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Abstract 

Background: The present study was designed to develop an improved in vitro regeneration system for Dioscorea 
bulbifera using mature nodal explants. Direct organogenesis from nodal segments was achieved by culturing the 
nodal explants on Murashige and Skoog medium supplemented with 3.5  mgl−1 6-benzylaminopurine (BAP). Shoot 
multiplication was widely affected by the kind and concentration of plant growth regulators, and the sub-culturing of 
in vitro regenerated shootlets on fresh medium. After incubation for 4 weeks at optimum BAP concentration, cultures 
were transferred to secondary medium with BAP (optimized concentration) supplemented with different auxins.

Results: On medium with 3.5  mgl−1 6-benzylaminopurine, maximum regeneration (87 ± 1.85%) with an aver-
age shoot number of 2.0 ± 0.08, and length of 3.5 ± 0.04 cm were observed after 4 weeks of incubation. Maximum 
number of shoots (3.9 ± 0.21) was observed with 3.5  mgl−1 BAP in combination with 0.75  mgl−1 indole-3-acetic acid. 
The best root formation was observed on ½ MS medium supplemented with 0.75  mgl−1 α-naphthalene acetic acid, 
with 4.7 ± 0.03 roots per shoot. The well-rooted plantlets were successfully acclimatized in with 100% survival rate. 
The plantlets grew well with normal growth, flowering and showed, by High performance thin layer chromatography, 
almost same number of phytoconstituents compared with the mother plant.

Conclusions: This is the first study on comparative phytochemical analysis of wild growing and in vitro regenerated 
plants of D. bulbifera which validates the medicinal and nutritional properties of in vitro raised plants.
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Background
Dioscorea bulbifera L. (Dioscoreaceae) is a glabrous 
non spiny annual climber, which grows up to 12 m or 
more. It is distributed globally throughout moist trop-
ics and extending to warm temperature regions. It is 
mostly distributed in Asia and Africa in the wild and 
commonly naturalized in Central and South America, 
Nepal, and China. It is a source of diosbulbins as major 

phytochemicals [40, 44]. Other phytochemicals of 
immense importance include flavonoids, carotenoids, 
bafoudiosbulbins, steroidal saponins, and essential amino 
acids [6, 41]. Diosgenin (steroidal saponin) in this plant 
have gained interest in pharmaceutical industry as pre-
cursor for the synthesis of sex hormones, fertility control 
drugs, cardiatonic glucosides, and corticosteroids [3]. In 
India, it is used for the treatment of piles, syphilis, ulcers, 
dysentery, and inflammation [18, 42]. Various parts 
of this plant are used to treat various ailments such as 
tumors, leprosy, struma, sores, sore throat, and wounds 
worldwide [9, 23, 28]. The species exhibit anthelmintic, 
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antioxidant, diuretic, rejuvenating, purgative, antidia-
betic, and aphrodisiac properties [4]. Dioscorea bul-
bifera has a constricted germplasm base and is being 
continuously exploited for its nutritional and medicinal 
potential. Besides this, other anthropogenic activities 
and non-scientific harvesting also causes a severe threat 
to the survival of this species as it has low fruit setting 
rate and poor seed germination [1]. Vegetative propaga-
tion (through tuber and bulbils) is the common means 
of multiplication but insufficient to fulfil the demand of 
tribal people and pharmaceutical industry. Therefore, it is 
imperative to develop a rapid propagation method which 
can ensure increment of commercial production of D. 
bulbifera at commercial scales. Therefore, an attempt was 
made to develop an efficient and improved in vitro prop-
agation protocol for D. bulbifera using nodal explants 
obtained from mature plant. In the present study, shoot 
regeneration rate was very high in comparison to the 
earlier studies on this plant. Although many reports on 
micropropagation of D. bulbifera are available, there is 
no report on comparative phytochemical analysis of wild 
growing and in vitro micropropagated plants of this plant 
in order to ensure the medicinal and nutritional proper-
ties of in vitro regenerated plants. The study described an 
efficient plant regeneration method by direct organogen-
esis of nodal segment explants, screening of secondary 
metabolites, and comparative analysis of mother plants 
and micropropagated plants.

Methods
Micropropagation
Explant source and surface sterilization of explants
Mature 1–2-cm-long nodal explants were collected from 
mature elite plants maintained in the Medicinal Plant 
garden, Jiwaji University, Gwalior. A voucher specimen 
(IOE-451) was deposited in the herbarium of Institute 
of Ethnobiology, Jiwaji University, Gwalior. The explants 
were washed for 15 min with running tap water. The 
explants were then washed with 4% (v/v) Tween-20 (SRL, 
Pvt. Ltd., Mumbai, India) for 5 min and dipped in 2% 
(w/v) Bavistin solution (BASF India Ltd., Mumbai, India) 
for 5 min and washed with autoclaved distilled water 
3–5 times. Explants were then surface sterilized with 
freshly prepared 0.1% (w/v) aqueous  HgCl2 (SRL, Mum-
bai, India) for 3 min with constant shaking in laminar 
flow cabinet. The explants were finally rinsed thrice with 
sterilized distilled water to remove  HgCl2 traces prior to 
inoculation.

Medium composition, culture conditions, and shoot initiation
Murashige and Skoog [27] medium (MS) was fortified 
with BAP, KIN and TDZ ranging from 0.5 to 5.0  mgL−1, 
and 3% (w/v) sucrose (Himedia) as carbon source and 

0.8% (w/v) agar (Himedia, India) as gelling agent. The 
media pH was maintained at 5.65 to 5.75 using 0.1 N 
NaOH or 0.1 N HCl. The medium (approx. 20–25 mL) 
was poured into 50 mL culture tubes or 100 mL culture 
flasks, before autoclaving at 121 °C and 15 psi pressure 
for 15–25 min The cultures were incubated at 25 ± 2 °C 
and 55 ± 2% relative humidity under 16/8 h (light/ dark) 
photoperiod in cool white fluorescent light (1800–2000 
lux) intensity for shoot induction. After inoculation, 
these cultures were maintained for 4 weeks in incubation 
room. Regenerated multiple shoots were then transferred 
to the fresh medium after 4 weeks interval for further 
proliferation and elongation of developed shoots. The 
shoot multiplication was observed by counting of prolif-
erated shoots. Further sub-culturing was made only on 
medium which showed maximum shoot multiplication.

Elongation and multiplication of shoots
In order to evaluate the effect of secondary medium on 
elongation and multiplication of shoots, the explants 
grown on medium supplemented with optimized con-
centrations of BAP and KIN were further transferred 
either to hormone-free MS medium or MS medium sup-
plemented with BAP and KIN alone or in combination of 
indole-3-acetic acid (IAA), indole-3-butyric acid (IBA), 
or α-naphthalene acetic acid (NAA), ranging from 0.25 to 
1  mgL−1 to evaluate the effect of the secondary medium 
on growing cultures for elongation and multiplication of 
shoots. The cultures were sub-cultured onto similar fresh 
medium every 4 weeks up to a maximum of four subcul-
tures. These results were recorded after four subcultures.

