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SUMMARY

The biosynthesis of phytosterols and steroidal sapogenins 

has been reviewed due to its relevance to the possible 
mechanisms of increase in sapogenin yield from fenugreek seed. 

The components of the seed, especially diosgenin and yamogenin, 

are given together with physico-chemical data for these two 
compounds isolated by preparative-TLC.

The determination of diosgenin and yamogenin by infra
red spectrophotometry was based previously upon calibrations 
using diosgenin and sarsasapogenin, due to the difficulty of 

isolating yamogenin. This difficulty has been overcome by 
the design of a preparative-TLC tank utilizing continuous 
elution. The pure diosgenin and yamogenin obtained have been 
used to make a detailed study of the calibrations required for 
the accurate determination by infrared analysis, of these two 
epimers when mixed together in any proportion. Recommendations 
for the calibrations show important changes from those previous
ly used with sarsasapogenin.

The routine procedure widely used for the extraction of 
steroidal sapogenins from plant materials yielded an extract 
from fenugreek seed that, contrary to previous data, was unsuit
able for the direct determination of diosgenin and yamogenin 
by infrared analysis. A column chromatographic procedure was 
devised which was capable of isolating diosgenin and yamogenin 

from the crude extracts, suitable for infrared analysis. The 
apparatus designed for this chromatography permits the simult
aneous development of twelve columns, the quantitative collect
ion in pre-determined volumes, of various fractions of the 

crude extract, and statistical analysis has shown that each



column may be used at least five times without re-packing. A 
method of sterol analysis by gas chromatography is described.

The procedures described have been used for the quantit
ative study of diosgenin, yamogenin, sitosterol and other 

sterols present in the seed of fenugreek. Changes in the 
levels of these compounds following seed exposure to conditions 
that inhibit or encourage germination have been investigated 

and are discussed. The effect of riboflavine, squalene, 

geraniol, kinetin and Atromid-S when present during the above 
conditions, upon the yields of diosgenin and yamogenin, have 
received statistical analysis.

The behaviour and changes in sapogenin yields of four 
varieties of seed during the early stages of germination have 
been studied, including their method of water imbibition, and 
the results support other evidence that the four varieties are 
distinctly different. Recommendations are given that enable 
the maximum yield of sapogenin to be extracted from each 
variety.
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PART I - INTRODUCTION

CHAPTER 1

The Biosynthesis of Phytosterols and Steroidal Sapogenins

(i) INTRODUCTION

Since 1950, when the dramatic effects of cortisone as a 
medicine were first reported, the number of pharmaceutical pro
ducts derived by partial synthesis from plant steroids has 

expanded from cortisone to include a wide range of cortico
steroids, fertility control compounds, sex hormones,anabolic 
agents, and now a general anaesthetic (Glaxo's Althesin). In 

1968 it was estimated that the world's production of steroid 
was equivalent to 1000 tons of diosgenin, and that 5/6 was pro
duced by total synthesis, 6% by partial synthesis from animal 
sources, and 89% from plant sources. In 1973 the world's 
production of steroid is expected to be equivalent to 1340 

tons of diosgenin, and that plant sources will be able to meet 
the demand by increased use of cultivated plants alongside the 
collection of plants.

It is usual for extraction of the steroids from plant 
materials to take place in the country of origin, and then to 
convert the diosgenin or similar compound (e.g. stigmasterol, 
hecogenin, or smilagenin) to the final pharmaceutical steroid, 

or an intermediate relatively close to it, e.g. pregnenolone. 
In this way the steroid industry is. retained in the country of 
plant origin, to the financial benefit of that country. The 
main countries of origin, their methods of steroid extraction 

and conversion by partial synthesis to pharmaceutical products 

was included in a review by Hardman"in 1969. In view of the 

continuing world demand for pharmaceutical steroids, possible
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cultivated sources of the main raw material, namely diosgenin, 

continue to receive attention. In this context the seed of 
Trigonella foenumgraecum L. (Fenugreek) forms the subject 

matter of this thesis.

Since the seed contains phytosterols and steroidal sapo
genins it is relevant that the biosynthesis of these compounds 

be described.

(ii) THE BIOSYNTHESIS OF PHYTOSTERQLS
2Goad and Goodwin have given a detailed review (448 refer

ences) of the biosynthesis of plant sterols up to 1972, and 
show that rapid progress has been made during the last six years 
to resolve the various biosynthetie problems unique to plant 
sterols* This review is restricted to a consideration of
the most common sterols, namely the 3p-monohydroxy sterols, as 
found in algae, fungi and higher plants.

Sterols may be divided both on structural and biosynthetic 
grounds into three groups (a) triterpenes or 4,4-dimethyl 
sterols, (b) 4-methyl sterols and (c) 4-demethyl sterols or 
sterols. Examples of these compounds d/c given in Fig.I.l, to 
which the numbering system in brackets refers.

Considerable variation in the sterol composition of algae 
has been observed, for example whilst cholesterol (X) has been

O Q
reported in the Cyanophyceae , and Shodophyceae , fucosterol
predominates in the Phaeophyceae^^. In most cases where the

028- and 029- sterols have been characterized, they have the
224s-configuration similar to fungal sterols, but more attent

ion to this aspect is required before it is known whether 245- 
sterols are characteristic of algae.



Fig I.l Some plant sterols
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4,4-dimethyl sterols

HOHO
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HOHOHO
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C 28 C 28 C 27

HO HOHO
(v i ) desmosterol. (v i i) ergosterol. (VIII) fucosterol.

C 27 C 28 C 29

HO HO
(X) stigmasterol 

C 29(IX) sitosterol 
C 29
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In the fungi, C28-sterols predominate, with ergosterol 

(VII) as the principal sterol found in the majority of 
Ascomycetes and Basidiomycetes examined.

The sterol mixtures encountered in the Gymnosperms and

Angiosperms contain principally sitosterol (IX) with smaller

amounts of campesterol (IV) and cholesterol (X). These
three sterols all possess 5“Unsaturation and have the same

configuration of 24R- at C-24. (These configurations apply #
sterols with the fully saturated side-chain. Introductioh 
of double bonds may change the allocation of R and S).

Squalene biosynthesis
The initial stages of sterol biosynthesis involve the

formation of the C30-hydrocarbon squalene (XIX) from acetate
and the C6-compound mevalonic acid (XIV) via a sequence of
phosphorylated compounds. The route was initially elucidated

11 12using liver and yeast preparations and is well documented. * 

The use of stereospecifically 3H- and I4C- labelled mevalonic 
acid by Cornforth et al.^^ has demonstrated the stereochemical 
mechanism of the initial stages of the isoprenoid formation, 
only the (R)- form of mevalonic acid giving rise to terpenoids, 
whilst the (S)- form is metabolically inactive.

The biosynthesis of squalene in plant tissues has been 
shown to proceed by the same route as in animal tissues. For 
example, germinating seeds of Pisum sativum readily incorpor
ated 2-14C-mevalonic acid into squalene, which was later shown 
to have the same labelling pattern as squalene biosynthesized 

in animal t i s s u e s . T h e r e  is abundant evidence in support 

of the similarity of plant and animal biosynthetic routes to 
squalene, including the presence in plants of mevalonate
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kinase and phosphomevalonate kinale enzymes^^, a geraniol kin-

ase^^, and evidence from cell-free systems of peas^^, carrot^^ 
18and tomato.

Squalene cyclization

The mechanism of squalene cyclization to give a tetra
cyclic sterol precursor has been demonstrated by various 

19workers  ̂ using rat liver, to proceed in the presence of oxy
gen and NADPH, to the compound squalene-2,3-oxide (XX) which 
then undergoes proton-initiated cyclization to yield lano

sterol (II).

In fungi. , lanosterol is the product of squalene-2,3- 
oxide cyclization and its conversion to ergosterol (VII) is 
well established^^*, although the exact sequence of inter
mediates is uncertain and probably several routes are operat
ive in various fungi.

In algae and higher plant tissues it has been shown that
squalene-2,3-oxide cyclises to yield cycloartenol (I) as the
first identifiable product, and this compound is considered to
play a major role in phytosterol biosynthesis. Goodwin*s^^
group obtoiined cycloartenol in low yield from 14G-squalene-2,
3-oxide using a cell-free homogenate prepared from the leaves

21 22of Phaseolus vulgaris. Benveniste * et al. obtained the

incorporation of l-li+C-acetate into squalene-2,3-oxide and
cycloartenol with tissue cultures of Nicotiana tabacum. This

25has been confirmed with tissue cultures of Agave and 
Dioscoreae. Innone of the above cases was there any evidence 

for the production of lanosterol, indicating that cycloartenol 

was produced directly by cyclization of squalene-2,3-oxide and 
not by subsequent modification of lanosterol initially formed.
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Pig 1.2 Squalene Biosynthesis and Cyclization
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This has been c o n f i r m b y  further work using labelled meval
onic acid and the leaves of Solanum tuberosum.

The route from cycloartenol to the ii.-demethyl sterols
known to occur in higher plant species must take into account
which of the possible C-24 alkylation mechanisms is operating
in the organism under consideration. To date, the only route

considered in any detail is one involving 24-methylene and 24-
2ethylidene intermediates. The first step, Fig,I.3, is 

envisaged to be alkylation at C-24 to give 24-methylene cyclo
artenol (XXI), which is widely distributed in higher plants.^ 

Demthylation at 04- will then lead to cycloeucalenol (XXII), 
another 9p,19-cyclopropane compound which is now recognised as 
widely distributed in plants.^ At this point it seems pro
bable that the 9p-19-cyclopropane ring is opened, to form 
obtusifoliol (XXIII), isolated originally from Euphorbia
obtusifolia and subsequently found to occur in several plants

27together with cycloeucalenol. Déméthylation of obtusifoliol
n

at GI4- and rearrangement of the nuclear double bond to A  
yields 24-methylene lophenol (XXIV) which can follow two pos
sible routes, either C4-demethylatioh to give the various 
C28-sterols of plants (e.g. campesterol, brassicasterol), or 

alternatively a second alkylation at 028- and thence to the 4- 
demethyl C29-sterols (e.g. sitosterol, stigmasterol).

For example, 4 ^-methyl-(24S)-24-ethyl-3 -cholesta-7,25- 
dien-3p-ol (XXV) has been isolated from the leaves of

28Clerodendrum campbellii , and other members of the Cucurbit- 
aceae, which then undergoes C4-demethylation to lead to the 

C28-methylene sterols characteristic of these plants.

The other route is to 24-ethylidene lophenol (XXVII),



Pig 1.3 Some possible routes for the biosynthesis of phytosterols

HO
(XXI) 24-methylene

(I) cycloartenol cycloartenol

8

HOHO
(XXIII) obtusifoliol (XXII) cycloeucalenol

(XXV) 4<X-methyl-(24S)-
24-ethyl-5 cholesta- 
7,25-dien-3p-olHO HO

(XXTV) '24-methylene
lophenol

HOHO
(XXVI) (24s)-24-ethylcholesta- 

5,22,25-trien-;5f-ol.(XXVII) 24-ethylidene 
lophenol

\

HO

}

(XXVIII) 5«t-stigmasta-7,Z-24(28)- 
dien-]5f-ol.
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Fig l O  cbnt.

(XXVIII) 5dr8tlgmasta-7,Z-24(28)- 
I dlen-^P-ol

HOHO
(XXIX) stlgmasta-5,7,2-24(28)- 

trlen-^P-ol.
(XXX) stlgmast-7-en- splnasterol

3^1. I

HOHOHO
(XXXII) 28-isofucosterol (XXXIII) stigmasta-

5,7-dlen-2#-ol.

HOlonasterol (•IX) sitosterol (X) stigmasterol

HO
(XXXVI) porlferasterol
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which is widely distributed in higher plants.^ Removal of
the 4 oL-methyl group from (XXVII) gives stigmasta-7,24(28)-
dien-3p-ol^^ (XXVIII) which can then progress via a A
intermediate (XXIX) to 28-isofucosterol^^ (XXXII). Finally,

reduction of the 2i+-ethylidene group of (XXXII) will produce
sitosterol. Alternatively, reduction of the 24-ethylidene

2group at an earlier stage is also probable , so that 24-ethyl- 

idene lophenol becomes stigmast -7-en-3p-ol (XXX) from which 
spinasterol (XXXI) or sitosterol (IX) can be obtained.

The sequence of the removal of the three methyl groups

from C4- and C14- is that one of the 04- groups is usually
lost prior to 014-demethylation, probably because of the ,

219-cyclopropane ring. In compounds possessing this ring 
the 1 4 ^-methyl group is hindered and this probably prevents 
attack by the demethylase enzyme system. Also, the 014- 
decarboxylation is facilitated by a A  ̂  (or A  ̂ ) bond^^ and 
this appears in the biosynthetic route only as a result of 
the opening of the cyclopropane ring. This is in contrast to 
cholesterol biosynthesis in animals where the 014-methyl group 
is usually the first to be lost by oxidative decarboxylation.^

The pathway shown in Fig.I.3 is supported by evidence
%2from studies with algae, notably Ochromonas malhamensis 

which can efficiently convert the tritium labelled compounds 
cycloartenol (I) and (XXI), (XXII), (XXIV), (XXVII), (XXVIII), 
and (XXXII) into poriferasterol.Considering the very large 
number of plant sterols now characterised (93 listed by Goad 

and Goodwin ), the routes outlined in Fig.I.3 must be regarded 
as a guide only, and that many divergent pathways are possible. 
P'or example, although a linear pathway is shown from
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cycloartenol (I) to 24-ethylidene lophenol (XXVII), lack of

specificity by the C24- alkylation and C4-, CI4- déméthylation
enzymes and by the enzyme responsible for the opening of the
9p,19-cyclopropane ring could give diverging and converging 

2pathways. When tobacco tissue cultures were incubated with 
14C-acetic acid for increasing periods of time, the specific 

radioactivities of compounds (I), (XXI), (XXII), (XXIII) and 
(XXIV) were not as would be expected for a simple linear route.^^ 
Sterols (XVI) and (XXII) had specific radioactivities lower 
than (I) and (XXIII) indicating that they lie on one of the 
several possible parallel routes from cycloartenol (I) to 

obtusifoliol (XXIII). It is possible that the relative import
ance of the various routes will vary from species to species 
and depend upon the degree of specificity of the various 
enzyme systems involved in different plants. It is also 
expected that new sterols will be reported in the future.

The role of sterols in plants is probably diverse, but has 
not yet received great attention. Heftmann*^'"^ considers that 
they may have the same functions as in animals, namely as pre
cursors of other steroids, as hormones and as membrane compon

ents. For example, a great variety of sterols with insect- 
moulting hormone activity occur in plants. All these compounds 
have an o^,p-unsaturated carbonyl group and a I40C -hydroxyl 
group. The function of this group of sterols in insects has 

been elucidated, but whether they have an effect on the insects 
that normally feed on these plants is debatable. The effect 
that these compounds have upon the plants themselves has not 

been systematically investigated.
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(iii) THE BIOSYNTHESIS OF STEROIDAL SAPOGENINS

35In 1967 Ourisson et al. isolated cycloartenol and 24- 
methylene cycloartenol from tissue culture derived from 
Dioscorea composita, and postulated that cycloartenol might be 
an alternative to lanosterol as a precursor of cholesterol and 
steroidal sapogenins. This was confirmed by Tomita et al.^^ 
in I97I; by the incorporation of 24-tritiated cycloartenol 
into diosgenin, yamogenin, tokorogenin and some phytosterols, 
by callus derived from D. tokoro.

The possible role of cholesterol in the biosynthetic path
way from mevalonic acid and from squalene to steroidal sapo-

37genins was first reported in 1965 by Bennett and Heftmann , 
who obtained incorporation of 4~14C-cholesterol-3B-glucoside 
into diosgenin by Dioscorea spiculiflora. Using the same

% o
labelled glucoside, Tschesche and Hulpke obtained labelled
tig^enin (XLV) from Digitalis lanata. Also using this plant 

39Joly and Tamm obtained incorporation of mevalonate labelled 
with 14c- at the C-2 and C-3 positions into tigogenin. Because 
of its pattern of labelling, they suggested that tigogenin had 
been formed directly from A  24-desmosterol (VI) or another 
similar C-27 compound. The non-equivalence of labelling of 
the C-26 and C-27 positions suggested that cholesterol (V) was 
not involved. Fig.I.4(a). Further work by Tschesche^^ 

indicated that the C-27 compound above may have a 4-ene-3-one 

structure in ring A, because 4-14C-cholest-4-ene-3-pne afforded 
labelled tigogenin, whereas 3 cA-3H, A -24 desmosterol gave 
labelled cholesterol but not labelled tigogenin. The incor

porations previously obtained with cholesterol could have 

occurred by enzymatic dehydrogenation at C-24 prior to incorpor

ation.
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However, using 4-14C,25-3H ‘Cholesterol in Dioscorea 

floribunda Joly et al.^^ obtained diosgenin whose labelling 

indicated that the molecule of cholesterol had been incorpor
ated intact. This was also the conclusion of Stohs et al.^^ 

following an experiment in which they used 4-140,26-140- 
cholesterol with undifferentiated suspension cultures of D. 
deltoidea. The role of cholesterol as a key intermediate in 

the biosynthesis of spirostanols was thus accepted.

Species of Digitalis afford both spirostanols and card- 
enolides. In the case of the latter the biogenetic pre
cursor is known to be pregnenolone. »^4 Hydroxylases must 

be present in Digitalis lanata which can introduce hydroxyl 
groups at C-12, C-I4 and C-16 in order to produce molecules 
such as digitoxigenin. It must also contain a hydrogenase 
which hydrogenates pregnenolone in such a way that an A/B cis 
derivative is formed. This is possible only through the 
stage of a 3-keto, A4-^i^aaturated derivative, e.g. progester
one; such an intermediate is o b l i g a t o r y . T h e  3-keto and 
3p-hydroxy derivatives are easily interconvertible in the 
plant, e.g. 5p-H-pregnan-3p-ol-20-one and the corresponding 
3,20-diketo derivative are both converted into digitoxigenin 
in Digitalis p l a n t s . R e c e n t l y  Tschesche^^ has postulated 
that although spirostanols are A/B trans compounds, if the 
3-keto stage is used as for the cardenolides, then it would 
explain why 3 - 3 H , A -24 desmosterol produced labelled chole
sterol but not labelled spirostanols. During hydrogenation 
of the double bond the tritium there would be removed. In 

Digitalis, cholestan-3-one (XXXVIII) and cholestan-3p-ol 

(XXXIX) are in equilibrium and both are incorporated into 

spirostanol.^^ Sitosterol, with two more carbon atoms at
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Fig 1.4 Biosynthesis of spirostanols 
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position 24 than cholesterol, could not be utilized for spiro-

50stanol biosynthesis in Digitalis lanata.

In 1947, Marker and Lopez^^ postulated that steroidal 
sapogenins could exist in plants in a form in which the side 
chain was held open by glycoside formation. In these compounds 
(furostanols) ring F would be open; mild hydrolysis would 
yield the open chain aglycone and stronger hydrolysis would 
close the ring to form a spirostan aglycone. This was con

firmed in 1969 by two independent groups of workers. Tschesche^^ 
isolated the furostanol glycoside sarsaparilloside from the 
roots of species of Smilax and then from Convallaria majalis. 
Bennett and Heftmann*s group^^ fed 4-14C-cholesterol to 
Dioscorea floribunda and isolated the labelled open-chain 
glycoside of diosgenin, A^-furostene-3p-22,27-triol-3p-chaco- 
trioside-27p-o-glucopyranoside. A leaf homogenate of the 
same plant easily transformed this glycoside into labelled
dioscin, Fig.I . 4 (c), by closure of ring F. Acid hydrolysis

49of dioscin yielded diosgenin.

The other intermediates between cycloartenol, cholesterol, 
furostanols and spirostanols remain largely unknown, although 

the possible order of some of the necessary stages of oxygen
ation are becoming clearer. In 1952, Tschesche et al.^^ 
deduced from theoretical considerations that sapogenins may be 
formed from phytosterols by ring closure following oxidations 

at C-16, C-22 and C-27. Bennett et al.^^ in 1970 reported 
that 26-140,26-hydroxy-cholesterol is converted into diosgenin 
by Dioscorea floribunda, and have suggested that oxygenation 
at C-26 may be the first step in the introduction of oxygen 
into the side chain of cholesterol. This view is shared by
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Takeda^^, based upon the much higher incorporation of 26-35,26- 
hydroxy-cholesterol than I6<9v-3H,16p-hydroxy-cholesterol into 

steroidal sapogenins.

Buch et al.^^ in 1962 proved that the C- trans-methyl 
residue of cycloartenol was derived from the carbon atom at 
position 2 of mevalonic acid, and this was confirmed by Joly 

et al.^^ in 1967, Fig.I.4 (a). Since Heftmann et al.^^ have 
recently proved that interconversion of a 23R- sapogenin to a 
25s- sapogenin, or the reverse reaction, cannot occur ^  vivo,
Takeda has postulated that the 25R- sapogenin e.g. diosgenin, 
must be derived by hydroxylation of the cis-carbon atom at C-26 
of cycloartenol and the 25S- sapogenin e.g. yamogenin by hydro

xylation of the trans-carbon atom at C-27, Fig.I . 4 (b). All 
the other stages in their biosynthesis would be identical.

55Labelled tigogenin and gitogenin have been isolated from
Digitalis lanata supplied with 16,26-dihydroxy-cholesterol
labelled in position 5 and 6 vd_th tritium, whilst 22-keto
cholesterol and the corresponding hydroxy compound were not in-

55corporated into spirostanols. This had led Tschesche et al. 
to conclude that the introduction of oxygen in the 22 position 
is a later step than the introduction in the 26 position, Fig.

1 .4 (d).

Kryptogenin, a 16,22-diketo, 27-hydroxy steroid Fig.I.4 (f) 
that has been isolated from various sapogenin yielding plants, 
was not incorporated by Dioscorea floribunda^^ or by Digitalis^^.
The possibility that it is an artefact produced during acid 
hydrolysis^^, is currently in favour.

The above data on the biosynthesis of spirostanols is 

summarised in Fig.I.5*



FigTI.5 Summary of data on the biosynthesis of spirostanols
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The role of steroidal saponins in plants is not well

defined although experimental evidence in the literature
indicates that they have a dynamic role in the life cycle.

For example, Marker et al.^^ reported that in some Agave
species the sapogenin content changes according to the age of
the plant. Recently these changes have been found to be

57particularly marked at flowering and fruiting time. In
Dioscorea the maximum sapogenin content in the aerial parts 
is found just before and during flowering and reaches a maxi
mum in the f l o w e r s . T h e  content then decreases very 
rapidly and the amount in the seeds is very anall. In fenu
greek the highest sapogenin content is found in the seed and

59reaches a maximum in the fully ripe seed.^ Sapogenins are 
lipophilic but asj^glycosides are water soluble and have the 
ability to reduce the surface tension of water. This may be 
part of their physiological role, e.g. the control of permeab
ility of cell m e m b r a n e s . I t  is also known that saponins 
can act as growth stimulants, accelerating water absorption 
and germination in some s e e d s . W o r k  in this thesis confirms 
that changes in sapogenin concentration take place rapidly 
during the early stages of germination.

(iv) MECHANISI'IS OF INCREASE IN SAPOGENIN YIELD FROM PLANT 
MATERIALS

The results in Part II of this thesis clearly show that 

when the acid hydrolysis of fenugreek seed is preceded by con
ditions favourable to germination, especially for very short 
periods e.g. 12 hours, a significantly higher yield of sapo

genin is obtained than from the same batch of seed not given 
germination conditions but similarly treated with acid. There



62

is ample evidence in Part II, Chapter 1 of similar behaviour 
of various morphological parts of species of Agave, Dioscorea 
and Balanites.

There are several possible ways in which the increase in 

sapogenin may arise from seed.

(1) During the germination of whole seed, biosynthesis from 
mevalonate of many components is taking place. Baisted et al. 
have demonstrated the capacity of germinating pea seeds to syn
thesize squalene, and sitosterol from 2-14C-mevalonate.
Hardman and Sofowora^^ obtained incorporation of mevalonate and 
cholesterol into diosgenin using the germinating seeds of 
Balanites aegyptiaca, and with the same labelled feeds, Hardman 
and Fazli^^ obtained labelled diosgenin, yamogenin and gitogenin 
from the germinating seeds of fenugreek. It would seem reason
able to suppose that precursors very similar to the sapogenins 
e.g. furostanols would be responsible for sapogenin increases 
that have occurred after very short periods of germination e.g. 
12 hours, and that biosynthesis from mevalonate via cycloartenol 
and cholesterol would be responsible for sapogenin biosynthesis 
after several days germination.^^*

(2) The chemical form in which a particular sapogenin or pre
cursor may exist is likely to be of more than one type. For 

example, the hydroxyl group at C-3 in ring A is linked glycosid- 
ically to sugar(s), and in this case appropriate acid hydrolysis 
would yield the sapogenin. Alternatively, the linkage may be 
to cell wall polysaccharides or to other compounds which might 

resist acid hydrolysis. Furthermore, glycosyl linkages (C-C) 

between aglycone and sugar are common in many plants possessing 

anthraquinone glycosides, and this type of linkage is known to



21
be difficult to break by acid hydrolysis. Glycosyl linkages 
have not been reported in the saponins of fenugreek, or specie s 

of Dioscorea or Balanites.

However, it is feasible that a proportion of the compounds 

possessing the hydroxyl group described, could have this group 
linked in such a way that it is not normally, or perhaps in

adequately hydrolysed by acid, but that the enzymic activity 
associated with germination would alter this linkage so that 
it is hydrolysed, or becomes susceptible to hydrolysis by 2N 
hydrochloric acid.

For precursors without ring F, then the same argument may 
be applied to the hydroxyl groups of the side chain, e.g. C-22 
and C-26 of the furostanols. If the linkage is to a sugar(s) 
then acid hydrolysis will remove the sugars and result in 
ring closure to form ring F, as found by Joly et al.^^ If 
the linkage is such that it resists acid hydrolysis, then the 
enzyme activity of germination may alter this linkage so that 
it may be subsequently hydrolysed by 2N hydrochloric acid.
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CHAPTER 2

THE SPIRO STANOL CCMPONENTS OF FENUGREEK SEED

(i) Nomenclature of the Spirostanols

The two main spirostanols present in fenugreek seed are 
the epimers diosgenin and yamogenin. The nomenclature used 
in this thesis follows the "Revised Tentative Rules for steroid 
Nomenclature" as approved by the IÜPAC - IÜB 1967 and summarised 
by Rodd.^^ This system of nomenclature and its relevance to 
the structures of diosgenin and yamogenin is now described.

The name "spirostan" is used for the compound of structure 
(XLVI), and it defines the configurations shown for all the 
asymmetric centres except positions 5 and 25. A prefix 5 ^  

or 5p- is added in the usual way. Configurations at C-16 and 
C-17 if different from (XLVI) are designated as l6p(H) and 
17p(H): configurations at C-20 and C-22, if different from
(XLVI) are designated by the sequence-rule procedure, or if un
known by 4  • Several other methods have been used in the
past for designating stereochemistry at C-22 and C-25 in the 
spirostans and related series^^, and all involve serious dif
ficulties.^^ The sequence-rule procedure is adopted^^ because 
it gives unequivocal symbolism.

The ring F, unlike rings A to E cannot be shown by pro
jection on to the plane of the paper because the oxygen atom, 

C-26, C-24 and C-23 lie in one plane that is perpendicular to 
the plane of the paper. Ring F is conveniently drawn as in 

formulae (XLVI) to (L). In (XLVI) the broken line from C-22 

to oxygen denotes that the oxygen atom and C-26 of ring F lie 

behind the plane of the paper and that consequently C-23 and
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C-24 lie in front of the plane of the paper (configuration R 

at C-22), In the partial formula (XLVII) the configuration 
at C-22 is reversed and must be stated in the name (225). It 
is conventional to draw ring F as a chaic, but this conform
ation is not implied in the name "spirostan".

Whatever the conformation of ring F, the C-27 and the 
hydrogen atom of C-25 both lie in the plane of the paper, and 
so cannot be denoted by broken or thickened lines or designated 

or p, T& (XLVI) the methyl group is axial (above the gen
eral plane of ring F) and in (XLVII) it is equatorial (in the 
general plane of ring F): in both these cases the configur
ation at C-25 is S, but this similarity arises only because the 
configuration at C-22 has also been reversed between (XLVI) and 
(XLVII). A 25R configuration is shown in (L). The wavy 
lines in (XLVIII) denote unspecified or unknown configurations 
at both C-22 and C-25. The R, S specification may also be 
affected by substitution attached to C-27, as in Fig.I.6, (LI).

(ii) The configurations at C-20, C-22 and C-25

(a) The configuration at C-20
Corcoran and Hirschmann presented unambiguous proof that 

the lactone of greater stability was the 20p-methyl epimer (LII) 
with the methyl group remote from the angular methyl group at 

C-l8. The 20 epimer (LIII) is formed with greater difficulty 
due to methyl:methyl repulsion, Fig.I.7.

(b) The configurations at C-22 and C-23

In 1959 Fieser and Fieser^^ made a study of the configur

ations at C-22 and C-25 for sapogenins by conformational 
analysis and measurement of hydrogen to hydrogen distances on 
Dreiding models. The nomenclature in use at that time



Fig 1.7 The Spirostanols ; their Qonflgurations at C-20, 
C-22 and C-25.
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(d) 2 X 1.8a
228-259

(e)2 X 1.8a, 2 X 2.5A (f) 2 X I.7A, 2 X 2.1A
22s ' ^ § r“
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described the orientation at C-25 as either Iso (now 25R-) or
Neo (now 25S-), and used the terms and p together with
thickened and dotted lines to describe the orientation of the 

C-27 and the hydrogen atom at C-25- However the analysis 
remains valid, and in this description of their work the nomen

clature has been altered to conform with the Internationally 
Approved Rules,

The six possible configurations^^ of ring F are shown in 

Fig.I.7- In the three configurations of the C-22 R series, 
the oxygen atom in ring F is to the rear, as shown by the 
broken lines in formulae a to c, and in the three configurations 
of the C-22S series the oxygen atom is to the front (d-f).

In the 22R-255 series (two), in which the C-25 methyl
group is axial (above the general plane of ring F), ring F can
be horizontal as in (a) or vertical as in (b). Form (a) is 
destabilised by interaction of the axial C-25 methyl group with 
the axial hydrogen atom Of C-23- In form(b) the methyl group 
is in an equatorial position, but new interactions of the axial 
hydrogen atom of C-26 with two hydrogens of the C-20 methyl 
group are introduced.

As a means of estimating relative stability, Fieser and 
Fieser measured the relevant hydrogen:hydrogen separation dist
ances, and these are quoted below each formulae. The steric 
strain resulting from nonbonded interaction between two hydro

gens increases as they become closer together. The two inter
actions in (a) at a distance of 2.3A° are less than the two 

interactions in (b) at a separation distance of I .4 A®.
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In the case of the single 22R-25R compound formula (c), 

the C-25 methyl group is equatorial (relative ÿo ring F), and 
contains no destabilising features. Thus in the 22R- series 

the preferred forms are (a) and (c), and the 255-form (a) 
should possess steric strain adequate for its isomerization 

to the 25R-form, (c).,

In the 228- series, a new factor of instability is intro
duced in the horizontal chair forms (d) and (e) because of the 

proximity of C-23 to the methyl group of C-20; the two hydro
gens at C-23 are only 1.8A° apart (at maximum separation) from 
two hydrogens of the methyl group. A vertical orientation (f) 
sets up additional interactions and increases the steric strain 
considerably. Of the preferred forms (d) and (e), the latter 
is clearly less stable because of interactions of the two 
hydrogens of the C-25 methyl group with the axial hydrogen of 
C-23, and hence the 25R- sapogenin should be convertible into
the 255- sapogenin. Since just the reverse is the case (i.e.
in the 22R- series, 255- possesses adequate steric strain for 
its isomérisation to 25R-), and because of the greater steric 
strains for (d) and (e) compared to (a) and (c), the sapogenins 
canhiot have the C-22S configuration. Hence in the spirostan 
structure the C-22R form is normally assumed.

From these considerations it is evident that the 255- 

sapogenins e.g. yamogenin have the conformation (a) and the 
25R- sapogenins e.g. diosgenin correspond to (c). In Fig.I.8 
Dreiding models of diosgenin and yamogenin have been photo
graphed from a position that illustrates the following points. 

(1) The chair form of Rings A and C, and the restriction that

the 5:6 double bond places upon Ring B so that a partial chair
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Fig.1.8 Dreiding models of diosgenin and yamogenin

Symbols:- Oxygen is coloured red, and the double bond at 05:6 
is marked in white.

r-
H
bO•Hfx,
<D0)CO
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bO•Hk
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form only is obtained. (2) Ring D is axial to the plane of 

the paper. (3) Ring E is in the plane of the paper. (4)
Ring F is axial to the plane of the paper, with the oxygen 
atom below the plane and furthest away(from the camera)in the 

photograph. It can be seen that the methyl group of C-27 and 
the hydrogen atom of C-25 both lie in the same plane as the 
paper and so cannot be described by the symbols oC or p, or by 
thickened or broken lines on the paper. The Dreiding models. 
Fig.I.8 for diosgenin and yamogenin are in accordance with the 

formulae (c) and (a) of Fig.I.7 respectively.

