [1, 14]. Removal of these 

substancrs requires isolation, quantitation as well 

as purification of the DNA using various organic 
solvents and alcohols.  

Therefore, the present investigation was undertaken 

to obtain sufficient and high-quality genomic DNA 

from the tuberous medicinal plant G. superba for use in 

future research. 
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MATERIALS AND METHODS 

 

Plant material. Plant material. Three grams 

leaves were collected from actively growing parts of G. 

superba plantlets maintained in the green house at 

Department of Botany, Kurukshetra University, 

Haryana (India) and immediately brought to the 

laboratory. 
DNA isolation procedure. The leaves were 

washed with distilled sterile water and cleaned with 

moist tissue paper. The method described here was 

developed by introducing the following modifications 

in CTAB method [7, 29, 30]. The leaf sample (2-3 g) 

was grounded in liquid nitrogen (–196 °C) using a 
sterile mortar-pestle. The homogenized material was 

put into 15 mL of pre-warmed (60C) DNA isolation 

buffer (2 CTAB extraction buffer comprising 100 
mM Tris, 1.4 M NaCl, 20 mM EDTA, 2% (w/v) CTAB 

and 2 L/mL -mercaptoethanol) in capped 
polypropylene tubes. After that, a spatula was used to 

suspend the clump. It was then incubated for 1 hour at 

60°C with occasional mixing by gentle swirling in 

water bath. After removing from water bath, an equal 

volume (15 mL) of Chloroform:isoamyl alcohol (24:1, 
v/v) was added and mixed gently for 15 minute by 

slight inversion to ensure phase emulsion. It was then 

followed by centrifugation at 15000 rpm for 10 

minutes to recover aqueous phase in another tube. The 

extraction steps were repeated until the upper aqueous 

phase became clear. A two-thirds volume of ice-cold 
iso-propanol was added to a aqueous phase, and 

incubated at -20°C for 30 min and then centrifuged at 

15000 rpm for 15 minutes at 20°C. The supernatant 

was discarded without disturbing the pellet. A 20 mL 

of 70% ethanol was added to DNA pellet and was 

gently stirred for 20 minutes. The pellet was collected 
by centrifugation (at 20°C) for 5 minutes at 10000 rpm. 

The tubes were inverted on paper towel to drain. The 

pellet was covered with parafilm with tiny pores and 

allowed to dry over night. The pellet was re-dissolved 

in 100 μL of T10E1 buffer (10 mM Tris-HCl, 1 mM 
EDTA, pH 8) by keeping overnight at room 

temperature without agitation. 

Purification of DNA: RNA contamination can be 

removed by treating the sample with DNase-free 

RNase. Protein including RNase can be removed by 

using a mixture of chloroform: Isoamylalcohol (24:1). 
Add 2.5 μL of RNase to 0.5 mL of crude DNA 

preparation (2.5 μL RNase = 25 μg RNase, so the 

treatment was 50 μg/mL of DNA preparation) and 

mixed gently. The content was gently mixed 

thoroughly and incubated at 37ºC for 1 h. A mixture of 

0.3-0.4 mL of chloroform: isoamyl alcohol (24:1) was 
added, mixed well and centrifuged for 15 minutes at 

15000 rpm. The supernatant was taken out avoiding the 

whitish layer at interface. The DNA was re-precipitated 

by adding double quantity of absolute alcohol. The 

tube was centrifuged at 5000-10000 rpm for 10 
minutes to pellet the DNA. The transparent and viscous 

pellet was washed with 70% alcohol and allowed to 

dry overnight. The DNA was redissolved in 200 μL of 

T10E1 buffer.  
Gel analysis: DNA purity was tested by loading 

extracted genomic DNA samples onto a 150 mL casted 

agarose gel (0.8%) in 0.5 x TBE (Tris borate EDTA) 

buffer containing (0.5 g/mL) of ethidium bromide. A 
5 μL of DNA sample was loaded with a mixture of 

DNA loading dye. A known amount of uncut  phage 
DNA as control was loaded in the adjacent well. The 

gel was electrophoresed at 50 V for 1.5 hours. The gels 

were visualized and photographed under UV light. 
Quantitation of DNA: The quantification of 

genomic DNA was achieved by observing it at 260 nm 

and 280 nm wavelengths using a spectrophotometer 

(NanoDrop ND-1000 version V3.1.1).  A 2 µL of 

double distilled water sample was loaded in the lower 

pedestal to initialize the spectrophotometer. Fixed 
wavelengths of 260 and 280 nm were used. A 2 µL of 

T10E1
 was loaded for the blank measurement. 

