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CHAPTER - III 

PHARMACOGNOSTIC STUDY OF DIFFERENT 
SPECIES OF Dioscorea AVAILABLE IN DARJEELING 

AND SIKKIM IHMALAYAS 

Introduction 

The genus Dioscorea L. (family Dioscoreaceae) comprising temperate as 

well as tropical forms is an important group. of plants having economic 

importance. The tropical dioscoreas have oflate attracted considerable attention 

because of their diosgenin content and growing demand for steroid sapogenins. 

Recently identification of the cyanoglucosides in economically important yam 

of different species of Dioscorea has been worked out (Mullinge et al. 1999). 

All together eight different species of Dioscorea have been collected from 

different localities in the region of Darjeeling and Sikkim Himalayas to work 

out whether they could be utilised as alternative source of diosgenin. It is very 

interesting to note that out of all these species some are edible and others are 

poisonous. Yet a few of them have been deserved to be very much effective 

against various diseases of domestic animals. Plant parts of these dioscoreas 

resemble so much in their external appearance that it is vety difficult to identify 

them properly. Thus it is necessary to investigate the species from 

pharmacognosy point of view to work out certain characters for their 

identification. 

It was not until 1815 that the term "Pharmacognosy" was introduced by 

C.A.Scydler, a medical student in Halle/Saale, Germany. It is derived from two 

Greek words "Pharmakon", drug and "gnosis", knowledge. For a long time 

pharmacognosy is being applied for botanical and chemical identification of 

drug. In a broad sense, pharmacognosy embraces a knowledge of the history, 

distribution, cultivation, identification, evaluation and use of drugs and economic 

substances affecting the health of man and animals. 
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Besides these, organoleptic study of the plant is a part of the programme 

of pharmacognosy. This particular study refers to evaluation of drug by means 

of various sense organs of human being for realisation of taste, odour, colour, 

shape and also for understanding the feeling by touch. Pollen morphology of 

D. prazeri and D. bulbifera has been worked out by Samanta and Das (2000). 

The present study is accordingly intended to highlight, morphological, 

anatomical, organoleptic and chemical characters of different plant parts of 

dioscoreas so that all these characters may be utilised for their rapid identification. 

The observations on this part of work has been, represented in two sections. 

Section (A) : 

Organoleptic, macroscopic and microscopic study on different plant parts 

of Dioscorea sp. 

Section (B) : 

Phytochemical investigation on different Dioscorea species with special 

emphasis on steroid constituents. 

Section (A) Organileptic, Macroscopic and Microscopic Study on 
Different Plant Parts of Dioscorea sp. 

Materials and Methods 

Materials :Stem, root, yam and leaf of eight species of Dioscorea i.e. D. alata, 

D. kamoonensis, D. arachidna, D. sikkimensis, D. bulbifera, D. esculenta, D. 

sativum and D. prazeri. 

Methods 

Organoleptic evaluation 

Organoleptic study including macroscopic appearance of different species 

of Dioscorea, their shape, colour, feeling by touch, taste, marking and odour has 

been carried out following. Trease and Evans (1997). 



50 

Macroscopic evaluation 

Anatomical preparations have been made and studied following Metcalfe 

and Chalk ( 1950) and Esau (1953). Plant parts were sliced, dehydrated and blocks 

were prepared in paraffm wax for microtomy following the schedule of Johansen 

( 1940). Cameralucida drawings were prepared to highlight the diagnostic 

characters for quantitative microscopy. Leaves were cut into pieces, boiled with 

absolute alcohol to eliminate chlorophyll. Green alcoholic solution was decanted 

off and the opaque white pieces ofleafwere heated in presence oflactic acid 

for 3-.4 minutes and kept in hot condition for 10 min. The transparent piece of 

leaf was moWlted in 50% glycerine and microscopical determinations were made 

following Trease and Evans ( 1997). 

Result 

Organoleptic and macroscopic observations 

LJ. a lata L :Stem, reddish green in colour, glabrous acutely angled. Root, 

distributed all over the surface of the yam with the length 20-34 em. Yam, 

cylindrical, much broad at the proximal end 7-9 em, average length 42 em, but 

gradually becomes narrow (2.5-3 em) at the basal region, brown with rough 

surface, hairs present, some vertical scars present on the outer surlace. Leaf, 

simple, green dorsiventrallyflattened, opposite superposed, 7.5-18.0 em x 3.8-

12.5 em, broadly ovate cuspidately acuminate or subhastately cordate, 7-9 nerves, 

margin entire, slightly notched at the base with roWlded lobes directed outwards. 

1J. kamoonensis Kunth :Stem, green, cylindrical with small prickles, root 

present thickly all over the surface of yam, long slender, 0.5-7.1 em in length. 

Yam, oblong, length 10-26 em, and diameter 2-4 em and 6-14 em the basal and 

apical part respectively, dark brown to black, surface smooth to rough. Leaf, 

green alternate, petiolate, dorsiventrally flattened, compound, 3-foliate, leaflet, 

ovate, apex acuminate, margin entire. 

D. arachidna Prain & Burkill : Stem, light green, cylindrical, spinous. 

Root, distributed all over the surface of yam with an average length of 6.1 em. 

Yam, round, diameter 15-18 em, brown in colour, smface smooth, yellow resin 
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present. Leaf, light green, compound, trifoliate, alternate, dorsiventrally flattened, 

petiolate, 3.5-4.5 em, long, leaflet, ovate, acuminate, margin entire. 

D. sikkimensis Prain & Burkill : Stem, greenish red, glabrous, 6-winged, 

root, slender having average length of2.0 em covering the surface of yam. Yam, 

oblong much widen in the middle (diameter, 6.5cm), average length 10.5 em. 

brownish black in colour, surface nearly smooth, leaf subhastately or deeply 

cordate, base with rounded lobes on both the sides of wide notch, green, simple, 

opposite, superposed, dorsiventrally flattened, petiolate, 3-4.5 em. long. 

D. bulbifera L : Stem light green, glabrous, cylindrical, distinctly ridged 

but not winged. Root, plenty, thin, average length of 1. 7 em. covering the surface 

of the yam. Yam, variable in size and shape, unbranched, mostly cylindrical, middle 

portion much broader than the remaining part, light brown in colour, surface 

smooth, leaf, opposite superposed, green, ovately acuminate, deeply cordate 

base with rounded lobes, directed outwards, dorsiventrally flattened, 12.0-17.0 

em x 8.2-11.0 em, petiole, 4.2-7.1 em. 

D. esculenta Burkill : Stem, green covered wtih prickles, cylindrical, root, 

slender, average length of 3. 3 em, covering the outer surface of the yam. Yam, 

round to cylindrical, light brown, surface smooth . Leaf, green, alternate, simple 

dorsi ventrally flattened, cordate, acuminate, margin entire highly notched at the 

base, petiolate 3-4 em long. 

D. sativum L :Stem, light green to brownish, nearly cylindrical, glabrous 

with some membrane like structures on the entire surface. Roots, numerous 

long, tubuler, average length 7.5 em covering the outer surface of the yam. Yam 

round having an average diameter of9.4 em. brownish black with nearly rough 

surface. Leaf green, simple alternate broadly ovate or cordate, dorsiventrally 

flattened, petiolate, 1.5-2.5 em. long, apex acuminate, margin entire slightly 

notched at the base round basal, lobes slightly divergent. 

D. prazeri : Prain & Burkil :Stem, green, glabrous cylindrical with smooth 

surface, Root, slender covering the surface of yam. Yam cylindrical, branched, 

branches finger like tubular structure, 10-13 em long average diameter 4.1 em. 

grey brown or nearly black with rough surface. Leaf deep green alternate cordate 
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or long cordate, gradually accuminate at the apex, the lobes at the base round 

with wide sinus. More or less seven nerved, the first pair of nerves enclosing an 

elliptic ovate and the second pair embraces an ovate area, upper surface shining 

and smooth, lower surlace glabrous with prominent nerves, margin entire, petiole 

shorter than blades, glabrous 4.8 cm.long. 

Microscopic Observations 

D. alata: T.S. of stem is elliptic in out line surrounded by highly 

cuticularised epidermal cell, compactly arranged, nearly rectangular having 

average length 20-2511 and breadth 15-17.5 11· Epidermal hairs are absent. Cortex 

is made up of 4 to 5 layers of parenchymatous cell containing chloroplasts having 

diameter 2511 to 3 0 11· Solid pith is made up of parenchymatous cells, diameter 

3 011 to 40 11· Vascular bundles are arranged in one ring embeded in the sub cortical 

slerenchymatous band of peri cycle, thickness 100- B011forming a single hollow 

cylinder. Vascular bundles are oval, closed and collateral. Metaxylem shows 

diameter 50 to 80 fl. 

T. S. of root is circuhir in outline, surrounded by epidermal cells, length 

5011 to 5511, breadth 2511 to 3011, broad cortex, 325J..Lin thickness is made up of 

parenchymatous cells. Endodermis is present. There is a very wide band (90 -

100 Jl) of peri cyclic seterenchyma. Vascular bundles are arranged in two circular 

rings. A ring of xylem and phloem is embeded in the seterenchyma and the other 

is much away from the sclerenchymatous zone. The .average diameter of 

metaxylem is 135,u. Idioblasts containing as ascicular crystals, length 50,u are 

distributed in the cortex and pith. 

T. S. through the central region of yam shows that tissue is differentiated 

into epidermis, cork layers and ground tissue. The epidermal cell, length 25 to 

27 J1 breadth 15.0- 17.5J1are compactly arranged. The cork consists of numerous 

layers of thin walled, flattered cells, length 45J..L to 70J..L, breadth 2811 to 30J..L. 

The length of ascicular crystals in some idioblasts, distributed in ground tissue 

is 70 to 75p. 

The upper epidermis ofleafin T.S. consists of polygonal, cells length 35 

to 45,u breadth 25 to 3511. Stomata are very rare on the upper surface of leaf 
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though these are present on the lower surface. In T.S. the tissue of mid rib projects 

slightly on the underside with an entire semi-circular outline. The vascular bundle 

is surrounded by a zone of sclerenchymatous tissue. Beneath the sclerenchyma 

zone there is an arc of parenchyma. All these cells excepting a circular patch of 

parenchymatous tissue contain chlotoplasts. The dorsiventrallamina is about 

250J.1 thick with a single layer ofpallsade cells, length 60 to 75 J-1, breadth 25 to 

30J.1 and a spongy tissue of 3 to 4 layers of cells having diameter 25 to 35J.1. 

Lower epidermis consists of cells length 13 to l5J.1, breadth 10 to l2J.1 with a 

large number of stomata, lengths 48 to 50J.1 breadth 30 to 35J.1. Stomata are 

generally of a monocytic type. Idioblasts containing ascircular crystals, length 

50J.1, are present alongwith the spongy cells. 

In T.S. the outline of the basal region of the petiole is dome shaped in 

structure. An average of seven vascular bundles more or less equal in diameter 

are arranged in a circle. Hairs are present. 

D. kamoonensis : T.S. of stem is circular in outline, surrounded by 

cuticularised epidermal cell, compactly arranged rectangular having average 

length 40 to 45J.1 and breadth 30 to35J.1. Epidermal hair ll5J.1 is present. Cortex 

is made up of 6 to 8 layers of parenchymatous cell containing chloroplasts having 

diameter 25 to 35 J-1. Solid pith is made up of parenchymatous cells, diameter 40 

to 55 p. vascular bundles are arranged in two rings. A ring of vascular bundles are 

embeded in a hollow cylinder of sub-cortical sclerenchymatous band. of 

pericycle having thickness 60 to 75J.1. The other ring of vascular bundles are 

much away from the sclerenchymatous pericycle but more towards the pith. 