This explanation by Fieser and Fieser of the greater steric 
stability of the 25R- form of diosgenin compared to the 255- 
form e.g. yamogenin, is interesting in the context of the 
natural occurrence of these epimers. It is uncommon to find 
examples of plants in which yamogenin is the major epimer, but 
this does occur in the tree Balanites aegyptiaca. The mixture 
of diosgenin (D) and yamogenin (Y) extracted from the root has 
a D:Y ratio of 1:2, (this thesis), whereas in the pericarp of 

the fruit the ratio is 7:3^^, and in the seed it is about 9:1^^. 
Therefore even in this plant, yamogenin is the major form on]y 
in one morphological part of the plant.

(iii) The infrared spectrophotometric analysis of steroidal 
sapogenins

The value of cortisone in medicine, first demonstrated in

1950, was responsible for initiating an extensive search in
the plant kingdom for naturally occurring steroids that would

be suitable as starting materials in the partial synthesis of
gocortisone. By 1952 Wall et al. had obtained the data upon 

which the infrared assay procedure reported in this thesis is 
based. Namely, that the spiroketal side-chain is responsible
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for highly specific absorption bands and that four bands in 
the region 1000 to 85O cm~^ are particularly valuable.

Absorptions^^ at 865, 900, 920 and 98I cm ^ , with the 9OO 
band stronger than the 920 band, are characteristic of a 25R- 
configuration in ring F, e.g. diosgenin. Absorptions at 850, 

900, 920 and 986 cm~^, with the 920 cm"^ band stronger than the 
900 band are characteristic of a 255- configuration in ring F, 
e.g. yamogenin. All four bands must be present for the sub

stance to be a steroidal sapogenin with an intact ring F.
70In the following year, the same group of workers pub

lished the spectra of the twelve most common sapogenin acet
ates derived from plant saponins, plus information valuable
for the assignment of unknown compounds as being possibly

71steroidal sapogenins. Also in 1953, Jones et al. published 
data based upon the infrared spectra of thirty-five steroid 
sapogenins and derivatives, confirming and extending the pre
vious w o r k . T h e y  concluded^^ that provided the steroid 
ring was substituted only at position 3 (ring A), then the 
absorption of steroidal sapogenins between 850 and I35O cm ^ 
is the sum of two independent absorbing systems; one is 
associated with ring A and is determined by the nature of the 

substituent at C-3, and the stereochemical configuration at 

C-3 and C-5; the second, predominating system is centred in 
the spiroketal side chain and is determined by its stereochem
istry. When ring F is opened, all the four bands associated 
with steroidal sapogenins are lost; indicating that the five- 
membered oxide ring (E) contributes little to the spectrum. 
This latter observation means that furostanols (precursors of 

sapogenins) do not have the four characteristic absorption
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bands and are therefore not determined by the infrared assay 

described in this thesis.
70Eddy et al. examined the complete spectra from 670 to 

5000 cm”^ and concluded that the useful regions for different
iating sapogenins were the fingerprint region from 700 to 
1400 cm~^ and the carbonyl region from I6OO to I8OO cm”^. The 
curves for a given carbonyl class were essentially the same 

between 1600 and I8OO cm A complex band at I24O cm”^
indicated molecules with rings A/B cis; a single band at
1240 cm~^ indicated rings A/B trans (as in naturally occurring
sapogenins) or A  ̂  unsaturation. Acetates of dihydroxysapo- 

genins e.g. gitogenin exhibit much stronger absorbance at I240 

and 1740 cm ^ than acetates of monohydroxysapogenins. Addition
al features that assist in the identification of sapogenins 
quoted in this thesis are given in Table I.l.

Further substitutions into the ring structure will add to 
the spectrum o b t a i n e d , e . g .  hecogenin (12-keto) has an 

additional band at 1712 cm The introduction of a hydroxyl
group into the C-27 methyl group causes the four characteristic

bands (865, 900, 920 and 98I cm ^) of the 25R- series e.g.
55diosgenin to be virtually a b s e n t . I n  contrast the character

istic bands (85O, 900, 920 and 986 cm"^) of the 255- series 
e.g. yamogenin, are changed to a strong band at 9II cm~^ and 
multiple bands at 960 and 995 cm~^.

(iv) The infrared spectra of diosgenin and yamogenin

The diosgenin and yamogenin isolated by preparative-T.L.C., 

Part II, Chapter 1, was analysed by the Physico-Chemical 

Measurements Unit, Harwell, and the spectra are shown in Fig.I.9.
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Table 1,1 Nomenclature and other data of some sapogenins

<

Monohydroxysapogenins.

^Diosgenin 
(25R)-spirost-5-en-3p-ol

Yamogenin
^(25S)-spirost-5-en-3p-ol

fTigogenin 
(25R)~5 ̂ -spirostan-3p-ol

<1 Neotigogenin 
I (255)-5 o4-spirostan-3p-ol
TSmilagenin
I(25R)-3B-spirostan-3p-ol

Sarsasapogenin 
V(25s)-3B-spirostan-3p-ol

Dihydroxysapogenins

f M.pt

212

201
*189

205

202

183

200

tCpO j)

-123
210 -127

Gitogenin
(25R)-5 «^-spirostan-2 oC,3p-diol.271

Neogitogenin
i.(23S)-5 o4-spirostan-2o^ ,3p-diol.248

-67

-65

—66

-75

-75

Distinguishing 
Infrared Features 
at cm”^
813,838, due to

-123 none given 
*-150

995,960,1025 
none given

1034,and multiple 
bands 1200-1260
none given

multiple bands 
IO3O-IO6O; two 
weak bands at 913 
and 935

none given

t Shoppee72

* P-TLC purified compounds, this thesis,



Plg.1.9 The Infrared spectra of P-TLC purified diosgenin
and yamogenin. .33
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The bands characteristic of the two molecules were considered 

to be;
Diosgenin 12ZfO, 1160, 98O, 960, 900, 865, 795, 670, 620 and

595 cm ^
Yamogenin 1270, 1210-1225, 1130, 1060, 990, 920, 850, 68O, 610

and 585 cm~^
These bands are marked on the spectra. Additional distinguish
ing features would appear to be, that whilst diosgenin has a 

doublet absorbance at IOO5 and IOI5 , (a) and a single absorb
ance at 960 cm”^, (b) yamogenin has a single absorbance at 

1015 (c) and a doublet absorbance at 955 and 965 cm”^, (d).

The bands at 8l3, and 838 cm ^ considered^^ to be
characteristic of diosgenin can be seen in the spectrum for
the sample of diosgenin purified by P-TLC, Fig.I.9» For the
sample of yamogenin purified by P-TLC, both these bands are
present but the 838 cm~^ absorbance has become a shoulder on
the larger 850 cm ^ band. The spectrum of diosgenin is in

70general agreement with that of Eddy et al, for diosgenin
71acetate and in good agreement with those of Jones et al. for 

both diosgenin and yamogenin, in which the bands a, b, and c, 
d respectively can be distinguished,

(v) Analysis of diosgenin and yamogenin by nuclear magnetic 
resonance

The samples of diosgenin and yamogenin purified by pre- 
parative-TLC, plus a mixture of diosgenin and yamogenin in the 
ratio of 7:3, were analysed by the Physico-Chemical Measurements 
Unit, Harwell, and their report upon the general features of 

the spectba is now described.
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Yamogenin shows two main types of signal, the complex region 

between 0 and 2.5 p.p.m. (Fig.I.10) which is due to protons 
in an aliphatic environment, and five individual signals at 

3.3, 3*5, 3.9, 4.4 and 5.3 p.p.m. (Fig.I.11) which correspond 
to protons in a deshielded environment. Comparison with a 

reference spectrum of cholesterol shows that the signal at 

0.78 is the methyl group at position I8, the signal at 1.02 is 
the methyl group at position I9, 3.5 is the single proton at 

position 3, 5.35 p.p.m. the olefinic proton at position 6, and 
all the remaining skeletal protons are in the complex region 

between 0 and 2.5 p.p.m.

This means that the three remaining signals (4.4, 3.9 and 
3.3 p.p.m., Fig.I.11) in the deshielded region marked P, Q and 
R respectively must be accounted for in rings E and F. The 
signal P (4.4 p.p.m.) is due to the proton at position 16, 
whilst Q(3.9 p.p.m.) and R(3.3 p.p.m.) are due to the protons  ̂

of the methyl group at C-27. The band at Q(3.9 p.p.m.) is
linked to the proton signal at 8(1.7 p.p.m.. Fig.I.10). These

75results are in agreement with those of Hardman and Sofowora 
for yamogenin isolated from the root of Balanites aegyptiaca.

Diosgenin

The spectrum is very similar to that for yamogenin except 

that th^ signals Q(3.9 p.p.m.), R(3.3 p.p.m.), 8(1.7 p.p.m.) 
and T(1.02 and 1.12 p.p.m.) are now replaced by unresolved 

multiplets U(3*43 p.p.m.) and V(1.6 p.p.m.) and a singlet at 
W(0.99)* This suggests that in this configuration the protons 
at position 27 are equivalent and that all the coupling

frequencies are small. This conclusion is in agreement with 

the conformational analysis of Fieser and Fieser^^, previously
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Pig.I.10 Nuclear Magnetic Resonance Spectra (O to 2.5 ppm)

of P-TLC purified diosgenin, yamogenin and a mixture 
of both compounds.
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Pig.I.11 Nuclear Magnetic Resonance Spectra (3 to 6 ppm,

expanded) of P-TLC purified diosgenin, yamogenin, and 
a mixture of both compounds.
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described. The signal Q at 3*9 p.p.m. is specific to yamo
genin, and its absence from the diosgenin spectrum proves the 

latter to be uncontaminated by yamogenin. Similarly the 

signal W at 0.99 p.p.m. is specific to diosgenin and its 
absence from the yamogenin spectrum establishes the purity of 
the latter. Therefore the N.M.R. analysis has also confirmed 

the ability of the preparative-T.L.C. system to separate the 
epimers diosgenin and yamogenin.

The mixture of diosgenin and yamogenin, 7:3

The spectrum, Fig.I.11, clearly shows the sample to be a 
mixture of the two previous compounds, and the proportion of 
the two components could be estimated from the areas under the 
relevant peaks, e.g. 3*3 and 4*4 (common to diosgenin and yamo
genin), 3.9 (specific to yamogenin) and 3*4 (one proton is 
common and two are specific to diosgenin). The necessary 
equation for this calculation has not been derived, in view of 
the ready availability of infrared spectrophotometry for 
quantitative determinations of mixtures of diosgenin and yamo
genin.

(vi) Other data of the diosgenin and yamogenin purified by 
preparative-T.L.C.

Melting points; diosgenin 209-210°, yamogenin l88-l89°

Optical Rotation: - carried out by the Tropical Products
Institute, London, 

diosgenin ^  -127 -3° (C, 0.37: CHOU)

diosgenin acetate -116 -3° (C, 0.29: CHCl,)
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yamogenin M  -150 -3° (C, 0.30, OHCl,)

yamogenin acetate JVJ -116 ^HCl^)

Fenugreek saponins

The structure of steroidal saponins of the Dioscoreaceae 
have received much attention and have been reviewed by Takeda^^ 
and Heftmann^*^. Glucose is commonly combined with the C-3 
hydroxyl group of the sapogenin, and rhamnose and glucose 
commonly are present to form a branched sugar chain, e.g. 
dioscin is diosgenin-3-glucose  ̂ on the other

4 rhamnose
hand, only one literature reference is available concerning the 
structure of the saponins of fenugreek seed.

Heitz^^ extracted the saponins from defatted, powdered 
fenugreek seed, using hot methanol, which on cooling deposited 
the diosgenin glycosides and left the gitogenin glycosides in 
solution. The sugars of the diosgenin glycosides were found 
to be glucose and rhamnose in the proportions of 1:2.

(vii) Other spirostanols occurring in fenugreek seed

The di-hydroxy sapogenin, gitogenin, (23R)-5o<^ -spirostan- 
2 ,3p-diol, can be readily identified in crude extracts of 
Ethiopian, Moroccan and Kenyan seed prepared in the routine 
manner. Experimental, Chapter 1, by TLC, Fig.II.6. The infra
red spectrum. Fig.II.7 of gitogenin isolated from Moroccan

-1 -1seed, shows a greater absorbance at 900 cm compared to 920 cm
indicating that the sample is probably a mixture of gitogenin 

(25R-) with a smaller proportion of its epimer, neogitogenin 
(25S-). The separation of these two epimers from their mixture 

couldj^be achieved by using the préparâtive-TLC apparatus Fig.

III.5, which successfully separated diosgenin from yamogenin.
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Moroccan seed was found to contain about 0.04% w/w m.f.b, 

gitogenin plus neogitogenin, when isolated as a mixture by 

preparative-TLC, with a melting point (Kofler) of 239°. This
compares with a yield of 0 .03% w/w m.f.b. and melting point of

o 77260 from Pakistani seed, reported by Fazli.

Tigogenin (23R)-3 ®C-spirostan-3p-ol, was not detected by
77TLC in any fenugreek samples examined. Fazli reported a 

trace amount in a sample of Moroccan fenugreek seed.
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CHAPTER 3

THE COMPONENTS OF FENUGREEK SEED OTHER THAN SPIROSTANOLS.

(i) Spirosta-3i3“dienes

It has been demonstrated by Bedour*^^ and others that 

during acid hydrolysis of steroidal saponins, quantities of 
spirosta-3,3-diene compounds are formed by dehydrogenation 

from the corresponding spirostanols. These spirosta-3,3- 
dienes do not occur in plant extracts in the absence of acid 

hydrolysis. Hydrochloric acid of normality 4N or more, 
particularly in the presence of ethanol, will result in large 
quantities of spirosta-3,3-diene being formed, e.g. Peal 
refluxed diosgenin with 4N HCl in 3Wo ethanol and obtained 
8 %  conversion. Hydrolysis with 2N HCl in the absence of 
ethanol, as routinely used in this thesis, will produce suf
ficient spirosta-3,3-dlenies for their detection by T.L.C.

77Fazli has estimated gravimetrically that for fenugreek seed 

hydrolysed for 2 hours with 2N HCl, about 3% of the sapogenin 
present is converted to spirosta-3,3-diene. He concluded,
after comparison with standards supplied and authenticated by

r o
Wood , that this material was a mixture of 25R-spirosta-3,5-
diene (m.pt. 163°) and 23S-spirosta-3 ,3-diene, (m.pt. I8l°)
derived from diosgenin and yamogenin respectively. Both
compounds have ring F intact and by infrared analysis exhibit

"̂1
the 980, 920 and 900 cm bands used for the determination of 
spirostanols. Wood . It is important, therefore, that they 

be removed from samples of diosgenin and yamogenin requiring 

determination by infrared analysis.
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(ii) Sterols

Plant sterols are known to occur as esters of fatty acids 
(fraction x), as glycosides (fraction y) and free, i.e. uncom
bined (fraction z). The sterols of fenugreek seed were 
examined as follows;
Acid hydrolysis of Moroccan seed followed by petrol extraction 
of the dried, acid-free residue gave a crude extract containing 

quantities of steryl esters (x) and free sterols (derived from 
y + z). The steryl esters and free sterols were separated 
from one another by the routine column chromatography procedure 

described in Part II, Chapter 3- The free sterols (fraction 
z) were obtained from oil afforded by defatting powdered Mor
occan seed, followed by column chromatography. No acid 
hydrolysis was involved.

Since the sterols were to be analysed later by gas chro
matography, the steryl esters (fraction x) were saponified by 
the method of the British Pharmacopoeia 1968 to obtain the 
corresponding free sterols. The three fractions (x), (y + z) 
and (z) were then analysed by gas chromatography using the 
conditions described in Part II, Chapter 4, and the following 
results obtained.

Fraction (x), Steryl esters

About 80% of the total sterol content consisted of sito
sterol. Equal quantities (about 3% each) of cholesterol, 
brassicasterol (possibly) and campesterol with trace quantities 
of other compounds. These have been tentatively identified on 

the basis of published relative retention times in Part II, 

Chapter 4» (iii). One trace compound could be 24-methylene 
lophenol, although the published retention time is very similar
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to the experimental retention time obtained in this thesis 

for diosgenin and for yamogenin. Esters of sapogenins have 
not been reported in fenugreek seed. Another trace compound 
could be either cycloartenol or lanosterol. The G.L.C. 
analysis of this fraction is shown in Fig.II.12 (B).

Fraction (z). Free sterols

This fraction consisted of about 83% sitosterol with 
cholesterol, brassicasterol (possibly) and campesterol about 

3% each.

Fraction (y), Steryl glycosides plus Fraction (z). Free Sterols

This fraction appeared to be identical in sterol com
position to Fraction (z), and is shown in Fig.II.12 (A). It 
has been determined that this fraction (y + z) forms about
0.1% w/w m.f.b. of the seed, and the changes that occur in 
this fraction during the early stages of germination are 
reported in Part III, Chapter 6.

(iii) Glycerides of the fixed oil

The composition of fenugreek fixed oil has been reviewed
79by Hilditch and Williams , for seed originating from America 

and Egypt. In both samples, 80% of the fatty acids were un
saturated. For American and Egyptian samples respectively 
the following percentages of unsaturated C-18 fatty acids were 

present; oleic acid, 11 and 35%; linoleic acid, 70 and 34%; 
linolenic acid, 6 and 14%. For the saturated fatty acids, 
the American and Egyptian samples respectively contained the 

follov/ing percentages; palmitic acid (C16), 8.3 and 9.5%; 
stearic acid (Cl8), 3 and 3%; arachidic acid (C20), 1 and 2F/o; 

behenic acid (C22), 0.7 and 0.9%.
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In seed fats, oleic and linoleic acids differ from all 

the other natural fatty acids in their preferential attach-
79ment to the central alcoholic group of the glycerol molecule. 

This has been revealed by pancreatic lipase hydrolysis which 
leaves the fatty acid combined to the central alcoholic group,

i.e. position 2, intact, and removes the fatty acids in 
positions 1 and 3*

Therefore the fixed oil of fenugreek seed, with the high
percentages of oleic and linoleic acids almost certainly has
position 2 of glycerol substituted with either of these acids.

79Hilditch and Williams report that in fenugreek fixed oil, 

approximately 50% of the oil is tri-unsaturated (i.e. glycerol 
plus three molecules of unsaturated fatty acids), 40?o is di
unsaturated (2 molecules of unsaturated + 1 molecule of 
saturated fatty acid), and 10% is mono-unsaturated (1 molecule 
of unsaturated + 2 molecules of saturated fatty acid).

(iv) Mucilage

8oReid has reported that although the main food reserves
found in the cotyledons of Leguminous seeds are normally starch,
fixed oil and protein,those seeds having an endosperm invariably
have these cells filled with galactomannans as the reserve
polysaccharide. Galactomannans do not occur in cotyledons.
The role of the endosperm galactomannans of fenugreek during

8othe early stages of germination has been reported , and is out

lined in Part II, Chapter 6.

The structure of the galactomannans of fenugreek have been 

reported by Henderson et al. to consist of mannose residue 
units linked p,l 4 forming a linear chain to which galactose 

residue units are attached at various intervals through their
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reducing group to C-6 of the mannose chain, i.e. 6 link
ages. This water-soluble component of fenugreek seed, 
especially after acid hydrolysis to galactose and mannose, 
would be in the filtrate that is rejected during the routine 
procedure for obtaining the petroleum-soluble crude extract 

containing the sapogenins and fixed oil.

(v) Miscellaneous
Op

Varshney and Varma have isolated and identified the 
flavonoid aglycone, quercetin (3,3*,4*,5,7-pentahydroxyflavone) 

from Indian fenugreek seed. This aglycone is coloured yellow 
and is practically insoluble in water. It is found in many 
plants in glÿcosidic combination, and the yellow-coloured 3-L- 
rhamnoside which is extracted by steam from the bark of Aesculus
hippocastanum, family Hippo cast anac eae has been used as a

o-z us«4
textile dye. Indian fenugreek seed is alsoj^in the yellow
dyeing of c l o t h . T h e  similar flavonoid luteolin (3*,4*,5,7-
tetrahydroxyflavone) has also been identified in trace
quantities. It is possible that quercetin and luteolin are
partly responsible for the yellow colour of the petroleum-

soluble crude extract from acid-treated fenugreek seed. The
alkaloid trigonelline (N-methyl-pyridine-3-carboxylic acid) has

Q %
been isolated from fenugreek seed , and many other plants. It 
is very soluble in water, practically insoluble in chloroform, 

and would not be present in the petroleum-soluble crude extract 
of acid-treated fenugreek seed.

From.the information provided in Chapters 2 and 3 of this 

Introduction, it can be appreciated that the routine extraction 

procedure used to obtain the sapogenins of fenugreek seed 
resulted in a crude mixture. This consisted mainly of
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glycerides of fatty acids, with diosgenin and yamogenin, and
smaller quantities of gitogenin, neogitogenin, 25R- and 258-
spirosta-3,5“dienes, free and esterified sitosterol plus
other sterols and yellow pigments. Whilst this data, which

59can be observed by TLC, was known previously*^^, it was consid

ered that this extract, when diluted with chloroform was suit
able for the analysis of diosgenin plus yamogenin by infrared 

spectrophotometry.
The work reported in Part II, Chapter 1 of this thesis, 

has shown that direct spectrophotometry of the crude extract 
gave inaccurate results for diosgenin and yamogenin. Important 
changes in the calibration graphs required for the infrared 
analysis are given in Chapter 1, together with data proving 
that the assay should be limited to solutions of diosgenin and 
yamogenin that are uncontaminated by other compounds. A pro
cedure using column chromatography is described in Part II, 
Chapters 2 and 3, that isolates the diosgenin plus yamogenin 
from the crude extract so that they may then be accurately 
determined by infrared analysis. The same column procedure 
has also been used to isolate free sterols, prior to their 
analysis by gas chromatography, Part II, Chapter 4, and to 
isolate gitogenin plus neogitogenin. The application of these 
assay procedures to the analysis of fenugreek seed exposed to 
various conditions is described in Chapters 5, 6 and 7.
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56Part II, RESULTS AND DISCUSSION

CHAPTER 1.

THE DETERMINATION OF DIOSGENIN Aim YAMOGENIN

(i) THE EXTRACTION OF STEROIDAL SAPOGENINS. Experimental

The methods developed by the early workers in this field, 
such as Marker, Turner and Ulshafer^ involved extraction of 
the saponins from the powdered plant material with a polar sol
vent e.g. ethanol, defatting the ethanolic solution with ether 
and then acid hydrolysis of the residue from the ethanolic ex
tract to release the water-insoluble sapogenins. The sapogenin- 
containing residue was made alkaline, dried and the sapogenin 
extracted with an organic solvent. The conditions of hydroly
sis of saponin extracts were studied by Rothmon, Wall and 

2Walens using aqueous 1,2,4 and 6N hydrochloric acid for various 
refluxing times with five different saponin extracts. The 
sapogenins were assayed by infrared spectrophotometry^. In all 
the experiments the use of IN acid was ineffective, and the 
destruction of sapogenins with excess heating time occurred only 
with 6N acid. They preferred 4N acid for 3 to 4 hours. Tar 
formation during hydrolysis could be minimised by initially 
separating the saponins from the proteins and carbohydrates in 
the crude extract by extraction from the aqueous phase with 
butanol.

Rothrock, Hammes and KcAleer^ were later workers in this 
field and found that the isolation of pure sapogenin by this 
method was not commercially practical. They preferred hydro

lysis of the saponins within the powdered plant material follow
ed by extraction of the sapogenins from the neutralised and 
dried residue using a hydrocarbon solvent. This method had
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fewer manipulative stages and they found that for Dioscorea 
species the diosgenin could be crystallised directly from the 

extracting hydrocarbon solvent in a highly purified form.

They also found that the highest yields of diosgenin were ob
tained from pulverised tuber when the slurry v/as refluxed for 

2 hours in 2N hydrochloric acid. Hydrolysis conditions more 
severe than these with respect to either reflux time or acid 
concentration resulted in a lower yield or a more highly
coloured, lower melting product. They could not explain the

2discrepancy between Rothman*s observations and their own, 
except to suggest that the presence of some substance in the 
tuber mash may facilitate hydrolysis.

Blunden, Hardman and Morrison^ confirmed the findings of 
Rothrock et al.^ concerning the optimum hydrolysis conditions 
for the disintegrated fresh tuber of Dioscorea. They used 
infrared analysis to determine diosgenin plus spirostadiene 
and densitometric thin-layer chromatography to determine dios
genin. From the difference in the two results they estimated 
the formation of spirostadiene during acid hydrolysis to be 3 
to 7% v//w of the sapogenin level.

These conditions have been used throughout this thesis 
and their suitability for use with fenugreek seed has been con
firmed by Killer^, who obtained optimum sapogenin levels with 
2N hydrochloric acid between 1% and 2̂ - hours. The need to 
neutralise the acid-insoluble residue after hydrolysis was 
shown by Rothrock et al.^ and by Blunden and Rhodes^ to be 
necessary in order to avoid rapid decomposition of sapogenin 

on storage and during drying. Sofowora^ found 10% ammonia 

solution to be satisfactory for this purpose, with the merit 

that excess could be removed during oven drying of the
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material.

(ii) THE DEl'ERMINATION OF STEROIDAL SAPOGENINS.
Experimental p. ZiST
Various methods have been published, but one was required

that v/as capable of detecting the small changes in sapogenin
level brought about by the incubation of fenugreek seed with
water, and certain other compounds, before extraction.
Hardman with co-workers Blunden^, Harbottle^^, Fazli^^,

12 15Sofowora and Brain had shown that v/ith a wide range of 
plant materials, incubation in this manner gave yields of 
sapogenin in excess of those obtained in their absence.
Because the nature of these incubation studies meant that 
large numbers of results would be produced, an assay was 
required that would, if possible, use the crude extract to 
determine the changes in the tv/o major spirostans, diosgenin 
and yamogenin. Fenugreek seed contains 1 to 1.5% of these 
spirostans and it v/as necessary to be able to detect reliably 
changes of the order of 10̂ 6 of these levels. It was hoped 
that the research reported here would confirm the earlier work 
of Fazli^^ and Brain^^ with respect to fenugreek seeds and ex
tend our knowledge into the methods of obtaining increased 
sapogenin yields.

Treatment of fenugreek seed by acid hydrolysis and extract
ion of the neutralised acid-insoluble matter with petrol 
affords a crude extract that contains a mixture of diosgenin 
f(25R)-spirost-5-en-3p-ol^ Table I,| and yamogenin [(25S)- 

spirost-5-en-3p-ol] with impurities of fixed oil, sterols, 

steryl esters, spirostadienes and di-hydroxysapogenins such as 

[(25R)-3(^ -spirostan-2()^ ,3p-diol]. Methods that may be
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applied to the determination of sapogenins in crude extract of 

fenugreek are now reviewed.

Gravimetric Analysis

This method was unsuitable because of the large amount of 

impurities in the crude extract.

Colorimetric Analysis

Yamagishi and Nakamura^^ assayed diosgenin and tokorogeninQ25R)
5p-spirostan~ip,2p,3«^triolJfrom Dioscorea extracts after preliminary

purification stages that included adsorption and separation of
the sapogenins on a Florisil column, Diosgenin was estimated
colorimetrically with the reagent prepared by dissolving 26 g
antimony trichloride in 5 ml nitrobenzene, diluted with one
tenth its volume of aqueous methanol immediately before
use. The reagent used for tokorogenin was antimony trichloride
mixed with melted phenol in a ratio of Zf: 5 by weight. Slack 

17and Mader used Dioscorea extracts that consisted almost 
entirely of diosgenin with small amounts of yamogenin and trace 
amounts of gentrogenin 25k)-spirost-3~en-3p-ol-12-one^ , 
correllogenin j^(25S)-spirost-5-en-3p-ol-12-one"j, and resinous 
material. The reagent chosen was 70-72;/o perchloric acid which 
gave a yellow chromogen with diosgenin having an absorption 
maximum at 1̂ 10 mji. Recently^, a modification of this proced
ure has been developed for the determination of diosgenin plus 
yamogenin in partially purified extracts of fenugreek seed.

Ultraviolet Spectrophotometry

In a study of the detection and estimation of steroidal 

sapogenins, Vialens, Turner and vVall^^ kept the sapogenins in 

9Zf'/ü sulphuric acid at :Z|.0*̂G for 16 hours before estimation by
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ultraviolet spectrophotometry. However the method could be 
used only for purified sapogenins, and not for crude mixtures. 
The procedure described the determination of single sapogenins 

or two-component mixtures of purified sapogenins, multi- 
component samples required fractionation into single sapogenins 

or two-component mixtures by adsorption chromatography.

Gas-liquid Chromatography. Experimental p. , ZlS*
IQCook  ̂ has used gas-liquid chromatography for the determin

ation of diosgenin, in Dioscorea tubers, using SE-30 columns 
and because the level of minor components is so low, the crude 
extracts may be used for the analysis. This is not so with 
fenugreek crude extracts. Furthermore it is not possible to 
separate the isomers diosgenin and yamogenin by G.L.C., so 
that the determination would be that of diosgenin plus yamo
genin. To test the feasibility of using G.L.C. for the 
analysis of crude extracts of fenugreek, a study was made using 
a 1 metre column containing 'y/o OV-101 on Chromosorb G as 
reported in this thesis, for the determination of sterols from 
fenugreek seed. This column had been found to be better than 
SE-30, XE-60, or OV-1 for the separation of sterols. Pure 
diosgenin and yamogenin as separated by P-T.L.C. in this 
thesis, and sitosterol were analysed by G.L.C. as their TMSi- 
ethers in the presence of cholesto-n& as internal standard. 

Relative retention times obtained were cholestane 1.0, = 9*3 
minutes, diosgenin 2.84, yamogenin 2.92 and sitosterol 3*17» 
confirming little or no separation between diosgenin and yamo
genin, and only partial separation between yamogenin and sito

sterol. Fenugreek crude extract contains about 1% sapogenin 
as diosgenin and yamogenin in the proportions of 6 to 4 and
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about O.l'-o sterols mainly as sitosterol. G.L.C, analysis of 
a mixture of standards in these proportions showed that dios
genin and yamogenin are eluted as a single peak, and that the 

presence of sterol causes a certain amount of tailing that would 
lead to quantitative inaccuracies. This could be overcome by 

increasing the column length but would result in longer reten
tion times, which is undesirable, especially since each sample 
requires to be determined twice for acceptable accuracy. This 
analysis also proved that it was necessary to separate the 
spirostans from the sterols by other means before G.L.C. was 
attempted on the sterols. The relative sensitivities were 
found to be cholestane 1.0, diosgenin 0.687, yamogenin O .850 

and sitosterol 0.610. This means that the optimum quantity 
of diosgenin plus yamogenin required for an assay procedure is 
the same as for the sitosterol assay in this thesis, i.e. about 
0.5 to 1.0 mgm, and exactly the same manipulative procedure 
could be used. This method would be of value in the determ
ination of spirostan in plant materials in which the concen
trations are too low to be assayed by more specific methods, 
e.g. infrared spectrophotometry. Gas-liquid chromatography 
has also been used for the determination of gitogenin and
digitogenin in extracts of Digitalis purpurea seeds, by Cowley,

20Evans and Ginman.

Thin-layer chromatography

Thin-layer chromatography was used by Moretti, Cavina and 
21Sardi de Valverde to isolate mono- and di-esters of 

estradiol and estrone esters present at a low concentration 

level (2mg/ml) in oil solutions. Quantitative analysis of the 
steroids was then performed by colorimetry or gas-liquid
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22chromatography. This procedure was extended to a study of 

oil solutions of steroids which are representative of the 
anabolic, androgenic, estrogenic and progestational classes, 
at concentration levels between 10 and 'ÿO mg/ml. In order to 
make the separation step simpler, and more generally applicable, 
partition between hexane and 85% ethanol was used to obtain a 
steroid fraction suitable for gas chromatographic analysis.
This partition system is similar to one developed earlier in 
these studies and reported in this thesis, as an improved pro
cedure for the extraction of sapogenin from fenugreek crude

25extracts. Cavina, Moretti, Mollica and Antonini have 
recently utilized column chromatography for the separation of 
steroids and monitored the eluate by a flame ionisation 
detector, the isolated steroid then being determined by ultra
violet spectrophotometry or gas-liquid chromatography. How
ever, none of these methods are capable of estimating diosgenin 
and yamogenin individually.