In vitro rooting and acclimatization
For in  vitro rhizogenesis, healthy elongated shoots hav-
ing 2−3 nodes were cut out from the cultures and trans-
ferred to full or ½MS medium with 3% sucrose and 0.8% 
(w/v) agar fortified with different auxins (IAA, IBA, 
and NAA). Rooted plantlets removed from the culture 
medium were washed gently under running tap water 
to remove the agar traces. These plantlets were then 
transferred in plastic cups having sterilized mixture of 
soil, sand, and vermicompost (1:1:1) and sprinkled with 
½MS basal solution (without inositol and sucrose) every 
5 days for 2 weeks. These potted plantlets were covered 
with transparent plastic cups humidity maintenance and 
kept under the culture room conditions. After 30 days, 
the plantlets were placed in earthen pots containing nor-
mal garden soil and kept under shade in net house for 
advanced growth and development.

Experimental design and statistical analysis
Experiments were set up in a randomized block design 
(RBD) and each experiment had 10 replicates and 
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repeated thrice. In each experiment, 10 explants were 
used for every treatment. Observations were recorded 
for the shoot induction, number of shoots, average shoot 
length, root induction, number of roots and average root 
length. The data was analysed by ANOVA and the signifi-
cance of differences was computed by Duncan’s multiple 
range test (DMRT) at a 0.05% probability level by SPSS 
software (version 16.0).

Phytochemical analysis
Various parts of D. bulbifera such as leaf, stem, and tuber 
were collected from mother plants maintained in the gar-
den and in vitro regenerated plants and used for phyto-
chemical analyses.

Quantitative phytochemical screening
Selected parts of Dioscorea bulbifera (leaf, stem, and 
tuber) were washed with tap water, shade dried at room 
temperature and powdered by an electrical blender. 
These samples were subjected to various analysis meth-
ods for quantification of various phytochemicals like 
total carbohydrate content, total sugar, free sugars and 
starch (Anthrone method), proteins [24], lipids [2], total 
phenols (Folin-Ciocalteau method), alkaloids (Harborne 
method), tannins (Folin Denis method), total flavonoid 
content (aluminium chloride colorimetric method), and 
saponins [31].

Thin layer chromatography
Aluminium plates (Merck 60F254) with pre-coated silica 
gel were used as a stationary phase. The solvent systems 
used as the mobile phase in TLC were hexane:ethyl ace-
tate (7.2:2.9) and chloroform:acetic acid:methanol:water 
(6.4:3.2:1.2:0.8). Ten microliters of each extract was 
applied on TLC plates using capillary tube 2 cm above its 
bottom end. The plates were developed in different sol-
vents separately. After developing, the plate was air dried 
and observed under UV at various wavelengths (254, 
366, and 500 nm). Best solvent system was selected after 
spraying with anisaldehyde–H2SO4.

HPTLC fingerprinting of plant extracts
The best solvent system which showed good separa-
tion and maximum number of spots in TLC analysis 
was selected as the mobile phase for HPTLC. Analysis 
was performed on 10 cm × 10 cm pre-coated silica gel 
plates (60 F254, Merck, Germany). Prior to use, these 
plates were washed with methanol and dried at 120 °C 
for 5 min. One gram (each) of powdered samples was 
refluxed with 10 ml methanol and centrifuged at 3000 
rpm for 5 min programmed by win CATS Planar Chro-
matography Manager for loading the samples. On each 
track 10 μl sample was applied. Six tracks were loaded on 

TLC plates with band length of 7 mm. The track spacing 
was 11.6 mm and scanning speed was 20 mm/s. Sample 
loaded plate was allowed to dry and then placed in TLC 
twin trough chamber for chromatogram development in 
the respective mobile phase up to 80–90 mm. Plate was 
removed from the developing chamber and total migra-
tion of solvent was marked immediately. This was fol-
lowed by drying with dryer to remove the solvent traces. 
The images were captured at visible light, UV 254 nm 
and 366 nm in photo-documentation chamber (CAMAG 
Reprostar-3). The developed plate was sprayed with deri-
vatizing agent anisaldehyde-sulphuric acid and dried at 
100 °C in the hot air oven. The plate was photo-docu-
mented in UV 366 nm mode. Before derivatization, the 
plate was fixed in scanner stage (Camag TLC Scanner 3) 
and scanning was carried out at visible light, UV 254 nm 
and 366 nm (before and after derivatization). The peak 
table, peak display, and peak densitogram were noted. 
The data was evaluated using Win CATS Software.

Results
Micropropagation
Shoot regenration and establishment of cultures
On MS medium supplemented with 3.5 mg  L−1 BAP, 
maximum regeneration (87 ± 1.85%) with an average 
shoot number of 2.0 ± 0.08, and length of 3.5 ± 0.04 
cm were observed after 4 weeks of incubation (Fig. 1A, 
B, Table 1). The rate of shoot induction was quite high in 
comparison to some earlier reports for Dioscorea bulbif-
era. The rate of obtained shoot induction was low when 
MS medium was augmented with KIN and TDZ with 
smaller shoot number and average shoot size.

Effect of plant growth regulators on shoot multiplication
Among the different formulations, BAP (3.5 mg  L−1) in 
combination with 0.75 mg  L−1 IAA improved the multi-
ple shoot induction (87%) with maximum shoot number 
per explant (3.9) and shoot length (2.34 cm) after incuba-
tion of 3 weeks (Fig. 1D, Table 2). From the results, it is 
evident that BAP was highly effective for shoot regenera-
tion as compared to KIN. The efficiency of auxins syner-
gistically with cytokinins for multiple shoot regeneration 
followed the order of effectiveness IAA>IBA or NAA. 
All the three tested auxins showed varied multiple shoot 
induction at different concentrations (0.25–1.0 mg  L−1). 
However, auxin concentration beyond 0.75 mg  L−1 lead 
to reduced shoot induction and average shoot length and 
number.

Effect of auxins on rooting
Among the different strengths of tested MS media, ½MS 
medium proved to be more effective. It was revealed 
that the maximum percentage of rooting (100%) with 
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maximum number of roots (4.7) per shoot and aver-
age root length (4.1 cm) was observed on ½MS medium 
fortified with 0.75 mg  l−1 NAA (Fig. 1E, Table 3). In this 
study, IAA or IBA was less effective than NAA in stimu-
lating rooting.