Vascular bundles are oval, closed and collateral. The central vascular bundles are 

larger than the peripheral bundles. Each vascular bundle is surrounded by a few 

layers of sclenrenchymatous cells. Metaxylem shows diameter 100 to 110 J-1. 

T. S. of root is circular is outline surrounded by epidermal cells, length 

20 to35,u, breadth 12 tol5J.1. Cortex, 240J.1 in thickness and is made up of 

parenchymatous cells. Endodermis present. There is a thin layer (65 to 70J.1) of 

pericyclic sclerenchyma. Vascular bundles are apposed to the peri cyclic layer. 

The average diameter of metaxylem is 130J.l. Idioblasts containing ascicular 

crystals, length 50J.1 are distributed in the cortex and pith. 
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T.S. through the central region of yam shows that tissues is differentiated 

into epidermis, cork layer (200 p.) and ground tissue. The epidermal cells length 

3 5 to 40 J-l , breadth 20 to 25 p., are arranged in a row. The length of ascicular 

crystals in some idioblasts, distributed in ground tissue is 50 to 55 J.l.. 

The upper epidermis of leaf in T.S. consists of more or less rectangular 

cells length 45-75 J.l., breadth 40-45 p.. Stomata are vety rare on the upper surface 

ofleaf though they are very common on the lower surface. The vascular bundle 

is surrounded by a zone of sclerenchymatous tissue (35p). The midrib projects 

much from the surface oflamina on the under side with an entire circular outline. 

The dorsiventrallamina is about 185 f.1. thick with a single layer of pallisade cells, 

length 55p. to 70p., breadth 20-30p. and a spongy tissue of2 to 3 layers of cells 

having diameter 25 to 28 J.l.. The lower epidermis consists of cells, length 23 J-l to 

25 J-l, breadth 22p to 24pwith a large number of stomata which is paracytic type. 

ldioblasts containing ascicular crystals are rare in orruraence. 

In T.S. the outline of the the basal region of the petiole is semicircular in 

nature average of five vascular bundles of equal size in diameter are distributed 

along the periphery of ground tissue. 

D. arachinda :T.S. of stem is circular in outline. It is surrounded by highly 

cuticularised epidermal cell, compactly arranged rectangular shape, length (30p 

to 35J1, breadth 20pto 22f.1.. Epidermal hairs (150J.1.) are present. Cortex is made 

up of 5 to 6 layers of parenchymatous cell containing chloroplasts having 

diameter 25 to 30p. Solid pith is made up of parenchymatous cells, diameter 

40 J-l to 45 J-l. Vascular bundles are arranged in two rings. One is embeded in the 

cortical sclerenchymatous band of peri cycle, thickness 14p to 15 J-l to fonn a 

simple hollow cylinder. The other ring of vascular bundle is distributed towards 

the pith. Vascular bundles are oval, closed and collateral. Metaxylem shows 

diameter 60 J-l to 1 00 f-l. Each vascular bundle is surrounded by one or two layers 

of sclerenchymatous tissue, l5J.1. to l8J.1. in thickness. 

T. S. of root is circular is outline surrounded by epidermal cells, length 

15 p. to 20 J.l., breadth 14 p. to 18 p. cortex is broad, I 05 f.1. in thickness and is made 

up of parenchymatous cells. Endodennis is present. There is a wide band ( 180 f.1 
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to 225ft) of pericyclic sclerenchyma. Vascular bundles are embeded in the 

sclerenchyma zone. The average diameter ofmetaxylem crystals, length 35JJ 

are distributed in the pith. 

T. S. through cortical region of yam shows that the tissue is differentiated 

into epidermis, cork layer and ground tissue. The epidermal cell, length 15 f1 to 

l8JJ, breadth lOJJ to l2JJ are compactly arranged. The cork (l5JJ) consists of 

numerous layers of thin flattened cells length 30 to 45JJ, breadth l5JJ to 20JJ. 

The length of ascircular crystals in some idioblasts distributed in ground tissue 

is 40 to 55JJ. 

The upper epidermis ofleafin T.S. consists of polygonal cells about 45JJ 

to 50J.Jby 30JJto 35JJ. Stomata are vety rare on the upper surface ofleafthough 

they are present on the lower surface. The midrib is not projected from the 

surface oflamina on the under side. The vascular bundle is surrounded by a layer 

of bundle sheath. There are two patches of sclerenchyma on the upper and lower 

part of the vascular bundle i.e. sclerenchyma zone is not continuous surrounding 

the vascular bundle. The dirsoventrallamina is about 250JJ in thickness with a 

single layer ofpallisade cells, length 55JJto 75JJ, breadth 45J.Jto 50JJ. There are 

3 to 4 layers of spongy tissue, the diameter of each cells is 35JJ to 40JJ, lower 

epidetmis consists of cell having length 30JJ to 35f1 and breadth 25f1 to 30JJ 

with a large number anomocytic stomata (30JJ to 35JJ by l5JJ to l8JJ). In T.S. 

outline of the basal region of the petiole is more or less circular with a portion 

of flat arc. An average four large and four small vascular bundles are distributed 

along the periphery ofthe ground tissue. Hairs are present. 

JJ. sikkimensis : T.S. of stem is more or less triangular in outline with a 

curved base with projected angular processes. It is surrounded by highly 

cuticularised epidermal cell, compactly arranged, nearly rectangular having 

average length 25JJtO 28JJ and breadth l3J.Jto l5JJ. Epidermal hairs are absent. 

ln general contex is made up of 3 to 4 layers of cells containing chloroplasts. 

The average diameter of each cell is 3 0 JJ. Solid pith is made up of parenchumatous 

cells having diameter 40,u to 50,u. Vascular bundles are arranged in two rings, 

one apposed to the subcortical sclerenchymatous band of pericycle ( 120 f1 to 

140 ,u) to form a hollow cylinder. The other ring of vascular bundles are distributed 
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more towards the pith. Vascular bundles are oval, closed and collateral. 

Metaxylem shows diameter of 55 1-l to 11 Of-L. Each vascular bundle is surrounded 

by a layer of sclerenchymatous cells. 

T. S. of root is circular in outline, and is surrounded by epidermal cells, 

length 20 1-l to 3 0 1-l breadth 12f-l to 15 f-L. Broad cortex 23 0 f-l in thickness is made 

up of parenchymatous cells. Endodermis is present. There is a very wide band 

( 400 J1 to 4 25 1-l) of sclerenchymatous pericycle. Vascular bundles are arranged 

in one circular ring totally embedded in the sclerenchyma. The average diameter 

of metaxylem is 125 f-l. Idioblasts containing crystals, length 55 f-lare distributed 

in the cortex and pith. 

T. S. through the cortical region of the yam shows that tissue is differentiated 

into epidermis, cork layer and ground tissue. The epidermal cells, length 12!-lto 

15p, breadth 8f-L to lOf-L are compactly arranged. The cork (155J-l) consists of 

numerous layers of thin walled flattened cells, length 30f-Lt0 40J-l, breadth 12!-l 

to 20J1. The length of the ascicular crystals in idioblasts distributed in ground 

tissue is 35f-L tO 40J-l. 

The upper epidermis of leaf in T. S. consists of polygonal cells length 40 to 
• 

7 5 1-l and breadth 20 to 50 f-l· Stomata are absent on the upper surface of leaf 

though they are present on the lower surface. The mid rib projects very much 

from the surface level of lamina on the under side. The vascular bundle is 

surrounded by a layer of sclerenchymatous cells. The lamina is about 250f-L in 

thickness with a single layer ofpallisade cell, length 55 to 70!-l and breadth 20!-l 

to 50f-L and 4 to 5 layers of spongy cells having diameter from 25f-L to 35f-L. 

Lower epidermis consists of cells with large number of stomata length 50 to 

55f-L, breadth 20!-l to 30f-l. Stomata are generally paracytic. 

ln T.S. the outline of the basal region of the periole is dome shaped with an 

average of five vascular bundles having equal diameter, are distributed in a circle 

in the ground tissue. Hairs are absent. 

D. bulh(fera : In T.S. the outline of the stem shows pentagonal characteristic 

with somewhat curved arms. It is surrounded by cuticularised epidermal cell 

compactly.arranged rectangular and having the average length 12 to l5f-L and 
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breadth 6 to 10 f.l. Epidermal hairs having average length of 50 f.1 are present. Cortex 

is made up of3 to 5 layers of parenchumatous cell containing chloroplasts having 

diameter 20,ll to 30J.1. Solid pith is made up of parenchymatous cells having 

diameter 50 f.1 to 55 f.l. Vascular bundles are arranged in two rings. the outer ring 

of vascular bundles are apposed to a sclerenchymatous band (30,u to 45,u) and 

which is pentagonal in gshape to form a hollow cylinder of pericycle. The outer 

ring of vascular bundles are more towards the pith. Vascular bundles are oval, 

closed and collateral and each is surrounded by single layer of sclerenchyma 

having thickness of20f.1. Metaxylem shows diameter 50,llto 90J.1. Idioblast cell 

containing ascicular crystals length 18,lltO 30J.1 are distributed in the cortex and 

ground tissue. 

T.S. of root is circular in outline and is surrmmded by epidermal cell, length 

l5J.1 to 35J.1, breadth 12,lltO l5J.1. Broad cortex, 260J.1 in thickness is made up of 

parenchymatous cells. There is a narrow band (40 to 45,ll) of pericyclic 

sclerenchyma. Vascular bundles are arranged in a ring and each vascular bundle, 

touches the sclerenchyma band only with the smallest part of protoxylem. In 

some of the vascular bundle there is a gap of parenchyma attached to protoxylem. 

Vascular bundle is surrounded by a thin layer of sclerenchyma. The average 

diameter of metaxylem is 215 f.J. Idioblast containing ascicular crystals, length 

45 f.1 to 55 f.1 are distributed in the cortex and pith. 

T.S. through the yam shows that tissue is differentiated into epidermis, 

cork layer, endodermis and ground tissue. The epidennal cell, length 20 ,u to 

25J.1, breadth 8J.1 to lO,ll are compactly arranged. The cork (125,u) consists of 

numerous layers of thin walled flattened cells length 20 f.1 tO 90 f.l, breadth 15 f.1 

to 25 Jl. The length of ascicular crystals in idioblasts distributed in ground tissue 

is 45J.1 to 50J.1. 

The upper epidermis of leaf in T.S. consists of polygonal cell length 30J.1 

to 50J.1, breadth 20,llto 35J.1. Stomata are rare on the upper surface ofleafthough 

these are present on the lower surface. in T.S. midrib portion, projects on the 

underside with deeply knotched outer surface. The vascular bndle is surrounded 

by a zone of sclerenchyma. The dorsiventrallamina is about 25 5 ,u in thickness 

with a single layer ofpallisade cell having length 40,uto 60,u and breadth 25,uto 
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3 5 f.1 and spongy tissue of 4 to 5 layers of cells having diameter of 25 f.1 to 45 f.l. 