With the development of the scanning photoelectric den
sitometer, thin-layer chromatography becacrie both a separation 
and determination technique. Blunden, Hardman and Morrison^^
developed an assay for diosgenin in Dioscorea tubers, which

25was later extended by Blunden and Hardman for the determin- 
ation^monohydroxy saturated steroidal sapogenins in Asparagus, 
Smilax and Yucca species. It was shown that a linear relation
ship exists between the logarithm of the weight of sapogenin 
applied and the square root of the absorbance of the spot pro
duced. Experimental error was found to be approximately 7%.
The method required six-fold development of the plant extracts 

in n-hexanefethyl acetate (12:1) before satisfactory
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separation between sapogenins and sterols were achieved. The 
solvent system did not separate epimers from one another e.g. 
smilagen j(25k)-5p~spirostan-3p-olJ and sarsasapogenin 235) -3p- 
spirostan-3p-o]J or tigogenin [( 23k) -3 '^-spirostan-3p-o]J and 
neotigogenin [(23S)-3 o^spirostan-3p-o^. One of the major
sources of error in quantitative T.L.C. is the spotting pro-

26cedure. Brain and Hardman devised a template and syringe 

assembly, which, coupled with repeated determination of sample 
spots (each result is the mean of ten separate spot values 
each determined by scanning twice) resulted in a method accur
ate to -2%. The solvent system used was n-hexane-acetone 
(8:1), chosen because when used with an 5-chamber it produced 
narrow bands of high sapogenin concentration, instead of the 
more usual rounded, diffuse spots. Again, the procedure was 
applied to the estimation of diosgenin in Dioscorea tubers, 
rather than to a more complex sample such as fenugreek seeds.
It was found that this solvent system could not be used for 
fenugreek crude extracts because the sapogenin-sterol separa
tion was inadequate. Another solvent system was developed 
that did provide adequate separation whilst maintaining a pre
dominately hand-shaped spot, but the method still suffered from 
two main disadvantages. Firstly it did not separate diosgenin 
from yamogenin, and secondly the large number of determinations 
required for each sample meant that only about four samples 

could be assayed in one day. In view of our interest in dios- 
genin-yamogenin changes during incubation studies and the 
large number of assays expected, this procedure was not used

for routine assays. It was used in this thesis to test the
27validity of the infrared assay.
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Infrared Spectrophotometry

A quantitative procedure for steroidal sapogenins was 
described by Wall, Eddy, I-icClennan and Klump^ that was developed 

in order to screen hundreds of plant samples for these com
pounds. The extraction procedure v;as lengthy and involved 
purifying a crude alcoholic extract of saponins with benzene 

to remove fats and pigments, followed by Zfk hydrochloric acid 
hydrolysis for 2 hours at 80° in the presence of benzene. The 

sapogenin-containing benzene layer was then used to prepare 
the sapogenin acetate which was further purified before infra
red analysis. The sample was scanned between 800 to 1050 cm”^ 
and the presence of the four bands near 852, 900, 922 and 987 
cm ^ indicated the presence of steroidal sapogenins. If the 
absorption at 900 cm ^ was stronger than at 922 cm*"̂ , the 
sapogenin \ms regarded as containing predominately the 25k 
epimer; if the absorption at 922 cm”*̂  was stronger than at 
900 cm ^ then it contained predominately the 25S epimer, and 
if the two bands were approximately equal then it was a mixture 
of the two epimers.

For an approximate determination of the quantity of sapo
genin present, the 982-7 cm ^ band was used, and if the sample 
was mainly of 25k orientation it was calculated as diosgenin 
acetate; if mainly 255 orientation it was calculated as sar- 
sasapogenin acetate, and if a mixture of 25k and 255 epimers 
then a mean of the two standards was used. The weight of 
plant materia^ used was calculated on a moisture-free basis.

27Brain, Fazli, Hardman and Wood modified the procedure 

in two ways. Firstly they adopted the simpler extraction
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method^, published 5 years after the Wall et al. paper^, which 
used ^  situ hydrolysis of the saponin by aqueous hydrochloric 

acid, followed by hydrocarbon extraction of the free sapogenin. 
This eliminated some of the errors inherent in the lengthy pro

cedure of Wall, and in the case of Dioscorea extracts was 
satisfactory. In the case of fenugreek seed it produced a 
crude extract that was totally unsatisfactory for infrared 
analysis and resulted in high sapogenin values, although it was 
not appreciated at the time and was the method used by Fazli^^ 
and by B r a i n . I t  was also the method used at the start of
these investigations. The second modification was to use the

-1 -1absorbance of the bands at 915 cm and 900 cm to determine
the 25s and 25k sapogenins separately, by the introduction of
a ratio graph for mixtures of diosgenin with sarsasapogenin.

15This was claimed to be the first reported procedure for the 
accurate determination of the proportions of 25k and 253 sapo
genins in a crude mixture. However, since yamogenin [(253)- 
spirost-5-ene-3^-ol] p. 32. is the 253 epimer of diosgenin(]( 25k)- 
spirost-5-ene-3p-olJand not sarsasapogenin |(253)-5p-spirostan- 
3p-o^l, the calibrations could not be accurate, furthermore 
work reported here showed the need for several modifications 
in the calibration procedure before diosgenin and yamogenin
could be accurately determined in all proportions. Brain et 

27al. used sarsasapogenin because yamogenin was not available. 
These investigations show that quantitative infrared analysis 
should be restricted to pure sapogenins or to mixtures of pure 
sapogenin epimers, and should not be used for plant extracts 

except where the level of impurity is very low, e.g.

Dioscorea. These conclusions were obtained only after much 

study and were not available at the start of these investigations.
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Fazli^^ v/as unable to isolate from fenugreek seed the quantity 
of sapogenin indicated by infrared assay of the crude extract 
and it was considered that the extraction procedure was at

28fault. Wood attempted to improve the calibrations by 
isolating sufficient yamogenin to prepare a ratio graph for 
mixtures of diosgenin and yamogenin and used the new graph for 
the estimation of diosgenin and yamogenin in Balanites fruits. 
When this calibration was applied to fenugreek seed it was 
found that it resulted in^higher calculated results for 
sapogenin. The reason for this was determined later, p.
Thus the difference between the theoretical yield (about 
m.f.b.) and isolated sapogenin (about 1% or less) had widened. 
Studies were therefore undertaken to test both the assay and 
extraction procedures for reliability, before continuing with 
incubation and additive studies.

(iii) AN IMPROVED EXTRACTION PROCEDURE. Experimental p. Zfb

Fenugreek seed contain 6-lOÿj fixed oil and its presence 
in the crude extract maizes crystallisation of sapogenin dif
ficult. Defatting the powdered seed with light petroleum by 
soxhlet for 24 hours removed at least two thirds of the oil, 
which also contained a large amount of free sterol, some 
steryl esters but no sapogenin. If the powder is too fine, 
percolation through the powder is hindered, if too coarse then 
extraction is incomplete, The dried, partially defatted 
powder may then be acid-hydrolysed in the normal manner, to 
yield a light petroleum extract of sapogenins and fixed oil. 
The extract also contained spirostadienes, steryl esters, a 
small amount of free sterol, and some * polar’ sapogenins, 

mainly gitogenin. Fig.II.1. The reduction in oil content



Pig.II.1 T.L.C. EXAMINATION OF FRACTIONS OBTAINED PROM
FENUGREEK SEED BY THE IMPROVED EXTEU\CTTON 
PROCEDURE
Silica gel G plates, 0.25 mm layer. Hexane: ethyl- 
acetate (7:3)» "S” Chamber, 15 cm development.
Antimony trichloride 30C^ in concentrated hydro
chloric acid, spray, heated at 100° for lo minutes.
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made crystallisation simpler but it was still uncertain how 
much sapogenin remained in the oil.

When seeds have been incubated inthe presence of water, this 

defatting stage is no longer possible. It was felt that sep
aration of the sapogenin from the oil should be possible by 

partitioning between two immiscible liquids. Light petroleum 
(40-60) and 85% aqueous methanol were found to be suitable, 
although the solubility of diosgenin/ yamogenin in the latter 
is only 1 mg/ml; 90̂ 6 aqueous methanol is miscible with light 
petroleum, as are many other solvents in which the solubility 
of sapogenins is greater. However the partitioning, although 
slow, is effective and yielded clean white crystals of dios
genin plus yamogenin, containing traces of gitogenin. This 
partition system was then used to determine the quantity of 
extractable sapogenin in a sample of Ethiopian seed, which by
infrared analysis of the crude extract using the sarsasapogenin

27calibration of Brain et al, indicated 2.4% m.f.b. diosgenin
plus yamogenin. A Quickfit Steady State Distribution Machine,
operated by Quickfit Ltd. personnel, was used. Experimental p. ̂ <6
and all fractions shown by T.L.C. to contain diosgenin plus
yamogenin were bulked, evaporated to dryness and yielded 1.32?6
m.f.b. of a white crystalline material, m.p. 198^, completely
free from gitogenin and spirostadiene. The extraction,

although complete, represented only 55% of the infrared assay,
which was therefore considered to be much inflated, probably

because of substances in the crude extract that were capable
of interfering with the assay, in spite of the claims made by 

27Brain et al. Infrared analysis of the crystalline material
o ^7of m.p. 198 , using the sarsasapogenin calibration indicated
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l,l?yo m.f.b. sapogenin, consisting of diosgenin and yamogenin 
in approximately equal amounts, i.e. the purity of the sample 

was 88%.

(iv) DENSITOMIJrRIC THIN LAYER CHROMATOGRAPHY OF FENUGREEK 

CRUDE EXTRACT. Experimental p. Zi?
26The method used was that of Brain and Hardman with the 

solvent system modified to improve the separation of the free 
sterol and sapogenin components of the crude extract. Hexane: 

ethyl acetate (7:3) was satisfactory although hexane:ethyl- 
acetate:acetone (16:3:1) was better, Fig.III.2, since it pro
duced narrow band-shaped spots. In transmission scanning the 
light must pass through a certain amount of the silicagel layer 
before it reaches the spot and the amount of scatter will vary 
according to the length of this path. With narrow band-shaped 
spots coloured dark purple by the spray reagent, a high degree
of contrast is achieved between spot and white background.

26This was considered to be the reason why a linear relation
ship was obtained between spot integrator reading and sapogenin

29concentration. Shellard and Alam had found it necessary in 
the case of Kitragyna alkaloids to spray the plate with-petrol
eum-liquid paraffin (1:1) to malte it transparent before a 
linear relationship between alkaloid concentration and peak 
area could be obtained by the transmission mode of scanning.

Quantitative T.L.C. of a sjarnple of Moroccan fenugreek seed 

gave a sapogenin concentration of 1.17% m.f.b., compared to 
2.27% m.f.b. by infrared analysis of the crude extract. The 

T.L.C. result is only 51% of the I.R. assay result, and agreed 

with the earlier findings by extraction. As a consequence of 
these results, a more detailed study of the infrared assay and
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comparison with densitometric T. L. C. was undertaken.

(v) VALIDITY OF THE INFRARED ASSAY FOR FENUGREEK CRUDE 

EXTRACT
The instrument used in these studies was a Hilger H800 

double beam recording instrument with rock-salt prisms of 1 mm 
path length cell, under the conditions described (Experimental 

p. )• Analar chloroform was used in the reference beam 
cell because it had also been used to dissolve the oily residue 
obtained after extraction of fenugreek seed by the normal 

method. Analysis of 2 x 5 g samples of Moroccan seed by this 
method gave a mean sapogenin content of 2.34% m.f.b., with the 
ratio of diosgenin to yamogenin being 38 to 62. Fazli^^ in a 
study of 22 samples of fenugreek seed from various geographical 
sources obtained, by this same method, yields of from 1.0 to
1.6%, all samples of sapogenin being yamogenin dominant. How
ever sapogenin isolated by Fazli^^ using an alumina column and 
examined by infrared was found to be diosgenin dominant, with
a diosgenin to yamogenin ratio of 60 to 40.

A sample of fenugreek oil was obtained by 24 hour petrol 
extraction of 5 S coarsely powdered Moroccan seed, and then 
subjected to acid hydrolysis for two hours and soxhlet extract
ion by the normal procedure as though it were a seed sample.
The oily residue was made up to 10 ml with analar chloroform 
and infrared analysis carried out over the sapogenin assay 
range. This clearly indicated the presence of interference 
at 980, 915 and 9OO cm ^ of a variable nature and having a 

greater peak at about 915 cm"^ (used for 23S sapogenin) than 

at 900 cm“^ (used for 23R sapogenin). Fig.II.2. T.L.C.
showed sapogenin to be absent.



71
Plg.II.2. INERÆRED ANALYSIS OP CRUDE EXTRACTS:

THE USE OF AN OIL SAMPIE TO ACHIEVE PARHAL CCMPENS/OTIOM 
OP TOE INTERljEHKNCE DUE TO FIXED OIL IN THE CRUDE 
EXTRACT.
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VJhen this oil sample was placed in the reference beam 

instead of analar chloroform and the same Moroccan seed samples 

in the test beam, a mean infrared result of 1.3^6 m.f.b. was 
obtained, with a diosgenin to yamogenin ratio of 59 to Zfl, i.e. 

diosgenin-dominant, Table II. 1. The fall in I.R. result v;as 
mainly due to a fall in the yamogenin value, and it was con
sidered therefore that the high values normally obtained were 
primarily caused by interference due to the fixed oil present 
in the seed, and that the 915 cm absorbance was affected 
much more than the 900 cm ^ absorbance. The interference at 
980 cm ^ was great but the 98O cm ^ absorbance value was not 
required for the determination of diosgenin and yamogenin 
when present in approximately equal proportions.

An extract obtained from the defatted powder was similarly 
examined and gave the same fall in sapogenin value when the 
oil sample was used as reference, mainly due to a fall in yamo
genin value. In order to obtain an accurate assay in the pre
sence of oil, it would seem necessary for the reference cell 
to contain exactly the same oil - qualitatively and quantitat
ively - as occurred i nthe sample to be assayed. This would 
be most difficult to obtain from incubated seed for three 
reasons: metabolism of some fixed oil; the presence of water;
and because acid could not be used to stop the enzymic metabol
ism associated vo.th the incubation stage, as it would release 
sapogenin.

A further study involved the assay of four extracts by 
infrared and densitometric T.L.C., the results, Table II.2, 

showed that in the presence of an oil sample the sapogenin 

value previously obtained using chloroform as reference fell
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Table II.1. Effect of using an oil sample in the infrared

assay, on the sapogenin assay results.

Moroccan seed, 
mean of 2 x 5 S 
samples

Sapogenin 
% m.f.b.

D:Y ratio

Whole seed extract; 
chloroform in reference cell.

2.34 58:62

Defatted powder extract 
chloroform in reference

»
cell.

1.60 49:51

Whole seed extract ; 
oil in reference cell

1.32 59:41

Defatted powder extract 
oil in reference cell

> 1.05 64:36

i

Table II.2. Determination of sapogenin, % m. f.b., in crude
extracts of Moroccan seed by infrared analysis
and densitometric T.L.C.

chloroform reference
.............. - ■ ....

oil reference T.L.C.

1.96 1.36 0.92

1.71 1.29 1.07

1.91 1.31 0.97

2.01 1.29 0.98
Mean 1.89 1.31

1.31/
'1.89=69%

0.98
0.98/

1.89=52%
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to 69/0 of its original figure, whereas the T.L.C. result was 

only 5^0 of the original.

As a result of these studies it had been demonstrated
27that the infrared procedure of Brain et al. , when applied 

to fenugreek seed, gave inflated sapogenin values due to the 

presence of interfering substances in the fixed oil fraction, 
and that this interference distorted the 915 cm”^ absorbance 
more than the 900 cm Partial compensation could be
achieved by using a sample of oil, of similar composition to 

that in the seed sample, in the reference beam during infrared 
assay, which reduced the sapogenin value to about two-thirds 
of the original, Gravimetric analysis using an improved 
extraction procedure, and also densitometric T.L.C., both 
indicated the sapogenin value to be about half the original 
I.R. value. It was considered that the probable value of 
sapogenin lay between these tv;o figures, but closer to the 
gravimetric and T.L.C. results.

Since infrared analysis is a rapid method, potentially 
capable of estimating diosgenin and yamogenin as their mix
tures, and fenugreek seed does contain almost equal quantities 
of both, it was decided to adopt infrared as the method of 

choice. However, a detailed infrared study of the pure epi
mers would be needed before attempting to recommend a calib

ration procedure. Once this had been obtained, the influence 
of any interfering substances upon it would be capable of 
accurate determination, thus permitting the design of an assay 

procedure suitable for fenugreek seed.
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(vi) THE SEPARATION OF DIOSGENIN AND YAMOGENIN Experimental p. 1̂2.

The range of diosgenin to yamogenin (D:Y) ratios occurring
as natural mixtures is wide, e.g. Dioscorea deltoidea tuber,
90:10. Hardman"^^; Balanites orbicularis seeds, 87:13» and

32B. orbicularis pericarp, 63:37, Hardman and Wood , Trigonella 

foenumgraecum seeds 63:37; and B. aegyptiaca root 33:67. The 
separation of pure yamogenin from diosgenin is difficult.
Halpaap^^ described a preparative thin layer method using 

multiple development. Bennett and Heftmann^^ used continuous 
elution T.L.C. for six hours, and preliminary work showed that 
it could be made preparative by a slight change in solvent 
polarity.

In the interests of P-T.L.C. efficiency it was preferred 
to apply to the plates either a diosgenin-rich fraction e.g. 
from Dioscorea deltoidea tuber or a yamogenin-rich fraction e.g. 
from Balanites aegyptiaca root, but with the latter source not 
available until later in these studies, it was decided to use 
fenugreek seed as the sapogenin material, with the merit of 
ensuring that the isolated epimers would be as found in the 
seed. Various methods of obtaining either diosgenin-rich or 
yamogenin-rich fractions were tried.

Crystallisation from the crude extract. Experimental p.

Infrared analysis of the various sapogenin crops obtained 
by the improved extraction procedure showed that the early 
crops tended to be diosgenin-rich and the later crops to be 
yamogenin-rich, indicating the greater solubility of yamogenin 

compared to diosgenin. In this way, crops with D:Y ratios of 

70:30 and 33:43 were obtained.
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Fractional crystallisation from a diosgenin:yamogenin 
mixture. Experimental p. *>.̂ 3

Acetone was used to obtain a series of crops by crystal

lising from volumes of acetone as large as possible in order 
to exploit the difference in diosgenin and yamogenin solubilit

ies. Crop No.l of D:Y ratio 71:29 and crop No,4 of D:Y ratio 
31:49 were used for P-T.L.C. Other solvents were tried but 
yields, especially of yamogenin-rich fractions, were low.

Column Chromatography. Experimental p.%%3

Preliminary studies using light petroleum (b.p. 40-6O) 
and acetone with alumina indicated that a solvent mixture in 
the proportions 9:1 might provide diosgenin- or yamogenin-rich 
fractions for subsequent P-T.LiC. Sapogenin 450 mg, D:Y ratio 
63:37, added to an alumina column 2 cm x 30 cm, was separated 
into 60 X 20 ml fractions that were then dried, weighed, and 
all those fractions yielding deposits (38 fractions) were dis
solved in known volumns of analar chloroform and assayed by 
infrared spectrophotometry. The results. Fig.III.4,have been 
re-calculated using the recommended procedure. Discussion p. S/ 
although this procedure had not been developed at that time,
and preliminary results were obtained using the sarsasapogenin

27calibrations of Brain et al. . The re-calculated results 
show that the sapogenin mixture was separated into five main 

fractions: (A), D:Y, 90:10, 97 mg; (B), D:Y, 75:23, 56 mg;

(C), D:Y, 65:35,' 103 mg; (D), D:Y, 50:50, 46 mg and (E), D:Y, 
25:75, 80 mg. Fractions (A), (B) and (E) were available for 

P-T.L.C. It is possible that a better separation could have 

been achieved by using less sapogenin material, with a longer, 
narrower column and a lower activity of alumina, but it is
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unlikely that pure epimers would have been obtained. Even 
the earliest fractions of diosgenin contained approximately 

ICf/o w/w yamogenin.

Extraction of yamogenin-rich sapogenin from Balanites 
aegyptiaca root. Experimental p.

55The method used was that of Hardman and Sofowora ,
although kieselghur was added to the powdered material to aid
the continuous extraction stage. The yield of 1.1% m.f.b.
sapogenins, D:Y ratio 1:2 by infrared analysis, confirmed their 

55findings. Subsequent P-T.L.C. also gave pure, isolated

epimers in this proportion.

The separation of diosgenin and yamogenin by P-T.L.C. 
Experimental p.

The solvent system of Bennett and Heftmann^^ was increased 
in polarity to achieve a distinct zone between the epimer 
bands after continuous development for 16 hours. The separa
tion was at first carried out using Shandon continuous 
elution tanks and 20 x 20 cm plates, but with a sample loading 
of 23 mg, a limit of tv/o plates per tank, and a second P-T.L.C. 
required to ensure complete separation of epimers, the yields 
were small. In the absence of any suitable apparatus avail
able commercially, a glass tank was made to closely fit a 

DGsaga stainless steel tack designed to hold ten 1̂ 0 x 20 cm 
plates, so that the plates would pass through slots cut into 
an aluminium lid (3 mm thick) and still project 2 cm above the 
lid. This apparatus enabled 230 mg of sapogenin to be 

separated overnight into diosgenin and yamogenin. Two 

methods of band collection were tried. When all the band 
areas were collected, the extracted sapogenin contained a
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trace of the minor sapogenin, which was removed by a second 
P-T.L.C. separation. Recovery of pure sapogenin was 69% and 
weights of individual sapogenins were in the same ratio as 
the infrared analysis of the starting material. The second 
method of band collection was used to avoid the narrow zone 
between the two epimer bands and the extracted sapogenins were 
then as pure as those obtained by two P-T.L.C. separations; 

the overall yield was 60%. Whenever gitogenin was present 
in the starting material this was also separated from the 

required mono-hydroxy genins by the same solvent system. The 
separations obtained with water-saturated solvents were no 
better than those using untreated solvents, nor was the purity 
increased by a third P-T.L.C.

With the availability of yamogenin-rich sapogenin from 
Balanites aegyptiaca root, the measures previously used to 
obtain this sapogenin mixture, namely selective crystallisa
tion and column chromatography, were no longer needed. From 
730 mgm of this sapogenin sample applied to eighteen plates

(40 X 20 cm), diosgenin l8l mgm and yamogenin 349 mgm were\
obtained, a combined yield of 530 mgm (72%) after one P-T.L.C. 

separation. The D;Y ratio of these yields is 1;1;93* Infra
red analysis and calculation of the absorbance ratios at 
900 cm ^ and 920 cm”^. Discussion p. ?l , showed that a 
second>P-T.L.C. separation was not required on two-thirds of 
these yields. After a second P-T.L.C. on the remaining one- 
third the overall yields became diosgenin 155 mgm, yamogenin 
331 mgm, total 486 mgm (67/6), D: Y ratio 1:2.14.
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(vii) THE INFRARED SPECTROPHQTOMÊTRIC ESTIMATION OF DIOSGENIN 

AND YAMOGENIN INDIVIDUALLY AND AS THEIR MIXTURES. 

Experimental p.
The pure epimers were characterised by Nuclear Magnetic 

Resonance, Infrared analysis, melting points, optical rotation 

and thin layer chromatography. Introduction p.3l The follow
ing bands are characteristic in the infrared region: diosgenin,

1240, 1160, 980, 960, 900, 865, 795, 670, 620, 595 cm“^ , and 
yamogenin, 1270, 1210-25, 1130, IO6O, 990, 920, 850, 68O, 610,
585 cm”^. Akahori^^ reported that although it was theoretically
possible to calculate the proportion of 25R- and 25S-epimers in
a mixture from the strength of the 90O and 920 cm"^ bands, the
strength of these bands v/as often influenced by various
impurities thus making the detection of a minute quantity of a
sapogenin in the presence of its C-25 epimer difficult. He
preferred to use the 865 cm ^ band for diosgenin and 850 cm"^
for yamogenin, claiming them to be not influenced by one
another. However analysis of pure epimers^by P-TLcj, Fig.II.5
showed that although the 865 cm ^ band was sharp for diosgenin
at 1% in chloroform, it was very small at a D:Y ratio of 1:2
and became extremely small as the proportion of diosgenin fell.
The 850 cm ^ band for yamogenin at 1% in chloroform was small
and of irregular shape, which almost disappeared at a D:Y ratio
of 1:1. Hence neither of these bands is suitable for a
quantitative procedure. The pertinent bands used for the

estimation of diosgenin and yamogenin in these studies are
shown in Fig.II.5. The calibration for the sample of dios-

—1
genin only at 900 cm was similar to that previously reported 
by Brain, Fazli, Hardman and Wood^?; the calibration for
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yamogenin only at 920 cm~^ showed lower absorbance values com
pared to sarsasapogenin at 920 cm”^, but higher than that ob
tained by Wood,Experiment alp. 2.3b The reason for the calibrat

ions of Wood giving higher sapogenin values compared to the
27previous values of Brain et al. or those in this thesis, is 

because the yamogenin isolated by multiple P-TLC gave lower 
absorbance values per unit weight compared to sarsasapogenin 
or to the yamogenin isolated by continuous elution P-TLC.

o Q
This can be seen in Fig.III.8. The ratio graph of Wood was 
similar to (A) Fig.II.3 but displaced to the left, because of 
the lower absorbance values for yamogenin, and this caused the 
values for total sapogenin, when calculated by the Ratio Method, 

to increase.

Both diosgenin and yamogenin graphs are linear over the 
range 0,2 to 1.0 g/100 ml.

Mixtures of diosgenin and yamogenin

The D:Y ratio of an unknown mixture may be obtained from 
the ratio of absorbance values at 920 and ^00 cm”^. The data 
in Table II.3 was obtained by mixing separated epimers. Slight 
variations occur with changes in total sapogenin concentration.
A concentration of 0.4 % was used for the results shown in 

Table II.3. When expressed as graphs. Fig.II,3, any D:Y ratio 
may be determined. The absorbance ratio is also a useful way 
of expressing the purity of an epimer. Two methods of calcul
ation are necessary (1) Direct Method where either epimer is 
markedly predominant and (2) Ratio Method where the epimers 

are present in approximately equal amounts. In method (1), 
the total sapogenin concentration is calculated from the 980 cm”^ 
graph,and the concentration of the predominant sapogenin from either 

the 920cm”̂ graph for yamogenin or 900cm""^for diosgenin, and the



Table II.3 The effect of D:Y ratio on
absorbance ratio
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D:Y ratio 900/920 abs. 
ratio

D:Y ratio 920/900 abs. 
ratio

1:1 1.2 1:1 0.8
2:1 2.0 1:2 1 .4

3:1 2.3 1:3 1.6

4:1 2.9 1:4 1.8

9:1 3.6 1:9 2 .4

diosgenin 6.3 yamogenin 2.6

Fig.II.3 DIOSGENIN;YAI40GENIN RATIO GRAPH

o

0
1

2

1

421

A

B

D:Y RATIO
(A) is obtained from the absorbance ratio 900/920 against D:Y 

ratio and is used for mixtures containing more diosgenin 
than yamogenin.

(B) is similarly obtained from 920/900 and is used when yamo
genin is in excess of diosgenin.
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minor sapogenin by subtraction of the major sapogenin from the 
total sapogenin value. Method (2) requires a diosgenin graph 

at 900 cm" , prepared in the presence of a known amount of yamo
genin, a yamogenin graph at 920 cm and a ratio graph plotted 
from the data in Table II.3 . The D:Y ratio of an unknown 
mixture is obtained from the ratio graph and then the major 
epimer determined from its graph, and the minor sapogenin ob
tained by simple proportion.

In order to select the graphs needed for the Direct and 
Ratio Methods the 98O, 920 and 900 cm ^ absorbance values were 

calculated using the twelve different D:Y ratios from Table II.3, 
each over a concentration range of O .13 to I .03 g/100 ml. To 
correct for background absorbance it is necessary to choose 
the appropriate baseline in measuring the 980 cm~^ absorbance 
of diosgenin and yamogenin. Table II.4 . Over the range of 
D;Y ratios 3:1, 2:1 and 1:1, the absorbance values show a pro
gressive decline making this range unsuitable for calculations 

using 980 cm”^. Fig.II.4. For yamogenin-dominant mixtures the 
same pattern emerges, in that for a given baseline the absorb

ance values fall as the D:Y ratio moves from yamogenin to equal 
parts diosgenin and yamogenin. It was found that none of the 
baselines listed. Table II.4 , for yamogenin or D:Y ratio (1:9) 
will produce identical absorbance values. Fig.II.4, so that the 
best compromise here is to use a calibration obtained using 
yamogenin containing 5 % diosgenin. The baselines recommended 
in the calculations below will produce calibration graphs 
applicable to as wide a D:Y ratio as possible.

In the preparation of the calibration for diosgenin at 

9OÛ cm , the presence or absence of yamogenin becomes very
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Table II.4 Baseline positions available for estimating 

the absorbance value at 980 cm~^, for 
total sapogenin.

Epimer(s) 1% in CHCl^ Baseline positions, cm”^

diosgenin 992, or 984 to 964
D:Y 9:1 to 1:1 994 to 964
D: Y 1:2 996 to 968
D:Y 1:3 to 1:4 1025, or 996 to 970

D:Y 1:9 1025, or 990 to 972
yamogenin 1023, 1010, or 990 to 972
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Fig.II.4 THE INFRAFED ABSORBANCE PRODUCED AT 98O cm 

BY DIOSGENIN AND YMOGENIN MIXTUEES, TOTAL 
CONCENTRATION 0.750 w/w.
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important. Figure II.5 shows that pure yaniogenin, isolated 
by P-ÏLC, possesses a significant absorbance at 9OO cm"^ 
which must contribute to that due to the presence of dios- 

genin. The infrared spectrum of 25p-spirosta 3;4-diene, 
isolated by P-TLC, Wood shows this 9OO cm absorbance even 

more strongly. Another factor is that the baseline for dios- 
genin may be raised due to the close proximity of the yamo-

1 ? Ogenin absorbance at 920 cm , Szymanski"^ . To investigate 
the extent of these effects, a series of graphs were prepared 
in which the absorbance values at 9OO cm ^ were plotted 
against concentration of diosgenin in the presence of a range 
of yamogenin concentrations, Fig.III.7. The results show,
Table III.l, that at a D:Y ratio of 9:1 the increase in absor
bance values is only marginal, so that at a diosgenin concent
ration of 0.9 % w/v the error is only + Z}o, When the yamogenin 
content is increased to D:Y ratios 4:1, 3:1 and 2:1 the con
tribution to the 900 cm”^ absorbance is greater, and identical 
so that one graph only is needed for this range. The error 
produced in using a graph prepared from pure diosgenin instead 
of one prepared in the presence of yamogenin in this range 

varies from + 3% (at 0.I3 % w/v diosgenin) to + 7% (at 0,SO}o 
w/v). If diosgenin and yamogenin are present in equal amounts 

the error increases further, to a range of + 5% (at 0.13̂ 6 dios
genin) to + 13% (at 0.3/0 w/v diosgenin). This clearly shows 
that in the Ratio Method, when diosgenin is the major epimer 
in an unknown mixture, the diosgenin value should be obtained 

from a 900 cm ^ graph prepared in the presence of yamogenin.

An identical study was carried out on the yamogenin
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Pig.II.5 The Infrared spectra of 1% w/v solutions in chloroform,

in a 1 mm cell, of (a] diosgenin; (b) diosgenin;yamogenin 
mixture, 1:2; (c) diosgenin;yamogenin mixture, 1:3;
(d) yamogenin.
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calibration at 920 cm"^ in the presence of diosgenin, and it 
was found that the absorbance values remained unaffected,

Fig.III.8. Figure II.5 shows that for pure diosgenin the 920 
cm"*^ absorbance value is very small, even at 1% w/v concentration. 

The final graph required for the Ratio Method is the D:Y ratio 

graph, Fig.II.3> prepared from the data in Table II.3. Out
side the limits of D:Y ratios 4:1 to 3:1 the slopes are 
inadequate to provide an accurate method of estimating the 

ratios, hence the need for calculations using the Direct 
Method,

(Viu) RECOMMENDED CALCULATION METHODS

In all unknov/n mixtures the ratio of absorbances at 920 
and 900 cm~^ will indicate the D:Y concentration ratio and 
hence the method of calculation.

(i) Diosgenin containing up to 20% yamogenin

Use the Direct Method. Total Sapogenin is calculated 

from the 98O cm ^ absorbance using the 994 cm*"^ baseline or 
984 cm ^ baseline if present. Diosgenin content is calculated 
from a diosgenin 900 cm"^ graph, prepared in the presence of 
yamogenin if appropriate (not required for 10% yamogenin, 
required for 20% yamogenin but this may also be calculated by 
the Ratio Method). Yamogenin content is the difference 
between total sapogenin and diosgenin.

(ii) Diosgenin containing 20 to 30% yamogenin

Use the Ratio Method. Diosgenin content is obtained 
from a diosgenin 900 cm ^ graph prepared in the presence of 

yamogenin, as indicated by the D:Y concentration ratio.

Separate graphs are needed for D:Y ratios 1;1 and (2:1 to
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4:1). Yamogenin content is calculated from the diosgenin 
value by simple proportion since the exact D:Y concentration 
ratio is provided by the Ratio Graph. Total Sapogenin is the 

sum of the individual sapogenin values.

(iii) Yamogenin containing up to 25% diosgenin

Use the Direct Method. Total Sapogenin is calculated 
from the 98O cm”^ absorbance. For yamogenin containing 10 to 

23% diosgenin use the 996 or 990 cm"^ baseline, whichever is 
present. For yamogenin containing less than 10% diosgenin 
prepare a graph containing 3% diosgenin and use the 990 cm ^ 
baseline. If the instrument has an automatic marker device 
at 1000 cm ^ then use it to provide a false shoulder at 996 
cm”^ and calibrate using yamogenin only. Yamogenin content 
is obtained from a pure yamogenin 920 cm ^ graph. Diosgenin 
content is given by the difference between total sapogenin 
and yamogenin values.