Acclimatization
Out of rooted mature plantlets which were potted in 
plastic cups containing soil, sand, and vermicompost 
(1:1:1) placed in the green house, 100% survived after 30 
days. The micropropagated plants showed identical mor-
phology and stability, free from evident abnormalities 
(Fig. 1F, G).

Phytochemical analysis
Quantitative estimation
The present study on quantitative estimation showed that 
alkaloids, proteins, phenolics, flavonoids, tannins, lipids 
and carbohydrates were found to exist abundantly in D. 
bulbifera extracts (Table 4). Mostly, the plant samples of 
regenerated plants accumulate higher amount of alka-
loid, phenolic, flavonoid and tannin content wild growing 
plants. In the present study, although the stems of regen-
erated D. bulbifera plant showed increased quantities of 
phytochemicals like phenolics, tannins, and flavonoids, 
the leaves showed slightly smaller content of these phy-
tochemicals than wild growing plants (Fig. 2). The results 

indicated that the leaf and tuber samples of regenerated 
plants possess higher phenolic content as compared to 
wild plants. In our study, lipid (oil) content was smaller 
in analysed parts of micropropagated plants than wild 
growing plants. All the analysed parts except leaves 
showed remarkable increment in the carbohydrate, total 
sugar, free sugar, starch and protein content in micropro-
pagated plants than those of wild growing plants (Fig. 3).

Thin layer chromatography
TLC studies of the methanol extracts of D. bulbifera in 
solvent system 1 showed 12 spots for sample 1 [Tuber 
(wild)]; 14 spots for sample 2 [Leaf (wild)]; 10 spots for 
sample 3 [Stem (wild)]; 13 spots for leaves of in  vitro 
raised plantlets; 10 spots for stem (in vitro) and 11 spots 
in tubers of in vitro raised plants. In solvent system 2, 7 
spots were detected in tubers (wild); 10 spots in leaves 
(wild); 3 spots in stem (wild). Leaves, stem, and tubers of 
in vitro raised plants showed 7, 7, and 10 spots (Table 5). 
TLC plates showed different coloured phytoconstituents 
in methanol extracts of D. bulbifera in both the solvent 
systems. The results revealed presence of greenish, pur-
ple, pink, yellow, blue, and orange bands confirming the 
presence of alkaloids, flavonoids, tannins, glycosides, 
steroids, terpenoids, and saponins. The variation in Rf 
values gives an important evidence in recognizing their 
polarity. In this study, two different solvents were used, 

Fig. 1 A, B Induction of shoots from the nodal explants on MS medium supplemented with 3.5 mg  L−1 BAP. C Induction of shoots from the nodal 
explants on MS medium supplemented with 2.5 mg  L−1 KIN. D Shoot multiplication on MS medium + 3.5 mg  L−1 BAP and 0.75 mg  L−1 IAA. E 
In vitro rooting on ½MS medium + 0.75 mg  L−1 NAA. F Plantlets in plastic cups. G Acclimatized plantlets ready for field transfer
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and better separation was achieved with hexane:ethyl 
acetate (7.2:2.9). TLC profile of methanol extracts showed 
remarkable results that gives the clue for the presence of 
various phytochemicals.

HPTLC fingerprinting
HPTLC fingerprinting profile indicated that these con-
tain appreciable number of active phytoconstituents in 
their methanolic extracts by showing various color bands 
at various wavelengths with specific solvent systems 
(mobile phases), representing the presence of particular 
phytocompounds. The HPTLC chromatograms indicate 
that all constituents in the analysed samples were clearly 
separated without any tailing and diffuseness. HPTLC 

fingerprinting profile of various parts (leaves, stem, and 
tubers) of both wild growing and in vitro raised D. bulbif-
era plants at various wave lengths showed good similarity 
in their components. A comparative screening of metha-
nolic extracts of samples of both wild and micropropa-
gated plants exhibited multiple bands with different Rf 
values; where at 254 nm (Fig. 4A) 7 bands were observed 
in extract of its tuber (wild) and 8 bands in tuber (in vitro 
raised). Leaf samples (wild) showed 11 bands, while as 
10 bands were observed in leaves of micropropagated 
plants. Extracts from stem (wild) displayed 7 bands, con-
trastingly when compared to that of stem of micropro-
pagated plant, only 4 peaks were observed. At 366 nm, 
methanol extract of tuber (wild) showed 3 bands, while 

Table 1 Effect of cytokinins on shoot induction from nodal segment explants

Mean separation was analyzed by ANOVA using SPSS software (16.0) and significance of variations between the concentrations was studied using DMRT at 0.5 % level

Concentration of cytokinins (mg  L−1) Frequency of regeneration
(% ± SE)

Shoot number
(mean ± SE)

Shoot length (cm)
(mean ± SE)