Lower epidermis consists of cell length, 15.uto 30,ubreadth 12,uto 20,u. Stomata 

are generally paracytic type and having with length 45 ,u to 55 ,u and breadth 20 ,u 

to 30 Jl. Idioblasts containing ascicular crystals having length 20 f.1 are present in 

the region of midrib and spongy tissue. 

In T.S. the outline of the basal region of the petiole is pentagonal in shape. 

An average of ten to eleven vascular bundles are arranged in the circle, out of 

which big and'small vascular bundle alternates with one another. Very small hairs 

are present. 

D. esculenta: T.S. of stem is circular in outline surrounded by cuticularised 

epidennal cell compactly arranged, nearly rectangular and having average length 

20f.1 tp 25f.1 and breadth 18,u to 20,u. The average length of epidermal hair is 

10 f.l. Cortex is made up of 6 to 9 layers of parenchymatous cell containing 

chloroplasts having diameter 20.uto 35J.1. Vascular bundles are arranged in two 

rings. A number of small vascular bundles are embeded in the sub cortical 

sclerenchymatous band (25 ,u to 3 0 .u) of peri cycle. An number oflarge vascular 

bundles are arranged in a ring quite away from the pericycle layer. Vascular 

bundles are oval, closed and collateral. Metaxylem shows diameter of 10011 to 

170j.J. 

T.S. of root is also circular in outline surrounded by epidermal cell, length 

3 0 f.1 to 3 5 f.l, breadth 15 f.1 to 20 ,u. Cortex of 145 ,u is made up of parenchmatous 

cells. Endodermis is present. There is a very wide band (300.u to 310,u) of 

pericyclic sclerenchyma. All vascular bundles are embeded in the 

sclerenchymatous zone. The average diameeter ofmetaxylem and protoxylem 

are 7 5!-t and 40 ,u respectively. Idioblasts containing ascicular crystals, length 

55 f.1 are distributed mainly in the pith. 

T. S. through the yam shows that tissue is differentiated into epidermis, 

cork layer and ground tissue. The epidermal cell, length 20,u to 30,u, breadth 

15J1 to I8J1 are compactly arranged. The cork (225.u) consists oflarge number 

oflayers of thin walled flattened cells length 2511 to 50J1 breadth 20.u to 25 ,u. 

The length of ascicular crystals in some idioblasts distributed in ground tissue 



59 

is 45J1. The upper epidermis of leaf in T.S. consists of polygonal cells having 

length 35J1 to 70J1 and breadth 25J1 to 45p. Stomata are very rare on the upper 

surface of leaf though these are available on the lower surface. Stomata, are 

having with the length 25pto 50p and breadth 15pto 20p. Stomata are generally 

a mixture of paracytic and anomocytic type. The margin of subsidiary and other 

epidermal cell on the lower surface is sinuate. on the other hand the margin of 

the epidermal cell on the upper surface is entire. In T.S. midrib portion projects 

on the underside to form an entire oblong outline. The vascular bundle is 

surrounded by a sclerenchymatous cells contain chloroplasts. The dorsivntral 

lamina is 225 J1 in thickness with a single layer of palisade cell having length 

100J1 to llOJI and breadth 35p to 125J..t. Spongy tissue is made up of 3 to 4 

1 ayers of cell having diameter 25 f..l to 40 J..l. The length of lower epidermal cell 

has the range of 55J.1 to 90J.1 and that of breadth is 35j..tto 55J..t. 

In T.S. the outline of the basal region of the petiole is circular in nature 

with im average of eight vascular bundles are arranged in a circle, out of which 

four are five. Multicellular hairs are present. 

D. sativum : T.S. of stem is polygonal in outline with curved sides. It is 

surrounded by cuticularied epidermal cell compactly arranged, nearly rectangular 

having average length l5J.1 to 20J..t, breadth lOJ..t to 18J..t. Epidermal haris are 

present. Cortex is made up of 5 to 6 layers of parenchymatous cells containing 

chlotoplasts. Cortex is much broad to form a pyramidal structure at each angle 

of the polygonal outline. The diameter of cortical cell is 20 to 25 J..t. Vascular 

bundles are arranged in two rings. A ring of vascularbundles is apposed to a 

hollow cylindrical pericyde made up of sclerenchyma having thickness upto 50 J.-l. 

The other ring of vascular bundles is very much aggregated in the pith. Vascular 

bundles are oval, closed and collateral. Metaxylem shows diameter of 40p to 
90J.1. 

T. S. of root is circular in outline surrounded by epidermal cells, length 20 

to 25 p, breadth 8 to 10 f..l. Cortex is about 113 f..l in thickness and is made up of 

parenchymatous cells. Endodermis is present. The thickness ofhollow pericycle, 

made up of sclerenchyma is 20 to 25 p. Vascular bundles are embeded in the 

pericycle. The average diameter ofmetaxylem is 105p and that ofprotoxylem 
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is 30p. ldioblasts containing ascicular crystals, length 45.u are distributed in 

the cortex and pith. 

T. S. through the cortical region of the yam shows that tissue is differentiated 

into epidermis, cork layer, endodennis and ground tissue. The epidermal cell, 

length 15 to 30f.l, breadth 10 to 15,u are compactly arranged. The cork (150,u) 

consists of numerous layers of thin walled flattened cells, length 25 to 55,u, 

breadth 15 to 25 .u. The length of ascicular crystals in idioblasts, distributed in 

the cmiex is 45 to 50f.1. 

The upper epidermis of leaf in T.S. consists of cells length 25 to 30f.L 

breadth 15 to 25 f.l. Stomata are absent on the upper surface of the leaf but they 

are present on the lower surface. In T.S. it seems that midrib projects much away 

from the surface of lamina. the epidermis in the midrib region forms a wavy 

outline due to unequal distribution of cortical cells. The vascular bundle is 

sunounded by a zone of sclerenchyma having a thickness, 25 to 7 5 f.L. The lamina 

is about 165 to 225 f.L in thickness. It is with a single layer of pallisade cells 

length 50 to 65f.1 breadth 25 to 30f.1 and spongy tissue of 3 to 6 layers of cell 

having diameter 20 to 35f.1. Lower epidermis is made up of cells length 20 to 

3 0 p breadth 18 to 20 p The margin of the leaf part below the midrib is widely 

sinuate. Stomata are generally ofparacytic type. Multicellular hairs having the 

length 100 J.1 to 17 5 f.1 are distributed mainly in the lower surface of midrib region. 

Idioblast cells containing ascicular crystal length 20,u are present in the lamina 

and midrib region. 

In T.S. the outline of the basal region of the petiole is pentagonal in shape 

with sharp pointed projection of tissue at each angle. An average of nine vascular 

bundles are arranged in a circle out of which five to fme are smaller in size. 

Hairs are absent. 

D. prazeri :The T.S. of stem is more or less circular in outline, surrounded 

by cuticularised epidermal cell, compactly arranged, rectangular having length 

1 0-15 f.l, breadth 13 f.l. Epidermal hairs are absent. Cortex is made up of 5 to 10 

layers of parenchymatous cell containing chloroplasts having diameter 12 to 

l5f.1. Solid pith is made up of parenchymatous cells having diameter 45 to 60f.1. 
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Vascular bundles are arranged in two rings. One ring of vascular bundles is apposed 

to the subcertical sclerenchymatous band of periccle having thickness 45 to 

55f.1 to form a hollow cylinder. The other ring of vascular bundles are much 

bigger in size as compared to those apposed to the pericycle and the vascular 

bundles are situated more closely towards the pith. Vascular bundles are more 

or less oval, closed and collateral. Metaxylem in the vascular bundles away from 

the pericycle is much bigger in diameter (75 to 80f..L) than those (20 to 25f..L) 

apposed to the pericycle. 

T.S. of root is circular in outline and is surrounded by epidermal cells 

length 35 to 40p; breadth 20 tO 2p. There is a broad cortex (300f..L) made up of 

parenchymatous cells. Endodermis is present. The thickness ofpericycle, made 

up of sclerenchyma is 30 to 35 f..L. The vascular bundles are embeded in the 

pericycle. The metaxylem ranges from 45 j.1to 55 f..L. Idioblasts containing ascicular 

ctystals having average length 50f..L are distributed in the cortex. 

T. S. through the cortical region of the yam shows that tissue is differentiated 

into epidermis, cork layer, endodermis and ground tissue. The epidermal cell 

length 20 to 25p breadth 5 to lOp are compactly arranged. The cork (lOOp) 

consists of numerous layers of thin walled flattened cells length 20 to 45 p, 

breadth 10 to 15 f..L. The length of ascicular crystals in idioblasts distributed in 

cortex is 25 to 35f.1. 

The upper epidermis of leaf in T.S. consists of cells length 35 to 60f..L 

breadth 30 to 50f.1 stomata are absent as the upper surface but they are present 

on the lower surface. In T.S. the midrib portion project slightly to make boat 

shaped outline. The vascular bundle is surrounded by a zone of sclerenchyma, 

35 to 60f.1 in thickness. The lamina is about 200 to 250f.1 in thickness. It is with 

more or less single layer of pallisade cells length 45 to 7 5 f.1 breadth 25 to 3 5 f..L. 

The spongy tissue is made up of 3 to 4layer of cells having diameter 25 to 30 Ji. 

Stomata are paracytic. Hair is absent. Idioblast cells containing ascicular crystals 

length 25 to 35f.1 are distributed in the tissue oflamina. 

In T. S. the outline of the basal region of the petiole is cordate in shape with 

a sharp knotch. An average of five vascular bundles of unequal size are distributed 

in a circle. Hairs are absent. 
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Table 8 : Some organoleptic observations on yams of different species of 

Dioscorea available in Sikkim, Darjeeling Himalayas. 

Species Feeling to touch Taste Odour 
Outer surface Inner part 

D. alata Rough Slippery Tasteless No characteris-
tic smell 

D. kamoonensis Smooth Slippery Tasteless No characteris-
tic smell 

D. arachinda Smooth Nearly Bitter Obnoxious 
slippery smell 

D. sikkimensis Nearly smooth Slippery Tasteless No characteris-
tic smell 

D. bulbifera Smooth Slippery Tasteless No characteris-
tic smell 

D. esculenta Smooth Slippery Sweet Slightly pleasant 
smell 

D. sativum Nearly rough Slippery Bitter Obnoxious smell 

D. prazeri Nearly rough Nearly slippery Bitter Slightly repulsive 
smell. 



Table- 9 : Organoleptic observation on different species of Dioscorea available in Sikkim and Darjeeling Himalayas: 

Species Shape of different plant parts Colour of different plant parts Markings on different plant parts 
Rhizome Stem Leaf/ leaflet Rhizome Stem Leaf Rhizome Stem 

slightly Outer 
compressed surface 
cylindrical 

D. alata Cylindrical Acutely Leaflet Light brown Redish Green Vertical No marking on angled stem 
augled ovale green scars 

D.kamoonensis Oblong Cylindrical Leaf Brown Green Green No Marking of prickles 
broadly marking 
ovale 

D. arachidna Round Cylindrical Leaflet Brown Light green Light green Small Spinus marking 
ovale depressed 

scars 
D. sikkimensis Oblong Acutely Leaf Brown Greenish Green Small Ridged marking 

angled with subhastately red scars 
6 wings or deeply 

cordate 
D. bulbifera Cylindrical Cylindrical Deeply leaf Yellowish Light green Green Small Ridged marking 

broad at the cordate brown scars 
middle 

D. esculenta Oblong Cylindrical Leaf Light brown Green Green No Marking of prickles 
cordate marking 

D. sativum Round Nearly Leaf Brownish Light green Green No Marking of membrane 
cylindrical broadly black marking structure 

ovale 
D. prazeri Cylindrical Cylindrical Leaf ling Brownish Green Deep green No No marking 

branched cordate black marking 
-- -·--

line 

0\ 
w 



Table -10: Microscopic observation on leaf of different species of Dioscorea available in Darjeeling and Sikkim Himalayas: 

Species Epidermal cell (J..L ) Type of Characteristic tissue Shape at the basal Pallisad cell Diameterof 
stomata feature of midrib region of petiole Length x Breadth ( 1.1 ) spongy cell 

(1.1) 
D. alata (35-45) X (25-35) Anomocytic Projects slight on the Dome shaped (60-75) X (25-30) 25-35 

underside with an entirely 
and semi circular outline 

D. kamoonensis (45-75) X (40-450) Paracytic Projects much on the Semi circular (55-70) X (20-30) 25-28 
underside with an 
entirely circular outline 

D. arachidna (45-50) X (30-35) Paracytic Not projected on the More or less circular (55-75) X (45-50) 35-40 
underside with a portion of flat arc. 