Dilution of DNA for PCR: The quantified 

genomic DNA obtained was diluted to 25 ng/μL in 

T10E1, buffer (1mM EDTA,10 mM Tris-HCl, pH 8.0) 

and was subjected to PCR amplification. The samples 
were stored for further study at 4ºC. To check the 

suitability of extracted DNA for downstream analysis, 

50 RAPD and 30 ISSR primers were screened [41]. 

 

RESULTS  

 

Quantification of DNA is commonly used to 

determine the average concentrations of nucleic acid 

present in the mixture. In this research, we have 

successfully isolated good yield of DNA from young 

leaves of G. superba (mother plant and 
micropropagated plants). Quantity and quality of the 

DNA samples were evaluated by measuring 

absorbance at 260 nm and 280 nm using UV-

spectrophotometer. The A260/A280 ratio can be a 

useful tool to indicate the  purity of DNA. A ratio of 

~1.8 is generally accepted as pure DNA, devoid of 
impurities like proteins, polysaccharides and RNA. The 

amount of DNA isolated from various samples ranged 

from 75 to 308 µg/g of leaves (Table 1). 

The quality of DNA was also examined using gel 

electrophoresis (0.8 %) revealing a single discrete band 

at the corresponding position to  phase DNA, 

demonstrating that isolated genomic DNA was of high 
quality and had high molecular weight (greater than 

10000 base pairs). It was intact, also free from 

mechanical or enzymatic degradation and RNA 

contamination. 

The suitability of the extracted DNA was checked 

for downstream analysis using PCR based markers, of 
which only 10 RAPD and 7 ISSR primers yielded a 

total of 98 clear, distinct and reproducible amplicons, 

as described in our previous study [41] (Fig. 1). 

Finally, our protocol is simple, rapid, inexpensive and 

yields high DNA concentration using low amount of 
plant tissue. 
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Table 1. Quantity and quality of isolated genomic DNA of G. superba leaves. 
 

Samples A260 nm A280 nm Ratio of 

A260/A280 

Conc. of DNA 

(µg/µL) 
Yield in µg/g of 

leaves 

Mother Plant 0.30 0.20 1.5 0.75 125 
Plant 1 0.28 0.14 2.0 0.70 116 
Plant 2 0.74 0.40 1.8 1.85 308 
Plant 3 0.37 0.22 1.7 0.92 154 
Plant 4 0.22 0.12 1.8 0.55 92 
Plant 5 0.28 0.16 1.7 0.70 116 
Plant 6 0.56 0.29 1.9 1.40 233 
Plant 7 0.18 0.11 1.7 0.45 75 
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 A. RAPD-GCC139 B. ISSR-GCC847  
Figure 1. PCR profiles of G. superba plants with primers (A) RAPD- GCC139; (B) ISSR- GCC847 

Lane L: represents the 1-kb ladder; lane M, 1-7: G. superba plantlets. 

 
DISCUSSION 

 

DNA isolation is a fundamental requirement in the 

field of plant molecular biology [19]. The quality of the 
isolated DNA directly influence the findings of each 

and every subsequent scientific research [24, 31]. 

Earlier, the process of DNA isolation and purification 

were used to be difficult and time consuming but 

currently many specialised methods based on different 

secondary metabolites and suitable buffer have been 
developed [28].  

A suitable choice of leaf tissue is important to 

obtain high-quality DNA. Meristmatic region having 

the most dividing and young cells is the right choice 

due to their low concentration of secondary metabolites 

[5, 26]. UV spectrophotometers are commonly used to 
estimate the purity of a solution of nucleic acids [25]. 

The concentration of NaCl in buffer helps in the 

removal of proteins that are attached to the DNA, while 

EDTA is a chelating agent commonly used to eliminate 

contaminating divalent cations and to inhibit protease 

activity with less DNA degradation [9]. Strong 
reducing agents like β-Mercaptoethanol that acts on 

disulfide bonds are necessary for denaturing proteins 

while causing less DNA deterioration [34]. The 

extraction buffer causes lysis of membranes and the 

release of DNA from cellular organelles [37, 38]. The 
separation of contaminants into the organic phase and 

genomic DNA into the aqueous phase is facilitated by 

a mixture of chloroform and isoamyl alcohol [8, 23, 

29]. The optimization of plant tissue quantity per unit 

volume of extraction buffer has an impact on genomic 

DNA isolation. A proper balance between the amount 

of plant tissue and the volume of the extraction buffer 

would reduce the the possibility of interfering of 

contaminants with the DNA pellet [21, 23]. 