BAP KIN TDZ

00 – – 0 ± 0.00 0.0 ± 0.00 0.0 ± 0.00

0.5 – – 54 ± 1.85fghi 1.2 ± 0.08efgh 1.2 ± 0.13egh

1.0 – – 54 ± 1.85eghi 1.4 ± 0.12g 1.1 ± 0.22efg

1.5 – – 59 ± 1.85fghi 1.4 ± 0.06g 1.4 ± 0.32egh

2.0 – – 52 ± 1.85cefghij 1.4 ± 0.18g 1.6 ± 0.07egh

2.5 – – 63 ± 1.85abdfghi 1.6 ± 0.18a 2.8 ± 0.20abcdehij

3.0 – – 72 ± 2.99abcdegj 1.7 ± 0.16aij 1.7 ± 0.11be

3.5 – – 87 ± 1.85abcdefhij 2.  ± 0.08abcdefhij 3.5 ± 0.04abcdefij

4.0 – – 73 ± 3.33abcdegj 1.7 ± 0.13aij 3.5 ± 0.09abcdefij

4.5 – – 76 ± 1.85abcdeij 1.3 ± 0.06fgh 1.4 ± 0.01egh

5.0 – – 59 ± 1.84dfghi 1.2 ± 0.15fgh 1.5 ± 0.04egh

– 0.5 – 41 ± 1.85defgh 1.1 ± 0.08ceg 1.3 ± 0.68bcdeg

– 1.0 – 50 ± 3.21deghj 1.3 ± 0.06e 2.8 ± 0.38ahij

– 1.5 – 43 ± 1.85degh 1.6 ± 0.06adfhij 2.4 ± 0.17aij

– 2.0 – 67 ± 3.21abcefghij 1.2 ± 0.08ce 2.4 ± 0.14aij

– 2.5 – 87 ± 1.85abcdfhij 1.7 ± 0.11abdfghij 3.1 ± 0.16afhij

– 3.0 – 57 ± 4.90acdeghij 1.2 ± 0.11ce 1.8 ± 0.51e

– 3.5 – 85 ± 3.70abcdfhij 1.4 ± 0.05ae 2.6 ± 0.44aij

– 4.0 – 76 ± 1.85abcdfgij 1.3 ± 0.06ce 1.7 ± 0.08be

– 4.5 – 44 ± 3.21defgh 1.3 ± 0.14ce 1.2 ± 0.07bcdeg

– 5.0 – 39 ± 3.21bdefgh 1.2 ± 0.10ce 0.9 ± 0.06bcdeg

– – 0.5 35 ± 1.85c 1.1 ± 0.08bcdehi 0.9 ± 0.06cefghj

– – 1.0 35 ± 1.91c 1.3 ± 0.03a 0.5 ± 0.05dehi

– – 1.5 46 ± 1.93abdgij 1.3 ± 0.05a 0.6 ± 0.05acde

– – 2.0 37 ± 3.70cj 1.5 ± 0.03afg 0.9 ± 0.06bcefghij

– – 2.5 39 ± 3.21j 1.4 ± 0.13afg 1.1 ± 0.05abcdfghij

– – 3.0 41 ± 3.70j 1.1 ± 0.11dehi 0.6 ± 0.09ade

– – 3.5 33 ± 0.00c 1.1 ± 0.11dehi 0.6 ± 0.01ade

– – 4.0 41 ± 3.70j 1.4 ± 0.07afg 0.7 ± 0.03abde

– – 4.5 33 ± 6.41c 1.4 ± 0.07afg 0.7 ± 0.01bdej

– – 5.0 28 ± 3.21cdefh 1.3 ± 0.15 0.5 ± 0.01adei
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as in vitro raised tubers showed 2 bands. Likewise, stem 
extracts (wild) exhibited 7 bands and only 5 bands were 
recorded in stem extract (micropropagated) (Fig. 4B). At 
500 nm, same number of bands (7) was displayed by both 
the tuber samples (wild and micropropagated). Metha-
nolic extracts of both leaf samples displayed 12 bands 
each. However, stem extracts (wild) displayed more 
bands (9) than that of stem of micropropagated plants 
(6) (Fig.  4C). However, at 366 nm after derivatization, 
the extracts of D. bulbifera tubers obtained from wild 
and micropropagated plants displayed 12 and 11 bands. 

Similarly, at 366 nm after derivatization, the leaf (wild) 
extracts revealed 14 bands and that of micropropagated 
plants showed 13 bands. On the other hand, stem (wild 
and micropropagated) showed 3 bands each. In compari-
son to the banding pattern at 245 and 366 nm, screening 
of all the extracts at 500 nm showed maximum number 
of bands. Similarly, while screening of extracts at 366 nm 
(after derivatization), the maximum bands were recorded 
in comparison to the banding patterns observed at 
254, 366, and 500 nm (Fig. 4D). These results indicate the 
presence of similar nature of phytoconstituents in both 
types of samples.

Discussion
Dioscorea bulbifera is a seasonal medicinal plant, which 
appears with the beginning of rainy season. Explants col-
lected in August–September responded well in  vitro. 
Nodal segments are the preferred explant type used in 
numerous investigations for culture initiation of medici-
nal plants [14, 22, 29, 34, 38]. These explants are found to 
be superior for in vitro regeneration with retained genetic 
stability [37]. The rate of shoot induction is quite high on 
MS medium supplemented with BAP in comparison to 
medium augmented with KIN and TDZ. BAP has been 
reported as the most effective cytokinin in a large number 
of in vitro studies. Structural stability and easy assimila-
tion of BAP by the plant cells make it prominent among 
the cytokinins. Similar results have also been reported 
in many other plant species like Eclipta alba [33], Stevia 
rebaudiana [43], Ceropegia evansii [8] Bacopa monnieri 
[19] and Morinda citrifolia [38] in which explants from 
the medium containing BAP exhibited greater potential 

Table 2 Effect of selected BAP concentration and different auxin concentrations on shoot multiplication of Dioscorea bulbifera on MS 
medium

Mean separation was analyzed by ANOVA using SPSS software (16.0) and significance of variations between the concentrations was studied using DMRT at 0.5 % level

BAP (mg  L−1) IAA (mg  L−1) IBA (mg  L−1) NAA (mg  L−1) Frequency of shoot 
multiplication
(% ± SE)

Shoot number 
(mean ± SE)

Shoot length (cm)
(mean ± SE)

3.5 0.25 − − 67 ± 3.33cd 2.0 ± 0.09bc 3.3 ± 0.10cd

3.5 0.50 − − 70 ± 5.77cd 2.5 ± 0.12acd 3.5 ± 0.05cd

3.5 0.75 − − 87 ±  3.33abd 3.9 ± 0.21abd 4.8 ± 0.12abd

3.5 1.0 − − 43 ± 3.33abc 1.9 ± 0.08bc 2.4 ± 0.06abc

3.5 − 0.25 − 57 ± 3.33 2.0 ± 0.21b 2.1 ± 0.02bd

3.5 − 0.50 − 67 ± 3.33cd 2.7 ± 0.17acd 2.9 ± 0.05acd

3.5 − 0.75 − 53 ± 6.67b 2.3 ± 0.03b 2.1 ± 0.06bd

3.5 − 1.0 − 50 ± 5.77b 2.2 ± 0.10b 1.5 ± 0.03abc

3.5 − − 0.25 73 ± 3.33cd 1.3 ± 0.13bc 3.2 ± 0.02bcd

3.5 − − 0.50 80 ± 5.77cd 2.0 ± 0.15a 4.5 ± 0.09acd

3.5 − − 0.75 50 ± 5.77ab 1.8 ± 0.32a 2.4 ± 0.11ab

3.5 − − 1.0 43 ± 3.33ab 1.6 ± 0.19 2.2 ± 0.04ab

Table 3 Effect of different auxins on in vitro root induction of 
Dioscorea bulbifera on ½MS medium

Values represent means ± SE. Means followed by the same letter within columns 
are not significantly different (P = 0.05) using Duncan’s multiple range test

Auxins 
concentrations
(mg  L−1)

Frequency of 
rooting
(% ± SE)

Root number
(mean ± SE)

Root length (cm)
(mean ± SE)