D. sikkimensis (40-75) X (20-50) Paracytic Project very much on the Dome shaped (55-70) X (20-30) 25-35 
underside to produce an 
entirely obovale outline. 

D. bulbifera (30-50) X (20-35) Paracytic Protects on the Pentagonal (40-60) X (25-35) 25-45 
underside with deeply 
knotched outer surface. 

D. esculenta (35-70) X (25-45) Mixtureof Projects very much on Circular (100-110) X (35-55) 20-40 
paracytic and the underside to form 
amenocytic entire oblong outline. 

D. sativum (25-30) X (15-25) Paracytic Projects very much on Pentagonal (50-65) X (25-30) 20-35 
the undersioe with wavy 
in outline 

D. prazeri (35-60) X (30-50) Paracytic Project slightly to make Cordate with a sharp ( 45-75) x(25-35) 25-30 

- - -
boat shaped outline. knotch 

-

0\ 
~ 



Table - 11 : Some microscopic observations on stem of different species of Dioscorea available in Darjeeling-Sikkim Himalayas : 

Name of the Shape in Epidermal cell Cell Epiderma Arrangement of vascular bundle Tchickness of Diameter of 
species T.S. length x Breadth layers of I hair p_~ricycle layer metaxylern (!-1) 

(ll) Cortex (J .. l) 

D. alata Elliptric (20-25) X (15- 4-5 Absent Vascular bundles arranged in one ro\\· 100-130 50-80 I 

17.5) embeded in pericycle ! 

I 

D. kamoonensis Circular (40-45) X (30-35) 6-8 Present Vascular bundles arranged in two rings. 60-75 100-110 I 
One embeded in pericycle other move 
towards the pith 

D. arachidna Circular (30-35) X (20-22) 5-6 Present Vascular bundle arranged in two rings. 140-150 60-100 
one embeded in the pericycle, other 
distributed in oith. 

D. sikkimensis More or (25-28) X (13-15) 3-4 Absent Vascular bundle arranged in two rings, 20-140 55-110 
less one apposed tot he pericycle, the other 
triangular more towards pith 
with a ! 

curved base I 

D. bilbifera Pentagonal (12-15) X (6-10) 3-5 Present Vascular bundle arranged in two rings, 30-45 50-90 
I 

with curved one apposed to pericycle, the other more I 

arms towards pith. I 

D. esculenta Circular (20-25) X (18-20) 6-9 Present Vascular bundle arranged in two rings, a 25-30 100-170 
ring of small vascular bundle embeded 
in pericycle , the other larger oes are 
much awav from the oericvcle. 

D. sativum Polygonal (15-20) X (10-18) 5-6 Present Vascular bundle arranged in two rings, 40-50 40-90 
with curved one apposed to pericycle, others are 
sides aln!regated in the pith. 

D. prazeri Circular (15-20) X (1 0-15) 5-10 Absent Vascular bundle arranged in two rings, 45-55 20-80 
one apposed to pericycle, other very 
much bigger, more towards pith. 

0\ 
Vt 



Table- 12 : Some microscopic observations on root of different species of Dioscorea available in Darjeeling and Sikkim 
Himalayas. 

Species Epidermal cell (~ ) Thickness Thickness of Arrangement of vascular bundle Distribution of 
of Cortex pericycle idioblasts 
(~) layer(~) 

D. alata (50-55) X (25-30) 325 90-100 In two ring one embeded in pericycle , the Corte and Pith 
other much away from it. 

D.ko.moonensis (20-35) X (12-15) 240 65-70 Vascular bundles are apposed to the Cortex and pith 
pericyclic layer. 

D. arachinda (15-20) X (14-18) 105 180-225 Vascular bundles are embeded in the Pith 
. pericycle. 

D. sikkimensis (20-3) X (12-15) 230 400-425 Vascular bundles embeded in the Cortex and pith 
pericycle. 

D. bulbifera (15-35) X (12-15) 260 40-45 Vascular bundles touches to the peri cycle Cortex and pith 
layer. 

D. escu/enta (30-35) X (15-20) 145 300-310 Vascylar bundles are embeded in the Pith 
pericycle. 

:D. sativum (20-24) X (8-10) 113 20-25 Vascular bundles are embeded in the Cortex and pith 
pericycle. 

D. prazeri (35-40) X (20-25) 300 30-35 Vascular bundles are embeded in the Cortex 
pericycle. 

0\ 
0\ 
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Table 13 : Some microscopical observation on yam of different species of 
Diascorea available in Darjeeling ~d Sikkim, Himalayas. 

Species Epidermal cell Thickness of Distribution Length of 
length x Breadth cork layer (tJ.) of idioplasts ascicular (tJ.) 
(tJ.) containing crystals 

ascicular crystals 

D. alata (25-27) X (15-17.5) 195 Ground tissue 70-75 

D. kamoonensis (35-40) X (20-25) 200 Ground tissue 50-55 

D. arachidna (15-18) X (10-12) 150 Ground tissue 40-55 

n. sikkimensis (12-15) X (8-10) 155 Ground tissue 34-40 

D. bulbUera (20-25) X (8-1 0) 125 Goumd tissue 45-50 

D. esculenta (20-30 X (15-18) 225 Goumd tissue 45-48 

D. sativam (15-30) X (10-15) 150 Goumd tissue 45-50 

D. prazeri (20-25) X (5-1 0) 100 Goumd tissue 25-35 

Table 14: Observation on quantitative microscopy in leaf of different species 
of Dioscorea 

Species Stomatal index Pallisade ratio 
(Lower surface of leaf) · (Upper surface of leaf) 

D. alata 24.50 38 
D. kamoonensis 28.66 32 
D. arachidna 21.60 36 
D. sikkimensis 30.00 46 
D. bulb~fera 27.00 48 
D. esculenta 20.10 30 
D. sativun 21.00 59 
D. prazeri 19.00 50 



Fig: 1 l.Yam ofD.alata. 
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Fig: 12.D.alata, A. Leaf B. T.S.ofleafthrough midrib, C. Epidermal and pallisade 

cells. D.Epidennal ells and stomata. E. T.S.through the basal region of petiole 

(Diagrammatic). ep-epidermal cell, cr-crystals, h-hair, pal-pallisade cell, ph

phloem. pt- petiole, sc- sclerenchyma, vb-vascular bundle xy-xylem. 
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Fig: 13. D. a lata. A. T.S.of a part of stem. B. T.S.of stem (Diagrammatic). C 

T.S.ofa pati of root, D. T.S.ofroot (dliagrammatic) E. T. S.ofa part of yam. ck

cork, co-cortex, cr-ctystals, ep-epidermal cell, h-hair, p-pith, pc-pericycle. ph

phloem, rh-root hair; vb- vascular bundle, xy-xylem. 
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Fig: 14. Yam of D. kamoonensis. 
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Fig: 15 /). kamoonen.,·is.A.Ieaf B. T.S.ofleafthrough midtib C. Epidennal and 

pallisadc cells, D. Epidermal cells and Stomata.E.T.S.through the basal region 

of petiole.( Diagrammatic) ep- epidennall cell, h- hair, pal - pallisade cell, Ph -

Phloem. Pt- Petiole sc- Scteren..:hyma. ble-Vascular bundle, Xy -Xylem. 
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Fig: 16. D. kamoonensis. A. T.S.of a part of stem. B. T. S.of stem 

(Diagrammatic), C. T. S. of a patt of root. D.T.S. ofroot (Diagrammetric). E. 

T.S.of a patt ofyam.ck-cork, co-cmtex, cr-ctystals, ep-epidermal cell. 

h-hair, p-pith, pc-pericyche, ph-phloem, rh-root hair, vb- vascular bundle. xy -

xylem. 

cr 



Fig: 17 Yam ofD.arachidna. 
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Fig: 18. D. arachidna, A. Leaf. B. T. S. ofleafthrough midrib. C. Epidennal 

and pallisade cells. D.Epidemal cells and Stomata, E. T. S. through basal region 

of petiole (Diagrammatic). eP-epidemal cell,h- hair, pal- pallisalde cell. ph -

phloem. pt- petiole, sclerenchyma.vb- vascular bundle xy-xylem. 



Fig: 19./).arachidna :\. T. S. of a part ofstem B. T.S.ofStcm (Diagrammatic) 

C. TS. of a part of root ll.T.S.ofroot (Diagrammatic) E. TS.ofa part ofyam. 

ck-cork. co-cortcx.cr-crystals.cp-cpidcrnal cells, h-hair, p-pith, pc-pericyclc. 

ph-phloem, rh-root hair. vb-vascular bundle, xy -xylem. 



Fig : 20. yam of D. sikkimensis. 
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Fig :2 J.D. ,,·ikkimensis, A. Leaf B. T. S ofleafthrough midrile, C. Epidermal 

cells. and palli sade u:lls. 0. Epidermal cells and stomata. E T.S. through the basal 

region or petiole (Diagrammatic) ep-epidermal cell. pal-pallisade cell, ph

phlotm, pt- petiole sc-sclcrenchyma, vb-vasccular bundle xy -xylem. 



p 

Fig: 22.JJ. ,,·ikkimem'is, A. T. S. t'fa pmt of stem, B. T. S.ofstem (Diagrammatic) 

CT. S of a pa1t of root D. T. S.ofroot (Diagrammatic). E. T. S.ofa part of yam. 

ck-cork.co-cOJtex. cr- crystals. et-epidennal cells. p-pith. pc-pericycle ph

phloem. rh-root hair. \'b-vascular bundle :\)·-xylem. 



Fig: 23. yam of D.' bulbifera. 
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Fig: 2-t D. hu/h(fera A . Leaf. B. T. S.ofleafthrough midrib C. Epidennal and 

pallisade cells .D.Epideimal cells and stomata. E. T. S.through the basal region 

of petiole .( Diagrammatic) ep-epidennal cell cr-crystals. h-hair. pal pallisade 

cell. ph-phloem. pt-petiole, sc- sclerenchyma, vb- vascular bundle. xy- xylem . 

VD 



Fig: 25. D. bulb(fera A. T. S.of a patt of stem. B.T.S.of stem (Diagrammatic). 

C.T.S .of a part of root, D. T. S.ofroot (Diagrammatic) E.T.S.of a part ofyam.ck

cork, co-cortex, cr-c1ystals, ep-epidermal cell , h-hair, p-pith, pc-pericycle, ph

phloem, rh-root hair, vb-vascular bundle, xy-xylem. 