The most efficient method for resolving DNA 
fragments according to their molecular weight or 

conformation in a solid support medium is agarose gel 

electrophoresis. The intact band of genomic DNA was 

observed in the gel by staining with ethidium bromide 

[22]. DNA samples are loaded into wells, seen as dark 

slots at the one end (top) of the gel. During this 
process, smaller fragments migrate faster than larger 

ones because the gel has sieving properties so that 

DNA molecules of different sizes are separated into 

distinct bands [32]. 

The success of the DNA purification depends on 

the restriction and ease-of-use of enzymes like 
polymerase and ligase. However, the presence of 

different polyphenolic compounds, polysaccharides, 

alkaloids, tannins and other metabolites in medicinal 

plants produce a gelatinous mass with nucleic acids, 

thereby inhibiting the action of Taq polymerase [15]. 

Similarly, mucilage, a polar glycoprotein found in 
tubers and seeds, also interferes the accurate pipetting 

of DNA, which causes volumetric errors [10]. The 

efficacy of isolated genomic DNA, devoid of 

interfering compounds, was further validated by PCR 

amplification or restriction digestion. PCR is a reliable 
method for in vitro selective amplification of certain 

genomic segments [13]. A standardized DNA isolation 

approach became necessitate in order to examine the 

genetic integrity of in vitro plants [4, 6, 11, 17, 18]. 

Our findings confirmed that the DNA was devoid of 

contamination with polysaccharides and polyphenols, 
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which might otherwise inhibit Taq DNA polymerase 

and restriction endonucleases from working properly 
[2, 14]. Such downstream molecular manipulations are 

not possible without high quality DNA [36]. 

In conclusion, the prescribed modifications in the 

this experimental study has established a basic, rapid, 

and effective standardized procedure for DNA 

extraction from medicinal crops which are rich in 
secondary metabolites. These modifications can be of 

great value for producing pure and high-quality DNA 

appropriate to be used for further molecular 

investigations. Moreover, it highlights its applicability 

for various other applications for management of 

genetic resources, biodiversity conservation, cultivar 
identification, genetic variability, phylo-genetic 

relationships and in genome mapping. 

 
Acknowledgements. The authors are grateful to Kurukshetra 

University, India for providing laboratory facilities and other 
institutional support to carry out this research work. Funding for this 
work came from the UGC, New Delhi in the form of Major Research 
Project. Thanks are also owed to Dr. Anita Grewal and Rakesh 
(U.I.E.T., Kurukshetra University) for assistance during the study. 
We also extend our gratitude to Govind K Vyas (Chemind Diagnosis 
& Biosolutions, Jaipur, Rajasthan) for extending their facility in this 
work. 

Conflict of interest. There is no actual or potential conflict of 
interest in relation to this article. 

 

REFERENCES 
 
[1] Aboul-Maaty, N.A.F., Oraby, H.AS., (2019): Extraction 

of high-quality genomic DNA from different plant orders 

applying a modified CTAB-based method. Bulletin of the 
National Research Centre, 43: 25. 

[2] Ahmad, S.M., Ganaie, M.M., Qazi, P.H., Verma, V., 
Basir, S.F., Qazi, G.N., (2004): Rapid DNA isolation 
protocol for angiospermic plants. Bulgarian Journal of 

Plant Physiology, 30: 25-33. 
[3] Alberts, B., Johnson, A., Lewis, J., Raff, M.,Roberts, K., 

Walter, P., (2002): Molecular Biology of the Cell. 4th 
edition. Garland Science, New York, 1616 p. 

[4] Bakhshipour, M., Mafakheri, M., Kordrostami, M., Zakir, 
A., Rahimi, N., Feizi, F., Mohseni, M., (2019): In vitro 
multiplication, genetic fidelity and phytochemical 
potentials of Vaccinium arctostaphylos L.: An 

endangered medicinal plant. Industrial Crops and 
Products, 141: 111812. 

[5] Channarayappa, (2007): Molecular Biotechnology, 
Principles and Practices. 1st Edn., Taylor & Francis, 

1228 p.  
[6] Clapa, D., Borsai, O., Hârța, M., Bonta, V., Szabo, K., 

Coman, V., Bobiș, O., (2020): Micropropagation, genetic 
fidelity and phenolic compound production of Rheum 

rhabarbarum L. Plants, 9: 656. 
[7] Doyle, J.J., Doyle, J.L., (1990): Isolation of plant DNA 

from fresh tissue. Focus, 12: 13. 
[8] Doyle, J.J., Doyle, J.L., (1987): A rapid DNA isolation 

procedure for small quantities of fresh leaf tissue. 
Hytochemical ulletin, 19: 11-15. 