Control 0 0 ± 0.00 0.0 ± 0.00 0.0 ± 0.00

IAA 0.25 60 ± 5.77b 2.9 ± 0.28 1.3 ± 0.15bc

0.50 93 ± 3.33acd 3.1 ± 0.19 2.8 ± 0.18acd

0.75 67 ± 3.33b 3.0 ± 0.24 2.2 ± 0.03abd

1.0 70 ± 0.00b 2.7 ± 0.10 1.3 ± 0.20bc

IBA 0.25 77 ± 3.33cd 2.3 ± 0.08c 1.6 ± 0.12bcd

0.50 80 ± 0.00cd 2.5 ± 0.15c 2.1 ± 0.08ac

0.75 97 ± 3.33abd 3.5 ± 0.05abd 4.1 ± 0.03abd

1.0 67 ± 3.33abc 2.6 ± 0.14c 2.1 ± 0.02ac

NAA 0.25 70 ± 5.77bc 2.7 ± 0.23c 1.0 ± 0.05bcd

0.50 90 ± 5.77ad 3.2 ± 0.11c 2.3 ± 0.03ac

0.75 100 ± 0.00ad 4.7 ± 0.03abd 4.1 ± 0.05abd

1.0 73 ± 3.33bc 2.8 ± 0.13c 2.1 ± 0.15ac
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for shoot regeneration than those from the media sup-
plemented with other cytokinins (KIN and TDZ). Rela-
tive concentration of cytokinins and auxins in the growth 
medium also regulates the shoot induction and differ-
entiation. The efficiency of auxins to promote shoot dif-
ferentiation when combined with cytokinins was also 
found conspicuous in this study. A high concentration 
of cytokinin when fortified with low auxin concentra-
tions showed promising results for the shoot induction 
and multiplication in D. bulbifera. From the results, it is 
evident that BAP was highly effective for shoot regen-
eration as compared to KIN, which is in agreement with 
the study of Lupi and his coworkers on Helianthus annus 
[25]. Synergistic effect of BAP when combined with an 
auxin has been confirmed in many medicinal plant spe-
cies from the genus Dioscorea, viz. Dioscorea alata, D. 
hispida, and D. fordii [5, 12, 45]. In compliance with these 
findings, the present study also demonstrated enhanced 
shoot induction obtained using a combination of a cyto-
kinin and auxin. The efficiency of auxins synergistically 
with cytokinins for multiple shoot regeneration followed 
the order of effectiveness IAA>IBA or NAA. The advan-
tage of IAA in comparison to other auxins (IBA and 
NAA) for shoot multiplication has also been reported 
in Ceropegia evansii [8] and Nilgirianthus ciliates [32]. 
All the three tested auxins showed varied multiple shoot 
induction at different concentrations. However, auxin 
concentration beyond 0.75 mg  l−1 lead to reduced shoot 
induction and average shoot length and number. These 
results are quite similar with the recent studies in Cerope-
gia evansii [8], in which the stimulatory effect of BAP and 
IAA combination resulted in the increased regeneration 
frequency and multiple shoot formation. Among the 
different strengths of MS media tested, ½ MS medium 
proved to be more effective. The favorable effects of low 

concentrations of MS media along with auxins have been 
observed to induce rooting in shoots of Myrica esculenta 
[7] and Rauwolfia serpentina [35]. In this study, IAA or 
IBA were less effective than NAA in stimulating root-
ing. Similar results were also found in previous studies on 
some medicinally important plant species such as Abutilon 
ranadei [39] and Nopalxochia ackermannii [13].

Quantitative estimation showed that the in vitro plant 
samples accumulate higher amount of alkaloid, phenolic, 
flavonoid, and tannin content in comparison to samples 
of wild growing plants. Few workers have reported the 
higher quantities of phytochemicals mostly secondary 
metabolites in the micropropagated plants, such as in 
Tulbaghia violacea and Thymus lotocephalus [10, 30]. In 
the present study, although the in vitro regenerated plant 
samples showed increased quantities of phytochemi-
cals, phenolic, tannin, and flavonoid content in stem and 
leaves (tannin content) were found in slightly smaller 
amounts. The results indicated that the leaf and tuber 
samples of in vitro regenerated plants possess higher phe-
nolic content in comparison to wild plant. Similar results 
have been observed in some plant species like, Saussurea 
involucrate [17] and Habenaria edgeworthii [16] where in 
in vitro plants, phenolic content was higher than those of 
wild plant. In our study, lipid (oil) content was decreased 
in analyzed parts of micropropagated plants than wild 
growing plants. However, Melendez et  al. [26] showed 
the improved essential oil contents of in the micropropa-
gated plants than the in vivo plants of Turnera diffusa.

TLC plates showed different coloured phytoconstitu-
ents in methanol extracts of D. bulbifera in both sol-
vent systems. The results revealed presence of greenish, 
purple, pink, yellow, blue, and orange bands confirm-
ing the presence of alkaloids, flavonoids, tannins, glyco-
sides, steroids, terpenoids, and saponins. The variation 

Table 4 Quantitative estimation of phytochemicals from various parts of wild and in vitro raised D. bulbibera (%)

Results are mean values ± standard error

Phytochemical Wild Micropropagated

Leaf Stem Tuber Leaf Stem Tuber

Carbohydrates 35.31 ± 0.22 32.06 ± 0.03 23.11 ± 0.08 19.07 ± 0.08 45.22 ± 0.06 28.10 ± 0.12

Total sugars 18.64 ± 0.32 12.01 ± 0.06 4.92 ± 0.02 8.98 ± 0.04 20.56 ± 0.32 16.97 ± 0.16

Free sugars 2.65 ± 0.03 2.06 ± 0.04 1.93 ± 0.02 1.82 ± 0.03 3.14 ± 0.03 2.35 ± 0.03

Starch 1.34 ± 0.03 0.86 ± 0.05 0.77 ± 0.01 1.22 ± 0.02 1.30 ± 0.02 1.19 ± 0.02

Protein 6.29 ± 0.03 5.09 ± 0.04 4.15 ± 0.04 4.06 ± 0.04 6.28 ± 0.01 5.43 ± 0.02

Lipid (Oil) 5.07 ± 0.04 4.50 ± 0.01 1.30 ± 0.02 3.52 ± 0.04 4.60 ± 0.03 2.50 ± 0.05

Phenolic compounds 0.008 ± 0.0002 0.013 ± 0.0001 0.002 ± 0.00 0.031 ± 0.0005 0.001 ± 0.00 0.013 ± 0.0001

Tannins 0.07 ± 0.001 0.01 ± 0.001 0.08 ± 0.002 0.09 ± 0.003 0.04 ± 0.002 0.08 ± 0.003

Flavonoids 0.008 ± 0.0002 0.027 ± 0.0004 0.002 ± 0.00 0.016 ± 0.0002 0.011 ± 0.0001 0.001 ± 0.00

Alkaloids 6.15 ± 0.03 7.13 ± 0.02 8.04 ± 0.04 5.04 ± 0.03 7.55 ± 0.04 8.37 ± 0.09