Fig: 26. Yam of D. esculenta. 
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Fig: 27. D.esculenta, ,\.Leaf. B.T.S.of leaf through midrib.C.Epidennal and 

pallisadc cells. D. Epidermal cells and stomata. E.T. S. through the basal region 

of petiole.( Diagrammatic ).ep - epidermal cell. h-hair. pal-pallisade cell. ph

phloem. pt-petiole. sc-sclerenchyma. vb-vasecular bundle. xy-xylem 



Fig: 28. D. escu/enta A. T. S. of a part of stem. B. T.S. of stem (Diagrammatic) 

C.T. S of. a part of root D. T. S.of root (Diagrammatic) E.T.S.of a part of yam, 

ck-cork, co-cortex, cr-crystals, ep-epidermal cell, h- hair, p-pith. pc.pcricycle, 

ph-phloem. rh-root hair, vb-vascular bundle, xy- xylem. 



Fig: 29. Yam of D. sativum. 
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Fig: 30. n. satil'um .-\.Leaf B. T S. of leaf. through tnHinh ( · Lptdermal and 

pallisade cells D. Ep1dermal cells and stomata E. 1'. S throu!lh the basal region 

of petiole (Diagrammatic) ep-cpiclermal ceiL h-lwir p;tl - p;tlli s;tde celL ph

phlocnl pt-pettole sc-sclcrcnchynw . \'11-vascul ;n httndlc \ \-\\ IL-111 
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Fig: 31. I> .. mtivum A . T. S.ofa par1 of stem . B. T.S . of stem (Diagrammetic) 

C. T.S . of a part of root. 0 . T.S . of root (L oa ~;rammdic) E. T.S.of cr-ctystals, 

ep-epidermal ceils. h-hair, p-pith rh-root hair, vb- vascular bundle, xy-xylem. 
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Fig: 32. Yam of D. prazeri. 
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Fig: 3.3. /J. prazeri A Leaf, B.T. S.ofleafthrough midrile. C. Epidermal cells 

and pallisade cells. D. Epidetmal cells and stomata E. TS. through the basal 

region of petiole (Diagrammatic).ep-epidennal cell, pal-pallisade cell, ph

phloem. pt-petiole. sc-sclerenchyma, vb-vascular bundle, .xy-:xykm. 



Fig: 34. D.prazeri. A.T. Sofa pmt of stem B T. ~ of stem (Diagrammatic) C. 

T S of a pat1 of root . D. T. S. of root (Diagrammetic) E T S of H pat1 of 

y<im.ck-cork. co-cortex. cr- crystals. ep-epidermal cells. p-pith pc-pl:ricyde, 

ph-phloem. rh- root hair. vb-vascular bundle. xy-xvlem. 
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SECTION B 

Phytochemical investigation on the yams of different Dioscorca 
species with special emphasis on steroidal constituents 

Materials and Methods 

Materials yams of eight species of Dioscorea i.e. D. alata, 

D. kamoonensis, D.arachidna, D.sikkimensis, D. bulbifera, D. esculenta, 

D.sativum andD.prazeri. 

Methods 

Collection and preparation of yam 

The yams of each species of Dioscorea were collected; and cleaned with 

water after clipping the roots. The excess of adhering water was removed. They 

were cut into small pieces using a chopping knife and sundried for several days 

until they became brittle. They were made to powder with an electric grinder. 

Isolation and purification of phytosterol obtained from the yam of 
different species of Dioscorea. (Harborne; 1973) 

Airdried and powdered yams of each of the species of Dioscorea was 

extracted separately in 3L soxhlet with petroleum ether (B.P. 60°- 80° C) for 

48 hours. The extract was collected after filtration and was concentrated after 

heating to a small volume. 

The concentrated solution was adsorbed on alumina in a glass column at 

room temperature and eluted with solvents starting from non-polar one to polar 

as follows: 

Petroleum ether 
Petroleum ether :Benzene (3: 1) 
Petroleum ether :Benzene (I: 1) 
Petroleum ether :Benzene (1 :3) 
Benzene 
Benzene : Chloroform (3: 1) 
Benzene : Chloroform (1: 1) 
Benzene : Chloroform (1:3) 



Chloroform 
Chloroform 
Chloroform 
Chloroform 
Methanol 

:Methanol 
:Methanol 
:Methanol 

(3: 1) 
(1:1) 
(1 :3) 

Libermann - Burcharal test for sterols 
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The methanolic solutions (1 ml) of sample was treated with accetic 

anhydride ( 1 ml) and then with concenrated H2SO4. 

Phosphoric acid for detection of steroid 

1 volume 0-phosphoric acid was diluted with 1 volume of water 

Antimony trichloride (Carr-price reagent) for steroids. 

20% Antimony trichloride in chloroform. 

Extraction isolation and purification of diosganin (Bammi and Randhawa 

1975) 

100 gm of yam of each species of Dioscorea was dried in an oven for 6 to 

8 hours at 100°C for moisture estimation. About 20g dried sample was blended 

thoroughly in a mixer with known amount of water (50 ml) for 5 minutes. 

The sluny was hydrodysed with 11.3 (N) HCI. For 3 hours. The slurry 

obtained after hydrolysis was allowed to attain room temperature and filtered 

using vacuum in a buchnerfunnel. The residue was frequently wasthed with 

distilled water till the filtrate was free from acid as indicated by the use of 

litmus paper. The filtered residue was transferred to a petri dish and dried in an 

oven at 1 0°C for 6 hours. It was extracted with petroleum ethed (b.p. 40 -60°C) 

in a soxhlet for 8 hours. The extracted solvent with diosgenin was concentrated 

to about 25 ml., chilled in ice and filtered. The diosgenin was obtained from 

mother liquor after filtration. The whole diosgenen was weighed after drying it 

in an oven for 2 hours at 1 00°C. 
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Characterisation of chemical compounds 

The identity of different isolated chemical compound was confmned by 

their chemical and physical data obtained from 

(i) Melting point determination (m.p.) 

( ii) Mixed melting point determination (m.m. p.) 

(iii) Thin layer chromatography (TLC) 

(iv) Paper chromatography (PC) 

(v) Infrared spectrum (IR) 
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RESULTS 

I. Isolation and characterisation of phytosterol in the yam of 

different species of Dioscorea 

(i) D. alata 

The petroleum ether (b.p. 60°- 80°C) extract of the air dried powdered 

yams of D. alata was taken in a minimum volume of chloroform after evaporating 

the pet. ether to dryness and column chromatographed over alumina. The crystals 

obtained offer elution of the column with different solvents and their mixtures 

are represented in the following table 15. 

Table 15: The residue obtained from Petroleum ether extract of yam of d.alata 

during column chromatograhy. 

Eluent Subfraction number 

Pet. Ether. 
Pether : Benzene (3: 1) 
Do 
Do 
Do 
Petther : Benzene (1: 1) 
Do 
Do 
Ptether :Benzene (1 :3) 
Do 
Benzene 
Do 
Benzene : Chloroform (3: 1) 
Do 
Bengene : Chloroform (1: 1) 
Do 
Benzene : Chloroform (1 :3) 
Chloroform 
Do 
Chloroform : Methanol (3: 1) 
Do 
Chloroform : Methanol ( 1: 1) 
Do 
Chloroform : Methanol (1 :3) 
Do 
Methanol 
Do 

1-15 
6-10 
11-15 
16-20 
21-25 
26-30 
31-35 
36-40 
41-45 
46-50 
51-55 
56-60 
61-65 
66-70 
71-75 
76-80 
81-85 
86-90 
91-95 
69-100 
101-105 
106-110 
111-115 
116-120 
121-125 
126-130 
131-135 

Residue on evaporation 

Oil 
Oil 
Oil 
No residue 
Do 
Do 
Do 
Do 
Crystals 
Ctystals 
Crystals 
No residue 
Do 
Crystals 
Crystals 
Crystals 
No residue 
Do 
Do 
Do 
Do 
Oil 
Oil 
No residue 
Do 
Do 
Do 
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Subfraction : 41-55 

The subfractions of the eluent were collected and eparated to a small volume 

when an appreciable amount of crystals (35 mg) having m.p. at 171-172°C. It 

was recrystallised in chloroform methanol mixture and showed m.p. at 170°C. 

It was soluble in benzene, chloroform, sparingly soluble in ethanol but remained 

insoluble in water. The plates (silica gel G) were developed which showed the 

Rf. values 0.28 in benzene: chloroform (40:60 v/v) and 0.60 in chloroform: 

acetone (99.1; v/v). These values coincided with those of authentic stigmasterol. 

These plates were sprayed with Liberman- Burchard reagent and heated in an. 

Oven having temperature at 85-90 °C for 15 minutes. The plates developed the 

characteristic blue colour at the Rf. region of the sterol of authentic 

stigmasterol. TheIR A. max 3320, 1720, 1660, 1450, 1350, 1300, 1250, 1050, 

950 em-' spectrum also confirmed the sterol as stigmasterol due to super 

imposible peaks. (Fig. 35). 

Subfraction - 66-80 

The collected subfractions were mixed and concentrated after evaporation 

under reduced pressure when crystals ( 100 mg) were obtained. The solid mass 

was dessolved in chloroform and recrystallised from chloroform methanol 

mixture. The melting point (m.p.) was determined to 149 °C. The isolated product 

was spolted on T.L.C. plate liti silica gel Gas absorvent. The isolaed product 

was run in the solvent mixture of chloroform. Acetone (99.1) R£.0.56. Benzene 

chloroform (40.00 v/v) Rs.0.44, Benzyl ethylacetate (90.1 v/v) R£.0.60. the 

developed chromatogram was sprayed with 0-phosphoric acid followed by 

subsequent heating at 120 °C for 10 min. the spot on the plate showed 

characteristic linged colour. Coinciding with the authentic sample of cholesterol. 

The IR spectrum of the isolated product showed charcteristic peaks Xmas : 

3400, 1700, 1675, 1380, 1050,950,850,800 cm-1 similar to those of authentic 

sample of cholesterol. (Fig.36) 
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(ii) D. kamoonenosis 

The petroleum ehter (b.p. 60 °C- 80 °C) extract of the air dried powdered 

yams of d.kumaonesis has taken in a minimum volume of chloroform after 

evaporating the petether to dryness and column chronatographed over alumina. 

The crystals obtained after elution of the column with different solvents and 

their mixture are represented in the following table.16. 

Table 16 : The residue obtained from petroleum ether extract of yam of 

D. kamoonensis during column chromatography. 

Eluent Subfraction number Residue on evaportion 

Pet ether 1-5 Oil 
Petether : Benzene (3: 1) 6-10 Oil 
Do 11-15 Oil 
Do 16-20 Oil 
Petether : Benzene ( 1 : 1) 21-25 No residue 
Do 26-30 Do 
Do 31-30 Do 
Do 36-40 Do 
Do 41-45 Do 
Benzene 46-50 Do 
Benzene: Chloroform (3: 1) 51-55 Do 
Do 56-60 Do 
Do 61-65 Oil 
Do 66-70 Oil 
Benzene: Chloroform (1:1) 71-75 No residue 
Do 76-80 Crystals 
Do 81-85 Crystals 
Do 86-90 Crystals 
Benzene: Chloroform (1:3) 91-95 No residue 
Chloroform 96-100 Crystals 
Chloroform : Methanol (3: 1) 101-105 Crtstals 
Do 106-110 No residue 
Do 111-115 Do 
Chloroform : Methanol (I: I) 116-120 Do 
Do 121-125 Do 
Chloroform :Methanol (1:3) 126-130 Do 
Methanol 1-5 131-135 Do 
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Subfraction : 76-90 

The crystals were collected after evaporating the solvents and 

recrystallised repeadedly from acetone when small amount of crystal was 

deposited (60 mg). A small fraction of the isolated cystal has dissolved in hot 

methanol and subjected to TLC and has beem found to be identical in behaviour 

with the authentic. Sample of pure lanosterol showing Rs.0.79 (Chlorofonn 

acetone, 99:1, v'v) Rf.0.63 (Benzene : Chloroform, 40:60 v/v) and Rf. 