(iv) Yamogenin containing 23 to 30̂ % diosgenin

Use the Ratio Method. Yamogenin content is obtained from 
a pure yamogenin 920 cm”^ graph. Diosgenin content is cal
culated from the yamogenin value by simple proportion since 
the exact D:Y concentration ratio is provided by the Ratio 
Graph. Total Sapogenin is the sum of the individual sapogenin 
values.

The methods described enable diosgenin and yamogenin to be 

estimated separately and together in all proportions. In 
practice the proportions encountered vary with the plant species 
and morphological part under study, although only small varia
tions occur within a: grouping. Thus once pure sapogenins
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have been isolated they may be used to calibrate for the nar
row range of D;Y ratios encountered, e.g. fenugreek seeds 
usually have a D:Y ratio of 6:4* Another simp^ication for 
the Ratio Method calibrations is to use 1% w/v solutions for 
each D:Y ratio required, which may then be progressively 
diluted and assayed. The results will provide graphs for the 

major sapogenin in the presence of the minor sapogenin, and it 
will also provide the Ratio Graph.

THE DETERt'-lINATION OF ERROR OF THE METHOD

Tables III.2 and III.3 give the data on which the error 
of the method v/as determined. The results in Table III.3 for 
Coefficient of Variation were calculated from twenty replicate 
spectra for each concentration shown, and represent the error 
due to instrumental variation. Over the sapogenin concent
ration range of 1.0 to 0.5% w/v the coefficient of variation 
for the Direct Method was 0.9 to 2.2^o for total sapogenin and
1.3 to 2.6% for predominant epimers; for the Ratio Method it 
was 1.1 to 1.9% for total sapogenin and I .4 to 3.8% for 
individual epimers. V/hen the minor epimer was only 10% of 
the sapogenin mixture its concentration was too low for an 
accurate estimation by infrared analysis. In the normal 
assay procedure the sapogenin spectrum for each sample is ob
tained three times, not twenty times. The corresponding con
fidence interval for P = 0.05, Goldstein^^, was found to be, 

for the Direct Method 1.1 to 2.7% for total sapogenin and 1.6 
to 3*2% for predominant epimers; for the Ratio Method it was

1.3 to 2.3% for total sapogenin and 1.7 to 4 .6% for 
individual epimers.
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RESULTS AND DISCUSSION

CHARL'ER 2.

A COMBINED C0LUI4N CHROMATOGRAPHIC AND INFRARED SPECTRO- 
PHOTOMETRIC DETERI4INATI0N OF DIOSGENIN AND YAFiOGENIN IN 
FENUGREEK SEED.

Acidic hydrolysis of Moroccan fenugreek seeds, and 

neutralisation followed by extraction of the insoluble matter 
with light petroleum, affords a mixture of 1% of diosgenin and 
yamogenin with 6% of fixed oil and small amounts of free sterol, 

steryl esters, spirostadienes and gitogenin. Fig.II.6. The 
degree of accuracy attained in the infrared spectrophotometric 
determination of diosgenin and yamogenin can be achieved only 
in the absence of unwanted components of the crude extract, 
and a routine procedure for their removal by column chromato
graphy is described. The assay is applicable to whole seed 
kept under aqueous conditions for the purpose of including 
plant auxins or other substances in order to study their effect 
upon sapogenin levels, and any changes in the D:Y ratio occur
ring as a consequence of these post-harvest treatments can be 
detected.

(i) THE ROUTINE COLUMN Â1VD INFRARED PROCEDURE FOR THE ANALYSIS 

OF 2.5 g SEED. Experimental, p. Xi?

A column procedure was developed from the T.L.C. system 
using silica gel G layers with hexane:ethyl acetate 4:1, Fig.
II.6. Netting^^ has shown that the properties of silica gel 
are the same in thin-layers and in columns, and that by the 

prior use of T.L.C. it was possible to derive equations that 

would predict the course of a column separation once the
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Pig.II.6 THIN LAYER CHROMATOGRAMS OF; I, CRUDE EXTRACT 

AND II, SAMPLE FOR INFRARED SPECTROPHOTOIVIETRY FROM 
THE COLUMN CHROMATOGRAPH BY THE ROUTINE 
PROCEDURE.
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Pig.II.7 The infrared analysis of the fractionated crude extract

obtained from Moroccan fenugreek seed.
Fractions a, b, c and d are as identified in Fig.II.6.

Fraction e is obtained by the combination of Fractions 
a, b, c and d.
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elution volume of the first peak.was known and the point at 
which solvents were changed, Snyder^^ has made fundamental 

studies on linear elution adsorption chromatography with both 
alumina and silica gel, and has derived equations for both 
adsorbents. He found that adsorbent pore diameter was 
relatively unicjportant in affecting adsorption affinity and 
solute retention volume, apart from the general dependence of 

adsorbent surface area on pore diameter. This was borne out 
in these studies, in that the grade of silica gel used for 
the column chromatography separated the components of the 
crude extract in exactly the same order and relative retentions, 
as on the T.L.C. system. Alterations in the proportions of 
hexane and ethyl acetate allowed the separation of the crude 
extract into four fractions, listed a to d. Fig.II.6.

(ii) THE DETHHmINATIQH OF IhlERFERENCE QCGURRIHG DURING
IHFHARED ANALYSIS OF THE CRUDE EXTRACT. Experimental p.Hj.0

The fractions a, b, c and d. Fig.II. 6 were isolated from 
the crude extract obtained from 2.5 S seed and the infrared 
spectrum obtained for each fraction over the range of wave- 
numbers used in the determination. The thin-layer chromato
gram, Fig.II.6, of the crude extract I illustrates the four 
fractions a, b, c and d obtained both by T.L.C. and by the 

routine column procedure. The infrared spectra of these four 

fractions is shown in Fig.II.7. Fraction e. Fig.II.7, is the 
sum of the four fractions a, b, c and d and is equivalent to 
the unfractionated crude extract.

Fig.II.7 shows that the fixed oil fraction d possessed a 
considerable and rapidly changing absorbance over the whole 

range, the interference being greater at 920 cm”^ than at 900 cm~^
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confirming the earlier findings, Discussion p.AS*, Chapter 1. 
The sterols, fraction C, gave a similar but lower absorbance, 
v/ith a percentage transmission varying between 70 and 80 per 
cent over the important 920 to 900 cm"^ range. The spectrum 
corresponded closely with that obtained from a 0.1% w/v 
solution sitosterol in chloroform. The group of minor sapo
genins, Fraction a, in which gitogenin can be identified, 

showed an infrared spectrum having the same general shape as 
diosgenin plus yamogenin, fraction b, but at a much lower con

centration.

The fractions a, c and d. Fig.II.6, were then added, one
at a time, to fraction b and assayed for percentage content of
sapogenin. The results obtained were as follows: fraction
b 1.2̂ b; fractions a + b, 1.3%; fractions a: + b + c, 1.6%;
and fractions a + b + c + d, 2.1%. Fig.II.7 (e) also shows
the considerable distortion of the sapogenin spectrum when
present in the crude extract a + b + c + d compared to the

pure fraction b. Fig.II.7 (e) is very similar to a spectrum
of crude extract of fenugreek seed as obtained by Fazli^^,

and typical of those used by him with the infrared assay pro-
27cedure of Brain, Fazli, Hardman and Wood. The study on 

interference reported here showed that all the unwanted com
ponents of the crude extract increased the infrared assay 

result for diosgenin plus yamogenin.

(iii) FUFfHER STUDIES ON THE CONDITIONS USED FOR THE ROUTINE 
COLUFIH CHROMATOGRAPHIC PROCEDURE. Experimental, p.

Thin-layer chromatography checks for sapogenin

With experience the sapogenin in the residue from & ^ ml 
fraction can be detected visually, thus considerably reducing
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the number of fractions that required this T.L.C. check.

Adsorbent activity, composition of solvent mixture, and yellow 

pigment.
Activity II silica gel (lÔ o v//w water) gave better 

resolution and required less solvent than activity I silica 
gel, as well as being less prone to retain sapogenin. Fenu

greek seed contains a yellow pigment which is present in the 
crude extract. This was incompletely eluted before the sapo
genin band by the routine procedure of activity II silica gel 

with hexane:ethyl acetate, 9:1, as the pigment was eluted 
between the volumes 80 to 120 ml with sapogenin between 100 to 

250 ml. With activity III (12.5% w/w water) silica gel these
volumes were almost identical at 85 to 125 ml and 110 to 24O 
ml respectively. By changing the solvent mixture to hexane:
ethyl acetate 11:1, activity II silica gel gave pigment between
volumes 120 to I90 ml, and sapogenin between I90 to 300 ml,
whilst activity III silica gel gave the similar results of 120
to 165 ml and I70 to 270 ml, respectively. Thus the
separation of pigment and sapogenin could be made complete but
would require an additional 65 to 90 ml of solvent, at a flow-
rate of 1 ml per minute. Flowrates of 1 to 1.5 ml were found
to give identical separations, but higher flowrates caused
loss of resolution. In view of the large number of column
separations expected in this thesis, an increase of one hour
per separation was considered a disadvantage.

The effect of the yellow pigment on the infrared result 
was studied by isolating all that obtained, free of sterol, 

from 250 mg of acid-treated oil, equivalent to 2.5 g of seed 
containing 10̂  ̂ of oil. Infrared spectrophotometry showed
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that no absorbance occurred between 1050 and 85O cm When
all the yellow colouring matter was added to 28.3 mg (found 
by infrared determination) of diosgenin plus yamogenin 
sapogenins, a result of 28.5 mg was obtained, confirming the 
absence of significant interference. In practice, it has 

been found that when the bulked fraction (b). Fig.II.6, with 
some yellow pigment is dried in vacuo at 50° overnight, mist 
of the colour is removed, so that the resulting chloroform 
solutions are either colourless or pale straw-yellow in colour. 
There was therefore no need to use the lengthier separation 
procedure of hexane:ethyl acetate 11:1 for the routine method.
A further study of the yellow pigment by infrared analysis at 
five times the previous concentration, gave absorbances near 
1740» I6OO, 1430 and 1140 cm”^ over the range 2100 to 700 cm~^ 
Fig.III.11. In view of the lack of interference caused by 
this pigment over the infrared assay range of 1000 to 850 cm 
further work on its identity was not undertaken.

When a 9:1 mixture of hexane:ethyl acetate was used 
throughout the column development, I40 ml were needed to col
lect diosgenin plus yamogenin sapogenin instead of the 40 ml 
required when using a 3:1 hexane: ethyl acetate mixture. Thin-t 
layer chromatographic investigation of the subsequent solutions 
used for infrared determination showed that the change in sol
vent strength when using the routine procedure resulted in 
the elution of a faint trace of material, which was left on 

the base-line of the thin-layer chromatographic plate, but was 
insufficient to influence the result of the infrared determin

ation. Analysis of a bulk crude extract with six columns by 
using hexane-ethyl acetate 9:1 throughout and with six columns 
by using the routine method gave identical mean infrared results.
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(iv) THE DEIEmiNAT ION OF RECOVERY OF SAPOGENIN FROM THE

CQLUI4N. Experimental, p.i(f3

The recovery of diosgenin plus yamogenin from the column 
v/as tested by using column-purified diosgenin plus yamogenin 
and acid-treated, sapogenin-free oil. The recovery obtained 

by using hexane;ethyl acetate 9:1 throughout and six columns 

was 96 to 103 per cent, giving a mean result of 29.6 mg com
pared with the theoretical result of 29.3 mg. The recovery 

obtained v/ith hexane: ethyl acetate, first 9:1 and then 3:1» 
and twelve columns was 97 to I04 per cent, giving a mean 
result of 30.1 mg compared with the theoretical result of 
29.8 mg and a coefficient of variation of 2.6 per cent.

(v) THE DETEEFilNATION OF ERROR OF THE COMBINED COLUMN 
CHROI'iATOGRAPHIC AND INFRARED SPECTROPHOTOMET'RIC ROUTINE 
PROCEDURE. Experimental p.Xlj.é>

The reproducibility of the column plus infrared procedural 
step was tested by analysing a crude extract by using twelve 
columns, and the results expressed as a 95 per cent confidence 
interval of the mean sapogenin value, G o l d s t e i n . F o r  dios

genin plus yamogenin, the mean value was I .03 - 0.017 per cent, 

for diosgenin, 0.63 - 0.005 per cent, and for yamogenin O .42 - 
0.012 per cent.

The overall error of the determination procedure, including 
sampling, acidic hydrolysis and extraction, was tested by 

carrying out twelve determinations, each on 2.5 S of seed, and 
expressing the results as before. The mean value for dios

genin plus yamogenin was 0.96 ± 0.017 per cent, for diosgenin 

0.58 - 0.008 per cent, and for yamogenin O .38 - 0.016 per cent. 
For duplicate results, as employed in the routine analysis of
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seed samples, the corresponding confidence intervals were cal

culated to be - 0,04 per cent for diosgenin plus yamogenin,
«I"- 0.02 per cent for diosgenin and - O .04 per cent for yamo

genin, Table III.4*

A direct comparison between the combined column and infra-
27red procedure and the previous method which used infrared 

analysis of the crude extracts was made by the analysis of 
twelve 2.5 g seed crude extracts, prepared at the same time 
and from the same batch of seed as used above. The results 
were calculated using the same graphs as above, and not using 
sarsasapogenin, and when expressed as a 95 per cent confidence 
interval of the mean sapogenin value gave 1.55 - 0.06 per cent 
for diosgenin plus yamogenin, 0.77 - 0.02 per cent for dios
genin and 0.75 - 0.05 per cent for yamogenin. For duplicate 
results the corresponding confidence intervals were calculated 
to be - 0.15 for diosgenin plus yamogenin, - O .04 for diosgenin 
and - 0.12 for yamogenin.

These results confirm the earlier studies that the total 
sapogenin values obtained by direct infrared analysis of the 
crude extract should be reduced by about one-third of their 
value. Furthermore, the percentage range of error, - 9*6 % 

for total sapogenin. Table II.5, is too wide for the detection 
of small changes in sapogenin content.

For the combined column and infrared assay. Table II.5 
p. 99 shows that the determination of yamogenin introduces 
more variation than does diosgenin, because the infrared absor

bance at 920 cm"l is more variable than that at 900 cm~^.
When the infrared spectrum of Fraction (b) Fig.II.6 is 

repeatedly determined, the variation is increased compared
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Table 11.5 Comparison of the percentage range of error 

of the various stages of the Column 
Chromatographic and Infrared Spectrophoto- 
metric procedure.

- Percentage Range 

diosgenin

of Error, t 

yamogenin

at P = 0.05
total 

spirosta n

*A. Pure standards 1.9 4.6 2.3
B. Fraction (b) 

Fig.II.6
2.5 6.8 2.9

G. Column 2.0 7.0 5.9
D. Seed

Combined Column 
plus I.E.

3.5 10.6 4.4

E. Seed,
I.R. of Crude 
extract

4.9 15.5 9.6

*A. Infrared analysis of P-T.L.C.-pure diosgenin and yamogenin, 
mixed in the ratio of 1:1, at 0.5 % w/v. Spectrum x 20.
% range for 3 spectra = ^ 2 ^  x C.V.

B. Spectrum x 20. % range for 3 spectra = — ^  x C.V.
J T

C. Crude extract assayed by 12 columns to give twelve

individual Fraction (b), each spectrum x 3* % range for
2 assays = x C.V. 

rTZ

D. Seed, 2.5 S x 12, using 12 columns, each spectrum x 3*
2 2% range for two assays = — ^  x c.V

E. Seed, 2.5 S x 12, spectrum of each crude extract x 3* %
p Prange for two assays = — x c.V.
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with the pure standards, probably due to the presence of trace 

impurities, e.g. yellow pigment and its decomposition products. 
The stages involved in the column purification of the crude 
extract add little to this variation. The errors introduced 
by seed sampling, acid hydrolysis and petrol extraction in
crease the range of error only slightly, to the point where 
for duplicate 2.5 S seed assays, the range is approximately 
double that obtained with the pure standards.
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CHAPTER 5.

AN IMPROVED COLUMN PROCEDURE FOR THE ISOLATION OF PHYTO

STEROLS AND SAPOGENINS. Experimental, p.-Xtp^

The column procedure described in Chapter 2 was published 
as a short communication, Hardman and Jefferies^^ and later 
as a complete p a p e r . I t  used columns for one separation 
only. Large numbers of separations were undertaken for this 
thesis, more than 100 for preliminary studies involving sol
vent systems, reproducibility and accuracy, and subsequently 
more than 250 for seed incubation experiments. Thus packing 
a column for one separation only became a time-consuming pro
cess and represented inefficient use of adsorbent. A method 
was required that would allow columns to be used on several 
occasions, and in an arrangement that would permit more than 
six columns to be developed simultaneously.

(i) SOLVENT COMPOSITION AND SEQ.UEHCE

It was essential that the activity level of the silica 
gel vould be unaltered by the sequence of solvents needed to 
separate the diosgenin plus yamogenin sapogenins by the routine
procedure, and also that it should remain unaltered by the more
polar solvent mixture needed to clean the column before it 
could be used again. This could be achieved by ensuring that 

every solvent mixture would contain a quantity of water such 
that no moisture would be taken from or added to the adsorbent.

An increase in water content of 0.1 ml per column would be 

enough to lower the silica gel activity level from II to III. 

Alternatively a proportion of the adsorbent water could be 
displaced by the strong eluent, ehtyl acetate, with a correspond
ing increase in adsorbent activity. This aspect of column
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chromatography has been discussed by Snyder^^ and was used by 
Trueblood and Malmburg^^ to activate adsorbents by solvent 
washing. The activity level of silica gel may be determined 

by the method of Hernandez, Hernandez and Axelrod^*^, who 
applied the Brockman dyes to obtain a parallel calibration to 

that for alumina.

The method chosen to vary the content of water present in 
the solvents was to use water-saturated mixtures of hexane and 
ethyl acetate and to vary the proportion of these mixtures 
added to identical mixtures of hexane:ethyl acetate prepared 
with dry solvents. The columns were developed with the same 
solvent sequence as previously described in Chapter 1. It 
was found experimentally that the separation previously ob
tained, Fig.III.10, could be repeatedly obtained from the same 
column provided that the solvent mixtures used contained 20% 
v/v of solvents that had been water-saturated.

Most of the yellow pigment was eluted between the free 
phytosterol fraction and the diosgenin plus yamogenin fraction, 
but small quantities of pigment were eluted with both fractions 
Since the phytosterol fraction was to be examined by gas- 
liquid chromatography, this pigment did not present a problem, 

and it has already been shown, in Chapter 1, that the pigment 
does not influence the infrared assay of diosgenin plus yamo
genin.

It was found that if development of the column was con
tinued with hexane:ethyl acetate, 4:6, then 20 ml removed most 

of the other minor sapogenins. Fig.III.10, (fractions 32 - 35) 

and a further 35 îl ensured the elution of gitogenin (fractions 
35 - 38) plus traces of low Sf value sapogenins.



Table II.6 Solvent sequence for the isolation of phytosterols,
diosgenin plus yamogenin, and gitogenin, followed by 
column washing to allow re-use of column.
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Hexane : 
Ethyl Stage Eluate Eluate Eluate
Acetate Volume Composition Assessment
(wet) '

9:1 1 25 ml Spirostadiene 
Steryl esters 
Fixed oil

2 20 ml Sterol? T.L.C.

3 35 ml Sterol Collect
4 3x5 ml Sterol or 

D + Y?
Visual 
or T.L.C.

3:1 5 40 ml Diosgenin + 
Yamogenin

Collect

6 3x5 ml D + Y? Visual 
or T.L.C.

4:6 7 20 ml Minor sapogenins
8 6x5 ml Gitogenin T.L.C.

Ethyl acetate 9 25 ml Column
residues

Reject

4:6 10 10 ml

3:1 11 10 ml

9:1 12
Re-use
Column

25 ml

For T.L.C. of 5 ml fractions using this solvent sequence see Fig.III.10.
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At the end of this stage the column still possessed a 

narrow yellow-brown band at the top of the adsorbent. This 
could be removed by developing with ethyl acetate, 20% 
which had been water-saturated. The column could then be
restored to its starting point by washing with small 
quantities of hexane-ethyl acetate in the proportions 4:6,
3:1 and finally 9:1. The complete solvent sequence for the 
isolation of free phytosterol, diosgenin plus yamogenin, and 
gitogenin, followed by the column washing procedure is given 

in Table II.6.

(:ii) DESIGN OF THE COLUMN APPARATUS. Experimental*,, p. IS"!

Twelve VJhatman Precision Chromatography Columns (1 x 20 
cm) were mounted close together on a vertical board. The 
problem of mailing solvent-proof connections between P.T.F.E. 
tubing and glass tubing was eventually solved by maldng con
nectors from P.T.F.E. of precise dimensions. Fig.II.8. (No 
suitable connector could be purchased, and a wide range of 
adhesives had proved unsuitable, Experimental, p. 2.̂ 1 ). it
v/as originally intended to use a multichannel peristaltic 
pump to control the solvent flow through the twelve columns, 
but this was abandoned when practical experience proved that 
flowrates were not uniform in the twelve outlets, and that the 
flexible peristaltic tubing required by the pump was found to 
be attacked by ethyl acetate. Experimental p.lS’X  a  solvent 
reservoir v/as made from a separating funnel fitted v/ith a 
large diameter outlet so that a P.T.F.E. stopper drilled with 

twelve holes accommodated the P.T.F.E. tubings to the twelve 
columns. The tubings fitted tightly into the holes so that 
a solvent-proof joint was made, cone ends on the tubings were
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an additional precaution against the tubing being pulled out 
of the stopper. This arrangement has been in constant use 

for more than two years and has not leaked or required re
placement. The reservoir was fitted with a condenser to 
minimise loss of solvents by evaporation.

The necessity to adjust individual column flowrates was a 
disadvantage with this apparatus, especially since the flow- 
rate was greater when the reservoir was full, but with experi
ence these variations were noted and corrected. Consideration 
was given to various devices claimed to maintain a constant 
head of solvent in the reservoir. Davis^^ described how the 
reservoir may be suspended by a spring of such dimensions that 
it would maintain the solvent level at a constant height as 
weight was lost. This would require a straight-sided 
reservoir and also add about one foot in height to the present 
apparatus. Hills and Payne devised a more complicated re- 
fillable constant head device that was a development of the 
Mariette bottle method, but would involve much work before a 
successful model would be available. It was felt that whilst 
either method would enable precise flowrates to be obtained 
rapidly and then maintained, and that both methods were 
applicable to the column apparatus devised here, there was in
sufficient time available to add this refinement.

(iii) THE DETEmiHATIQN OF ERROR OF THE IMPROVED G0LÜI4N

CHROMATOGRAPHIC AND INFRARED SPECTROPHOTmEPRIC ASSAY 

FOR DIOSGENIN AND YAMOGENIN. Experimental p. X^tf

The reproducibility of the column and infrared stages of 
the assay were tested by the analysis of a crude extract by 

twelve columns, and the results expressed as a 95 per cent con

fidence interval of the mean sapogenin value. For diosgenin
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plus yamogenin the mean value was 0.90 - 0.009 per cent m.f.b, 
for diosgenin 0.57 - 0.006 per cent and for yamogenin 0.33
- 0.007 per cent. The ability of the columns to achieve this 
reproducibility repeatedly was tested by the analysis of the 

same crude extract as above, another four times on each of 
four columns. The mean value for diosgenin plus yamogenin 

was 0.91 - 0,015 per cent m.f.b, for diosgenin 0.59 - 0.007 
per cent, and for yamogenin 0.32 - O.OO8 per cent. Table 
III.5 shows the mean of the results for each time the columns 
were used, and Table III.6 gives their statistical data. 
Analysis of Variance of the results for total sapogenin, Ex
perimental p. 3lS“ gave a determined F value of 1.6 compared to 
a critical F^value from tables of 2.82 at P = O.05. This 
showed that it was at least 9 %  certain that all the sapogenin 
results, irrespective of how many times the column had been 
used, belonged to the same population of results.

The overall error of the determination procedure includ
ing sampling, acidic hydrolysis, and petrol extraction was 
tested by conducting twelve determinations, each on 2.5 g of 
Tanzanian seed, and expressing the results as before. The 

mean value for diosgenin plus yamogenin was I .04 - 0.010 per 
cent m.f.b,, for diosgenin 0.64 - O.OO8 per cent and for yamo
genin 0.40 - 0.010 per cent. For duplicate results, as 
employed in the routine analysis of seed samples the corres
ponding confidence interyals were calculated to be I .04

- 0.025 per cent for diosgenin plus yamogenin, 0,64 - O.OI9 

per cent for diosgenin and O.4O - 0.023 per cent for yamogenin, 

Table III.6.
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From these results the overall percentage range of error 

for duplicate 2.5 S seed assays, calculated at a 95/o confid
ence interval, Table II.5» were diosgenin plus yamogenin 
i 2.4 per cent, diosgenin - 3*0 per cent, and yamogenin - 5*9 
per cent. These values were only slightly higher than those 

obtained when the pure standards were assayed, Table II.5 (A). 
They represented a considerable improvement over the original 
column procedure, which gave the corresponding values of 

- 4.4 per cent for diosgenin plus yamogenin, - 3*5 per cent 
for diosgenin and - 10.6 per cent for yamogenin.

This procedure has been found satisfactory for column
loadings up to 75 nig of diosgenin plus yamogenin sapogenins in 
the presence of up to 600 mg of fixed oil, which is approximate
ly three times the amount present in a 2.5 g sample of com
mercial Moroccan seed, Table III.7'. Thus the qethod described 
could possibly be used for the analysis of other plant extracts 
that contain higher sterol, sapogenin and fixed oil levels.

The advantages of using water-treated solvents and a
twelve column apparatus, compared with using separate columns 
used once only may be summarised:-

1. Less variation between duplicate 2.5 6 seed results.
2. Twelve columns may be developed in one day by one 

person, the various phytosterol and sapogenin 
fractions being appropriately mixed for future 
analysis. A second day is required for the infra
red analysis of the sapogenin solutions, column 

washing and preparation of column solvents. This 

is double the previous output.
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3. Columns may be used at least five times each, 

probably more.

(iv) RELATIONSHIP OF THE SAPQGENIH RESULTS OBTAINED BY THE 

IMPROVED COLUI-iN PLUS INFRARED PROCEDURE TO THE DIRECT 
INFRARED ANALYSIS OF THE CRUDE EXTRACT. Experimental p.%5%|

Although the direct infrared analysis of the crude ex
tract has been shown in Chapter 2 to be totally unsuitable for 
the determination of individual values of diosgenin and yamo- 

genin, a final comparison was made between the two methods to 
discover whether, for total sapogenin content, a steady 
relationship existed. The analysis of different batches of 
seed from each of three distinct geographical types showed 
that the direct method, using sarsasapogenin in the calibration 
was too variable to be retained, even as a rough but quick pro
cedure.

(v) COLUMN CHROMATOGRAPHY, ITS FUTURE DEVELOPMENT

The versatility of column chromatography has been well 
established, and its wide application to pharmaceutical analy
sis, including problems of a phytochemical nature, has been

50reviewed by Levine. The experience gained from the studies

undertaken in this thesis support the view that it is an 
extremely adaptable and reliable quantitative separation 
technique. The twelve column apparatus described here has 
been used routinely by other workers and given the same relia
bility. Its main disadvantages are the time required to 
achieve a separation and the need for a follow-up procedure, 
such as infrared spectrophotometry, for the determination of 

the separated compounds.
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Both these difficulties have recently been overcome by 

employing techniques similar to those developed for gas-liquid 

chromatography. By using narrow bore columns of long length 
packed with particles of small diameter and narrow range of 
size, and by pumping the developing solvent mixture through 
the column at great pressures to achieve reasonable flowrates, 
separations of compounds can be achieved in a fraction of the 
time previously required. Resolution between compounds is 
usually improved because the eluting band shapes are similar 
to those obtained with gas-liquid chromatography.

The greatest single difficulty in the development of 
column chromatography as a complete analytical technique has 
been the design of a suitable quantitative detection system. 
Many papers have been published describing various systems and 
Venning^^ has reviewed photometric, refractometric, gas 
ionisation (moving wire), flame ionisation, thermal and fluo
rescence detectors, plus equipment currently available.

52Simpson has also provided a review of high pressure liquid 
chromatography and the equipment available.

The fact that these detectors may also be used with
ordinary, low pressure columns has been shown by Cavina,

55I'ioretti, hollica and Antoni ni who used a flame ionisation
detector in this way.

There seems little doubt that the development of high pres
sure liquid chromatography provides instrumentation for the 
quantitative analysis of crude extracts with a speed previously 

associated with gas-liquid chromatography. It should be able 

to analyse many of those compounds found to decompose at the 

high temperatures commonly employed in G.L.C., and may also
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provide separations so far not achieved by G.L.C. It is a 
technique additional to G.L.C., utilizing the same principles 
of partition chromatography, but at room temperature. It 
may also be used with ion-exchange chromatography.

In the future it is proposed to apply high pressure 
liquid chromatography to the quantitative analysis of phyto
sterols, diosgenin, yamogenin and gitogenin in crude extracts 
of fenugreek seed.
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RESULTS AND DISCUSSION 

CHAPTER 4

THE AI-jALYSIS OF PHYTOSTEROLS BY GAS CHROMATOGRAPHY

The development of the improved column procedure for the 
isolation of phytosterols as well as sapogenins, Chapter 3» 
meant that it was possible to monitor some sterol levels during 
the seed incubation studies, provided that a suitable 
analytical procedure was made available. Gas chromatography 
has been shown by many workers, including Knights^^,
Grunwald^^ and Evans to be very satisfactory for phytosterols.

Preliminary G.C. studies on the composition of the free 
sterols and sterol glycosides present in fenugreek seed crude 
extract, and isolated by the column procedure showed that the 
major sterol was sitosterol ( cx^-ethylcholest-5-en-3^-ol) 
plus a small quantity of campesterol (24 <̂ -methylcholest-3-en- 
3p-ol), possibly a trace of stigmasterol (24B-ethylcholest-3, 
22-dien-3p-ol) and a small quantity of cholesterol (cholest- 

5-en-3p-ol). Fazli^^ isolated sitosterol from fenugreek seed 
oil, equivalent to 0.08% m.f.b. of seed, by column 
chromatography.

In view of the difficulty of completely separating camp
esterol and stigmasterol it was decided to estimate them 
together as campesterol. Because of the satisfactory separa
tion between campesterol and sitosterol the column length 
could be halved, thus reducing the total analysis time.
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Pig.II.9 The Gas Chromatographic analysis of standard sterols. 

Conditions as for sitosterol assay.
(A) Equal weights of cholestane and sterol-TMSi-Ethers.
(B) Typical calibration chromatogram containing sitosterol 

I (950 purity) at 0.490 w/v.
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(i) THE DETEMINATION OF SITOSTEROL. Experimental p. Z4>1

The stationary phase OV-lOl, a liquid dimethylsiioxane

polymer, was satisfactory for the separation of the sterols
(as their T.M.Si-ethers) encountered in fenugreek seed, Fig.

II.9- The accepted degree of separation in gas chromatographhy
57required by the British Pharmacopoeia is that the resolution 

between adjacent peaks be greater than 1.0. Using the same 
expression, the resolution between cholestane and cholesterol 
was calculated to be 3*6, for cholesterol and campesterol to 
be 1.4 and for campesterol and sitosterol to be 1.3 using the 
data from Fig.II.9, (A). The symmetry factor^^ was calculated 
from a typical sitosterol calibration trace. Fig.II.9, (B) to 
be 1.09 for cholestane and 0.90 for sitosterol, indicating 
that neither peak is suitable for evaluation by peak height
(factor must lie between 0.95 and 1.05).

A linear relationship for sitosterol T.M.Si-ether over 
the concentration range 0.1 to 0.6 per cent, at an attenuation 
of 5 X 10 ^ was obtained by three methods, (a) disc integrator,
(b) peak height x width at half peak height and (c) weight of 
peak area, Fig.III.13. kethod (c) was achieved by photocopy
ing the trace and weighing accurately, to four decimal places, 
the cut-out peak. Method (b) was much quicker and gave close 
agreement between replicate analyses; Method (a) also gave 
close agreement between replicates and additionally gave 
higher sitosterol to cholestane ratios.

The accuracy of the calibration was tested as follows: 
Analysis of eleven replicates at the maximum concentration of 
sitosterol on the calibration graph, Fig.III.l.ii, (A) gave a co
efficient of variation of 1.1 per cent and a percentage of
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error (P = 0.05) for duplicate assays of - l,75?o. For the 
minimum concentration of sitosterol, the corresponding co

efficient of variation was 3«95 per cent and percentage range 
of error - 6.^o.

(ii) FURTHER STUDIES ON THE CONDITIONS USED FOR THE DETERMIN
ATION OF PHYTOSTEROLS. Experimental p. X(>5

The stationary phase OV-101 was initially chosen because 
it was claimed by the manufacturers to be an improvement on 
the widely used SE-30. Grunwald^^ for example, compared
SE-30 and OV-lOl for the analysis of free phytosterols and 
found that excessive tailing occurred with SE-30 giving poor 
resolution, necessitating derivative formation. Columns pre
pared vd.th OV-101 gave symmetrical peaks, better resolution, 
had higher plate values and v;as superior to SE-30 even for 
T.h.Si-ethers. His study included the main sterols found in 
fenugreek seed.