Saponins 0.58 ± 0.01 0.46 ± 0.01 0.35 ± 0.01 0.61 ± 0.02 0.52 ± 0.02 0.41 ± 0.01
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in Rf values gives an important evidence in recodnizing 
their polarity. It also helps out to select the appropriate 
solvent for separating compounds by chromatographic 
technique. Solvent mixture of with varying polarity 
in different ratios can be utilized for separating pure 

compounds in plant extracts. Selection of a proper  
solvent mixture for a specific plant extract can only be 
attained by investigating the Rf values of compounds 
in diverse solvent systems. TLC profile of metha-
nol extracts showed remarkable results that gives the 

Fig. 2 Quantification of primary metabolites in various parts of wild and micropropagated plants of Dioscorea bulbifera. A Carbohydrate content 
(%). B Total sugars (%). C Free sugars (%). D Starch (%). E Protein content (%). F Lipid content (%)
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clue for the presence of various phytochemicals. In the  
literature data, it has been reported that solvent system 
hexane:ethyl acetate (different ratios) has been success-
fully utilized for the better separation of phytochemicals 
in various plant species like Euphorbia pulcherrima [36] 
and Alpinia galangal [46].

A simple HPTLC method has been standardized  
for obtaining the fingerprint profile of various parts of 
D. bulbifera from two different sources (wild and regener-
ated). HPTLC fingerprinting of methanolic extracts of 
various parts (leaf, stem and tuber) of wild growing and 
in  vitro regenerated D. bulbifera plants was first time 

Fig. 3 Quantification of secondary metabolites in various parts of wild and micropropagated plants of Dioscorea bulbifera. A Total phenolic content. 
B tannin content. C Total flavonoid content. D Alkaloids. E Saponins
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established. HPTLC fingerprinting profile indicated 
that these contain appreciable number of active phy-
toconstituents in their methanolic extracts by showing 
various color bands at various wavelengths with spe-
cific solvent systems (mobile phases), representing the 
presence of particular phytocompounds. The HPTLC 
chromatograms indicate that all constituents in the 
analyzed samples were clearly separated without any 
tailing and diffuseness. HPTLC fingerprinting profile of 

various parts of both wild growing and in  vitro raised 
D. bulbifera plants at various wave lengths showed 
good similarity in their components. In future, these 
findings could be helpful for herbal drug standardiza-
tion. The mobile phase used for HPTLC was relatively 
high polar to separate the bioactive compounds. Many 
earlier reports have also suggested mobile phase hav-
ing high polarity solvents for successful separation of 
the compounds in many plant species [15, 20]. Similar 

Fig. 4 HPTLC chromotagram of methanolic extract of various samples (leaf, stem, and tuber) of D. bulbifera. A At 254 nm before derivatization. 
B At 366 nm before derivatization. C At 500 nm before derivatization. D At 366 nm after derivatization with anisaldehyde-sulphuric acid {solvant 
system:hexane:ethyl acetate (7.2:2.9)}. 1 = tuber (wild), 2 = leaf (wild), 3 = stem (wild), 4 = leaf (in vitro raised), 5 = stem (in vitro raised), 6 = tuber 
(in vitro raised)

Table 5 Thin Layer chromatography of methanolic extract of various samples

1 = tuber (wild), 2 = leaf (wild), 3 = stem (wild), 4 = leaf (in vitro raised), 5 = stem (in vitro raised), 6 = tuber (in vitro raised)

Sample No. of peaks and Rf values

Solvent system 1
Hexane:ethyl acetate (7.2:2.9)

Solvent system 2
Chloroform:acetic acid:methanol:water (6.4:3.2:1.2:0.8)

1 (12) 0.06, 0.10, 0.18, 0.27, 0.41, 0.49, 0.57, 0.60, 0.70, 0.80, 0.89, 1.15 (7) 0.16, 0.23, 0.25, 0.33, 0.44, 0.78, 0.82

2 (14) 0.09, 0.19, 0.24, 0.37, 0.43, 0.51, 0.60, 0.75, 0.79, 0.87, 0.01, 1.12, 1.16, 1.18 (10) 0.9, 0.13, 0.20, 0.24, 0.31, 0.42, 0.52, 0.65, 0.85, 0.91

3 (10) 0.07, 0.17, 0.25, 0.34, 0.42, 0.75, 0.82, 0.87, 1.01, 1.12 (3) 0.43, 0.77, 0.88

4 (13) 0.04, 0.11, 0.18, 0.25, 0.39, 0.43, 0.51, 0.53, 0.75, 0.87, 1.02, 1.08, 1.19 (7) 0.12, 0.16, 0.26, 0.32, 0.43, 0.85, 0.91

5 (10) 0.11, 0.26, 0.35, 0.39, 0.46, 0.58, 0.73, 0.87, 0.98, 1.12 (7) 0.11, 0.17, 0.27, 0.34, 0.43, 0.78, 0.89

6 (11) 0.07, 0.12, 0.18, 0.23, 0.26, 0.33, 0.37, 0.39, 0.76, 0.87, 1.14 (10) 0.60, 0.15, 0.27, 0.34, 0.43, 0.53, 0.69, 0.84, 0.90, 1.05
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studies have been carried out by many workers on vari-
ous plant species like Azadirachta indica [11] and Tra-
gia plukenetii [21]. Further work is required to depict 
the individual phytochemical constituents and their 
quantitative evaluation using marker compounds to fix 
standards for this plant species.

Conclusions
Micropropagation technique can be used as a substitute 
system not only to produce the plantlets on large scale 
in a short period but also to increase the production of 
the primary and secondary metabolites in medicinal 
plants. Present findings have evidently suggested the 
synergetic and positive effects of BAP and IAA on D. 
bulbifera cultures enhanced shoot induction and prolif-
eration. Plant growth regulators and in vitro conditions 
optimized for shooting and rooting in D. bulbifera, 
led to the establishment of an improved, efficient and 
economical protocol for the micropropagation of this 
plant. All in  vitro produced shoots were rooted suc-
cessfully by rhizogenesis, which could reduce the time, 
and cost of plantlet production. It could be a produc-
tive method for the large scale production of this sea-
sonal, vulnerable, and highly important plant species. 
Moreover, the developed protocol could also be used 
to increase production of bioactive metabolites as 
revealed by phytochemical study. It is concluded from 
the present findings that the study may aid to mark, 
identify, and standardize active compounds for the pro-
duction of new drug formulations for further research.

Abbreviations
BAP: 6-Benzyl amino purine; HPTLC: High performance thin layer chromatog-
raphy; IAA: Indole 3-acetic acid; IBA: Indole 3-butyric acid; KIN: Kinetin; Lux: 
Luxuriant; M: Molarity; MeOH: Methanol; min: Minutes; MS: Murashige and 
Skoog; N: Normality; Na2EDTA: Ethylene diamine tetra acetic acid; RT: Reten-
tion time; TDZ: Thidiazuron; TLC: Thin layer chromatography.