0.71(Benzene: Ethyl acetate, 90:1, v/v) The isolated crystals showed positive 

test with Liebennann - Burchard reagent. Characterisation of the isolated 

chemicals was finally confinned with m.p. (140°- 141 oc) mmp (undepressed). 

The IR spectrum of the compound has been examined. The absorption peaks and 

their assignments were identical with those of authentic samples of pure 

lanosterol (Fig.37). 

Sub fraction : 96-105 

The subfractions were mixed and concentrated after evaporation under 

reduced pressure to obtain crystals (30 mg). After recrystallisation from 

chloroform- methanol it was identified as choresterol after comparing m.p. 

Chromatographic behaviour and IR spectrum of the isolated product with those 

of authentic sample of cholesterol that have been represented earlier (Fig.36) 

(iii) D. aracltidna 

The petroleum ether (b.p. 60 oC- 80 oC) extract of the airdried powdered. 

Yams of D.arachidna was t~en in a minimum volume of chloroform after 

evaporating the pet ether to dryness and column chromatographed over alumina. 

The crystals obtained offer elution of the column with different solvents and 

this mixtures are represented in the following table 17. 
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Table 17 : The residue obtained from petroleum ether extract of yam of 

D. arachidna during column chromatography. 

Eluent Subfraction number Residue on evaporation 

Pet. Ether. 1-5 Oil 

Do 6-10 Oil 

Pether : Benzene (3: 1) 11-15 Oil 

Do 16-20 No residue 

Do 21-25 Do 
Do 26-30 Do 
Petther : Benzene (1: 1) 31-35 Do 

Do 36-40 Do 
Do 41-45 Do 
Ptether: Benzene (1:3) 46-50 Do 
Do 51-55 Oil 
Do 56-60 Oil 
Benzene 61-65 Oil 
Do 66-70 No residue 
Benzene : Chloroform (3: 1) 71-75 Do 
Do 76-80 Do 
Bengene : Chloroform ( 1: 1) 81-85 Do 
Do 86-90 Do 
Benzene: Chloroform (1:3) 91-95 Do 
Chloroform 96-100 Crystal 
Do 101-105 Crystal 
Chloroform : Methonol (3: 1) 106-110 Crystal 
Do 111-115 Crystal 
Chloroform : Methanol (1: 1) 116-120 Crystal 
Do 121-125 Crystal 
Chlorofmm : Methanol (1 :3) 126-130 No residue 
Do 131-135 Do 
Methanol 136-140 Do 



76 

Sub fractions : 96-125 

The collected subfractions were mixed and concentrated after evaporation 

under reduced pressure when crystals (90 mg) were obtained. The isolated 

products were recrystallised from chloroform methanol mixture. The m.p. 

detennination, TLC, IR spectrum of the isolated product were determined and 

in all respects the isolated product show similar behaviour with those of authentic 

cholesterol (Fig. 36) and the observations of which have been represented earlier 

in this part of work. 

(iv ) . ./). sikkinuris 

The petroleum ether (b.p. 60o- 80oC) extract of the air dried powdered 

yams of D. sikkimensis was taken in a minimum volume of chloroform after 

evaporating the pet ether to dryness and column chromatographed over alumina. 

The crystals obtained after elution of the column with different solvents and 

their mixture are represented in the following table 18. 

Table 18: The residue obtained from petroleum ether extract of yam of 

D.sikkimensis during column chromatography. 

Eluent Subfraction number 

Pet. Ether. 1-5 
Pether : Benzene (3: 1) 6-10 

Do 11-15 
Do 16-20 
Do 21-25 
Petther : Benzene ( 1: 1) 26-30 
Do 31-35 
Do 36-40 
Ptether: Benzene (1 :3) 41-45 
Do 46-50 
Benzene 51-55 

Residue on evaporation 

Oil 
Oil 
Crystals 
Crystals 
Crystals 
Crystals 
Crystals 
Crystals 
No residue 
Do 
Do 

Contd ..... 
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Eluent Subfraction number Residue on evaporation 

Do 56-60 Crystals 

Benzene : Chloroform (3: I) 61-65 Crystals 

Do 66-70 Crystals 

Bengene : Chloroform (I: I) 71-75 Crystals 

Do 76-80 No residue 

Benzene: Chloroform (1:3) 81-85 Do 

Chloroform 86-90 Do 

Do 91-95 Do 
Chloroform : Methanol (3: I) 96-100 Do 
Do 101-105 Do 
Chloroform : Methanol (I: I) 106-110 Oil 
Do 111-115 Oil 
Chlorofonn : Methanol (1 :3) 116-120 No residue 
Do 121-125 Do 
Methanol 126-130 Do 

Subfraction - 11-40 

The subfractions of the eluent were collected and evaporated to small 

volume when an appreciable amount of crystals (85 mg) were deposited. The ; 

isolated product was observed to be positive to Iiebermann - Burcharded test 

and was identified as stigmasterol, following the procedure mentioned earlier 

in this part of work (Fig.35). 

Subfraction 56 - 75 

The subfraction of the eluent were collected and evaporated to small volume 

when an amount of90 mg of cyrstals. Were obtaianed and which was observed 

to be positive to Libermann - Burchard test. Following the procedure as 

representation earlier, the isolated product was identified as cholesterol (Fig.36). 

(v). D. bulbifera 

The petroleum ether (b.p. 60°- 80°C) extract of the air dried powdered 

yams of D. bulbifera was taken in a minimum volume of chlorofonn after 
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evaporating the pet ether to dryness and column chromatographed over alumina. 

The crystal obtained after elution of the column with different solvents and 

their mixture are represented in the following table 19. 

Table 19: The residue obtained from petroleum ether extract of yam of 

D. bulb~fera during column chromatography. 

Eluent Subfraction number Residue on evaporation 

Pet. Ether. 1-5 Oil 
Pether : Benzene (3: 1) 6-10 Oil 
Do 11-15 Oil 
Do 16-20 Crystals 
Do 21-25 Crystals 
Petther : Benzene ( 1: 1) 26-30 Crystals 
Do 31-35 No residue 
Do 36-40 Do 
Ptether: Benzene (1:3) 41-45 Do 
Do 46-50 Do 
Benzene 51-55 Do 
Do 56-60 Do 
Benzene : Chloroform (3: 1) 61-65 Do 
Do 66-70 Do 
Bengene : Chloroform ( 1: 1) 71-75 Do 
Do 76-80 Do 
Benzene: Chloroform (1:3) 81-85 Crystals 
Chloroform 86-90 Crystals 
Do 91-95 Crystals 
Chloroform : Methanol (3: 1) 96-100 Crystals 
Do 101-105 No residue 
Chloroform : Methanol (I: 1) 106-110 Oil 
Do 111-115 Oil 
Chloroform: Methanol (1:3) 116-120 No residue 
Do 121-125 Do 
Methanol 126-130 Do 
Do 131-135 Do 
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Sub fraction : 16-30 

The subfraction of eluent were collected and evaporated to small volume. 

When an appreciable amount (75 mg) of crystals were obtained. 

The isolated product was studied from chemical point of view. It was 

identified to be stigmateral following the procedure mentioned earlier. (Fig.35) 

S ubfraction 81-100 

The subfractions of eluent were mixed up and evaporated to small volume 

when an amount of 50 mg of crystals were obtained. It was observed to be positive 

to lie berman Burchard test. The isolated product was identified to be cholesterol 

following the procedure involving observation on m. p. TLC and IR spectrum as 

mentioned earlier. (Fig. 36). 

(vi). D. esculenta 

The petroleum ehter (b.;. 60o - 80o) extract of the air dried powdered 

yams of D.esculenta was taken in a minimum volume of chloroform after 

evaporating the pet ether to dryness and column chromatographed over alumina. 

The ctystals obtained after elution of the column with different solvents and 

their mixture are represented in the following table 20. 

Tabl~ 20 : The residue obtained from petroleum ether extract ofl yam of 

d.esculenta during column chromatography. 

Eluent Subfraction number 

Pet. Ether. 
Pether : Benzene (3: 1) 
Do 
Do 
Do 
Petther : Benzene ( 1: 1) 
Do 
Do 

1-5 
6-10 
11-15 
16-20 
21-25 
26-30 
31-35 
36-40 

Residue on evaporation 

Oil 
Oil 
Crystal 
Crystals 
Crystals 
Crystals 
No residue 
Do 

Contd ... 



80 

Eluent Subfraction number Residue on evaporation 

Ptether: Benzene (1 :3) 41-45 Do 

Do 46-50 Do 

Benzene 51-55 Ccystals 

Do 56-60 Ccystals 

Benzene : Chloroform (3: 1) 61-65 Ccystals 

Do 66-70 Ccystals 

Bengene : Chloroform ( 1: 1) 71-75 Ccystals 

Do 76-80 Ccystals 
Benzene : Chloroform ( 1 :3) 81-85 No residue 
Chloroform 86-90 Do 

Do 91-95 Do 
Chloroform : Methanol (3: 1) 96-100 Do 

Do 101-105 Do 
Chloroform : Methanol (1: 1) 106-110 Oil 
Do 111-115 Oil 
Chloroform: Methanol (1:3) 116-120 No residue 
Do 121-125 Do 
Methanol 126-130 Do 

Subfraction 11-30 

The sub fractions of the eluent were collected and evaporated to a small 

volume when an appreciable amount of ccystals ( 45 mg) was deposited. Pure 

crystals were obtained from chloroform methnal mixture having m.p. 138 -

140°C. This was recrystallised from acitone and colourless needles of crystals 

were ·obtained. A small fraction of the crystals was dissolved in hot methanol 

and subjected to TLC on silicagel G and was found to be identical in behaviour 

with the authentic sample of pure sitosterol (Chloroform: acetone, 99:1, v/v, 

Rf. 0.54; Benzene :Chloroform, 40:60, v/v, R£.0.46; Benzene: Eehylacetate, 

90:10, v/v, Rf.0.59). The developed chromatogram was sprayed with 

0-phosphoric acid and the plate was heated at 120°C for 10 mins. The; bluish 

spots of authentic sample of sitosterol as well as isolated crystals produced 

greyish brown floures cence on the developed chromatogram under UV light. 
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The IR spectrum of the isolated crystals showed characteristic peaks at A. max 

3 310, 17 40, 1710, 1460, 13 80, 960 cm-1
. Its characteristic peaks and their 

assignments were identical with those of authentic sitosterol (Fig. 38). 