However, attempts to obtain results similar to these 
yielded approximately doubled retention times. The variation 
of carrier gas flowrate with increase in oven temperature was 
checked by attaching a teflon capillary tube plus soap bubble 
flowmeter to the unlit detector, and it was found that flowrates 
dropped rapidly with increase in temperature. Fig.II.10.
Grunwald did not specify the temperature at which flowrates 
were measured.

Retention times similar to those of Grunwald were achieved 
by halving the column length. Table II.7. The sensitivity of 

the F-11 instrument to free sterols, as calculated by Relative 

Weight Response, Table II.7, v/as about half that published.
After many replicate analyses it was found that by any of the
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Fig.II.10 The variation in carrier gas flowrate with

inlet gas pressure and oven temperature
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Table II.? Comparison of relative weight response (R.W.R.)

and relative retention times (R.R.) for some 
free phytosterols and their T.M.Si-ether 
derivatives by gas chromatography, using 

liquid phase OV-101 (3%)•

Relative Weight 
Response

Relative Retention 
Times

Jefferies 55Grunwald^^ Jefferies Grunwald^

Cholestane 1.000 1.000 1.00 1.00
Cholesterol 0.413 0.883 1.74 1.90

Campesterol 0.417 0.874 2.21 2.46

Sitosterol 0.211 0.775 2.71 3.10

Cholesterol 
T.M.Si-ether

0.887 1.093 2.00 2.33

Campesterol 
T.H.Si-ether

0.929 1.104 2.49 3.11

Sitosterol
T.M.Si-ether

0.610 0.885 3.09 3.93

Conditions of gas chromatography;
Jefferies, oven temp. 250° , column 3 mm i,d., 1 metre.

nitrogen 75 ml/min.
Retention time cholestane = 11.0 minutes
Grunwald, oven temp. 250°, column 6 mm i .d., 1.8 metre

heliuTii 100 ml/min.
Retention time cholestane = 12.7 minutes .
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Table II.8 Gas chromatographic calibration of sitosterol- 

TMSi-Ether. Comparison of data obtained by 

three methods of peak evaluation, using the 
same gas chromatograms.

Sitosterol
concentration

%

Volume
injected

Ratio of 

A

sitosterol to 

B

cholestane 

C

0.116 3.3 pi 0.25 0.24 0.23
0.30 0.29 0.31
0.24 0.25 0.24
0.16 0.15 0.15
0.23 0.20 0.23

0.242 3.3 pi 0.59 0.60 0.63
0.69 0.68 0.68
0.71 0.83 0.88
0.73 0.71 0.65

0.370 3.3 pi 1.28 1.27 1.22
1.22 1.21 1.17
1.28 1.32 1.26

0.492 3 pi 2.11 2.00 1.47
2.33 2.00 1.98
2.21 1.93 2.09

0.616 2.3 pi 2.66 2.57 2.42
2.72 2.61 2.59
2.76 2.62 2.71

A = Disc integrator
B = Peak height x vd.dth at half peak height 
C = Weight of peak area

These results are shown graphically, Fig.III.1^.
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PIG.II.11. GAS CHROMATOGRAPHIC CALIBRATION OF FREE
SITOSTEROLS BY DISC INTEGRATOR USING 
CHOLESTANE AS INTERNAL STANDARD
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three methods of peak evaluation used, Table 11,8, when the 
free sitosterol concentration was below 0.4-%» the detector 
response was a curve. Fig.II,11. Furthermore, the three 

curves were almost identical.

Experimentally the maximum oven temperature for OV-101
was found to be 260°; at 270° the baseline became unstable.
At the assay temperature of 250° the baseline remained steady
and the columns were stable. The column efficiency, expressed

59as the effective plate number (N), Ettre , was calculated to 

be 134-1 to 14-56 for the internal standard and sterols in Fig.
II.9, (A), with a 1 metre, 3 m̂ a i.d. column, compared to 1934- 
to 214-0 for the same compounds with a 1.8 metre, 6 mm i.d. 
column, Grunwald.

The reason for the low sensitivity of the F-11 instrument
towards the free sterols compared to the T .m.Si-ethers is not
clear. It could be due to ageing of the detector, or to the
build-up of silicate deposits on the detector due to the use of
silylating agents. These deposits were brushed away daily,
and injections of a flame detector cleaner. Freon (Pierce
Chemicals) made frequently. Another possible explanation is
that it is due to the use of nitrogen as the carrier gas,

58instead of helium as used by Grunwald.

(iii) THE ROUTINE PROCEDURE FOR THE GAS CHROMATOGRAPHIC 

D ET E M N A T I O N  OF SITOSTmkOL, AND IDENTIFICATION OF 
MINOR STEROLS IN THE STEROL FRACTION ISOLATED BY CQLUI-IN 
CHROMATOGRAPHY. Experimental p.Xblf-

Sitosterol commonly accounts for 90/o of the sterol fraction 
isolated by the column chromatography with cholesterol, 
campesterol and possibly b r a s s i c a s t e r o l . A t  a carrier gas
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Fig.II.12 The gas chromatographic analysis

of fenugreek sterols

Analysis at 75 ml/min, as used for sitosterol determination 
in a typical sterol extract from fenugreek seed.80-
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Total analysis time = 45 min.
(a) relative Rt = 2.45, possibly brassicasterol
(b) relative Rt = 2.99, possibly 24-methylene lophenol or diosgenin/yamogenin
(c) relative Rt = 5*69, possibly cycloartenol, or lanosterol
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flowrate of 75 nil per minute the total analysis time was 35 
minutes, Fig.II.12, (A). When necessary, for a better com
parison of the minor sterols, the lower flowrate of 60 ml per 
minute, total analysis time 43 minutes, was used. Fig.II.12 (B).

Tentative identification of compound (a). Fig.II.12, as 
brassicasterol is based upon the work of Duperon^^, who used 

a 2.5 metre, ij:”, SE-30 (4*5%) column at 265^ with helium at 
3.3 litres/hour. No relative retention data is given but 
brassicasterol is shown to occupy a retention position midway 
between cholesterol and campesterol. Evans^^ used a 6ft, , 

SE-30 (1.5/u) column at 218° with nitrogen at 25 jil/min, and 
published relative retention times (cholestane) for cholesterol 

(2.00), campesterol (2.57) and sitosterol (3*43) that are very 
similar to those in this thesis, namely 2.11, 2.68 and 3»31 

respectively. On this basis, compound (b), (2.99) could pos
sibly be methylenelophenol (3.10) and compound (c), (3*69) 
could possibly be cycloartenol (3.78) or lanosterol (3.69).

Diosgenin (2.84) and yamogenin (2,92) ould also be con
sidered as possibly responsible for compound (b). Thin layer 
chromatography of the oil obtained by defatting powdered 
koroccan fenugreek seed does not indicate, with any certainty, 

the presence of free diosgenin/yamogenin, but that does not 
preclude the possibility of trace quantities of these compounds 
being detected by gas chromatography. To determine the 

recovery of sitosterol from the column chromatographic pro
cedure, sitosterol was added to fenugreek oil (of known sito
sterol content) and the total sitosterol isolated by the routine 

column procedure. Gas chromatography of the bulked sterol 

fractions was carried out twice for each of the six replicate
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columns. The mean percentage recovery of sitosterol added 

to the oil was 97.9 - 3*7%, and the mean percentage recovery 
of total sitosterol, added and present in the oil, was 98.3 

-
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CHAPTER 5

THE INCUBATION OF FENUGREEK SEED UNDER CONDITIONS DESIGNED TO 

PREVENT GERMINATION

(i) INTRODUCTION

The commercial use of sapogenins as starting material by 
the pharmaceutical industry has provided the impetus for much 
of the research carried out on the plant material affording 
these compounds, and the emphasis has often centred on 
aspects of commercial importance. Much work has been pub
lished on sapogenin extraction procedures. Spensley^^ was 
the author of an early patent for the extraction of hecogenin 
from the juice of the leaves of Agave species in which ferment
ation was used. The yield of diosgenin was reported to be 
increased when the tubers of species of Dioscorea were com
minuted and fermented, and a patent for this process is held 
by the Schering Corporation.

Blunden and Hardman^^ obtained 5 to 13/6 increases with 
fermentation at 23° and at 37° with fresh Dioscorea hondurensis 
tubers after homogenisation, and similar increases when sliced 
tuber was oven dried, powdered and then incubated with water. 
The assay method was that of Wall et al.^ based upon the infra
red estimation of the extracted sapogenin acetate. The 
increases were prevented by autoclaving the plant material 
before incubation, and it was found that homogenisation of 
fresh material for 3 minutes had the same effect on sapogenin 

yield as incubation. It was concluded that the yield of

sapogenin was controlled by an endogenous enzyme system.
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Blunden, Hardman and Wensley^^ studied the sarsasapogenin 

content of Yucca glauca, using the same assay procedure, and 
found that the p-glycosidases, cellulase and emulsin, and the 
c^-glycosidase, pectinase, could partially replace the endo
genous enzymes in affording sapogenin,

Hardman and Fazli^^ screened a large number of fenugreek 
seed samples from various geographical sources for their 
diosgenin content. They studied the incubation of the seed

with water at 37°. Whole seed, 5 g, was used in 100 ml tap

water for periods of 0, 6, 24 and 48 hours in the dark. 
Attempts to improve the yield of sapogenin extracted from the 
seed centred upon the addition of a compound to the water 
that would in some v/ay influence the metabolism of the seed.
It was considered by Blunden, Hardman and Wensley^^ and by 
Fazli^^ that the sapogenin was present in two forms. Class I, 
being readily hydrolysable by acid and Class II which was not 
nydrolysabie by acid. Class I consisted of glycosidal 
saponins (0-glycosides) within the cell sap, whilst in Class 
II the sapogenins were considered as being incorporated into 
the polysaccharide structure of the plant cell wall. Incub
ation and the addition of a variety of compounds such as 
auxins, plant growth regulators, etc. as well as enzymes,

might release the Class II fraction such that it was then
12hydrolysable by acid. Hardman and Sofowora have also sug

gested the possibility of glycosyl saponins (C-glycosides) 
being present. This type of glycoside is noted for its 
resistance to acid hydrolysis and might form a third class of 

saponin.

This line of research was followed at the start of this
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thesis, and sapogenin determinations were made using the

27direct infrared method of Brain et al. More than sixty
compounds, each incubated for periods of 0, 24 and 48 hours, 
in duplicate, were screened. They included plant grov/th 

hormones, vitamins, amino acids, antibacterial and miscellane
ous compounds. Together with the considerable volume of 
incubation studies, produced by Karbottle^^, Fazli^^,

O n c  ^  O
Sofowora , Brain and wood they provided the data for the 
Hardman patent s^^> 66,67 The National Research and Develop

ment Corporation, covering incubation aspects in the presence 

of added compounds. A review of the results from the sixty 
compounds tested for this thesis was made in order to select 
a compound for incubation study in greater depth. Since 
nicotinic acid amide, p-aminobenzoic acid, riboflavine and 
thiamine hydrochloride, all members of the Vitamin B group had 
given sapogenin increases in the preliminary experiments per
formed for this thesis, riboflavine was chosen for further 
study.

(ii) Trim INCUBATION OF FENUGREEK SEED IN THE PRESENCE OF
RIBOFLAVINE. Experimental p.

A detailed study of the effect of this compound at three 
concentrations was made taking duplicate samples at 3 hourly 
intervals over a period of thirty hours. The results. Table

III.10, were calculated from the absorbance values by data pro
cessing on an Elliot 803 computer (School of Mathematics, 
University of Bath), which provided the mean sapogenin value 
for duplicate experiments. The mean values for different 

periods of incubation were compared for their relative percent

age changes, and the error of the experiment expressed as - the
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coefficient of variation. The aim of this study, involving 
88 assays, was to discover the lowest concentration and 
shortest incubation time necessary to obtain a sapogenin 
increase of at least 10%. The results indicate that for 
riboflavine at 0.04% w/w seed this increase was achieved at 21 

and 24 hours; for a concentration of 0.4%, at 13, 18 and 21 
hours; whilst for 2.0̂ 6, at 21 and 24 hours. The possibility 
that riboflavine and any compounds derived from it by acid 
hydrolysis might interfere with the infrared assay was checked 
and found to be negative.

This study was repeated replacing the riboflavine by the 
plant growth hormone, p-(2-furyl)-acrylic acid, which had also 
appeared promising in preliminary trials v/ith its group of 
compounds. A third study was then made involving two concen
trations of each of the additives (riboflavine and p-(2-furyl)- 
acrylic acid) mixed together. These three studies involved 
a total of 286 assays, and reference is made to them to 
illustrate the difficulty in detecting an inaccurate assay 
method, when the results obtained appear acceptable. The 
infrared assay method truly detected changes in the total 
absorbance value of the crude extract, of which the sapogenin 
content was the major, but far from only factor, as shown in 

Chapter 2. Thus these changes in absorbance were solely 
regarded as changes in sapogenin yield in response to incub
ation conditions. Because of this, the results from experi
ments like those above were considered meaningful, for example, 

riboflavine consistently increased sapogenin yield after 21 

hours incubation. However, once the column plus infrared 

assay. Chapter 2, had shown that the direct infrared analysis
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of the crude extract was not reliable for fenugreek, a re
examination of the incubation studies became necessary.

The riboflavine incubations were repeated using those con
ditions that the previous results had indicated to be success-.- 

ful, namely riboflavine at 0.04% for 0, 24 and 48 hours. The 
usual control, plus an extra control obtained by adding ribo
flavine to a control after incubation and immediately after 
adding the hydrochloric acid were employed. It v;as intended 
that this extra control would detect any increase in infrared 
absorbance value due to riboflavine or its decomposition pro
ducts. Each assay was carried out in triplicate using the 
same batch of seed as before. The results. Table III.11, show 
that the sapogenin content of the controls is less than 1%, 
compared to at least Z/o previously obtained. It is possible 
that some of this difference is due to the fall of sapogenin 
content during the two and a half years storage of the seed 
between these two experiments. Long term storage experiments 
with seed and the column plus infrared assay procedure have not 
been carried out. But the major factor in the difference 
between the tv/o results is the interference in the infrared 
absorbance occurring when the crude extract is so assayed.

Analysis of variance carried out on the sapogenin results, 

showed that the control and riboflavine sapogenin levels 
remained parallel to one another during the experiment, because 
the variance ratio, F , for interaction was less than one, 

whereas the tabulated variance ratio at P = 0.05 is 3«98. The 
fall in sapogenin yield from 0.93 to 0.86% during the 48 hours 

of incubation was significant at P = O.05. There was strong 
evidence to show that the presence of riboflavine had no effect
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upon the change of sapogenin level with time, because the 
variance ratio for riboflavine v/as less than one. Thin-layer 

chromatography of the crude extracts did not detect any 
extra compounds as a result of the use of riboflavine. The 
sapogenin fractions eluted from the columns did not contain 
any compounds other than diosgenin and yamogenin. Infrared 
analysis of the ’’controls plus riboflavine” confirmed the 
absence of any interference in the spectrometry.

(iii) THE INCUBATION OF FENUGREEK SEED IN THE PRESENCE OF 
GERANTQL. Experimental p.

It had been shown by Popjack and Cornforth and by
Popjack, Goodman and Cornforth^^ that the triterpene squalene,
which is on the route of biosynthesis of steroids, is formed
by ohe head to head condensation of two molecules of farnesyl
pyrophosphate. This was formed from iso-pentenyl pyrophos-

70phate and geranyl pyrophosphate. Verma and Chichester 
obtained incorporation of geraniol-14C and citral-14C into 
p-carotene in carrot slices.

Fazli^^ had used 1 ml of technical grade geraniol with 
5 g seed in 50 ml tap water at 37° in the dark, and obtained 

sapogenin increases of 26% after 24 hours, 32% after 48 hours 
and a fall of 35/o after 72 hours, all calculated from infrared 
analysis of the crude extract. He used an extra control as 
described above for riboflavine, and since slight interference 
was indicated used this result to compare with the incubated 

geraniol result. It was suggested that geraniol was converted 

to sapogenins by a pathway involving direct assimilation via 
its pyrophosphate derivatives. It was considered that this 
view was supported by the work of Battaille and Loomis^^ who



130
suggested the presence of a geraniol kinase in plants.

15Brain had also used technical grade geraniol also at 
concentrations of 10̂ 6 and 20% v/w, and for the same incub
ation temperature and periods, with powdered tuber of 
Dioscorea deltoidea. Sapogenin content was determined by 

densitometric T.L.C. His incubated controls all gave an 11% 
increase over the non-incubated controls, but the presence of 
geraniol during incubation did not change this increase, i.e. 
it did not have any effect on sapogenin level.

The results obtained by Fazli with fenugreek seed were, 
therefore, checked by using the same conditions of incubation. 
The crude extract obtained from each flask was divided to 
carry out assays by the column plus infrared method and also 
by the direct infrared method.

The sapogenin values obtained by the column plus infra
red assay for 0, 24 and 48 hours were O.9O, 0.90 and 0,88% m.f.b 
for the Control, and 0,92, 0.88 and 0.88% m.f.b. in the pre
sence of geraniol. Each result is the mean of three experi

ments. The close agreement shown here makes analysis of 
variance unnecessary. The sapogenin yield did not change 
during incubation and the presence of geraniol did not alter 
this situation.

Direct infrared analysis of the crude extracts produced 
distorted spectra due to the non-sapogenin components, Fig.
11.13 (B), which was further distorted when geraniol was 
present in th# crude extract, Fig.II.13 (C). An indication 

of this additional distortion was obtained by infrared 

analysis of solution (G) but with solution (B) as the refer
ence solvent instead of chloroform. The absorbance pattern
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Fig.II.13 The Infrared Spectra of crude and purified sapogenin 
obtained from Moroccan seed (RH.1^66) incubated at

37^ with geraniol
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Plg.II.l4 The investigation of crude and purified sapogenin extracts 
obtained from Moroccan seed (TH.I766), incubated at 37°
with geraniol, by thin-layer chromatography 
Hexane ; ethylacetate 4:1, 15 cm development.
Visualisation by antimony trichloride in HCl, plus heat.
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is now due mainly to the presence of geraniol in the experi

ment, and can be seen to be rapidly changing over the spectral 
region of the assay. The odour of excess geraniol was 
obvious in the crude extracts, and thin-layer chromatography, 

Fig.II.14, established the presence of components originating 
from the addition of geraniol. Calculation of sapogenin con

tent after 24 hours incubation with geraniol gave 2.,G% compared 
to 2.1%, an increase of 24% when the crude extracts were used 
for the infrared analysis and calculated as diosgenin and 
sarsasapogenin (the latter as a 23S epimer to represent yamo
genin, which was not available at that time). Therefore the 
sapogenin increase previously obtained by Fazli was almost 
certainly due to the inaccuracy of the assay procedure plus 
interference by geraniol.

The controls containing geraniol added after incubation
with water and after addition of acid gave an unexpected 
increase in sapogenin when determined by the column plus infra
red assay. Table III.12. Analysis of variance showed that
the increase v/as highly significant at P = 0.01, and that it 
did not change v/ith the time of incubation. The mean results 
for 0, 24 and 48 hours, for hydrolysis in the presence of 
geraniol, were 0.92, O .98 and 0.98% m.f.b., which may there
fore be regarded as a steady value of 0.96% m.f.b. This is 
significantly higher than the value of 0.89% m.f.b, when 
similarly calculated for the Control results in the absence 
of geraniol. The reason for this increase might possibly be 
due to a geraniol-derived component being eluted with the 

sapogenin from the column, and which v/as not detected by T.L.C. 

Both the 24 hour and 48 hour results were 7% higher than the
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corresponding result for seed incubated with geraniol, and 

was mainly due to an increase in the value calculated for 
yamogenin, Table III.I3. The possibility that diosgenin had 
been acetylated by acetate impurity in the geraniol was ruled 
out by thin-layer chromatography, as no diosgenin acetate was 
present in the crude extracts. During incubation with 
geraniol, Fazli had noted and this v/as confirmed, that the 
seed becomes very soft and surrounded by a thick mucilage not 
otherwise obtained. If the sapogenin increase had been 
caused by the release of Class II sapogenin (not afforded by 
acid hydrolysis), then incubation with geraniol should have 
had the same effect on sapogenin content as it was still 
present in excess during the hydrolysis stage with acid.

To clarify this aspect, the experiment was repeated using
high sapogenin-yielding seed of Kenyan origin, so that a
genuine increase in sapogenin content might be detected more
reliably. The seed were treated with concentrated sulphuric
acid before incubation, in order to improve their ability to
imbibe water, as discussed in Chapter 6. Analysis of
variance on the results. Table III.I4, showed that the fall in
sapogenin content from l.kk% to 1.13% m.f.b. during 48 hours,
was highly significant at P = 0,01. The sapogenin yield
obtained after incubation in the presence of geraniol followed

the same pattern (1.39 to 1.11%), but was significantly lower.
Thus the average sapogenin yield for the incubated control

(1.23%) was significantly higher than that for incubation with
geraniol (1.22% m.f.b). A series of Controls in which the

geraniol was added after the incubation stage was also tested

by analysis of variance against the Controls without geraniol.

It was found that the samie conclusions were valid regarding the pre
sence of geraniol,!.e.the average sapogenin yield for the Control
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(1.28%)was significantly higher than that for the control plus ger
aniol (1.23%). Therefore the lower sapogenin yield was due to the
presence of geraniol during the acid hydrolysis, and not
during the incubation period. Examination of the diosgenin 
and yamogenin yields obtained throughout this experiment show,

Table III.13, that they both consistently fall at similar 
rates, irrespective of whether geraniol is present or not.

Particular attention was paid to the column chromato
graphy in this experiment. All the extracts containing 
geraniol resulted in diosgenin plus yamogenin fractions that 

were yellow to pale brown in colour, which colour could only 
be partially removed overnight in a vacuum oven at 60° (a 
procedure effective in removing colour in the absence of 
geraniol). The columns were washed by the routine solvent 
sequence. Table II.6, and used to purify the extracts a 
second time following the same solvent procedure as before.
This time sapogenin fractions were obtained, which on evapor
ation to dryness, yielded colourless crystalline residues, as 
normally obtained in the absence of geraniol. It would seem 
likely therefore that the sapogenin increase previously 
obtained with Moroccan seed was not genuine, but due to con
tamination of the sapogenin fractions.

Gas chromatographic analysis was carried out on the 
sterol fractions obtained from the Kenyan seed controls and 
their geraniol samples. The fractions contained free sterols 

derived from sterol glycosides and free sterols present in the 
seed. They were processed for gas chromatography afe Chapter 

4 (iii). Analysis of variance. Table III.16 showed that the 

sitosterol values of 0.099, O.O89 and 0.088% m.f.b. for 0, 24 

and 48 hours, were not significantly different at P = 0.05.

In the saiiie period the sapogenin yield had fallen by 2^6,
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from 1.44 to 1,13% m.f.b. This is quite different from a 
similar comparison made in germinating Ethiopian seed at 23°, 
when the relative fall in sitosterol was double that of the 
sapogenin. This is further evidence of the different 

behaviour of fenugreek seed at 37°, in a relatively large 
volume of water when germination is prevented. The minor 
sterols cholesterol, campesterol and a compound of relative 
retention time (Ht) 2.36 (possibly brassicasterol) did not 
alter during the 48 hours of incubation.

When geraniol v/as present during incubation, the sito

sterol content was found to be 0.101, 0.107 and 0.093% m.f.b. 
for 0, 24 and 48 hours respectively, but analysis of variance 
showed that they were not significantly different at P = 0.03 
from one another, or from the controls. The three minor 
sterols mentioned earlier for the controls were also present, 
and did not alter during the experiment. However, following 
the use of geraniol two additional compounds were detected 
having relative retention times of 1.77 and 2.71, in quantities 
similar to the other minor sterols, but were not identified.
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(iv) THE INCUBATION OF FENUGREEK SEED IN THE PRESENCE OF

SQ.UALANE. Experimental p.Z2(

Introduction

The saturated hydrocarbon squalane (2,6,10,15,19>23”
hexamethyitetracosane) is related to the unsaturated biogeneUc

precursor squalene (2,6,10,15,19,23-hexamethyl-2,6,10,14,18,22- 
tetracosahexaene) and has been used in many incubation studies

72by Hardman and co-workers. in an early study by Harbottle , 
dried powdered tubers of Dioscorea spiculiflora was incubated 
in the presence of squalane and a 6% sapogenin increase 
obtained compared to the controls containing squalane (but 
not incubated), estimated by direct infrared analysis of the 
crude extract. (The crude extract obtained from D .spiculifloia 
was free of oil and the direct infrared assay is assumed to bs 
satisfactory in contrast to when the direct assay is applied to 
a crude sapogenin extract from fenugreek seed.) . Examination 
of the crude extract from the tuber, by T.L.C. showed only 
diosgenin, sitosterol and squalane to be present, indicating 
that incubation with squalane had resulted in the removal of 
spirostadiene, gitogenin, kryptogenin and the triterpene and 
lanosterol type of compounds,

A comprehensive gas chromatographic study of the alkah-eS. _ 

of the dried tubers of Dioscorea deltoidea by Hardman and Brain*^^ 
showed that they were predominantly straight chained. After 
incubation at 37° for 96 hours the plant material afforded a 
similar pattern of hydrocarbons as that from unincubated 

material, although the maximum was shifted from to C2^ .
I

There were also considerable amounts of alkanes of lower chain 
length (Cp^-C^n) and branched alkanes were evident between C2^
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and C^g' The amount of hydrocarbon isolated after incubation 
was forty times greater than for unincubated material, sug
gesting that synthesis or release v/as tailing place. When 

acetate-2-li+C v/as incubated in the presence of the dried 
powdered tuber, incorporation into the hydrocarbon fraction 

was 0.038%. The authors suggest a dynamic role for hydro

carbons in plant metabolism.

Using the same plant material, Hardman and Brain^^ used 
squalane as an additive at concentrations of 10 and 20% v/v/ 
of tuber, a.nd determined the sapogenin by densitometric 

T.L.C. After 72 hours, increases of 7% with 10% squalane 
and 14% with 20% squalane were obtained. To confirm the 
increase, 100 g quantities of powder were used and the sapo
genin determined gravimetrically. An increase of l8% after 
72 hours with 20?o squalane v/as recorded. From a study v/ith 
I-I4C octadecane as an addiwive it was concluded that the 
tuber tissue was capable of assimilating the hydrocarbon and 
using it as a carbon source. v/hen squalene was used as the 
additive, no increase in sapogenin content was obtained.

Studies with fenugreek seed and squalane

The oil obtained by defatting fenugreek seed of Pakistani
75origin was found by Fazli to contain squalane-like hydro

carbons when isolated by column chromatography. This tenta
tive identification was based upon T.L.C., molecularweight, 
and infrared data. He also found evidence of its presence 
in the unsaponifiable matter of fenugreek leaf. Fazli 

carried out incubation studies with squalane and the seed, 

and obtained increases in sapogenin yield but these were 
determined by infrared analysis of the crude extract.
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Following these studies the effect of squalane on com

mercial Moroccan fenugreek seed was studied to determine the 

minimuij concentration necessary to achieve a sapogenin 

increase of at least 10%, after 24 hours incubation, . At the 
time of the experiment, the infrared analysis of the crude 
extract followed by computer data processing of the absorb
ance values, as described earlier for riboflavine, was routinely 

used. . The coefficient of variation of the results v/as 3.1%*
By comparison v/ith the unincubated control seed, aqueous 
incubation in the presence of squalane consistently gave 

higher sapogenin yields. Fig.II.13 and Table III.17. For 
exa-uple, after 24 hours, 10% and 20% squalane gave increases 
of 8.3/0 and 18% in sapogenin yield.

More recently, infrared analysis of squalane in chloro
form showed that maximum interference would occur between 970 
and 910 cm"^ with much less interference at 900 cm A re-
examiination of the calculations for the relative percentages of 
diosgenin and yamogenin present in the crude extracts above 
revealed that, whereas for the controls 60>8 of the sapogenin 
present was calculated to be yamogenin, when squalane was pre
sent this percentage was increased. The increase was proport
ional to the amount of squalane present. For squalane present 

at 0.1 to l.O^o, at 3 to 10% and at 20%, the percentage of 
sapogenin calculated to be yamogenin was increased to 6^8, 63̂ 6 

and 65% respectively. Each yamogenin percentage quoted is 
the mean of six independent experiments. Hence the total 
absorbance value, interpreted here as sapogenin value, was 

increased in proportion to the amount of squalane added, 

because of the contribution that squalane made to the infrared



Fig.II,15 Incubation studies with squalane
Moroccan seed results determined by direct infrared 
analysis of the crude extract.
Kenyan seed, pre-treated with acid, determined by the 
column plus infrared method.
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absorbance, especially that calculated as yai.iogenin. Another 

point not appreciated at the time of this experiment was the 
large contribution that components other than diosgenin and 
yamogenin made to the total absorbance value. These contri
butions are so large that yamogenin was calculated to be the

major sapogenin, whereas the column plus infrared assay has 
shown that yamogenin does not usually account for more than 
40;v of the sapogenin in fenugreek seed. This is supported 
by the infrared analysis of diosgenin plus yamogenin isolated 
by a steady state distribution machine, a method that does not 
involve column chromatography. It is assumed therefore that
no significant épimérisation occurs during the column
chromatography,

A re-exaiuination of squalane as an additive for fenugreek 
seed using the column plus infrared assay method was considered 
to be justified, in view of the work of Brain*^^ using tuber of 
Dioscorea deltoidea, who recorded increases both by densito
metric T.L.C. and gravimetric analysis. Furthermore the tubers 
readily afford a "clean” crude extract containing sapogenin 
which contains less than 10/j of yamogenin. Kenyan seed, pre
treated with acid so that its germination rate would be unifon
ly high, and of high sapogenin content was chosen, and used 
under the ssaae experimental conditions as previously described 
here for commercial Koroccan seed. The Kenyan seed swelled 
but did not germinate. Analysis of variance on the sapogenin 

yields. Table III.lS, for 0, 6 and 24 hours incubation showed 
that there was no significant difference, at P = 0.05, between 

the control results (1.44, 1.26 and 1.20^j m.f.b.) and those 
obtained after incubation in the presence of 2.0;ô v/v/ squalane
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(1.42, 1.32 and 1.2(^6 m.f.b.). The fall in sapogenin yield 

after 24 hours was highly significant at P = 0.01, so that 
both the control and squalane results may be represented by 

the same line as shown in Fig.II.15* The proportion of 
sapogenin calculated to be yamogenin varied between 39~40/y for 
the controls and between 33-41% in the presence of squalane, 
confirming the absence of interference in the infrared assay.

Although squalene, as a biogenetic precursor, would seem
to be a promising additive, no sapogenin increase was obtained 

15by Brain when fenugreek seed was incubated with 20% 
squalene. The sapogenin content was determined by densito-

28metric T.L.C. Wood incubated the defatted, powdered seed 
of Balanites aegyptiaca with squalene in water (0.375 S per 
100 ml) and obtained the same percentage increase (about 30>j) 
as for the controls without squalene, when determined by 
densitometric T.L.C. This additive was therefore not included 
for further study in this thesis.

Sterol analysis by gas chromatography was carried out on 
the free sterol fractions isolated by the routine column plus 
infrared procedure for sapogenins, with the Kenyan seed plus 
squalane experiment. The yields of sitosterol were examined 
by analysis of variance. Table III.I9, and shovWthat no signi
ficant change in yield occurred during.the 24 hours of the 
experiment, and that there was no significant difference between 
the control and squalane results. The calculated variance 

ratio of 4*74 for squalane was, however, close to the tabulated 
variance ratio of 4.84, suggesting that changes in sitosterol 
yields in the presence of squalane were occurring and that they 
were close to being significant.
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The pattern of minor sterols showed, that the compound, 

regarded as cholesterol by its relative retention time, was 
much increased. Quantitative analysis by integrator and 
correction for the greater relative weight response of the 
detector towards cholesterol compared to sitosterol, gave 

values of 0,011%, 0.009/6 and 0.010% m.f.b. of seed weight for 
time intervals, 0, 6 and 24 hours. This is double the con
trol value. Other differences from the control were an un
known compound (Rt = 1,62) which at 24 hours had about the 
saiiO concentration as cholesterol. The responses for campe
sterol and another unknown compound (Rt = 2,28, possibly 

brassicast erol) were unchanged and as for the control. The 
validity of these differences in sterol levels require to 
be checked using a distinctly different gas chromatographic 
column, preferably one capable of better resolution.

(v) CONCLUSIONS FROM THE RESULTS OBTAINED IN TH5 ABSENCE OF 
ADDITIVLS

Plant material incubated in excess water at 37^ has 
resulted in sapogenin increases for some workers using assay
methods other than the infrared analysis of the crude extract.

15For example. Brain obtained an increase of 11% with powdered
28Dioscorea deltoidea tuber, and Wood an increase of 32% with 

the defatted powdered seed of Balanites aegyptiaca, both using 

densitometric T.L.C. By gravimetric analysis Wood^^ 
obtained increases of 8 to 13% for the powdered fruit wall 
and powdered seed of Balanites pedicellaris.