[9] El-Ashram, S., Al Nasr, I., Suo, X., (2016): Nucleic acid 
protocols: Extraction and optimization. Biotechnology 

Reports, 12: 33-39. 
[10] Ghosh, R., Paul, S., Ghosh, S.K., Roy, A., (2009): An 

improved method of DNA isolation suitable for PCR-
based detection of begomoviruses from jute and other 

mucilaginous plants. Journal of Medical Virology, 159: 
34-39. 

[11] Ginwal, H.S., Maurya, S.S., (2009): Evaluation and 

optimization of DNA extraction method for Dalbergia 

sissoo leaf. Indian Journal of Biotechnology, 9: 69-73. 
[12] Groach, R., Yadav, K., Singh, N., (2022): Actions for 

ex-situ conservation of Saussurea lappa (Decne.) Clarke. 

Analele Universităţii din Oradea, Fascicula Biologie, 18: 
23-28. 

[13] Gupta, N., (2019): DNA extraction and polymerase 
chain reaction. Journal of Cytology, 36: 116-117. 

[14] Hassan, R., Husin, A., Sulong, S., Yusoff, S., Johan, 
M.F., Yahaya, B.H., Ang, C.Y., Ghazali, S., Cheong, 
S.K., (2015): Department of Standard Malaysia, MOSTI. 
Guidelines for nucleic acid detection and analysis in 
hematological disorders. The Malaysian Journal 

of Pathology, 37: 165-173. 
[15] Hussein, R.A., El-Anssary, A.A., (2019): Plants 

secondary metabolites: The key drivers of the 
pharmacological actions of medicinal plants. In: Genetic 

Diversity in Plants, Builders, P.F. (Ed.), IntechOpen 
Limited, London, SW7 2QJ. United Kingdom, doi: 
10.5772/intechopen.76139, pp. 11-30. 

[16] Jana, S., Shekhawat, G.S., (2011): Critical review on 

medicinally potent plant species: Gloriosa superba. 
Fitoterapia, 82: 293-301. 

[17] Kadapatti, S.S., Murthy, H.N., (2021): Rapid plant 
regeneration, analysis of genetic fidelity, and 

neoandrographolide content of micropropagated plants 
of Andrographis alata (Vahl) Nees. Journal of Genetic 
Engineering and Biotechnology, 19: 20. 

[18] Kader, A., Sinha, S.N., Ghosh, P., (2022): Clonal 

fidelity investigation of micropropagated hardened 
plants of jackfruit tree (Artocarpus heterophyllus L.) 
with RAPD markers. Journal of Genetic Engineering 
and Biotechnology, 20: 145. 

[19] Kalendar, R., Boronnikova, S., Seppänen, M., (2021): 
Isolation and purification of DNA from complicated 
biological samples. Molecular Plant Taxonomy, 2222: 
57-67.  

[20] Khanam, P.S., Sangeetha, B., Kumar, B.V., Kiran, U., 
Priyadarshini, P.I., Ram, R., Sridhar, M.S., Kumar, V.S., 
(2015): Gloriosa superba ingestion: Hair loss and acute 
renal failure. Indian Journal of Nephrology, 25: 174-176. 

[21] Križman, M., Jakše, J., Baričevič, D., Javornik, B., 
Prošek, M., (2006): Robust CTAB-activated charcoal 
protocol for plant DNA extraction. Acta Agriculturae 
Slovenica, 87: 427-433. 

[22] Lee, P.Y., Costumbrado, J., Hsu, C.Y., Kim, Y.H., 

(2012): Agarose gel electrophoresis for the separation of 
DNA fragments. Journal of Visualized Experiments, 20: 
3923. 

[23] Moyo, M., Amoo, S.O., Bairu, M.W., Finnie, J.F., Van 

Staden, J., (2008): Optimising DNA isolation for 
medicinal plants. South African Journal of Botany, 74: 
771-775. 

[24] Nagori, R., Sharma, P., Habibi, N., Purohit, S.D., 

(2014): An efficient genomic DNA extraction protocol 
for molecular analysis in Annona reticulata. National 
Academy Science Letters, 37: 137-140. 

[25] Nieman, R.H., Poulsen, L.L., (1963): 

Spectrophotometric estimation of nucleic acid of plant 
leaves. Plant Physiology, 38: 31-35. 