Subfraction 51-80 

The subfractions of eluent were collect and evaporated, to small volume 

when an amount of 55 mg. of crystals were obtained. It was observed to be 

positive to Liebermann - Burchard test. The isolated- phytosterol was identified 

to be chlesterol on the basis of the procedure involving physical and chemical 

parameters already represented elsewhere in this part of work. (Fig.36) 

(vi). D.sativum 

The petroleum ether (b.p. 60-80oC) extract oftheair dried powdered yams 

of D. sativum was taken in a minimum volume ofchloroform offer evaporating 

the pet ether todryness and colwnn chromatographed over alumina. The cyrstals 

obtained after elution of the column with different solvants and their mixture 

are represented in the following table 21. 

Table 21: The reside obtainedfrompetroleumetherextractofyamofD.sativum 

during colwnn chromatography. 

Eluent Subfraction number 

Pet. Ether. 1-5 
Pether : Benzene (3: 1) 6-10 
Do 11-15 
Do 16-20 
Do 21-25 
Petther : Benzene ( 1: 1) 26-30 
Do 31-35 
Do 36-40 
Ptether: Benzene (1:3) 41-45 
Do 46-50 

Residue on evaporation 

Oil 
Oil 
Oil 
No residue 
Do 
Do 
Do 
Do 
Do 
Do 

Contd ... 
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Eluent Subfraction number Residue on evaporation 

Benzene 51-55 Do 

Do 56-60 Do 
Benzene : Chloroform (3: 1) 61-65 Crystals 

Do 66-70 Crystals 
Bengene : Chloroform ( 1: 1) 71-75 Crystals 

Do 76-80 No residue 
Benzene: Chloroform (1:3) 81-85 Crystals 

Chloroform 86-90 Crystals 

Do 91-95 No residue 

Chloroform : Methonol (3: 1) 96-100 Do 
Do 101-105 Do 
Chloroform : Methanol ( 1: 1) 106-110 Oil 
Do 111-115 Oil 
Chloroform : Methanol (1 :3) 116-120 No residue 
Do 121-125 Do 
Methanol 126-130 Do 

Subfractions : 61-75 

The subfractions were mixed and evaporated todryness. The residue was 

disolved in chloroform and methanol was added. Crystals appeared after 

sometime. They were separated and recrystalised to obtain the natural product 

of 70 mg. It was identified to be stigmasterol after following the procedure 

represented earlier. (Fig. 35). 

Subfraction : 81-90 

The subfractions were collected and evaporated to small volwne when an 

amount of 30 mg. of crystals were obtained and which has identified as 

cholesterol after comparing them. p. chromatographic behaviour at IR spectrum 

ofthe isolated product with those of authentic sample. (Fig.36). 

(vii). D. prozeri 

The petroleum ether (b.p. 60- 80°C) extract of air dried powdered yams 

of D.prazeri was taken in a minimum volume of chlorofonn after evaporating 
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the pet ether to dtyness and column chromatographed over alumina. The crystals 

obtained after elution of the column with different solvents and their mixture 

are represented in the following table 22. 

Table 22 : The reside obtained from petroleum ether extract of yam of D.prozeri 

during column chromatography. 

Eluent Subfraction number Residue on evaporation 

Pet. Ether. 1-5 Oil 

Pether : Benzene (3: 1) 6-10 Oil 

Do 11-15 Oil 

Do 16-20 Crystals 

Do 21-25 Crystals 

Petther : Benzene ( 1: 1) 26-30 Crystals 

Do 31-35 No residue 

Do 36-40 Do 
Ptether : Benzene (1 :3) 41-45 Do 

Do 46-50 Do 
Benzene 51-55 Crystals 
Do 56-60 Crystals 
Benzene : Chloroform (3: 1) 61-65 No residue 
Do 66-70 Do 
Bengene : Chloroform ( 1: 1) 71-75 Do 
Do 76-80 Do 
Benzene: Chloroform (1:3) 81-85 Do 
Chloroform 86-90 Oil 
Do 91-95 Oil 
Chloroform : Methanol (3: 1) 96-100 No residue 
Do 101-105 Do 
Chloroform : Methanol (I: 1) 106-110 Oil 
Do 111-115 Oil 
Chloroform : Methanol (1 :3) 116-120 No residue 
Do 121-125 Do 
Methanol 126-130 Do 
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Subfractions 16-30 

The sub fractions were mixed and the total volume was reduced to small volume 

and kept over night. The soid was dissolved in chloroform and mixed with 

methanol and kept for one day. Thecrystals were separated out. The amount was 

observed to be 40 mg. It was identified as sitosterol following the procedure 

involving the ditermination of mp. TLC and IR spectrum mentioned earlier. 

(Fig. 38). 

Subfractions : 51-60 

The sub fractions were mixed and the solvent was evaporated to obtain 

residue. It was dissolved in chloroform and methanol was added. It was kept 

over night to obtain crystals. (30 mg). It was identified as cholesterol after 

following the methodology represented elsewhere in this part of work. 

II. Isolation and characterisation of natural product obtained 
from petroleum ether extract of acid hydrolysed yam of 

different species of Dioscorea. 

Following the method proposed by Bammi and Randhawa ( 1975), crude 

residue was obtained after evaporating petroleum ether which, was used for 

extraction of acid hydrolysed yam of each species of Dioscorea a separately. 

The solid mass obtained from yam of each of the species was dissolved in 

chloroform and methanal was added. It was kept overnight is cold and white 

waxy plated crystals were obtained. The crystals showedm.p. 206-208°C. It was 

subjected to TLC on silica gel G in solvents such as Chloroform. Acetone 

(4: 1 v/v) Rf.0.58; Hexane: Acetone (4: 1, v/v) Rf.0.32. The plate showed purple 

spots after spraying Antimony trichloride in cone HCL and subsequent heating 

at 11 0°C for 10 minutes. The observation was very much similar to those with 

authentic diosgenin. Identification of diosgenin was further confirmed by the 

superimpossible IR Spectrum (in Nujol) at 'A max 3440, 3400, 1375, 1250, 

1050, 900 cm-1 for both the isolated product and authentic diosgenin (Fig.39) 
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Table 23: Production of diosgenin in the yam of different species ofDioscorea. 

Species 

D. a/ella 
D. kamoonensis 
D. arachindna 
D. sikkimensis 
D. bulb?fera 
D. exculenta 
D. sativum 
D. prazeri 

Discussion 

0/o ofdiosgenin on dry wt. basis 

0.07 
0.50 / 

0.70 
0.60 
0.90 
0.06 
1.50 
2.50 

India's steroid industries are at present based mainly on two species of 

Dioscorea i.e. D.prazeri. Prain and Burkill and D.deltoidea Wall.ln addition, 

a very few species of Dioscorea have been introduced in the country as the 

source of raw materials for the production of diosgenin used as a principal 

precursor compound for the synthesis of corticosteroid drugs and sex hormones 

as active constituents of oral contraceptives. Collection and supply of these 

materials from their natural habitats for the last few decades have reached the 

natural population to a very scanty level. (BftltliBi et all969; Chakraborty and 

Roycoudhury 1974). Reackless and ruthless collections leading little scope 

for their regeneration in natural condition have brought these plants even upto 

the rank of endangered spceis. Considering the large demands of these material, 

searching of alternative sources of diosgenin is being felt now a days. 

All together eight different species of Dioscorea growing wildly in 

Darjeeling and Sikkim Himalayas have been collected. These are D.alata. 

D.kamoonemis kunth, D.arachidna Prain and Burkill. D.sikkimensis Prain and 

Burkill, D. bulbifera L. D. esculenta (Roxb) Prain and Burkill, D.sativum Land 

D. prazeri Prain and Burkill. It has been observed that all these species are 

being used traditionally by the locally available tribal people in the region of 

Darjeeling and Sikkim Himalayas. But the plant parts of these dioscoreas are 
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very much similar in their external appearance and it is very difficult to identify 

them properly. Uinder these circumstances it is feltnecessary to identify them 

from the view point of pharmacognosy which includes the study of botanical 

and chemical aspects of plant. 

Information about the pharmacognostic study of Dioscorea is meagre. 

X. freda and Cecilin ( 1990) carried out histochemical analysis of yam of different 

species of Dioscorea but they gave much importance only to study the 

"Crystalliferous sheaths" showing variation in oxalate crystals and starch is 

different species of Dioscorea. Bhatt et al (1990) on the other hand studied 

· specialisation of vessels in the yam of Dioscorea sp. Philip et al (1980) studied 

seven species of Dioscorea from pharmacognosy point of view. They studied 

the tubers of different species of Dioscorea considering the identifying character 

based on the microscopic study of powdered tubers with· special interest on 

crystals, starch grains, xylem vessels, fibre etc. 

Thus in this part of work much importance has been given not only to the 

yam but also to other plart pacts like leaf, stem and root. Organoleptic study 

including macroscopic appearance of different species of Dioscorea, their 

shape, colour, feeling by touch, taste, marking and colour has been carried out. 

Table 8 and 9 show that there are marked variation in organoleptic features 

amongst eight species of Dim·corea. Some macroscopic features of different 

species have been worked out and morphological appearance of D. a/at a 

(Fig.11, 12) D. kamoonensis (Fig.14, 15) D.arachidna (Fig.17,18) D.sikimensis 

(Fig.20,21) D. bulbifera (Fig.23,24) D. esculenta (Fig.26,27) D.sativum 

(Fig.29,30) and D. prazeri (Fig.32,33) have been represented. Macroscopic 

evaluation of different plant parts of Dioscorea sp. has been worked out following 

the schedule of Johansen (1940). Some important microscopic features ofleaf 

(Table 1 0) stem (Table 11 ), root (Table 12), and yam (Table 13) of all the eight 

species of Diascorea have been represented. In connection with quantitative 

microscopy two criteria such as stomatal index and pallisade ratio in the leaf of 

all the species have been worked out. From the table 14 it appears that D. prazeri 

and D. sikkimensis show the minimu ( 19) and maximum (30) values for stomatal 

index respectively. On the other hand D.esculenta and D.sativum show the 
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minimum (30) and maximum (59) value for pallisade ratio respectively. A key 

has been evolved based on observations on morphological and histological 

differences in leaf, stem, root and yam (Chart 1 ). The key is expected to help in 

providing an easy and quick identification of these species for their purposeful 

utilisation in our society. 

Phannacognosy is closely related to both botany and plant chemistry and 

indeed both originated from the earlier scientific studies on medicinal plants. 

For a long time the subject was mainly based on botanical aspects of the plant 

mainly concerned with the description and identification of drugs. Such branches 

of pharmacognosy are still of fundamental importance but rapid development 

in other area, particularly phytochemistty have enormously expanded the subject. 

The concept that plants can be identified and classified on the basis of their 

chemical constituents is not new that it is only during the last few decades that 

modem techniques of isolation and characterisation have led to the chemical 

screening of large number of plant samples. Compared with morphological 

charectars chemical constituents in plants are often more fundamental 

significance for identification of plants (Evans 1997). 

For a long time different species of Dioscorea have been noted to yield 

steroidal saponins. Which are having with high molecular weight and high 

polarity. These glycosides after being subjected to acid hydrolysis yield aglycone 

(Sapogenin) Biosynthetically they are related to other steroidal constituents 

and specially the phytosterols. It is expected that different species of Dioscorea 

may contain saponin and phytosterol as complex mixture. For this reason 

isolation and characterisation of phytosterol in different species of Dioscorea, 

under consideration, along with diosgenin have been undertaken. 