In the case of fenugreek seed assayed by the column plus 

infrared method, incubations with water at 37° of Iloroccan or 

Kenyan seed (pre-treated with acid) have shown that the diosgenin
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plus yamogenin yield either remains steady or falls linearly
durin^ the incubation time. No evidence has been obtained

75to support the view , that only 90% of the saponins of 
fenugreek seed are hydrolysed by acid, and that the remaining 
10% requires treatment by endogenous enzymes or additives 
before successfully being acid hydrolysed. Killer^, has 
also studied the sapogenin levels of fenugreek seed when 

incubated at 37° in excess water, using a colourimetric assay 
procedure, and his findings confirm those reported in this 
thesis.

Analysis of the sterol fraction of Kenyan seed (pre-treated 
with acid), has shown that during incubation the mixture of 
sterols, present in the seed either free or as glycosides, does 
not change in composition. This conclusion applies to all 
the sturols in the fraction as detected by gas chromatography 
and is in contrast to sterol behaviour in germinating seed, 
Chapter 6. The major sterol v/as found to be sitosterol^ and 
the other, minor sterols to be cholesterol, campesterol and 
possibly brassicasterol. Quantitation of peak sizes by disc 
integrator based upon the relative weight response for 

cholesterol and campesterol, showed that the concentration for 
total minor sterols was about 0 . 0 1 %  m.f.b., i.e. each minor 
sterol was present at about 5% of the sitosterol level. The 
gas chromatographic traces of these minor sterols from seed 
incubated at 37° for periods up to 48 hours was so constant, 
that they were usually superimposable.

The fate of diosgenin and yamogenin under these conditions 
has not been studied, but would be rewarding. It is possible 

that a wide range of compounds, starting from those furostans
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having a structure similar to diosgenin and yamogenin would be 
produced . These and others without ring F intact, would 
not be assayed by the infrared procedure. The loss in sapo

genin yield from Kenyan seed incubated for 48 hours was equal 
to three times the total sitosterol yield, which remained 
steady, and even the minor sterols reflected this lack of 

involvement in the loss of diosgenin and yamogenin. One pos- 
• sible method of studying this aspect could be to soali the seed 

in a small volume of labelled diosgenin/yamogenin glycoside 
to ensure maximum up-take of labelled material, and then to 
incubate with water as usual at 37°. Labelled breakdown 
products could be isolated by preparative-T,L.C, and their 
identification and estimation obtained by methods appropriate 

to them.

(vi) CONCLUDEONS FKOk THL RESULTS OBTAIhLD IN THL PRESENCE OF 
ADDITIViî N

The majority of incubation results by previous workers 
have been calculated by infrared analysis of the crude extract, 
which at the time appeared to be a rapid and satisfactory 
method. Chapter 2 has shown that this method is unsatisfact
ory for the estimation of sapogenin in fenugreek seed extracts.

A small number of results are available, determined by methods 
other than infrared analysis of the crude extract, for 
Dioscorea and for Balanites to support the claim for increased 

sapogenin yields as a result of incubation in the presence of 
additives. The work in this thesis, using riboflavine, 
geraniol and squalane indicate that the method is not success

ful with fenugreek seed under the conditions used. Miller^ 
has studied a much wider range of additives under the same 

conditions and processed the sapogenin results, obtained by
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colourimetric assay, by analysis of variance. Squalane and 
other hydrocarbons, 2-furyl)-acrylic acid, maleic hydrazide, 
gibberellic acid, a range of pyridine derivatives including 
nicotinaimide, and other compounds, either had no significant 
effect or caused the fall in diosgenin and yamogenin to be 
significantly greater than in the absence of the additive.

The sterol analysis carried out after incubation v/ith 
geraniol and squalane both indicate that they do not influence 

the sitosterol level in the seed, although changes in chole
sterol and some of the other minor sterols have been found to 
occur. llore study would be required to confirm the behaviour 
of the minor sterols.
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CHAPTER 6

THE INCUBATION OF FENUGREEK SEED UNDER GERMINATION CONDITIONS 

Experimental p.%&&

(i) INTRODUCTION
77Hardman and Fazli studied the contribution that the bio

synthesis of sapogenins made to the sapogenin yield after 
incubation under two sets of conditions, (a) designed to 
inhibit and (b) to encourage germination. The conditions for 

(a) were incubation at 37° in an excess of water, as used in 
this thesis. The conditions for (b) were incubation at 25° 
in a minimum of water. For both (a) and (b) 14C-labelled 
feeds of acetate, mevalonate and cholesterol were applied.

Under germination conditions, after seven days incub
ation, 23.7% of the labelled cholesterol had been converted 
to compounds (sapogenins and sterols) which existed as their 
glycosides. The radioactivity was greater for the sterol 
fraction than for the sapogenin fraction. A lower level of 
incorporation was obtained into gitogenin, suggesting that it 
might be formed from diosgenin. Results with growing plants 
support this because gitogenin, unlike diosgenin, is absent 
from the leaf and present only in the ripe seeds and young 
seedlings.

Under conditions for inhibited germination no incorpor
ation of labelled feeds occurred into sterols or sapogenins. 
Labelled hydrocarbons were obtained after 24 hours with 

mevalonate, having a "squalane-like" behaviour on T.L.C.

It was suggested that they may be regarded as the products of 
abnormal metabolism due to the conditions of incubation.



148
possibly being alternative products to the formation of steroid 
from squalene. From these results the authors concluded that 
under conditions in which germination was prevented no bio
synthesis of sapogenin was taking place from primary metabol
ites, and that any increase in yield must be as a result of 
enzymic release of sapogenin or biosynthesis from an existing 
precursor, e.g. a sterol or a near analog such as furostene-
3^,22,27-triol 27p-o-glucopyranoside as established in the 
biosynthesis of diosgenin in Dioscorea floribunda by Joly et 
al.78

The high level of incorporation of labelled cholesterol 
by the germinating fenugreek seed showed the effectiveness of 
the experimental conditions used for the rapid up-take of 
additives.

79Hardman and Wood  ̂ reported a sapogenin increase of from 
0.9 to 1.3% when the seeds of Balanites orbicularis were ger
minated, although this was calculated by the infrared analysis 
of the crude extract of the defatted seed. Approximately

0.025% incorporation of labelled acetate was obtained into the 
sapogenin indicating some biosynthesis taking place, compared 

to a negligible incorporation (less than 0.0005%) in the pres
ence of 2,4,5-trichlorophenoxyacetic acid. No sapogenin 
increase was obtained in the presence of that compound.

Hardman and Sofowora^^ made a comparison of fixed oil 
and sapogenin content of Balanites aegyptiaca seeds that germ
inated and those that did not germinate after 5 days incub

ation at 30°. In the germinated seeds the oil content fell 

to 41% compared to 55/o, and the sapogenin content rose to 
1.5% compared to 1.1% in the non-germinated seeds. Sapogenin



content was determined by infrared analysis of the crude ex
tract of the defatted seeds. They suggest that biosynthesis
of sapogenin, was taking place, and this is supported by

8levidence from labelled studies.

It is known that injury can be produced by excessive

soaking of seeds in water, resulting in poor germination and
o 2decay. This was found by Eyster to be most pronounced with 

non-dormant seeds such as peas, beans, wheat and sunflower, 
and that 10° and 30° were more injurious than 20°, due to a 
greater exosmosis of protein. In view of all the findings 
outlined above, it was felt that a study of the effect of 
additives upon fenugreek seed under conditions of germination 
would be of more interest than those at 37° in excess water 
when germination was inhibited. A long germination period 
would not be economically viable on a commercial scale, 
because the increase in sapogenin yield required to make it 
worthwhile would need to be large. On the other hand, a 24 
hour period with a sapogenin increase of at least lO/o might 
be a useful improvement. The techniques already widely used 

for the malting process of barley might be adapted for fenu
greek seed in the presence of an additive. Preliminary ex
periments were carried out with different geographical types 
of seed to determine their behaviour and sapogenin levels 
during the early stages of germination. Suitable seed would 
then be selected for trials with additives.

(ii) CHOICE OF SEED FOR THE GERMINATION STUDIES AND THE 

CONDITIONS USED

Botanically, fenugreek is classified in the Papilionaceae 

section of the family Leguminosae, Serpukhova^^ classified
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the seeds according to their shape, size and colour into three 

Groups; Indicae, Anatolicae and Aethiopicae, the latter con
taining six varieties. Fazli and Hardman^^ used this classi

fication as a guide in their study of commercial seed samples 
from 18 different countries and discussed the value of their

macroscopical characters in anticipating sapogenin contents.
85Recently a breeding programme with fenugreek by Petropoulos 

has resulted in plants having improved chracteristics of form 
and higher sapogenin yields. In the selection of seed he 
used various data based on assays for sapogenin, protein, fixed 
oil and mucilage content as well as macroscopical characters.
He found tl>at seeds from some geographical areas, especially 
Ethiopia, were paler in colour and that they fluoresced in 
ultra-violet light. He considered this feature to be import
ant because it always resulted in other characteristics being 
predictable. Therefore this feature together with others was 
used to select seed of four distinctive varieties, based upon 
geographical sources plus careful sorting to produce a uniform 
appearance.

SEED FEATURES USED TO SELECT DIFFERENT VARIETIES OF SEED 
Experimental p.

(a) FLUORESCENCE IN ULTRA VIOLET LIGHT

Originally detected in Ethiopian seed by Hardman, they
O c

were found ^ to have a high germ to husk ratio, a high germin

ation ability at 18°, and uniform behaviour during germination. 
The husk and germ can be separated easily. The lack of colour 

in the testa meant that in the tétrazolium germination test, 

the radicle need not be physically exposed, thus avoiding 

injury, because the development of the red colour could be
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seen through the testa. They make ideal controls for germ
ination tests of other varieties.

(b) NON-FLUORESCENCE

Most seed are in this category. The husk and germ are 
difficult to separate, behaviour during germination is less 
uniform, and germination ability is lower. The radicle needs 

to be exposed in order to see the development of red colour 
during the tétrazolium germination test.

(c) SHAPE

Three types (i) rounded at both ends. The progeny of 
this type are about 70% as (i). (ii) rounded at one end, and 
straight at the other end. Two seeds occur like this in each 
seed pod, one at each end. (iii) straight sided at both ends,
i.e. square seed. The progeny of this type are about 50% as 

(iii).

(d) GERMINATION ABILITY

The percentage of seed that have germinated after 24 hours.

(e) GEmiNATION CAPACITY

The total number of seed that germinate, no time limit.

(f) GERI4 TO HUSK RATIO

By weight after dissection; the germ contains fixed oil, 

protein and sapogenin; the husk contains mucilage.

(g) PROTEIN

Determined by the kjeldahl method. Seed of shape (i) 
usually have a higher protein content than shape (iii).
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(h) FIXED OIL

Determined by defatting the powdered seed with petrol.

85Petropoulos has studied the genetic aspects of Trigonella 
foenumgraecum and arrived at a classification based upon four 

distinct varieties (1) Fluorescent, T. foenumgraecum sub
species Pallida (because of their pale colour in daylight) and 
three non-fluorescent varieties in the sub-species Colorata;
(2) Ethiopian, from Ethiopia, Sudan and Egypt; (3) Indian 
from India, Pakistan, Kenya and China and (4) Mediterranean 
from Morocco, Israel, Portugal etc. This information plus 
the previous data mentioned was used to select the four types 
of seed described in Table II.9. Although the Kenyan
seed contained the most sapogenin, its very poor germination 
characteristics were a disadvantage. The Fluorescent and 
Ethiopian seed appeared the most promising.

THE CONDITIONS USED FOR GEMINATION STUDIES

The following information was available concerning tem-
77perature:- Fazli had shown that sapogenin was being

synthesised at 23°; the malting of barley is carried out 
between 10 and 25°; in the areas of Kenya where fenugreek is 

grown the ambient temperature is about 24°. A temperature of 

25° was therefore chosen.

The cation content of tap water available at the Univer-
q Q

sity of Bath has been shown by Wood to be fairly constant 
for calcium and magnesium, and so was used instead of distil

led water as used in the germination tests. The presence of 
trace quantities of inorganic salts would probably increase 

the germination ability, and in any case tap water would be
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Fig.II.16 Morphological features of seed varieties used in 

the germination studies

I
Z t

Kenyan Moroccan

■

Ethjopean
fPluoTescent ) ( Non - Fluorescent)

Table II.9 Characteristics of seed varieties used in the 
germination studies

Sample Shape Vif eight 
of 

100 
seeds

Î ■ Moist
ure 
con
tent 
%

Germin
ation 
ability 
% at 
180

Germin
ation
capa
city,
%

Em
bryo
%

Fixed
Oil
%

----— I
Sapo- ; 
genin 
%
*

Fluorescent
(Ethiopian)

(i) 2.08g 9.6 65 99 62 9.5 1.2 -
1.3

Ethiopian (i) 1.53s 10.3 75 98 59 9.5 1.0 -
1.1

Moroccan (ii) 2.03s 9.2 15 95 58 8.0 0.9 -
1.1

Kenyan (ii) 1.61g 8.6 NIL 30 56 9.0 1.3 -
1.5

* Diosgenin plus yamogenin, % m.f.b. by column plus infrared 
assay.
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used if the process were used commercially. It was decided 

that the volume of water used would be as small as would ensure 
that the seeds remained moist. This would also remove any 
difficulties concerning adequate aeration. The use of a 

buffer would be avoided until pH determinations indicated 
otherwise. Nutrient solutions, e.g. amino acids, minerals, 

etc. should not be needed since it was intended to concentrate 
on short periods of germination.

It was not known whether sterile conditions would be 
advantageous, but in view of its possible commercial applic
ation, sterile conditions were not used. In the event of a 
fungicide being required, "Phygon" (2,3-dichloro-l,4-naphtho
quinone) at 10 ppm could be used.^^

A recent study of carbohydrate metabolism in germinating
fenugreek seeds by Reid°^ used 25°, in the dark, and imbibition
for 24 hours followed by setting out on wet filter paper.
Three phases of germination were defined because they could b©
distinguished by light microscopy of sectioned material. These
phases were also related to root length so that the data

87from these studies may be added to that produced here on 
sapogenin levels. The phases of germination are defined by 
Reid as: Phase 1, in which the seeds are imbibed in water for
24 hours, swell, and at 30 hours the radicle emerges. The 

radicle plus hypocotyl length is commonly 5 mm, and up to 8 mm. 
No change occurs in the histology of sectioned material.
Phase 2, the galactomannan of the endosperm starts to liquefy, 
beginning next to the aleurone layer and is completed by the 

end of the phase. This phase usually begins at 48 hours and 
lasts for 24 hours. The radicle plus hypocotyl length is com

monly 12-14 mm and up to 16 mm. Phase 3 usually begins at
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72 hours, and is marked by the endosperm being totally 
liquefied. The radicle plus hypocotyl continues to elongate 
and is commonly 20 mm. The geographical origin of the seed 

used by Reid v/as not disclosed; it v/as probably of the 
Moroccan variety (the type usually available on the spice mar

ket) or of the Indian one.

(iii) FLUORESCENT ETHIOPIAN FENUGREEK SEED; GERMINATION AT 
25°. Experimental p. 2.87

The^rate at which germination took place in the 5 S sample 
in tap water was the same as for 100 seeds in distilled water. 
The germination ability at 25° was only 50% compared to 65% 
at 18° and the germination capacity after 96 hours was only
85% compared to 99̂ % at 18°. This suggests that the incubation

88temperature may be too high. Reynolds and Thompson have 
demonstrated that an upper temperature cut-off point, which is 
precise, and characteristic for a particular species, exists. 
Germination does not take place above this temperature, which 

for lettuce (Artie King) is 27° (- 1.5°). The incubation 
temperature used for the Fluorescent seed was close to its cut
off point, which was later found to be 54°. Phase 2 was

delayed compared to non-fluorescent Ethiopian seed until 72 
hours incubation. Table III.20.

Analysis of variance and multiple regression analysis was 
carried out on the diosgenin and yamogenin yields obtained 
during germination. Table III.21. It showed that the average 

yield from wet seed was significantly higher (P = 0.05), than 

that from dry seed. The yield from wet seed followed a linear 

regression curve (P = 0.01) having its maximum after only 6 
hours incubation, and equivalent to a 7% increase in total



Fig.II.17 Fluorescent Ethiopian fenugreek seed (RH.2613): the
effect of germination at 25° on the yields of dios
genin and yamogenin.
Results from Tables III.20 and III.21.
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sapogenin yield. For the remaining 90 hours of the experiment 
the yield fell linearly, returning to about the same yield as 
obtained from dry seed. For diosgenin, all the same con
clusions were shown to be valid, although the increase in 
yield was 10̂ .̂ For yamogenin, all the variance ratios for 
Treatments, Dry vs wet weed, and Response curve for wet seed, 
were less than one, giving strong evidence that no change in 
yamogenin yield had occurred. Therefore all the results may 
be represented by a line of zero gradient passing through the 
mean of all the values. Fig.II.1?.

(iv) NON-FLUORESCENT ETHIOPIAN FENUGREEK SEED; GEH4INATI0N
AT 25°. Experimental p.2%1

The rate at which germination occurred in the 5 S sample
in tap water was the same as for 100 seeds in distilled water.
The seed behaved identically at 25° as they had at 18°,
achieving 75% germination after 24 hours and 95% germination
and Phase 2 by 36 hours. Table III.20, which is 12 hours sooner

87than the seed of Reid.

Analysis of variance and multiple regression analysis on 

the sapogenin yields. Table III.22, showed that a significant 
increase (P = 0.01) in total sapogenin had occurred only six 
hours after the seed had been moistened, and reached a maximum 

after eighteen hours, equivalent to a 14% increase in sapogenin 
yield. Fig.11.18. The response curve of sapogenin yield for 
incubated seed followed a cubic regression curve,(P = 0.05), 
having its lowest point at 72 hours. Examination of the con

tributions made by diosgenin and by yamogenin individually 
using analysis of variance, revealed that for diosgenin, all 
the same conclusions were valid. Furthermore, all the



Fig.II.l8 Ethiopian fenugreek seed, non-fluorescent (RH.2293F) 
the effect of germination at 25° on the yields of 
diosgenin and yamogenin.
Results from Tables III.20 and III.22.
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conclusions were significant at the high confidence level of 
P = 0,01. The % increase in diosgenin after eighteen hours 
incubation was 17%. For yamogenin, none of the results were 
found to be significantly different from one another, even 
including the yield from dry seed. This lack of significance 
is probably due to the relatively greater difference in 
yields between duplicate results, Taole III.22, thus increas
ing the experimental error, rather than to an unchanging yamo
genin yield. These results indicate a dynamic role for the 

saponins of diosgenin and probably yamogenin in the very early 
stages of germination, i.e. 24 hours before mobilisation of 
the endospermic galactomannans has begun.

A comparison of the changes in sapogenin and in sito
sterol levels showed that, although the sitosterol content was 
only 0.1% m.f.b. before incubation compared to 1.0% m.f.b. for 
sapogenin, during germination the relative change in sito
sterol level was double that of the sapogenin change. Fig.II.19* 
The fall in sitosterol during the first eighteen hours of 
germination however was very small (8%) and can make little, 
if any, contribution to the increased sapogenin yield obtained 
over the same period. This suggests that the initial sapo
genin increase is likely to be as a result of biosynthesis 

from compounds closely related to diosgenin, such as furostan 
(open F ring) conjugates, or spirostan conjugates, as discussed 
in Part I, p.

By the end of Phase 2 of germination, both sitosterol and 
sapogenin had reached their lowest levels, but the fall for 

sitosterol (25%) was relatively double that for sapogenin (11%). 
Early in Phase 3 the sitosterol level rose sharply to 8 % ,
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Fig.II.19 Ethiopian fenugreek seed, non-fluorescent (RH.2295F);

a comparison of the changes in the yields of sapogenin 
and sitosterol during germination at 25°.
Sapogenin results from Table III.22.
Sitosterol results from Table 111.2^.
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indicating biosynthesis taking place at about the same time 
as the transfer of galactose and mannose from the endosperm 

to the cotyledons. It is possible that at this point the 
sitosterol is making a contribution to the slight increase in 
sapogenin level noted after /f days germination. The incor
poration of label into saponins and steryl glycosides from

77cholesterol was obtained by Hardman and Fazli after seven
days using Moroccan seed. Assuming a similar germination

behaviour of their seed to the Moroccan seed Fig.II.20, which
was found to be 36 hours slower than the Ethiopian used here,
then a further 36 hours was available for incorporation of
labels before sampling at 7 days. Thus the sapogenin and
sitosterol pattern recorded here are in accord with their 

77earlier results.

Consideration of the sterols other than sitosterol was 
made, Experimental p . and in spite of the small quantitites 
involved, some interesting changes took place. The results, 
Table III,23, indicate that cholesterol, an unknown compound 
(b) (Fig.II.12, possibly brassicasterol) and campesterol 
together add another 12/6 to the sitosterol level of the un
incubated seed. This is similar to the calculation obtained 
for Moroccan seed. During germination the cholesterol level 
fell steadily until at 72 hours i(-c oui d scarcely be detected under 
the G.G. conditions used. The role of cholesterol in the 
biosynthesis of sapogenins is well established and this fall 
in cholesterol level would indicate its possible participation 
in this role. The unknown compound (b) disappeared more 

quickly, and could not be detected at 36 hours. The level of 

campesterol remained unaltered throughout the 96 hours duration
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of the experiment. At 48 hours, another unknown compound (e). 
Fig.II.12, appeared in independent duplicate assays, at a con

centration four times greater than campesterol, yet was absent 
24 hours later. This compound has a similar retention time 
to cycloartenol and to lanosterol, but further analysis would 
be required to establish its identity. Whilst the accuracy 
of calculating such small quantities of sterols is not known, 
the results do provide a more accurate assessment of changes 
that can be detected visually in the gas chromatograms.

(v) MOROCCAH FENUGREEK SEED; GERMINATION AT 25°. Experimental
p. 144.

The rate of germination achieved by the 5 S sample in tap 
water was slower than that achieved by 100 seeds in distilled 

water. Table III.24, for example at 36 hours only 10% compared 
to 71% germination. At 48 hours there was little difference 
between them. This difference might have been due to the 
slower rate of imbibition for this seed compared to Ethiopian, 
and so to prevent seed damage by prolonged soaking, the surplus 
tap water v/as kept away from the seed by standing the flask on 
a glass rod to create a slope. Phase 2 of germination was 

delayed until 72 hours, by which time germination was 95% and 
no surplus water remained. Phase 3 v/as reached at 96 hours, 
the usual 24 hour interval between Phases 2 and 3- Thus the 
seed germinated normally, but slowly, when compared vd.th 
Ethiopian non-fluorescent seed.

The sapogenin yields obtained during the stages of germin

ation were examined by analysis of variance as before. Table 

III.23, This showed that the total sapogenin changed signifi
cantly with time, (P = 0,01) and that the average yield from



Fig.II.20 Moroccan fenugreek seed (RH.199Q): the effect of
germination at 23 on the yields of diosgenin and 
yamogenin.
Results from Tables III.24 and III.25.
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wet seed was significantly higher than the yield from dry seed 
(P = 0.01). The yield obtained from wet seed followed a 
quadratic regression curve (P = 0.01) having a maximum at 48 

hours, with a yield 13% higher than that for dry seed. For 
diosgenin, all the same conclusions were found to be valid, 
and all at the high confidence level of P = 0.01. The maximum 
increase in diosgenin yield of 11% occurred at 48 hours. For 

yamogenin, all the same conclusions were again valid at P = 0.01, 
except for the comparison between dry and wet seed, which was 
significant at P = O.05. The maximum increase in yamogenin 
of 19̂ 0 occurred at 48 hours.

(vi) KENYAN FENUGREEK SEED; GFRL4INATI0N AT 23*̂
Experimental p.Z44-

It was known at the outset that this seed had a poor germ
ination rate, but in order to provide data of direct comparison 
with the other types of seed, the quantity of water used, I5 ml, 
was the same as before. The 3 S seed sample gave a germination 
rate of 13%'at 48 hours compared to 23% for the 100 seeds in 
distilled water. Table III.24. This discrepency may be due 
to sampling differences. The large volume of surplus water 
present at 24 hours was kept away from the seed by inclining 

the flask. At 72 hours the 15?o of seeds that had germinated 

reached Phase 2, and at 96 hours Phase 3 . They were, there
fore, germinating normally but slowly. About 80% of the seed 
was unaffected by incubation, i.e. did not imbibe water or 
swell.

Analysis of variance carried out on the total sapogenin 

results showed,Table III.26, that the average yield from wet 

seed was 4«5/o higher than from dry seed (P = 0.03). Treatment



Fig.II.21 Kenyan fenugreek seed (RH.2591); the effect
of germination at 25° on the yields of 
diosgenin and yamogenin.

Results from Tables III.24 and III.26.
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i.e. incubation of the seed, had not influenced sapogenin 
yield, and all the results are statistically the same; 
eighty percent of the seed had not even imbibed water during 
the period of incubation. The same conclusions were found 

to be valid for diosgenin, except that the yield from wet seed 
was 6% higher than from dry seed. All the yamogenin results 
from dry and wet seed were statistically identical. Fig.II.21.

(vii) CONCLUSIONS FROM THE RELATIONSHIP BLTwEEN GERdlHATIQN 

AND SAPOGENIN YIELD

The objective of the study was to learn whether different 
varieties of fenugreek seed behaved any differently as regards 
sapogenin yields during the early stages of germination. The 
results obtained here indicate, that after only six hours con
tact with a small amount of water, a significant increase in 
sapogenin yield occurred with the four varieties of seed 
tested. This evidence supports the view that sapogenins are 
mobilised by the seed after six hours contact with moisture, 
which is a very early stage of germination. The multiple 
regression analysis carried out on the sapogenin yields 
obtained from this point onwards gave a different sapogenin res
ponse curve for each of the four seed varieties. Their res
ponses would appear to be a reflection of the different rates 
at which germination was proceeding.

For example, the non-fluorescent Ethiopian seed, which 
germinated rapidly and uniformly, achieved 9 %  germination at 
36 hours. Maximum sapogenin yield occurred just as the seeds 
were beginning to germinate, and the cubic response with its 

maximum and minimum curves indicate initial biosynthesis, then 

rapid utilisation followed by an increasing rate of biosynthesis
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that reversed the fall in sapogenin level after 72 hours, so 
that a threshold value is maintained. The Moroccan seed 
required 72 hours to achieve germination, but its maximum
sapogenin yield also occurred just as the seeds were begin
ning to germinate. The quadratic response curve with its 
single curve of maximum sapogenin yield, indicates an initial 
rate of biosynthesis that is slower than for non-fluorescent 
Ethiopian seed, followed by a similar slow rate of utilisation. 
It is considered that the two varieties of seed are behaving 

similarly, and that given a longer incubation period, the sapo
genin yield from Moroccan seed would follow the same response 
curve as the non-fluorescent Ethiopian seed.

The maximum percentage of germination attained by the 
Fluorescent Ethiopian seed was only 8 % ,  after 48 hours, 
because the temperature of incubation was too high. It is 
not yet known whether the linear fall in sapogenin yield during 
germination is a characteristic of this seed, or whether it is 
an expression of the unfavourable temperature. It would be 
interesting to repeat this experiment at 18°, at which temper
ature it is known that 95% germination is achieved at 48 hours, 
to discover whether the sapogenin yield nov/ behaves as for the 
non-fluorescent seed of identical geographical origin.

The Kenyan seed provided a strong contrast to the other 
three types of seed, because only 2CP/o actually germinated, and 
the remaining seed had not even imbibed water after 96 hours. 
The static level of sapogenin yield following 6 hours incub
ation reflects this lack of response to the favourable germin

ation conditions. Before the relationship between sapogenin 

yield and germination can be studied in this seed, treatment 

of the seed would be required to create a seed sample of
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uniform and rapid germination ability.

Some conclusions of possible commercial interest may also 
be provided by this study. The non-fluorescent Ethiopian 
seed gave an increase in sapogenin yield of 14% over a period 
of 12 to 24 hours after they were first moistened. This 
point is easily recognised because it coincides with the time 
that the earliest seed begin to germinate, i.e. radicle emerg
ence occurs. Considering the simplicity of the method used, 

and speed of sapogenin response, this would appear to be a 
worthwhile improvement over the yield from dry seed. Such a 
procedure is covered by the p a t e n t s . I t  would not be 

economical to separate the small quantity of Fluorescent 
Ethiopian seed from a bulk sample of commercial Ethiopian seed. 
However, the higher sapogenin content of the Fluorescent seed 
( 1.2̂ 6) compared to the non-fluorescent seed (0.9%), should 
make it worthwhile to consider their contribution to the over
all sapogenin yield. Therefore the lower germination temper
ature of 20 to 22° is suggested for mixtures of these two 
types of seed.

Similarly the Moroccan seed achieved an increase of 13% 

in sapogenin yield, but this was not obtained until 48 hours of 
incubation. This seed is therefore about 36 hours slower 
than the Ethiopian. A simple method capable of speeding up 

the germination rate in order to obtain the increase in sapo

genin yield sooner, would be a further improvement.

The poor germination rate of the Kenyan seed makes it un

suitable for incubation under the conditions described here.

Its high sapogenin content however makes it attractive com
mercially, so that a method of improving the germination rate
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is required.

The differences in behaviour during germination, includ
ing the changes brought about in total and individual sapo
genin levels, suggest that the four varieties of seed chosen 

do represent four distinct varieties of seed, and with other 
evidence from Petropoulos*s work, supports his classification 
of them.
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CHAPTER 7

THE INCUBATION OF FENUGREEK SEED (PRE-TREATED WITH ACID) UNDER 

CONDITIONS OF GERI4INATI0N. Experimental p.Ill

(i) ANATOMICAL FEATURES OF FENUGREEK SEED THAT INFLUENCE THE 
RATE OF GERI^INATION

It has been established that seed dormancy due to the 

impermeability of the seed coat, thus preventing the imbibition
of water necessary for germination to begin, can be broken by

87damaging the seed coat. Reid drilled a small hole through
the testa of fenugreek seed and improved the percentage of

seed that germinated from lÔ b to almost 100%, Trease and 
89Evans  ̂ record the use of concentrated sulphuric acid for 

hyoscyamus seeds, and Petropoulos^^ found this to be satisfact
ory for fenugreek seed. Preliminary studies were therefore 
carried out with the Moroccan seed used in Chapter 6 and the 
results confirmed the previous f i n d i n g s . A  period of 40 
minutes soaking in concentrated sulphuric acid, followed by 
washing v/ith water, greatly improved the uniformity and rate 

of germination. Seed pre-treated in this manner achieved 98% 
germination, reaching Phase 2 of germination at 48 hours, 
whilst seed not treated gave only 80% germination and were still 
in Phase 1 of germination at 48 hours. A similar improvement 
was also obtained with Kenyan seed treated for 40 minutes with 
concentrated sulphuric acid, p. SlS* Although it v/as appreci
ated that the acid must be weakening the structure of the testa 

in some way, the method involved was not known. A study of 
the testa and micropylar region of the four varieties of seed 

used in this thesis was therefore undertaken, together with
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the effect of concentrated sulphuric acid upon them.

The structure of the testa

The four varieties of seed possess the same general
structure, as shown by the Ethiopian non-fluorescent seed in

Pig.II.22, (A).

(a) Cuticle; for Ethiopian Fluorescent and Non-fluorescent 
seed this was 10 jim in thickness, and for the Moroccan and 
Kenyan seed was I4 jim. Transverse sections of 30 ^  thick
ness were tested with the following reagents: Ghlor-zinc- 
iodine, Sudan-Glycerin, and Diluted Tincture of Alkanna, and 
all gave negative results. The cuticle was partially soluble 
in 2Ĉ 6 potassium hydroxide on warming, but no yellow colour or 
droplets was formed. These tests are recommended^^ for the 
detection of suberised and cutinised cell walls, and the 
results indicate these materials to be absent in the cuticle 
of fenugreek seed. The cuticle of Kenyan seed was often 
found to be broken as a result of cutting the sections, indic
ating a more brittle nature coijipared to the other varieties.

(b) Epidermis: identical for the four varieties of seed. The 
narow tips of the epidermal cells often clump together forming 
a small hump that pushes into the cuticle so that the latter 

is almost absent. These humps are scattered over the seed 
surface and has been encountered more often with the Moroccan 
and Kenyan varieties. The cell walls are not lignified, but 
are stained yellov/ish-brown v/ith chlor-zinc-iodine reagent 
indicating cellulose mixed with pectic substances, except for 

a very narrow and uniform layer of material that is stained 

pale yellow indicating pectic substances only.^^ This zone is
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Pig.II.22 Fenugreek seed: histological features of the testa
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not stained blue by the cellulose stain Astra Blue, and can be 

distinguished in unstained sections by its highly refractory 
behaviour. Seed that have been soaked in concentrated sul

phuric acid for ZfO minutes show no cuticle, no epidermal cell 
projections, and removal of the remainder of the epidermal 
cell wall down to this refractory material, leaving an . 
extremely smooth surface to the testa.

(c) Hypodermis: a single layer of non-lignified, thickened 
cells, similar in all the four varieties.

(d) Parenchymatous layer: 2 to 4 layers of thin-walled cells;
in the Ethiopian Non-fluorescent and Moroccan varieties a col
lapsed layer has been observed.

(e) Aleurone layer and endosperm; the aleurone layer is a 
single layer of thickened cells, with contents stained brown
by chlor-zinc-iodine reagent and by diluted tincture of Alkanna, 
The mucilage cells are very large and have thin walls.