Acknowledgements
Authors are grateful to the Jiwaji University, Gwalior for providing financial 
support in the form of research fellowship. Indian Institute of Integrative Medi-
cine, Jammu, is acknowledged for providing HPTLC facilities.

Authors’ contributions
MHB collected the plant from forest area, established in the university garden, 
performed micropropagation and phytochemical studies, and was a major 
contributor in writing the manuscript. MF designed the manuscript and 
contributed in writing of the manuscript. AK performed statistical analysis. 
AAD analyzed and interpreted the data. AKJ gave the idea and designed the 
manuscript. All authors read and approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
All data generated or analyzed during this study are included in this published 
article [and its supplementary information files].

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 School of Studies in Botany, Jiwaji University, Gwalior 474011, India. 2 Institute 
of Ethnobiology, Jiwaji University, Gwalior 474011, India. 3 Research Centre 
for Residue and Quality Analysis, Sher-e-Kashmir University of Agricultural Sci-
ences and Technology (SKUAST-K), J, Srinagar &K 180009, India. 

Received: 2 March 2022   Accepted: 14 June 2022

References
 1. Abraham K, Unikrishnan M, Nair SG (1986) Collection, evaluation and 

conservation of germplasm of discorea. Annual Progress Report, CTCRI, 
Trivandrum, pp 51–55

 2. Agrawal PK, Daldlani M, Shrava I (1987) Technique in seed science and 
technology, vol 11. Indian Agriculture Research Institute, New Delhi, pp 
107–112

 3. Bajaj YPS (1999) Dioscorea balcanica Kosanin and D. caucasica Lipsky: 
In vitro culture and production of diosgenin. In: Biotechnology in agri-
culture and forestry. Medicinal and Aromatic Plants XI. Springer, Berlin 
Heidelberg, New York, pp 85–102

 4. Balasubramanian J, Dhanalakshmi R, Joseph J, Manimekalai P (2012) 
A periclinal evaluation on antioxidant and gastroprotective effect of 
Dioscorea bulbifera in Wistar rats. Indian J Innov Dev 1(3):149–154.

 5. Behera KK, Sahoo S, Prusti AB (2008) Effect of plant growth regulator on 
in-vitro micropropagation of Bitter Yam (Dioscorea hispida Dennst.). Int J 
Integr Biol 4(1):50–54

 6. Bhat MH, Fayaz M, Kumar A, Jain AK (2019) Phytochemical Screening and 
Nutritional Analyses of Some Edible Parts of Dioscorea bulbifera L. Chem 
Sci Trans 8(1):20–27

 7. Bhatt DI, Dhar U (2004) Factors controlling micropropagation of Myrica 
esculenta buch. - Ham. ex D. Don: a high value wild edible of Kumaun 
Himalaya. Afr J Biotechnol 3:534–540

 8. Chavan JJ, Gaikwad NB, Kshirsagar PR et al (2015) Highly efficient in vitro 
proliferation and genetic stability analysis of micropropagated Ceropegia 
evansii by RAPD and ISSR markers: A critically endangered plant of West-
ern Ghats. Plant Biosyst 149:442–450

 9. Cogne AL (2002) Phytochemical investigation of plants used in African 
medicine: Dioscorea sylvatica (Dioscoreaceae), Urginea altissima (Lili-
aceae), Jamesbrittenia fodina and Jamesbrittenia elegantissima (Scrophu-
lariaceae), M.S. thesis, University of Lausanne, Lausanne, Switzerland.

 10. Costa P, Goncalves S, Valentao P, Andrade PB, Coelho N, Romano A (2012) 
Thymus lotocephalus wild plants and in vitro cultures produce different 
profiles of phenolic compounds with antioxidant activity. Food Chem 
135:1253–1260

 11. Dalal S, Seasotiya L, Bai S, Bharti P, Malik A (2015) Preliminary phytochemi-
cal evaluation and hptlc finger printing of leaves of Azadirachta indica. 
Am Res J Bio Sci 1(1):42–47

 12. Das S, Choudhury MD, Mazumdar PB (2013) Micropropagation 
of Dioscorea alata L. through nodal segments. Afr J Biotechnol 
12(47):6611–6617

 13. Deng Q, Deng Q, Wang Y, Liu S, Liu Y, Yang Q, Liu L (2018) In vitro micro-
propagation of Nopalxochia ackermannii Kunth. In: IOP Conference Series: 
Earth and Environmental Science, IOP Publishing, 199(2), 022010.

 14. Farooq I, Qadri ZA, Rather ZA, Nazki IT, Banday N, Rafiq S, Masoodi KZ, 
Noureldeen A, Mansoor S (2021) Optimization of an improved, efficient 
and rapid in vitro micropropagation protocol for Petunia hybrida Vilm. Cv. 
“Bravo”. Saudi J Biol Sci 28:3701–3709



Page 12 of 12Bhat et al. Journal of Genetic Engineering and Biotechnology          (2022) 20:107 

 15. Ghosh S, Derle A, Ahire M et al (2013) Phytochemical Analysis and 
Free Radical Scavenging Activity of Medicinal Plants Gnidia glauca and 
Dioscorea bulbifera. PLoS One 8(12):e82529

 16. Giri L, Jugran A, Rawat S, Dhyani P, Andola H, Bhatt ID, Rawal RS, Dhar U 
(2011) In vitro propagation, genetic and phytochemical assessment of 
Habenaria edgeworthii: an important Astavarga plant. Acta Physiol Plant 
34(3):869–875

 17. Guo B, Gao M, Liu CZ (2007) In vitro propagation of an endangered 
medicinal plant Saussurea involucrate Kar. Et Kir. Plant Cell Rep 26:261–265

 18. Gupta D, Singh J (1989) p-Hydroxy acetophenone derivatives from 
Dioscorea bulbifera. Phytochem 28(3):947–949

 19. Jain A, Pandey K, Benjamin D, Meena AK, Singh RK (2014) In vitro 
approach of medicinal herb: Bacopa monnieri. Int J Innov Res Sci Eng 
Technol 3(5):12088–12093

 20. Kalaiselvi M, Gomathi D, Uma C (2012) Occurrence of bioactive com-
pounds in Ananas comosus (L.): a quality standardization by HPTLC. Asian 
Pac J Trop Biomed 2:S1341–S1346

 21. Kalaivanan M, Jesudoss LL, Ganthi AS, Subramanian MPS (2017) Prelimi-
nary phytochemical screening and HPTLC fingerprint profile of Tragia 
plukenetii. Int J Pharm Sci Res 8(3):1194–1198