[26] Priyadharshini, B., Vignesh, M., Prakash, M., Anandan, 
R., (2019): Comparison of methods for genomic DNA 

extraction suitable for whole-genome genotyping in 



Analele Universităţii din Oradea, Fascicula Biologie                         Original Paper                     Tom. XXX, Issue: 2, 2023, pp. 125-129 

 129 

traditional varieties of rice. Agricultural Science Digest, 
39: 228-231. 

[27] Singh, M., Rajput, M., Yadav, K., Singh, N., (2022): 

Evaluation of antimicrobial activity and phytochemical 
qualitative analysis of Ephedra foliata Boiss. ex C.A. 
Mey. Herba Polonica, 68: 69-75. 

[28] Sahu, S.K., Thangaraj, M., Kathiresan, K., (2012): DNA 

extraction protocol for plants with high levels of 
secondary metabolites and polysaccharides without 
using liquid nitrogen and phenol. ISRN Molecular 
Biology, 14: 205049. 

[29] Sharma, R., Mahla, H.R., Mohapatra, T., Bhargava, 
S.C., Sharma, M.M., (2003): Isolating plant genomic 
DNA without liquid nitrogen. Plant Molecular Biology, 
21: 43-50. 

[30] Sharma, M.M., Verma, R.N., Singh, A., Batra, A., 

(2014): Assessment of clonal fidelity of Tylophora 

indica (Burm. f.) Merrill "in vitro" plantlets by ISSR 
molecular markers. Springerplus, 3: 400. 

[31] Tan, S.C., Yiap, B.C., (2009): DNA, RNA, and protein 

extraction: the past and the present. Journal of 
Biomedicine and Biotechnology, 2009: 574398. 

[32] Tantray, J.A., Mansoor, S., Wani, R.F.C., Nissa, N.U., 
(2023): Agarose gel electrophoresis. In: Basic Life 

Science Methods, Academic Press, pp. 103-106. 
[33] Teoh, E.S., (2015): Secondary metabolites of plants. 

Medicinal Orchids of Asia, 5: 59-73.  
[34] Tiwari, K.L., Jadhav, S.K., Gupta, S., (2012): Modified 

CTAB technique for isolation of DNA from some 
medicinal plants. Research Journal of Medicinal Plants, 
6: 65-73. 

[35] Trigodet, F., Lolans, K., Fogarty, E., Shaiber, A., 
Morrison, H.G., Barreiro, L., Jabri, B., Eren, A.M., 
(2022): High molecular weight DNA extraction 

strategies for long-read sequencing of complex 
metagenomes. Molecular Ecology Resources, 22: 1786-
1802.  

[36] Varma, A., Padh, H., Shrivastava, N., (2007): Plant 

genomic DNA isolation: an art or a science. 
Biotechnology Journal, 2: 386-392. 

[37] Wang, X., Xiao, H., Zhao, X., Li, C., Ren, J., Wang, F., 
Pang, L., (2012): Isolation of high-quality DNA from a 

desert plant Reaumuria soongorica. In: Genetic 
Diversity in Plants, Caliskan, M. (Ed.), IntechOpen 
Limited, London, SW7 2QJ. United Kingdom, doi: 
10.5772/38367, pp. 1-14.  

[38] Weising, K., Nybom, H., Wolff, K., Kahl, G., (2005): 

DNA fingerprinting in plants: Principles, methods and 
applications, 2nd ed. CRC Press, Boca Raton, 472 p. 

[39] Wink, M., (2022): Modes of action of herbal medicines 
and plant secondary metabolites. Medicines (Basel), 2: 

251-286.  
[40] Yadav, K., Singh, N., (2011): In vitro propagation and 

biochemical analysis of field established wood apple 
(Aegle marmelos L.). Analele Universităţii din Oradea, 

Fascicula Biologie, 18: 23-28. 
[41] Yadav, K., Aggarwal, A., Singh, N., (2013): Evaluation 

of genetic fidelity among micropropagated plants of 
Gloriosa superba L. using DNA-based markers-a 

potential medicinal plant. Fitoterapia, 89: 265-270.  

 

 
 

Received: June 21, 2023 
Accepted: August 31, 2023 

Published Online: September 18, 2023 
Analele Universităţii din Oradea, Fascicula Biologie 
https://www.bioresearch.ro/revistaen.html  
Print-ISSN: 1224-5119 

e-ISSN: 1844-7589 
CD-ISSN: 1842-6433 
University of Oradea Publishing House 

 