The Structure of the Micropylar region

Near the centre of one of the long sides of the seed is a 
small depression, in which both the hiluw\. and micropyle are 
situated, the former appearing as a whitish p o i n t , F r o m  

this depression runs a diagonal furrow on both sides of the 
seed, indicating the shape and positions of the radicle and 
cotyledons. Fig,II.22 (B). In this depression the layers of 

the testa are in the same order as for the remainder of the 
seed surface but are modified in their relative proportions.

Layer (a). The space produced by the shapes of the radicle 

and cotyledons is filled by a mass of tissue derived from the 
cells of the hypodermis and parenchymatous layer. Fig.II.22(c).
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In Fluorescent Ethiopian seed, this mass of tissue is almost 
entirely parenchymatous; in Non-fluorescent Ethiopian and 
Moroccan seed, hypodermal cells are much more frequent near 
the outer surface than the parenchymatous cells, whilst the 
latter form the majority of cells further inwards; in Kenyan 

seed the mass of tissue is mainly of hypodermal cells. Fig.II 
22,(D). A single layer of aleurone cells forms the inner
most boundary of this micropylar region, as it does for the 
remainder of the seed surface.

Layer (b). A single layer of epidermal cells plus cuticle 
covers the micropylar region, although with Moroccan and Fluor
escent Ethiopian seeds a double layer of epidermal cells has 
been observed. More seed need to be studied before the fre
quency of this double layer is known in the four varieties of 
seed. The outer layer of this small region does not have the 
refractive layer that is characteristic of the normal epidermal 
layer, and is therefore an extra layer of cells.

For large seed such as Ethiopian (both varieties) and 
Moroccan, the micropylar region would be under stress due to 
changes in moisture content of the seed, for example the seeds 
shrink during drying. With adequate shrinkage of the seed, 

the structure of the micropylar mass could be altered by crack
ing or loss of the outer layer of cuticle plus epidermis. The 
smaller size of the Kenyan variety and its high proportion of 
thickened cells in the micropylar region would make this 
variety less prone to these stresses.

The rate of water imbibition through the micropylar region 
would depend upon the ability of water to pass through the 

cuticle and epidermal layer, layer (b) above, when still pres
ent, and through the cells of the mass of tissue forming
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layer (a).

When layer (a) is mainly of hypodermal cells, the rate 
of imbibition would be slow; when mainly parenchymatous, then 
the rate of imbibition would be rapid. The relative import
ance of the micropylar region compared to the remainder of 
seed surface, for the purpose of water imbibition, was tested 

by covering the micropylar region with gloss paint. After 
overnight drying, batches of 100 seeds were tested for their 
germination capacity as Experimental j>. 1̂ 5* and compared

to seed that had not been painted. Fig,II.23.

For Non-fluorescent Ethiopian seed, it was found that 
painting the micropyle had made no visible difference upon the 
rate at which water was imbibed (all seeds had swollen after 
7 hours), and very little difference to the rate of germination. 
Therefore water can pass through the cuticle and other layers 
of the testa so rapidly that the passage of water through the 
micropyle is not a limiting factor during germination.

With Fluorescent Ethiopian seed, although the painted 
and non-painted seeds had all swollen at 7 hours, the gemiin- 
tion rate was slower in the painted seeds. For example, '̂QP/o 

germination required 25 hours in the non-painted seeds and 32 

hours in the painted seeds. This suggests that the parenchy
matous tissue of the micropyle does represent an easier route 
for water imbibition than the remainder of the seed surface.

Painting the micropylar region of Moroccan seed was found 
to lower the rate at which moisture was imbibed (23% of the 

seeds had swollen after 7 hours compared to 50% for non-painted 
seed), and to slow down the rate of germination (50% germination 
required 38 hours for painted seed compared to 22 hours for
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Fig.II.23 Effect of waterproofing the micropylar region of
fenugreek seed on the rates of germination at 
22°, with four varieties of seed.
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non-painted seed). Therefore compared to Non-fluorescent 

Ethiopian seed, the micropylar region of Moroccan seed, even 

v/ith its higher proportion of thick-walled hypodermal cells, 

represents an important point of entry for moisture.

For the Kenyan seed, the painted and non-painted seed 
gave identical results, for example the percentage of seed that 
had swollen after 7 hours was only 3% and 2?/o respectively. 
Similarly, the percentage of seed that had germinated at 72 
hours was only 11% and 14% respectively. This suggests that 
the micropyle and the remainder of the seed surface are both 
equally effective barriers to the entry of moisture, under these 
conditions, for the majority of the seeds. The differences 
betv/een those Kenyan seed that germinate rapidly and those 
that do not will be a subject for further study at a later date.

Conclusions from the anatomical studies

There does not appear to be any difference, microscopically, 
in the structural features of the testa of the four varieties 
of seed tested, except that the cuticle thickness is greater 
for Kenyan and Moroccan seed (about I4 Jim) than for both 
varieties of Ethiopian seed (about 10 Jim). Considering the 
very rapid rate of imbibition for the latter two varieties 
this increase in thickness is not considered responsible for

opthe germination behaviour of Moroccan and Kenyan seed. Lowing 
defined those seeds having an inability to imbibe water except 
after prolonged contact under favourable conditions, as hard 
seeds, and shov/ed that for seeds of Phaseolus vulgaris the pro

portion of these seeds increased as the drying time was 

increased. It has been found by Petropoulos^^ that rapid 
drying of Kenyan fenugreek seed at 50° (24 hours) resulted in
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about 70/j of the seed being hard, whilst slow drying at room
temperature (18-21°) gave 7̂ j of hard seed. Seed that had not
imbibed v/ater after 72 hours under favourable conditions were

95regarded as hard seed. Hyde considered the testa of legum
inous seeds to be impermeable to water except at the hil urn, 
which behaved as a hygroscopic valve, and permitted the entry 
of moisture only under conditions of gradually increasing 
relative humidity. Further work is required, germinating Ken
yan and Moroccan seed under carefully controlled humidity con
ditions, before it can be found whether the micropylar mass of 
tissue can act as a valve, but on histological evidence alone, 
it Vv'ould appear doubtful.

The main reason for the differing rates of imbibition and 
germination of Moroccan and Kenyan seed compared to both 
varieties of Ethiopian seed is probably due to physical and 
chemical differences in the nature of the cuticle. Such dif
ferences may be brought about by the temperature and speed of 
drying, which might induce changes in the proportions of the 
components present in the cuticle. A study into the possibil
ity of waxes (which are known to occur with suberin and cutin) 
forming an important component of the cuticle is being consid
ered.

The beneficial effect that the pre-treatment of fenugreek 
seed with concentrated sulphuric acid has upon the rate of 
imbibition of water and therefore the rate of germination, is 
due to the removal of the cuticle. During the 40 minutes 
soaking in the acid, the top part of the epidermal cells down 

to the refractory layer is also dissolved away. It is not 
known whether longer periods of contact with acid would dissolve
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away this refractory layer, but it is considered to be 
probable. After the pre-treatment v/ith acid, v/ater can 
penetrate rapidly through the thickened but undignified epi
dermal and hypodermal layers to reach the parenchymatous layer 
of the testa. The moisture is then absorbed by the adjacent 
aleurone layer of the endosperm, which results in the activation 
of the enzymes responsible for the mobilisation of the galacto
mannans and the onset of germination.

(ii) MOROCCAN FENUGREEK SEED (PRE-TREATED WITH ACID);

GERiûINATION AT 22-23°

A detailed analysis of the sapogenin yields obtained by 
germination of Moroccan seed, pre-treated with acid, was car
ried out as a series of controls for an experiment in which 
kinetin and indole-3-acetic acid v/ere used as additives. The 
complete experiment used sixty flasks, each containing a 5 S 
sample of seed, and it was found that although each sample was 
left in contact with the acid for l+O minutes, the subsequent 
washing increased the total processing time to 3 hours. The 
time at which either 5 ml of tap water, or 5 ml additive 
solution v/ere introduced into the flask and incubation at 22- 
23° begun was regarded as ”0” hours. A sample of dry, un
treated seed was assayed at this time to provide the basic 
control for the experiment. Throughout this Chapter, all the 
seed samples have been pre-treated with concentrated sulphuric 
acid for 40 minutes, both control and additive samples. Only 
dry, untreated seed have not received the acid treatment.

The control seed germinated uniformly and rapidly, 

achieving 65% germination and Phase (1) at 24 hours followed 
by 98% germination and Phase (2) at 36 hours. Table III.27.
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It had previously taken untreated seed 72 hours to reach this 
stage, therefore the objective of achieving a speed-up in 
the germination rate had been realised.

The sapogenin results were processed by analysis of 

variance and multiple regression analysis, and were used as 
the example to explain the statistical treatment employed in 
all the incubation studies. Table 111.28 and Experimental p.3%7 
The mean sapogenin yield of dry seed, 0.98% m.f.b, was found 
to be significantly lower than that for acid-treated seed kept 
moist for up to 72 hours. The yield from wet seed fell 
linearly v/ith time, suggesting that for maximum yield the seed 
should be acid-hydrolysed about six hours after addition of 
tap v/ater to the sulphuric acid treated seed. From Fig.II.24 
the sapogenin yield at 6 hours is 1.075 4̂, which represents an 
increase of 9«7% over the dry seed.

The sapogenin yield from Moroccan seed that has not been 
treated with sulphuric acid was previously found to follow a 
quadratic equation, having a maximum between 36 hours (10/j 
germination) and 48 hours (80% germination). It is possible 
that in this new experiment, but for the lov/ yield obtained at 

12 hours, the response v/ould again have been quadratic having 
a maximum between 12 hours (1% germination) and 24 hours (65% 
germination), and providing a sapogenin yield better than 

1 .075% m.f.b. The variance ratio for the quadratic contribut
ion to the sapogenin response v/as 3*85> but a value of 5*32 is 
necessary for significance at P = O.O5. The values for dios

genin were even closer to a significant quadratic response 

(5.07 compared to 5*32). In any case, the optimum period of 
germination for maximum sapogenin yield from commercial seed
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FIG.II.24 Moroccan fenugreek seed (RH.1990, pre-treated

with acid); the yields of diosgenin and yamogenin 

obtained during germination at 22-2^°.

Results from Tables III.27 and III.28
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would need to be established for that particular batch.
Because of the sulphuric acid treatment, the seeds behave more 
uniformly, and the small increase in sapogenin yield that 
naturally occurs in all the seeds after about 6 hours in germ
ination conditions, is detected as an averaged increased yield 

of about 10̂ 6 m.f.b.

The individual values for diosgenin and yamogenin were 
also examined statistically. Table III.28. The diosgenin 
values were found to be more significant than the diosgenin 
plus yamogenin values, in that at the 99% confidence level, the 
yield from dry seed was lower than from wet seed, and the yield 
from wet seed fell linearly with time. The yarûogenin values, 
on the other hand, failed to disclose any significant differ
ences between any of the results, due to the larger experimental 
error inherent in the infrared assay for yamogenin. They were 
therefore represented in Fig.II.24 by a line of zero gradient 
drav/n through the mean of all the samples, i.e. 0.396% m.f.b.

(iii) KOROCGAH FENUGREEK SEED (PRE-TREATED vaiH ACID);

GgmiNATION AT 22-23° IN THE PRESENCE OF KINETIN

Kinetin is a natural substance capable of stimulating cell 
division, or cytokinesis, and is a member of a group of natural 
and synthetic substances collectively called cytokinins.
Kinetin accelerates nucleic acid formation, and will make 
embryo cells divide preparatory to growth and germination. Vilhen 
isolated from plant cells it is found to be capable of diverse 
physiological effects, in addition to cell division. For ex

ample, it may stimulate leaf growth by cell enlargement, 

release lateral buds from apical dominance, release lettuce 

seeds from dormancy in the manner of red light, or stimulate
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the mobilisation of nutrients in leaves. The manipulation of 
auxins and cytokinins in various concentrations has enabled 
the growth of roots, shoots and flowers froiû the tissue culture

QLlof stem cells, Leopold.

Kinetin was chosen as an additive in these studies with 

fenugreek seeds for two reasons. Firstly it it known to 
break seed dormancy in some cases, and to promote cell division 
preparatory to growth and germination, so that it might speed
up or make more uniform the process of germination in fenugreek 
seeds. Secondly, the endosperm of fenugreek, which can be 
separated from the whole seed by milling, contains a mucilage 
of possible commercial value. Therefore if de-husked seed 
(embryos only) were to be processed for sapogenin, an endo
sperm substitute might be required. It is known that the 
richest sources from which cytokinins have been isolated are 
endosperm tissues of fruits and seeds, e.g. corn endosperm.

It is possible that kinetin could form part of an endosperm 
substitute in the processing of de-husked seed.

95Rijven and Parkash recently showed that isolated cotyle
dons of fenugreek respond readily to cytokinins v;ith increased 
expansion, but do not respond to gibberellic acid, or to 2,4- 
dichlorophenoxyacetic acid at 3 x 10 and 5 x 1 0 " %  in light 

or darkness for 48 hours. In the presence of kinetin, 2,4- 
dichlorophenoxyacetic acid inhibited expansion. Hypocotyl 
segments of fenugreek responded in the opposite manner to the 

cotyledons with respect to kinetin and 2,4-dichlorophenoxy- 
acetic acid, i.e. kinetin prevented root elongation. The effect 

of kinetin was doubled in light compared to in darkness. They 
used kinetin in the presence of sucrose and an inorganic 

nitrogenous source, either potassium nitrate or ammonium
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sulphate, and showed that the sucrose and the nitrogen source 

doubled the growth stimulation effect of kinetin after Zf8 

hours, in darkness at 25°.
96In the case of tissue cultures, Jeffs and Northcote^ 

state that sucrose and certain other ^-glucosyl disaccharides 

have a specific action in inducing differentiation into
nodules containing xylem, phloemand meristeraatic activity.

97Rijven and Eckhardt consider that ammonium and potassium 
exert their effects by the same mechanism, involving stimul
ation of protein synthesis but not by acting as a source of 
nitrogen. Therefore it v/as decided to include sucrose and
ammonium sulphate in the incubation of seed with kinetin, 
since although the seed contain polysaccharides and protein, 
there was evidence to suggest that their presence would enhance 
the effect of kinetin. Three additive solutions each con
tained sucrose at 1 x 10 and ammonium sulphate at 2.5 ,
as chosen by Rijven and Parkash^^ and kinetin at 5 x 10”Sl,
5 X 10 or 5 X 10 %i, A fourth additive solution contained 
indole-5-acetic acid at 2.5 x 10 %  in addition to sucrose, 
ammonium sulphate and kinetin at 5 x 10

(a) KINETIN AT 5 x 10 % . Experimental p.5o2.

Germination, as judged by emergence plus curvature of the 
radicle, was markedly slowed down. Table III.27. The per
centage of seed germinated was 15% (at 36 hours), Q̂P/o (at 48 

hours) and 98% (at 72 hours). Phase (2) of germination was 
not reached during the 72 hours. Most radicles were only 

0,5 cm long after 72 hours, whereas in the control for this 

time Phase (3) had been reached and many radicles were 2 cm 
long. These results agree with Rijven and Parkash^5 who in
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their experiments found that the hypocotyl segments of fenu
greek responded to kinetin in an opposite manner to the 

cotyledons.

The sapogenin results were processed by analysis of 
variance and multiple regression analysis, Table III.29. For 

total sapogenin, the responses due to the controls and kinetin 

gave a significant Interaction at P = 0.05, showing the tv/o 
responses to be significantly different. The control res
ponse has been described earlier. The sapogenin level was 
found to change significantly with time (P = 0.01) and the con
tent of wet seed was significantly higher than the average con
tent of dry seed, at P = 0.01. The change in sapogenin 
level with time followed a cubic regression (P = 0.01) having 
a maximum of 1.07% m.f.b. immediately after the sulphuric acid 
treatment, falling to 1.01% at 12 hours and then gradually 
increasing between 48 and 72 hours to about 1.05% m.f.b..
Fig.II.25. This is in contrast to the control values which
fell linearly wi.th time, but at a slower rate. Therefore

-5kinetin at a concentration of 5 x 10 M caused a significant 
fall in the yield of total sapogenin obtained from germinating 
seed, possibly by acceleration of the normal fall that follows 
the rise during early (6 hr) germination. For diosgenin, all 
the same conclusions can be made, and the cubic regression 
(P = 0.01) fitted the experimental saj)ogenin values very 
closely. For yamogenin the Interaction was not significant, 
showing that the control and kinetin results were parallel 
compared to Times. Both Times and Additive were not signifi

cant, having variance ratios or less than one. Hence the 

control and additive values were the same and do not change
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Fig.II.25 Kinetin at 5 x 10 M, and Moroccan fenugreek seed 

(RH.199Qj pre-treated with acid) ; the yields of 
diosgenin and yamogenin obtained during germination 
at 22-25°
Results from Tables III.27 and III.29.
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with time. Although the experimental error for yamogenin is 
known to be relatively greater than for diosgenin, in this 

case the results from duplicate experiments were less than 
\Qf)o apart and show less variation than the controls. There
fore the changes in total sapogenin appear to be changes in 

diosgenin only.

(b) KINETIN AT 3 x lO'Sl

The appearance of the seed differed from the previous 

experiment in that many of the radicles, when they emerged at 
48 hours, were tightly curled at the tip, a feature not 
observed in any other experiment described in this thesis. At 
72 hours, 95% germination had occurred, but no Phase (2) was 
seen. Therefore at a concentration of one hundred times 
stronger than the previous experiment, the delay in germination 
rate was about the same, and all the seed still eventually 
germinated. Table III.2?.

The effect upon total sapogenin yield was to produce a 
response that was parallel to the control response, but lower 
by 0,02F/o m.f.b. This is shown in Table III.30, in which 
Interaction is not significant but Times and Additive are both 
significant at P = O.O5. The two responses for Control and 

kinetin are therefore significantly different, and parallel.

Fig.II.26. The yield from dry seed is significantly differ
ent (P = 0.05) from both responses. The response for dios
genin was not calculated, but as in every other experiment 
studied here, it would be the same as for the total sapogenin. 

The yamogenin response would probably be represented by a 

horizontal line.



— Ij-Pig.II.26 Kinetin at 3 x 10 M and 5 x 10 M, with Moroccan

fenugreek seed (RH.1990, pre-treated with acid); 
the yields of diosgenin and, yamogenin obtained 
during germination at 22-2^ .̂

Results from Tables III.27, III.30 and III.31.
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(c) KINETIN AT 3 x 1 0 " %

At this much weaker dilution, the kinetin delayed germin
ation at least as much as before, and possibly slightly more, 

although 95% of seed had germinated at 72 hours. The radicles 
were only 0.5 cm long at 72 hours, but not curled as described 

for the concentration of 5 x 10 , Table III.27.

Analysis of the results for total sapogenin, Table III.31, 
gave an Interaction that was not significant, showing that 
control and additive responses were parallel, compared to 

Times. The Times response was significant at P = 0.05, 
indicating that the sapogenin yield changes during germination.
The Additive variance ratio was not significant, showing that 
at a concentration of 5 x 10 kinetin does not have a signif
icant effect on sapogenin yield. The Control and kinetin 
results are therefore represented as a single line, having a 
slope as for the other control results and passing through the 
mean of both control and kinetin values. Fig.II.26.

(d) KINETIN AT 5 X lo""'& WITH IND0LE-3-ACETIC ACID AT
2.5 X 10"&

It is known that in a medium used for the tissue culture 
of plant cells, high concentrations of kinetin induce shoot 
formation and high concentrations of indole-3-acetic acid 
induce root formation, S&oog and Miller. The introduction 
of kinetin as an additive would distort the normal balance in 
the seed between endogenous kinetin and indole-3-acetic acid, 
so that it would be interesting to know the effect of perhaps 

partly restoring the balance. This was carried out by 

supplying indole-3-acetic acid at half the molar concentration 
of kinetin, so that the effect of kinetin would still dominate.



Pig.II.27 Kinetin (3 x 10 and Indole-^-Acetlc Acid 
(2.3 X 10 ^M), with Moroccan fenugreek seed 
(RH.I99O, pre-treated with acid); the yields of 
diosgenin•and yamogenin obtained during 
germination at 22-23°.

Results from Tables III.27 and III.32.
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Therefore if the presence of added indole-3-acetic acid were 

required for the effect of added kinetin to be greatest, then 
this experiment might provide the conditions to demonstrate 

this.

It was found that the rate of germination was delayed 
even more, so that at 72 hours only 80̂ 6 germination had occur
red and only Phase (1) had been reached. The radicles were 

short but not curled. Table III,2?.

Analysis of variance carried out on the total sapogenin 
results showed that the Control and Additive responses were 
parallel compared to Times (Interaction not significant). The 
Times response was not significant, and the Additive response 
was not significant. This indicates that all the sapogenin 
results may be regarded as the same and that no change occurs 
during germination. This conclusion is surprising since all 
the previous results showed that the control values do change 
with time. Examination of the individual sapogenin results 
for the additive reveals that duplicate results are consist
ently further apart, although their means show close agreement. 
Table III.32. This is also shown by comparing the Error 
variance estimate for two experiments in which the sapogenin 
values were coded and calculated by the same method used here. 

For kinetin at 5 x 10~Sl, the Error was 3*83, for kinetin at 
3 X 1 0 the Error v/as 3*42, and for kinetin plus indole-3- 
acetic acid the Error was 12.13. Therefore the introduction 
of indole-3-acetic acid into the kinetin experiment reduced 
the rate of germination even further, but created consistently 

greater variation in the sapogenin yield from duplicate 

samples. Hence all the results were within experimental
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error, and may be represented as a horizontal line passing 

through the mean value, 1.03% m.f.b.. Fig.II.27.

(iv) CONCLUSIONS FROM THE USE OF KINETIN AS AN ADDITIVE

Rijven and Parkash had observed that the lowest concent

ration of liinetin to give a significant response in cotyledon 
expansion was 3 x 10 in light and 3 x 10 ^  in darkness at 
23°. The results described here show that the three concent
rations of kinetin reduced the rate of germination but at 3 x 
10""^M the sapogenin yield was unchanged, at 3 x 10 %  the 
sapogenin yield was significantly altered to a different res

ponse pattern, whilst at 3 x 10 the change in yield was 
significant but the response pattern remained unaltered. Of 
these three concentrations of kinetin the optimum for maximum
response change would appear to be 3 x 10 ^M, which supports

93the previous findings.
99Shen-Miller considers that cytokinins are synthesised in

root apices and transported via the transpirâtional stream to
promote the mobilisation of metabolites and growth substances,
e.g. indole-3-acetic acid. Jordon and Skoog^^^ share this 

101view and Mothes has shown that tobacco tissue cultures will 
grow if given high quantities of cytokinins to synthesise the 
auxins. The effect of kinetin here has been to accelerate 
the normal sapogenin behaviour of the seed during germination, 
which for commercial Moroccan seed means that the rapid 
increase caused by the sulphuric acid treatment is lost more 
rapidly. It was possible that with the increased metabolic 

activity of the cotyledons caused by added kinetin, the initial 
sapogenin increase might have been greater than normal. This 
did not occur in any of the experiments, suggesting that the
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sapogenin yield is already at a maximum due to the pre-treat

ment v/ith sulphuric acid. This process has been shown here 

to be a reliable method of increasing the germination rate 

and uniformity of behaviour, without impairing germination 

capacity.

The rate of germination, as judged by radicle emergence 

plus curvature, was much reduced by the three concentrations 

of kinetin used. At 36 hours the control achieved 98% germ

ination, whilst at 48 hours for kinetin at 3 x 10~%I, 3 x lO'^M 
and 3 X 10 the corresponding values were IfO, 30 and 63% res
pectively. This indicates that the weakest concentration of

kinetin was the most effective and that this feature is more 

sensitive to kinetin than determinations of sapogenin yield.

Since with kinetin the fall in sapogenin yield was obtain

ed in the absence of radicle emergence and elongation, they 

cannot be inter-dependent factors, although both occur at the 

same time in normally germinating seed. Radicle elongation 

would not seem to be necessary before cytokinins from the root 

cap are transported to the cotyledons to mobilise the meta

bolites and growth substances that influence sapogenin yields.

It would be interesting to investigate the behaviour of fenu

greek seed towards indole-3-acetic acid at 3 x 10” -̂I, 3 x 10”^M 

and 3 X 10 in the absence of kinetin, to discover whether

the effect on sapogenin yield is the same as for kinetin.
102Blumenfeld and Gagit have described an endogenous substance(s) 

in methanolic extracts of avocado fruit that inhibits the 

activity of indole-3-acetic acid in the wheat coleoptile bio

assay and the activity of kinetin in the soybean assay. The 

effect of this or similar materials upon sapogenin yield would
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help to determine whether kinetin and auxins are responsible 

for the utilisation of sapogenin during the early stages of 

germination,

(v) KENYAN FENUGREEK SEED (PRE-TREATED V/ITH ACID);

GERI-iINATIOH AT 23°, Experimental p.

The treatment of Moroccan seed v/ith concentrated sulphuric 
acid has been shown to have a beneficial effect upon the germ
ination rate. Kenyan seed has a high sapogenin content but 
a very poor germination ability, and preliminary trials indic
ated that the sulphuric acid treatment was as effective for 
this seed as for Moroccan seed. The effect of improving the 
uniformity and speed of germination upon the sapogenin yield 
of Kenyan seed was studied, and was used as a series of con
trols for comparison with germination in the presence of 
Atromid-S and of geraniol.

The seed, 3 g* was treated with the sulphuric acid for 40 
minutes, and the v/as hi ng of all the samples occupied eighty 
minutes. Three hours later, all the control seed had imbibed 
water and doubled in size. After 48 hours, 739o germination 
and Phase 1 was achieved followed by lOC^b germination and 
Phase 2 at 72 hours. Table III.33. Phase 3 occurred at 96 

hours and for 23% of the seed the yellow cotyledons had emerged, 

In the absence of acid treatment, this sample of seed had pre
viously achieved only 1 %  germination at 48 hours, and the 
remaining seed had not imbibed water after 96 hours incubation. 
The sulphuric acid treatment had therefore been responsible 

for making the seed behave uniformly and germinate at the 

earliest time known to occur for Kenyan seed that had not been 
acid-treated.
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The sapogenin results were processed by analysis of vari

ance and multiple regression analysis, Table III,34» In view 
of the lack of statistical significance for any change in 
sapogenin yield due to either Atromid-S or geraniol, the 
regression lines were determined for the control results 
separately since these represented its "normal" behaviour.
This was considered to be of more value than determining the 

very similar, and statistically identical, regression lines 
for the combined results of additive and control in each case.

For the control seed. Fig.II.28, the total sapogenin was 

found to change significantly (P = 0,05) during the time of 
germination. The sapogenin yield from dry seed (1.55/j m.f.b) 
was significantly higher (P = 0.05) than the average yield from 
germinated seed. During germination the sapogenin yield fell 
linearly wit% time, and the statistical evidence for this is 
very strong. The linear regression line is significant at 
P = 0.01 whilst any contribution due to quadratic or cubic 
behaviour is minimal.

For diosgenin and yamogenin considered separately, all 
the same conclusions are valid, except that for diosgenin all 
the conclusions are highly significant at P = 0.01, indicating 

the greater degree of accuracy of the assay for diosgenin com
pared to yamogenin. Therefore during germination acid-treated 
Kenyan seed utilised their diosgenin and yamogenin at a uniform 
rate. No increase in yield was obtained over the yield from 
dry, non-germinated seed, as occurred with Moroccan seed after 
pre-treatment with acid. During this experiment the Kenyan 

seed behaved very uniformly, appeared healthy and gave no 

indication that the temperature of 24-25° might be too high.
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Pig.II.28 ATROyilD-S and Kenyan fenugreek seed (pre

treated with acid); the yieldsoof diosgenin 

and yamogenin obtained during germination at
24-25°.

Results from Tables 111.34 and III.35.
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as is suggested for Fluorescent Ethiopian seed. This further 
supports the evidence that the Kenyan seed is a different 
variety of seed from the other three varieties studied in this 

thesis. Experimental p.

(vi) ATROMID-S AND KENYM FENUGREEK SEED (PRE-TREATED WITH

ACID): GEmilNATION AT 25°

Atromid-S[2-(p-chlorophenoxy)-2-methylpropionic acid ethyl
esterjj , is a drug prescribed for the inhibition of cholesterol
metabolism, and has been used by other workers as an additive

15to sapogenin-affording plant materials. Brain tested the 
effect of three cholesterol-inhibiting preparations at 57^ on 
fenugreek seed and on Dioscorea deltoidea tuber powder, but the 
sapogenin increases obtained vith the former are doubtful 
because the infrared analysis used the crude extract. With 
D. deltoidea, a slight increase was obtained after 72 hours.

oQWood incubated Balanites aegyptiaca powdered defatted seed 
(of oil content 16%) with Atromid-S, and obtained an 8% increase 
in total sapogenin content when determined by infrared analysis 
of the crude extract. Structurally, Atromid-S is very similar 
to that of the herbicidal phenoxyacetic acids, such as p-chloro- 
phenoxyacetic acid, so that in view of their plant growth 
regulatory activity, and in view of the relationship between 

sterol and sapogenin metabolism, Atromid-S was chosen for fur
ther study under germination conditions.

At a concentration of 10 mg per 2.5 g seed, Atromid-S pre
vented germination from occurring in 50̂ 6 of the seeds; they 
appeared soft, slimy and no longer viable, Table III.33. Those 
seed that did succeed in germinating (50%) did so 24 hours 

later than the controls, but did achieve Phase 2 germination
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after 96 hours incubation.

Analysis of variance carried out on the diosgenin plus 
yamogenin results, Table III.35> showed that the additive and 
control results were parallel compared to Times (F for Inter
action was less than one). The variance ratio for additive 
was also less than one, giving strong evidence that the pres
ence of Atromid-S had no effect upon the sapogenin yields.
The changes in yields that occurred in the presence of Atromid- 

S were statistically identical to the changes that occurred in 
the controls. The values for diosgenin and yamogenin all 
show agreement with the corresponding values for the controls.
Fig.II.28, and are represented by the same linear regression 
line.as for the controls. The experimental error for control 
plus Atromid-S results v/as larger than for the control results, 
as shown by the Error variance estimates. This is probably 
because the effect of Atromid-S v/as to cause the seed to 
behave less uniformly, i.e. Ĉr/o germinated.

(vii) GERANIOL AND KENYAN FENUGREEK SEED (PRErTREATED WITH 
ACID): GERI-ilNATION AT 25° Experimental p. SU*.

Some of the reasons for using geraniol as an additive 

have already been given in the discussion dealing with incub

ation at 37°. Although this was found to have no effect upon _ 
sapogenin yield under those conditions, it was possible that 
under the more favourable conditions of germination, sapogenin . 

yield might be influenced. Baisted^^^ has reported the in
corporation of label from geraniol-lifC into squalene, p-amyrin 

and sitosterol in germinating pea seeds, Balu and V/ang^^^ have 

found that phosphonates derived from geraniol and its congen
ers may be potential inhibitors of cholesterol biosynthesis.
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After 24 hours incubation in the presence of 0.1 ml 

geraniol (technical grade) per flask, the seed (2.5 s) had 
imbibed less water than the controls and had a shiny appearance 

Table III.33» After a further 24 hours no radicles had 
emerged and many seed had split open exposing the yellow coty

ledons. This type of development continued throughout the 
experiment, so that after 96 hours incubation no radicles had 

emerged but many yellow cotyledons had broken through the soft, 
shiny seed coat. The cotyledons did not proceed to further 
expansion and chlorophyll development. Only 2̂ b of the seed 

actually germinated.

Analysis of variance carried out on the total sapogenin 

results, Table 111.37, showed that the control and additive 

results were parallel compared to Times. The variance ratio 

for additive v/as less than one, providing strong evidence that 

geraniol had not been responsible for any changes in sapogenin 

yields. These were caused entirely by the duration of incub

ation, since Times was significant at P = O.05. The Error 

variance estimate for control plus additive results was the 

same as for the control results alone, showing that the pres

ence of geraniol v/as not effectively widening the spread of 

results.

Fenugreek seed incubated in the presence of geraniol 

become soft, and slimy. It was possible that if the sapogenin 

yield had been significantly altered by its presence, that it 

could have been caused as much by this softening effect as by 

any metabolic effect. Another set of controls were therefore 

carried out in which the seeds were germinated in water only, 

and 0.1 ml geraniol added immediately after the 21̂  hydrochloric



Results from 
Tables

FIG.II.29 Geraniol and Kenyan fenugreek seed (RH.2991, pre
treated with acid): the yields of diosgenin and

yamogenin obtained during germination at 25° (a) in
the presence of geraniol and (b) germination in the absence
of geraniol followed by acid hydrolysis in the presence of
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acid required for hydrolysis of the saponins. Analysis of 

variance on the results for total sapogenin, Table III.37, 
showed that there v;as no significant difference between these 

results and the previous controls. Indeed, the Error vari

ance estimate for the combined controls was now only half that 
of the previous controls alone, showing that the two sets of 

results are in very close agreement. This can be seen in Fig. 
11.29 and provides further evidence for the reliability of the 
analytical procedures used in this thesis.
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EXPERIMENTAL 

CHAPTER 1 .

THE DEDEH4INATI0N OF DIOSGENIN AND YAI40GENIH

(i) THE EXTRACTION OF STEROIDAL SAPOGENIN. Discussion p.5"6 

Procedure for direct acid hydrolysis of whole seed.