Phytosterols and diasgenin have been isolated from the yams of different 

species of Dioscorea following the methods of Harborne (1973) and Bammi 

and Randhawa ( 1975) respectively. Cholesterol (Fig. 36) have been observed 

to be present in the yams of all the species of Diascorea under consideration 

(Table 15 to 22). Stigmasterol (Fig.35) is common in the yam of all the four 

species such as D.alata (Table 15), D. sikkimensis (Table 18), D.bulbifera 

(Table 19) D. sativum (Table 21). But lanosterol (Fig.37) has been isolated 



CHART-1 

Key for quick identification of different species of Dioscorea from pharmacognosy point view 

A. Leaf Simple 

B. Phyllotaxy alternate 

C. Vascular bundles are embeded inthe sclerenchymatons peri cycle in root 

D. Shape of leaf, cordate 

E Stem is polygon in cross section but pentagon in the basal part of the petiole. Stigma sterol is persent in the yam, round in 
shape ........ D. sativum 

E
1 

Stem and basal part of petiole are circular in cross section, sitosterol is present in the yam ......... D. esculenta 

D 
1 

Shape of leaf, ovate lanceolate, basal part of petiole cordate in cross section with a sharp knotch, sitoterol is present in the yam branched, 
cylindrical is shape ........ D. prazeri. 

B
1 

Phyllotaxy opposite superposed 

C
1 

In stem vascular bundles are aranged in two rings, some are embeded in a ring of peri cycle, the others are distributed towards the pith. 

D 
2 

Stem is triangular in cross section with curved arms but dome shaped in the basal part of petiole, there is projection of tissue below the 
vascular bundle in the midrib ofleaf, stigmasterol is present in the yam, oblong in shape .......... D. sikkimensis 

D
3 

Stem is pentagon in cross section with slightly curved arms. In root, vascular bundle touches the peri cycle with protoxylam, metaxylem 
part is free. Basal part of petiols is pentagon in cross section; stigmasterol is present in the yam, cylindrical ..... D. bulbifera. 

C
2 

In stem, vascular bundles are embeded in a ring of peri cycle, stem is elliptic in cross section but dom shaped it the basal part of petiole. 
Stigmasterol is present in the yam, cylindrical, much broader at the proximal end ......... D. alata 

A1 Leaf, compound. 

B
2 

In stem vascular bundles are arranged in two rings, some are embeded in the pericycle and others are distributed more towards the pith 

C3 In root vascular bundles are embeded in the pericycle, but metaxylem part is freely projected to wards the pith. Basal part of petiole 
is semicircular in cross section and the midrib region is very much projected from the laminar surface, Lanosterol is present in the yam, 
cylindrical with round proximal and distal ends ....... D. kamooneusis. 

C4 In root protoxylem and metaxylem of vascular bundles are totally embeded in the pericycle. Basal part of petiole is circular with 
an are of straight line the midrib region is not projected cholesterol is present in the yam, round ..... D. arachidna. 
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from D. kamoonensis (Table 16) and sitosterol (Fig.38) from D.esculenta 

(Table 20) and D.prazeri (Table 22). It is very interesting to note that besides 

cholesterol (Fig.36) no other sterol has been detected in D.arachidna 

(Table 17). From previous record it appears that Lin and yam yong (1985) 

reported the presence of sitosterol in the yam of D.septamoilea. Savikuri 

F odulovic et al ( 1998) isolated phytosterol in callus line of wild. D. balcamea. 

The generally accepted path way for steroid biosysthesis in plants was 

outlined by Kaneko et al (1976). According to the biosynthetic path way acetyl 

CoA was treated as the starting point which was converted to cholestorol via 

mevalonic acid and squalane. 

Cholesterol was considered for many years as the typical animal sterol 

and was differentiated on that basis from the plant or phytosterol. On the other 

hand cycloartenol is considered typical for plant as this compound has not be 

found in animals (Jacokson 1970). In 1958 cholesterol was discovered in lower 

plants (Tsuda et al, 1958) and subsequently its presence was shown in micro 

organisms and higher plants (Heftmann, 1967). 

In biosyuthetic experiments cholesterol contained one quarter to one third 

of all the radioactivity incorporated into sterol with mevalonic acid 2-14 Cas 

substrate. By weight cholesterol accounted for only three percent of the sterol 

mixtue. Consequently, it appeared that cholesterol was rapidly formed and 

metabohsed (Jacobson, 1970). The ability of cholesterol to serve as precursor 

for other 27 carbon sterol was shown by its conversion to diosgenin. (Bennett 

and Heg & Mann, 1965; Tschesche and Hulpke 1966). The question arose as to 

which compound constitutes the first stable sterol after cyclozation of squalane. 

Wool ward and Block ( 1958) proposed a mechanism in which Lanosterol was 

considered to be the first intermediate in connection with the process. 

According to biogenetic scheme presented by Schreiber ( 1968) and Schutte 

( 1969) and intermediate giving rise to diosgenin was postulated as 16 -

hydroxycholesterol derivative having unsaturations at the side chain positions 

22 and 25 oxidation of the double bonds by plant metabolism could then lead to 

1 6 - dihydrokryptogenin which in turn when cyclized would afford diosgenin. 
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According to Stohs et al (1974) sitosterol also served as precursor in the 

fmmation of saponin. With sitosterol however, removal of a two carbon unit 

for C-24 must preceed oxygenation. The sequence in which oxygen is introduced 

at position 16,22 and 26 is unanswered (Grunwald, 1980) but indirect evidence 

strongly suggested that oxygenetion at C-26 was first step towards the formation 

of saponin (Bennett et al 1970). According to Johnson et al (1964) formation 

of stigmasterol is assumed to occur through sitosterol by enzyme 22,23-

dehydrogenase (Johnson et al. 1964)~ Rowe 1965), however much of the 

evidence is indirect. Radioactive mevalonic acid is first detected in sitosterol, 

and with longer incubation the specific activity of sitosterol decreases while 

that of stigmasterol increases (Knapp and Nicholas 1971 ~ Bush and Grunwald 

1973). Direct conversion of sitosterol to stigmasterol however is low, and all 

attempts to demonstrate that this is the major path way for stigmasterol 

biosynthesis are unconvincing (Waters and Johnson, 1965 ~ Bennett and Heftman 

1969). 

As diosgenin and various phytosterols are biosynthelically related, it is 

expected therefore that different sterols may be available in different species 

of Dioscorea according to their genetic make up. 

As regards other steroidal constituent all the species of Dioseroea have 

been observed to contain diasgenin though in variable quantity. (Table 23). 

Negligible amount of diosgenin i.e. o.07% and 0.06 on drywt. basis have been 

isolated from the yam of D. a lata and D. esculenta respectively. The table 23 

also show that very low amount of diosgenin is present in the yam of 

D.kamoonensis (0.50%) D. arachidra (0.70%) D. skkimensis (0.60%) and 

D.bulbi.\fera (0.75%). Besides an appreciable amount of diosgenin is observed 

to be present in D. sativum (1.35%) and D. prazeri (2.30%). Kunithapadam 

(1982) reported the presence of 1 to 3% of diosgenin in the yam of D. prazeri 

available in North Eastern Region in India and Pal and Chakravarty (1976) isolated 

I .7-2.0% of diosgenin in the yam of the same plant but they did not mention the 

place of collection of the plant material. But the presence of 1. 3 5% of diosgenin 

on dty wt basis in the yam of D.sativum (Table 23) may be treated as the first 

time to report and such an amount may be treated as and alternative source of 

diosgenin in the region. 
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Savikin- Fodulovic et al (1998) worked out the biosynthetic relationship 

amongst diasgenin and phytosterol with the help of tussue culture technique. 

The obtained callus lines from awild D. balcanica cultivar, differed in diasgenin 

as well as in phytosterol content the observed that light/dark condition affected 

the amount of diosgenin in callus line while quantitative differences in phytosterol 

amount were less pronounced. There were quantitative differences in their 

amount between callus grown on light and in the dark. The addition of cholesterol 

in culture medium increased the amount of both diosgenin and phytosterol 

sugesting the role of cholesterol in the biosynthetic process of diosgenin and 

phytosterol. 

There may be quantitative difference of all the natural products due to 

environmental factors but the qualitative character like availability of various 

phytosterol in the yam of different species of Dioscorea is genetically fixed 

and may serve as important charcter for identification of different species of 

Dioscorea in the line of their investigation from pharmacognosy point of view. 
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SUMMARY 

Eight different spices of Dioscorea, such as D. alata L, D. kamoonensis 

Kunth, D. arachidna Prain & Burkill, D. sikkimensis Prain & Burkill, D. sativum 

L and D. prazeri Prain & Burkill have been studied from. Pharmacognosy point 

of view to include botanical and chemical charactors. 

Different parts of the plant such as, leaf, stem, root and yam have been 

studied for their identification on the basis of organoleptic, macroscopic and 

microscopic characters. 

ln connection with orgenoleptic study the yams of D. alata,D. kamoonensis 

D. sikkimensis, D. bulbi;{erea have been observed to produce no charactristric 

smell though D. arachidna, D. sativum, D. esculenta and D. prazeri have 

charactristric smell. All these species differ in shape, colour, markings of 

different parts. The yam of these species have also been observed to differ in 

fee1ing to touch specially in connection with the yam. 

As regards macrosopic characters, D. sativum D. esculenta and D. prazeri 

have simple leaf with alternate phyllotaxy though opposite supurposed has been 

observed in D.alata, D. bullifera and D. sikkimenis.Compound leaf has been 

observed in D. kumoonensis and D. arachidna. All these species have been 

noted to differ in shape of leaf and yam. 

Microscopic observations on leaf, stem, root and yam of all the species 

have been made. They have been noted to differ in the size of epidermal, pallisade 

and spongy cells type of stomata, shape at the basal region of petiole, out line of 

stem, epidemal hairs, thickness of pericycle in stem and root, arrangements 

vascular bundles, distribution of idioblasts containg ascicular crystals. 

Characterristic features in connection with the projection of tissue below the 

vascular bundle in midrib region ofleafhave also been noted. 

All the species have been observed to differ in some characters such as 

stomatal index and pallisade ratio of leaf. 

In chemical aspects much emphasis has been given on isolation and 

charactarisation of phytosterols in the yam of eight species of Dioscorea. 
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Following conventional method of phytochemical analysis, dried powder 

of yam of all the species have been subjected to soxhlet extra~tions. with 

petroleum ether for isolation and identification os sterols. 

They were identified, after comparing the m.p.- PC, T.L.C.and I.R.spectrum 

of the isolated product with those of authentic samples of sterols. Stigmasterol, 

has been observed to be present in D. alata, D. sikkimensis, D. bulbifera, and 

!J.sativum, lanosterol in D. kamoonensis and sitosterol in D. esculenta. and 

D. prazeri Cholesterol is present in all the species including D. arachidna. 

Estimation of diosgenin has been made following the conventional method 

of ptero leum other extration of acid hydrolysed yam. D. a/ata and D. escul enta 

have been observed to contain 0.07 and 0.06 present on dry weight basis 

respectively. The percentage yield of diosgenin in other species are 

D. kamoonensis (0.50%) D. sikhimensis (0.60%) D. arachidna (0. 70%) 

D. bull~fera (0.75%), D. sativum (1.35%) and D. prazeri (2.30%). 

On the basis of botanical and chemical characters, a key has been prepared, 

for quick identifications of the species, available in Darjeeling and Sikkim 

Himalayas. 