 22. Kher MM, Joshi D, Nekkala S, Nataraj M, Raykundaliya DP (2014) Micro-
propagation of Pluchea lanceolata (Oliver & Hiern.) using nodal explant. J 
Horticult Res 22(1):35–39

 23. Komori T (1997) Glycosides from Dioscorea bulbifera. Toxicon 
35:1531–1536

 24. Lowry OH, Rosebrough HJ, Farr AL, Randall RJ (1951) Protein measure-
ment with folin phenol reagent. J Biol Chem 193:265–275

 25. Lupi MC, Bennici A, Locci F, Gennai D (1987) Plantlet formation from cal-
lus and shoot tip culture of Helianthus annus (L.). Plant Cell Tiss Org Cult 
11:47–55

 26. Melendez A, Rodriguez DJ, Cosio RS (2004) Analysis of essential oils from 
wild and micropropagated plants of damiana (Turnera diffusa). Fitoterapia 
75:696–701

 27. Murashige T, Skoog F (1962) A revised medium for rapid growth and bio 
assays with tobacco tissue cultures. Physiol Plant 15(3):473–497

 28. Murray RDH, Jorge ZD, Khan NH, Shahjahan M, Quaisuddin M (1984) 
Diosbulbin d and 8-epidiosbulbin e acetate, norclerodane diterpenoids 
from Dioscorea bulbifera tubers. Phytochem 23:623–625

 29. Nandagopal S, Lalitha M, Abirami S, Saikrishna D, Priyan A (2015) Effect 
of phytohormones on micropropagation and phytochemical studies of 
Aerva lanata (Linn.) Juss.ex Schult-A seasonal and vulnerable plant. Pharm 
Lett 7:291–298

 30. Ncube B, Ngunge VNP, Finnie FJ, Van Staden J (2011) A comparative study 
of the antimicrobial and phytochemical properties between outdoor 
grown and micropropagated Tulbaghia violacea Harv. plants. J Ethnop-
harmacol 134:775–780

 31. Obadoni BO, Ochuko PO (2001) Phytochemical studies and comparative 
efficacy of the crude extracts of some homeostatic plants in Edo and 
Delta States of Nigeria. Global J Pure Appl Sci 8:203–208

 32. Rameshkumar R, Largia MJV, Satish L, Shilpha J, Ramesh M (2017) In vitro 
mass propagation and conservation of Nilgirianthus ciliatus through 
nodal explants: a globally endangered, high trade medicinal plant of 
Western Ghats. Plant Biosyst 151(2):204–211

 33. Ray A, Bhattacharya S (2008) An improved micropropagation of Eclipta 
alba by in vitro priming with chlorocholine chloride. Plant Cell Tiss Org 
Cult 92:315–319

 34. Sahu AR, Rath SC, Panigrahi J (2013) In vitro propagation of Aerva lanata L. 
through organogenesis. Indian J Biotechnol 12:260–264

 35. Senapati SK, Lahere N, Tiwary BN (2013) Improved in vitro clonal propaga-
tion of Rauwolfia serpentina L. Benth–An endangered medicinal plant. 
Plant Biosyst 148(5):885–888

 36. Sharif HB, Mukhtar MD, Mustapha Y, Lawal AO (2015) Preliminary inves-
tigation of bioactive compounds and bioautographic studies of whole 
plant extract of Euphorbia pulcherrima on Escherichia coli, Staphylococcus 
aureus, Salmonella typhi,  and Pseudomonas aeruginosa. Adv Pharmacol 
2015:1–14

 37. Shekhawat MS, Kannan N, Manokari M, Ramanujam MP (2014) An effi-
cient micropropagtion protocol for high-frequency plantlet regeneration 
from liquid culture of nodal tissues in a medicinal plant, Turnera ulmifolia 
L. J Sustain Forest 33:327–336

 38. Shekhawat MS, Kannan N, Manokari M, Ravindran CP (2015) Enhanced 
micropropagation protocol of Morinda citrifolia L. through nodal explants. 
J Appl Res Med Arom Plant 2:174–181

 39. Survase SA, Madhekar RD, Kulkarni AU, Pokle DS (2016) In vitro micropro-
pagation of Abutilon ranadei Woodr. & Stapf. Critically endangered plant 
species in Western Ghats. Life Sci Int Res J 3(1):114–118

 40. Tang Y, Xue YB, Zhou L, Zhang JW, Yao GM, Luo ZW, Zhang YH (2014) New 
norclerodane diterpenoids from the tubers of Dioscorea bulbifera. Chem 
Pharm Bull 62(7):719–724

 41. Tapondjou LA, Jenett-Siems K, Bottger S, Melzig MF (2013) Steroidal 
saponins from the flowers of Dioscorea bulbifera var. sativa. Phytochem 
95:341–350

 42. Teponno RB, Tapondjou AL, Hyun JJ, Nam JH, Tane P, Park HJ (2007) Three 
new clerodane diterpenoids from the bulbils of Dioscorea bulbifera L. var. 
sativa. Helv Chim Acta 90(8):1599–1605

 43. Thiyagarajan M, Venkatachalam P (2012) Large scale in vitro propagation 
of Stevia rebaudiana (bert) for commercial application: pharmaceutically 
important and antidiabetic medicinal herb. Ind Crop Prod 37:111–117

 44. Wang G, Liu JS, Lin BB, Wang GK, Liu JK (2009) Two new furanoid norditer-
penes from Dioscorea bulbifera. Chem Pharm Bull(Tokyo) 57:625–627

 45. Yan H, Yang L, Li Y (2011) Axillary shoot proliferation and tuberization of 
Dioscorea fordii Prain et Burk. Plant Cell Tiss Org Cult 104(2):193–198

 46. Yugatama A, Ardiyati NW, Yulianti I (2017) Optimation of ethanol concen-
tration in extraction of Eugenol from Galangal rhizome. Asian J Pharm 
Clin Res 10(14):18–20

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Development of an efficient micropropagation system for Dioscorea bulbifera L. and phytochemical profile of regenerated plants
	Abstract 
	Background: 
	Results: 
	Conclusions: 

	Background
	Methods
	Micropropagation
	Explant source and surface sterilization of explants
	Medium composition, culture conditions, and shoot initiation
	Elongation and multiplication of shoots
	In vitro rooting and acclimatization
	Experimental design and statistical analysis

	Phytochemical analysis
	Quantitative phytochemical screening
	Thin layer chromatography
	HPTLC fingerprinting of plant extracts


	Results
	Micropropagation
	Shoot regenration and establishment of cultures
	Effect of plant growth regulators on shoot multiplication
	Effect of auxins on rooting
	Acclimatization

	Phytochemical analysis
	Quantitative estimation
	Thin layer chromatography
	HPTLC fingerprinting


	Discussion
	Conclusions
	Acknowledgements
	References