Whole, dry seed (5g to the nearest whole seed) was reflux
ed for two hours with 100 ml 2N hydrochloric acid, cooled and 
filtered. The acid-insoluble residue was washed with a small 
quantity of water, made alkaline with 10% v/v ammonia solution, 
and dried overnight at 60°C in a fan oven. Filter paper and 
residue were extracted to exhaustion with light petroleum (b.p, 
40-60°) for 24 hours in a soxhlet, and evaporated to an oily 
residue using a rotary vacuum evaporator. The oily residue 
was made up to 10 ml using Analar chloroform to give a crude 
extract that was used for infrared assay. For the combined 

column chromatographic and infrared spectrophotometric assay,
3 ml of the crude extract was evaporated by rotary vacuum evap
orator to remove all the chloroform and the oily residue was 
applied to the column using hexane:ethyl acetate (9:1) 10 ml. 

Alternatively, 2.3 g seed was refluxed with 30 ml 2N hydro
chloric acid, and all the oily residue obtained after process
ing as above applied to the column for purification.

Procedure for seeds incubated in the presence of water.

Whole seed (2.3 g) was incubated at 37° with 30 ml tap 
water in a 230 ml flask, with the neck of the flask covered 

with aluminium foil. When additives were present the flask 
was mechanically shaken for 3 minutes before incubation. After
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incubation, 11 ml concentrated hydrochloric acid v;as added and 

the extraction continued as described for the direct acid 
hydrolysis.

When the seed (2.5 g) was incubated at 25° under germin
ation conditions, 5 nil tap water at 25° was added to the dry 
seed in the 250 ml flask and thereafter small quantities (2 ml) 
of water at intervals of 12 hours or 24 hours in order to keep 
the seed moist. After incubation, 50 ml 2ii hydrochloric acid 
was added and the extraction completed as for the direct acid 
hydrolysis.

(ii) THE DETERMINATION OF STEROIDAL SAPOGENIN
Gas-liquid chromatography. Discussion p.6o

The G.L.C. of diosgenin, yamogenin and sitosterol was
studied using a Perkin-Elmer F-11 (hark I) dual column gas
chromatograph with flame ionisation detector and a Leeds and
Northrup Speedomax 1 mV recorder. A 1 metre $ inch glass
column was used, packed with 5% OV-101 (a liquid dimethyl-
siloxane polymer) on Chromosorb G High Performance, 80-100

mesh and supplied by Perkin-Elmer Ltd. The conditions were:
oven temperature 253°, nitrogen (white spot grade passed through
a molecular sieve type 3A, BDH Ltd.) at 13 psi (43 ml/min
measured at 233°), hydrogen 18 psi, air 30 psi, and attenua- 

2tion 3 X 10 . A 3 /il SGE microsyringe, fitted with repeating 
adaptor and 3 inch needle for "hot zone" injection plus glass 
injection liners, was used.

A mixture of diosgenin (pure by P-TLC) 0.3 mgm (torsion 

balance) and 0.12 ml standard cholestane solution (1 mgm/ml 

ethyl acetate) measured by Agla micrometer syringe (capacity 
0.3 ml), in a screw-capped septum vial, was evaporated to
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dryness in a vacuum oven. To the dry residue was added 0.23 
ml Bistrimethylsilylacetamide Reagent (Phase Separations Ltd.), 
the screw cap tightened and left in an oven at 60° for 30 

minutes. Then 2 ^1 was injected for G.L.C. ansilysis. Yamo
genin, sitosterol and mixtures of these were similarly 
treated.

(iii) AN IMPROVED EXTRACTION PROCEDURE
Q.uickfit Steady State Distribution M a c h i n e ,

Discussion p. 66

Ethiopian fenugreek seed RH.2034, moisture content 10%,
20 g, was extracted for steroidal sapogenin as described by the 
procedure for direct acid hydrolysis (using 200 ml acid). The 
Steady State Distribution Machine was operated by the personnel 
of Quickfit Ltd., the T.L.C. and I.R. assays were performed by 
K. R. Brain. The whole sample of crude extract was dissolved

oin light petroleum (40-60) and applied to tube 0 of the 
S.S.D.M. which contained 10 ml of light petroleum (4O-6O) as 
upper phase and 10 ml of 83% aqueous methanol as lower phase. 
Eighty upper phase transfers were carried out to give the 
fundamental Craig distribution. T.L.C. examination of every 
3th fraction indicated distribution of material as follows. 
Fractions O-I4 contained traces of gitogenin together with 
other polar material. Fractions 30-33 contained only dios- 
genin/yamogenin. Fractions 36-80 contained the sterol, fixed 
oil, steryl esters and spirostadienes. Gravimetric analysis 
of fractions 30-33 showed the fundamental Craig distribution 
and extraction to be complete. Fractions 30-33 were bulked 
and evaporated to dryness to yield 1.32^̂ mfb of white crystal

line material having the T.L.C. characters of diosgenin/yamogenin
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and m.p. of 198°.

(iv) DENSITOMETRIC THIN LAYER CHROMATOGRAPHY OF FENUGREEK

EXTRACT

The method used was that of Brain and Hardman^ except that 

the solvent system was modified to achieve an adequate sterol- 

sapogenin separation and a colourless background in this area. 

Hexane:ethylacetate (7:3) may be used but hexane:ethylacetate: 

acetone (16:3:1) was better, Fig.III.2.

A sample of sapogenin extracted from fenugreek seed and 
recrystallised from acetone to constant m.p. (200°) was used 
as the standard sapogenin in the calibration procedure. A 
1 w/v solution of this material in chloroform was used to pre
pare dilutions such that 5 yl contained 4 3 ^g, 6 yg, 7 pg,
and 8 |ig. Four calibration plates of silica gel G of 0.25 
mm layer were prepared, each was spotted with two quantities 
of 5 jil of each of the five standard solutions, using a 230 ^1 
Hamilton syringe fitted with a Hamilton PB6OO repeating dis
penser and the template of Brain et al.^ An 'S' chamber con

taining 30 ml of solvent mixture was used to develop the 
plate over 15 cm. After development the plates were air- 
dried for 2 minutes, oven dried at 100° for 5 minutes, then 
sprayed uniformly with a ÔCF/o w/v solution of antimony tri
chloride in concentrated hydrochloric acid and heated in a fan 
oven at 100° for 30 minutes. Each plate was allowed to cool 
for 15 minutes before scanning.

Densitometry

A Chromoscan double-beam recording and integrating den
sitometer with thin layer scanner was used to assay the 

sapogenin spots by transmission under the following conditions:
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Fig.III.1. THE DENSITOMETRIC TLC ASSAY FOR DIOSGENIN
PLUS YAMOGENIN
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Pig.III.2. THE INFLUENCE OF IHE SOLVENT SYSTEM ON STEROL - 

DIOSGENIN/YAMOOGENIN SEPARATION AND SPOT SHAPE.
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wedge 2, cam D, gain 2, aper ture 1005, tungsten lamp with no 
filter, ïhe plate was positioned with the slit 1 cm away 
from the edge of the sapogenin spot, the baseline count set 
to one unit per 5 seconds, and the spot scanned at a sample: 

record expansion of 1:4* The area under the densitometer 
curve was automatically calculated and expressed as a readout 
on the built-in digital integrator. All spots were scanned 

working from left to right and then each v/as scanned a second 
time, working from right to left. The calibration plot for 
each plate was found to be linear over the range 4 to 7 y g , 
although the graphs varied in slope. A calibration plot 
using the mean integrator readings from the individual plates 
was also linear over the same sapogenin concentration range. 

Fig.111,1,

Assay procedure

One ml of crude extract, prepared from 5 g Moroccan fenu
greek seed, KH,1?66, and dissolved in 10 ml analar chloroform, 
was made up to 5 î l with chloroform to give a solution thought 

to contain 0.12^b sapogenins (equivalent to 6 jig in 5 yl). A 
standard sapogenin solution of 6 yg per 5 jul v/as chosen for 
comparison, and five spots, each of 5 yl of standard solution 
and another five spots, each of 5 yl of diluted crude extract 
were applied alternatively to each of two plates. Since each 
spot was scanned tv/ice, the mean integrator value for standard 
solution and diluted crude extract solution was the mean of 
twenty readings in each case.
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(v) THE SEPARATION OF DIOSGENIN AND YAMOGENIN,

ISOLATION OF SAPOGENINS FOR P-TLC
Crystallisation from the crude extract. Discussion p.75*

Moroccan seed, RH.1766, was coarsely powdered and extracted 
in a soxhlet apparatus for 48 hours using light petroleum (b.p, 
40-60°) to yield 6% w/w oil. The partially defatted residue 
v/as dried, acid hydrolysed using 2N HCl for 2 hours and 
filtered. The residue v/as made alkaline with diluted ammonia 
solution and dried at 60° before it was powdered and extracted 

with petrol for 48 hours to yield a yellow solid (A) 3*3% m.f.b. 
(Further extractjion for 48 hours exhausted the residue to 
petrol and afforded 0.19̂ v m.f.b, of solid). From the material 
(A) using petrol (b.p. 100-120°) three crops of crystals 
(yield 0.34% w/w m.f.b.) were obtained with a diosgenin:yamo
genin (D:Y) ratio of 70:30. By removing the petrol (b.p, 100- 
120°) and replacing it v/ith a small quantity of petrol (b.p. 
40-60°) in which the sapogenins have a lower solubility, and 

then extracting this solution with 85% aqueous methanol, a 
further five crops of crystals were obtained and bulked (0.17% 
m.f.b.) of D:Y ratio 55:45 by infrared analysis.

Similar crops were also obtained when whole seed was acid 
hydrolysed etc. as above, and the insoluble matter on contin
uous extraction with petrol for 4 days yielded a yellow oil (B) 
9*9% m.f.b. Continued extraction of the residue with petrol 

gave gitogenin 0.2^6 w/w m.f.b. From a petrol solution of (B) 

crystals were obtained (0.67% w/w m.f.b.) of D:Y ratio 67:33, 

and after several weeks another crop was deposited (0,17% w/w 
m.f.b.) D:Y ratio 50:50.
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Fractional crystallisation from a diosgenin:yamogenin mixture 

Discussion p. 76

Sapogenin, 2 g D:Y ratio 65:35, afforded from acetone, 4 
crops of crystals in the order shown: volume of acetone 100

ml, yield 595 mg, D:Y ratio 71:29; 60 ml, 714 mg, 63:37;
40 ml, 177 mg, 57:43; 20 ml, 52 mg, 53:47; nil ml (residue),

129 mg, 51:49. Total yield was 1667 mg (83%), calculated mean 
D:Y ratio 64:36.

Other solvents were tried using the same technique and the 
following yamogenin-rich crops were thus obtained from the 
sapogenin of D:Y ratio 65:35: From benzene, 25 mgm D:Y ratio
52:48; from light petroleum (40-60°) 80 mgm D:Y ratio 54:46, 
and 36 mgm D:Y ratio 34:66; from light petroleum (100-120°)
39 mgm D:Y ratio 40:60.

Column chromatography Discussion p. 7b

Alumina, grade H, activity II, Laporte Chemicals, 100/120 

mesh, 75 S was packed into a column 2 cm x 30 cm using light 
petroleum (b.p. 40-6O): acetone (9:1). Sapogenin, D:Y
ratio 63:37, obtained by fractional crystallisation from 
acetone, was applied dry to the top of the column. It was 
developed with the above solvent mixture collecting 60 x 20 ml 
fractions at a flowrate of 1 ml/min. The fraction collector 
could not be left unattended for long periods so the develop
ment v/as stopped after 9 hours and continued the following day. 

All the fractions were allowed to dry spontaneously in the 

collecting tubes. It was noted that the early fractions 

(diosgenin-rich) crystallised as long feathery needles whilst 

the later fractions (yalnogenin-rich) as smaller, rounded 
clumps of needles. All tubes plus residues were then dried



Fig.III.4 THE PARTIAL SEPARATION OF DIOSGENIN M D
YAMOGENIN BY ALUMINA COLUMN CHROMATOGRAPHY.
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in a vacuum oven at 60° and weighed. Infrared analysis was 
carried out by adding a known volume of analar chloroform to 

the residue immediately before analysis. After analysis the 
solution and rinsings from the infrared cell were returned to 
the tube. Good agreement was obtained between the gravi
metric and the calculated infrared results.

Examination of the alumina column under ultra violet 
light at 366hm after removal of diosgenin and yamogenin, 
indicated a substance that fluoresced yellow at the top of the 
column. The alumina was extruded, continuously extracted 
with chloroform and yielded 50 mgm of a sapogenin (infrared 
analysis) that co-chromatographed by T.L.C. with gitogenin. 
Recrystallisation from 85% aqueous methanol yielded 30 mgm 
flat, irregular, white plates, m.p. 254°

Extraction of yamogenin-rich sapogenin from Balanites 
aegyptiaca root. Discussion p.77

Freshly collected root, 5-50 mm diameter, collected by 
Dr. E. A. Sofowora, University of Ife, Nigeria, from a young 
tree which v;as neither flowering nor fruiting, and grov/ing at 
Ago-are, Nigeria, was sawn into small pieces and dried at 50° 
for 16 hours. Weight loss on drying was 1 7 . w/w. The 
dried material was then finely powdered using a Christy Norris 

mill. A sample of 300 g v/as mixed with 90 g kieselghur as a 
filter aid and continuously defatted by soxhlet apparatus for 
24 hours with dry light petroleum (b.p. 40-60°). The dried 
powder was then continuously extracted with methanol for 4 

days, changing the solvent every 24 hours, to yield a total of 

15.1% m.f.b. (42.5 g) of a dark brown, hydroscopic crude 
saponin. This was hydrolysed by refluxing with 200 ml 2N
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hydrochloric acid for 2 hours, filtered, the residue washed 
with water, 10% ammonia solution, and dried at 70° in a fan 
oven overnight. The powdered residue was continuously 
extracted with light petroleum (b.p. 40-60) for 3 hours to 

yield 0.64% m.f.b. (1.8 g) crude sapogenin, a further 2 days 
to yield 0.43% m.f.b. (1.2 g), then for 3 days to yield 0 .04% 
(0.1 g) crude sapogenin. Total 1.1% m.f.b. (3.1 g). Infra
red analysis indicated a D:Y ratio of 1:2.

The Separation of diosgenin and yamogenin by P-TLC.
Discussion p. 77

Silica gel G PF254-366 (Merck) 75 g with distilled water, 
165 ml was spread over five plates at 1 mm thickness, and left 
overnight prior to activation at 110° for 1 hour. The separa
tion obtained using dichloro$ethane:diethylether, 199:1 for 6

2hours is inadequate for preparative purposes but a distinct 
zone between the epimer bands was achieved with 196:/^ solvent 
system for sixteen hours, a sample loading of 25 mg per 20 x 
20 cm plate, and Shandon continuous elution tanks. The 
epimers were detected at 366 nm as a pale blue fluorescence on 
a yellow background. The sample was applied in chloroform 
using a Desaga mechanical applicator, which gave origin bands 
of width less than 1 cm when solvent evaporation was assisted 
by hot air. The material was scraped off and then eluted from 
the adsorbent by soxhlet extraction using gethanol for 24 hours 
and the sapogenin assayed by infrared analysis for purity. All 

genins were finally purified by a second P-T.L.C. separation 
and crystallised from acetone or 85% aqueous methanol.

The scale of the PtT.L.C. separation was greatly increased 
by making a glass tank to closely fit a Desaga stainless steel
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rack designed to hold ten 40 x 20 cm plates, so that the 
plates would pass through slots cut into an aluminium lid 
(3 mm thick) and still project 2 cm above the lid. The tank 
was made from plate glass fixed together solely by the silicone 
rubber adhesive "Trophix'* (Trophy Products, Huckford Lane, 

Kendleshire, Bristol, England). The adhesive swells over
night in the P-T.L.C. solvents used, and shrinks again when the 
tank is empty. The tank has been used repeatedly and no leak

age of solvent has occurred. Adsorbent, 100 g, with 240 ml 
distilled water was spread over three 40 x 20 cm plates at 1 
mm thickness and before the layer set the clear zones at the 
top and bottom of the plates were covered with a slurry of 
adsorbent from a wide-mouthed pipette. This ensured that in 
use the plates did not require paper wicks at the top of the 
lid and that all the solvent in the tank was utilized. The 
vertical edges (20 cm) of the plates were cleaned to minimise 
”edge-effacts” and a sheet of Whatman 3I"M chromatography paper 
was held to the back of the plate by the rack and at the top 
by strips of sellotape. Since the distance between plates 
was only 3 cm conditions were favourable for effective tank 
saturation with solvent vapour, and in practice the six plates 
per rack gave identical results. Sample loading was 40 mg 
per plate, v/ith an origin to top of lid distance of 15 cm. 
Solvent, 1.5 litres, was added to the tank at the start of the 
separation, and 1 litre allowed to drip in slowly from a separ

ating funnel passing through a hole in the lid. At the end 
of 16 hours only about 100 ml solvent remained in the tank, 

the plates were still completely wet with solvent, and 
development had ended. The separated sapogenins were re-cry- 

stallised (85% aqueous methanol) and desolvated at 70® and



ïi‘ig.lïï.5 Apparatus designed for the Preparative -T.L.C. separation
of diosgenin and yamogenin by continuous elution. 2 2 8
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1 m m, Hg over silica gel for 18 hours. Continuous elution 

2T.L.C. and infrared confirmed that the two epimers obtained 
by the P-T.L.C. procedure were pure. Characterisation of 
these epimers is reported in the Introduction, p. 38

(vi) THE INFRARED SPECTROPHOTOMETRIC DETEHIINATION OF 
DIOSGENIN AND YAMOGENIN INDIVIDUALLY, AND AS THEIR 

HIkTURES. Discussion, p.79

Instrumentation

A Hilger h 800 double beam recording infrared spectfo- 
photometer with rock salt prisms was used to produce the cali
bration spectra, under the following conditions: 1 mm path
length cell, slit 550^ at 900 cm"^, autoslit 25, gain 7, 
damping 4, scan speed 33 min/rev.

Infrared calibration procedure

Because of the small quantities of pure sapogenins avail
able, for solutions of a single sapogenin, 20 mgm (to nearest 
0.1 mgm) was weighed into a tared 2 ml volumetric flask, made 
up to volume with analar chloroform and weighed. Solution, 
0.4 ml, was added to the dry infrared cell and the spectrum 

run three times over the 1050 to 850 cm"^ region. From the 
remaining solution, I .4 ml was transferred to a tared 2 ml 
volumetric flask, weighed, made up to volume and re-weighed. 
Between solutions the infrared cell was cleaned with analar 
chloroform, dried rapidly in a vacuum oven at 50° and allowed 
to cool to room temperature. A concentration range of 1.05 
to 0.15% w/v was followed. When making mixtures of the sapo

genins, the minor epimer, if 5 mgm or less, was weighed using 
a 5 mgm torsion balance.
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The response of the instrument was checked before use by

obtaining the spectrum of polystyrene over the 1050 to 85O
cm~^ range and comparing it with that previously obtained.

-1Calculation of the absorbance at IO3O cm was found to vary 

within the limits O.4I2 to 0.423 over a period of one year, 
and thus values within these limits were evidence of no change 
in sensitivity of the instrument. This routine check was 
made each time before determination of sapogenin contents from 
seed samples by the column plus infrared procedure.

Accuracy of the calibrations

Diosgenin and yamogenin were weighed separately to test 
the Direct Method at 0.5% w/v and then together at the same 
concentration to test the Ratio Method. This also gave a 
direct comparison of the values for the individual sapogenins 
calculated by both methods. Table III.2. The effect of total 
sapogenin concentration on the accuracy of the Direct and 
Ratio Methods was checked using D;Y ratios 9:1, 1:1 and 1:9, 
each at four concentrations, and the Coefficient of Variation 
calculated from the results of twenty replicate traces for each 
concentration. Table III.3 .
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Table III.l Comparison of sapogenin (% m.f.b.) obtained by using

-1 .900 cm calibrations prepared with (B) diosgenin,
and (a ) diosgenin in the presence of yamogenin, D;Y
ratio as appropriate, for the determination of total
sapogenin by the ratio method.

Corrected 
absorbance 
at 900cm

D:Y Ratios

1:1 2:1 3:1 4:1 9:1
A B A B A B A B A B

0.100 0.72 0.76 0.55 0.57 0.49 0.50 0.46 0.47 0.42 0.42

0.150 1.11 1.20 0.87 0.90 0.77 0.80 0.72 0.75 0.67 0.67

0.200 1.47 1.62 1.17 1.22 1.04 1.08 0.98 1.01 0.90 0.90

0.250 1.84 2.07 1.48 1,55 1.32 1.38 1.24 1.29 I.l4 1.15

0.300 2.22 2.51 1.79 1.88 1.59 1.67 1.49 1.57 1.37 1.40

0.350 - 2.09 2.21 1.86 1.96 1.75 1.84 1.61 1.63

0.400 - - 2.13 2.25 2.00 2.11 1.85 1.88

0.450 - - - 2.24 2.39 2.09 2.12

0.500 - - - - 2.32 2.36

RANGE OF
ERROR

B-A X 100% 
A

5 to 13% 4 to 6% 2 to 6% 2 to 7% 0 to 2%



Table III.2 Accuracy of the infrared calibration
graphs.
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Sapogenin Weight % w/v Calculation
method

Found Error

diosgenin 10 mgm 0.53 direct 10.1 mgm + 1%
yamogenin 10 mgm 0.53 direct 10.3 mgm + 3%
diosgenin 10 mgm-

1.06

ratio, 
D > Y

calc.as 9.96 mgm
9.96 mgm

-0.4%
-0.4%

yamogenin 10 mgm ratio, 
Y > D

calc.as 9.8 mgm 
10.2 mgm

-2%
+2%
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Table II1.3 Effect of the Total Sapog;enin concentration on 

the Coefficient of Variation of the Direct 

Method and Ratio Method.

Method of 
Calculation

Sapogenin
mixture

Sapogenin 
concen
tration 
% w/v

Coefficient of Variation 
of sapogenin concentration
dios-
genin

yamo-
genin

total
sapogenin

Direct D:Y 9:1 1.0 1.33 > 10 1.24
0.75 1.27 > 10 0.86
0.50 2.35 >  10 1.60
0.25 3.23 > 10 2.23

Ratio, Calc. D:^ 1:1 1.0 1.35 2.87 1.73
as D> Y 0.75 2.51 2.18 1.66

0.50 1.55 3.82 1.86
0.25 2.67 4.82 2.71

Ratio, Calc. D:Y 1:1 1.0 1.57 1.90 1.80
as Y > D 0.75 3.31 3.35 1.83

0.50 2.76 2.18 1.06
0.25 3.69 4.96 2.73

Direct D:Y 1:9 1.0 > 10 2.61 2.15
0.75 > 1 0 2.19 1.67
0.50 > 10 2.05 1.62
0.25 > 10 3.68 1.27

Confidence intervals for P = 0.05 may be calculated by 
multiplication of C.V. by 2.09, where N is the number of

y î T
times the spectra is determined for the same sample.
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Fig.III.9 Infrared spectrophotometric calibration graph 

fQr dîQsgeriln and yamogenin at 98O cm ^
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EXPERIMENTAL

CHAPTER 2.

A COMBINED COLUMN-CHROMATOGRAPHIC AND INFRARED SPECTROPHOTO

METRIC PET E m i  NAT I ON OF DIOSGENIN AND YAMOGENIN IN FENUGREEK 
SEED.

Chromatographic columns. These were made with a 10 mm bore 
and an effective length of 30 cm and included an integral 
sinter (porosity 0) and tap. The columns were fitted with 
100 ml separating funnels and, when large volumes of solvent 
caused air locks to form at the top of the columns, the air was 
released by inserting a length of PTFE tubing through the bore 
of the tap.

Fenugreek seed. This was obtained from London Spice Market. 
Commercial Moroccan seed was sorted to remove weed seeds and 
soil, but not immature seed. The moisture content was ascer
tained by determining the loss on drying at 103°C for 16 hours 
on duplicate 5 g seed samples. All infrared results were 
expressed on a moisture-free basis.

(i) THE ROUTINE CQLITMN AND INFRARED PROCEDURE FOR THE ANALYSIS 
OF 2.3 g SEED. Discussion p. 90

The cfude extract was prepared by refluxing 2.5 g of whole 
seed with 100 ml of 2N hydrochloric acid for 2 hours. The 
mixture was cooled and filtered and the residue made alkaline 
with dilute ammonia solution before being dried overnight at 
70°. This material, vd.th its filter paper, was extracted in 

a soxhlet apparatus for 24 hours with light petroleum (b.p. 
40-60°), which was then removed using a vacuum rotary evapor
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ator, leaving a yellow oily residue. Hexane:ethylacetate 
(9:1) was used to make a slurry with 6 g silica gel for 
adsorption (Woelni, activity II), it was stirred to remove air 
bubbles and poured into the column which contained the same 
mixture of solvents. The column was vibrated to ensure even 
packing and a filter paper disc added to the top of the 

adsorbent. The oily residue was then transferred to the 
column by using a total of 10 ml of the solvent mixture, and 
collection of the eluate was begun at a flov/ rate of 1 ml per 
min. A further 90 ml of the same solvent mixture were added 
and 35 ml of eluate (which contained all the unwanted material) 
collected, plus three 5 ml fractions for a TLC check. Then,
55 ml of a 5:1 mixture of the solvents were used to collect 
40 ml of eluate (containing diosgenin and yamogenin together), 
again followed by three 5 ml fractions for the T.L.C. check. 
The residues follov/ing evaporation of each of the 5 ml 
fractions v;ere dissolved in 1 ml chloroform and 10 ^1 applied 
to a silica gel G plate which was placed in an ’S' chamber 
with a hexane:ethyl acetate (4:1) mixture, which was allowed 
to run for 15 cm. After drying, the plates were sprayed with 
antimony trichloride (50Q3 w/v in concentrated hydrochloric 
acid) and heated at 100° for 15 minutes.

All the diosgenin and yamogenin fractions from one column 
were bulked, evaporated to dryness and left in vacuo overnight 
at 50° to remove moisture and yellow pigment. The residue 
was dissolved in 3*92 ml of analar chloroform (the same 4 ml 
flask was used each time) and the solution kept in sealed 5 ml 

amber ampoules until the start of the infrared analysis. All 

the solutions from one experiment were assayed in random 
order on the same day and checked for purity by T.L.C. The
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spectrum from each solution was determined three times over 
the frequency range from 1050 to 850 cm ^ by using a Hilger 
h800 spectrophotometer, under the conditions used in Chapter 
1 to prepare the calibrations using the sapogenins isolated 
by P-T.L.C. The diosgenin content was obtained from a graph 
of diosgenin contents at a v;avenumber of 900 cm ^ prepared in 
the presence of yamogenin at the same diosgenin to yamogenin 

concentration ratio (6:4) as was present in the seed used.
The yamogenin content was calculated from the diosgenin value 
by simple proportion, as the exact D:Y concentration ratio 
was provided by the ratio graph, Fig.II.3. The total sapo
genin content was the sum of the individual sapogenin values.

(ii) PET E m i  NAT I ON OF II^ERFERENCE OCCURRING DURING INFRARED
ANALYSIS OF THE CRUDE EXTRACT. Discussion p. 95

The crude extract from 2.5 S of seed was column chromato
graphed as above except that the eluate was collected in 5 ml 
fractions, each fraction being checked for identity by T.L.C., 
and then bulked into the fractions a, b, c and d, Fig.II.6.
The residues from these were each dissolved in 5 ml of analar: 

chloroform and the infrared spectra determined. Fig.II.7. The 
effect on the result of the infrared analysis of diosgenin 
plus yamogenin was determined by mixing equal volumes of the 
other fractions with fraction b in the following combinations: 
a + b ,  a + b + c ,  a + b + c + d .  Each mixture was evaporated 
to dryness, dissolved in the same volume of chloroform as the 
volume of fraction b taken and assayed for diosgenin plus 
yamogenin.
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Fig.III. 10 COLUMN CHROMATOGRAPHY OF CRUDE EXTRACT OF FENUGFEEK 

BY THE ROUTINE METHOD p.RpAND BY THE IMPROVED METHOD 
USING WATER-TREATED SOLVENTS p.lOj 
INTREPRETATION OF T.L.C. RESULTS, p.2(^
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(iii) FURTHER STUDIES ON THE CONDITIONS USED FOR THE ROUTINE 

COLUMN CHROMATOGRAPHIC PROCEDURE
Adsorbent activity, composition of solvent mixture and yellow 

pigment. Discussion p.

Commercial Moroccan fenugreek seed was sorted to remove 
all material other than fenugreek, namely seeds, stalk and 

soil (2.7% total). Because the sapogenin content of a com
mercial sample was required, immature seed was not removed, 
although its absence would have given a slightly higher sapo
genin result. The seed, 125 g» was hydrolysed with 2N hydro
chloric acid, 500 ml, for two hours and the crude extract 
obtained by the usual procedure. After removal of the 
petrol, the oily residue was made up to 250 ml with analar 
chloroform. For column chromatography, 5 ml portions (bulb 
pipette) were transferred to 100 ml round-bottom flasks, 
evaporated to dryness and applied to the column as previously 
described, p. For the solvent mixture hexane;ethyl acetate
9:1 was used throughout the development, using six separate 
columns, the total diosgenin plus yamogenin content was found 
to be 1.04, 1.10, 1.08, 1.06, 1.09 and 1.11% m.f.b., mean 
value 1.08% m.f.b. When the routine procedure of 9:1 mixture 
followed by 3:1 mixture was used in six columns the diosgenin 

plus yamogenin content was found to be 1.05, 1.10, 1.10, 1.06, 
1.10 and 1.08% m.f.b., mean value 1.08% m.f.b.

(iv) THE DETERMINATION OF RECOVERY OF SAPOGENIN FROM THE COLUMN
Discussion p. 97

Crude sapogenin, 310 mg, obtained from the crude extract 
of the seed by crystallisation from petrol was purified by 
column chromatography under the conditions: silica gel
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Fig.III.11 THE INFRABED ANALYSIS OF YELLOW PIGMENT,

AT FIVE TIMES THE CONCENTF^TION PRESENT 
IN 2.5 g MOROCCAN SEED (RH.1766)

I—I

I—I

m
r— I

in

I—I

I—I

VDLT\ CO

PERCENTAŒE TRANSMISSION



245
activity II, 55 g, made into a slurry with hexane: ethyl 
acetate, 9:1 and packed into a 20 x 300 mm column. The 
crude sapogenin was applied dry to the top of the column and 

developed with hexane:ethyl acetate, 9:1» at a flowrate of 2 

ml/per minute until T.L.C. showed that sapogenin was being 
eluted. Development was then continued using hexane:ethyl

acetate, 3:1 until all the diosgenin and yamogenin had been 
eluted. Ethyl acetate was used to remove the more polar 
sapogenins, mainly gitogenin, from the column. After crystal
lisation from 85>o aqueous methanol, 245 mg diosgenin plus yamo
genin and 35 mg gitogenin were obtained. T.L.C. confirmed 
the purity of the diosgenin plus yamogenin sample; infrared 
analysis was used to obtain the precise % purity. This pro
cedure was repeated whenever required to obtain further suppHes 
of pure sapogenin mixture.

Sapogenin-free fenugreek oil was obtained by extracting 
powdered Moroccan seed v;ith light petroleum for 24 hours and 
removing the solvent in vacuo. A T.L.C. check confirmed the 
presence of fractions (c) and (d) and the absence of fractions 
(a) and (b). Fig.II.6. Acid-treated oil was then obtained by
subjecting this oil to a procedure similar to that used to 
obtain the crude sapogenin-containing extract from the whole 

seed. The yellow oil, 7 g, was refluxed with 2N hydrochloric 
acid, 200 ml, for 2 hours, using a hot-plate fitted with a mag
netic stirrer. When cold the acidic aqueous phase was removed 
using a separating funnel and the oil washed v/ith 250 ml 
portions of distilled water, 10% ammonia solution and distilled 

water until the pH was neutral. Most of the remaining v;ater 

was removed by pouring the oily mixture into a wet filter paper. 

The filter funnel and its contents were left to drain into a



246
conical flask overnight in an oven at The product was

a clear yellowish-brown oil, 3*5 S> all of which dissolved in 
light petroleum. The soxhlet extraction stage was therefore 
omitted and the petrol removed in vacuo; T.L.C. gave the same 
results as before hydrolysis.

Weighed amounts of sapogenin-free acid-treated oil and 
diosgenin plus yamogenin sapogenin mixture were dissolved in 
chloroform so that 4 ml (run in from a bulb pipette) contained 
30 mg of sapogenins (equivalent to 1.2 per cent in the seed) 
and 230 rng of oil (equivalent to 10 per cent in the seed).
The 4 ml samples v;ere evaporated in vacuo and transferred to 
columns by using 10 ml of a 9:1 mixture of hexane: ethyl 
acetate,

(v) THE DETER'ilNATIOH OF ERROR OF THE COMBINED COLUI-iN
CHROMATOGRAPHIC AIM'D INFRARED SPECTROPHOT OMET HI C ROUTINE 
PROCEDURE. Discussion p.97

Crude extract, 250 ml, was prepared as described for the 
study on adsorbent activity. Experimental p.^43 six columns 
per day were run simultaneously as Experimental p. 2.3»8 , T.L.C. 
checks made, sapogenin fractions bulked, evaporated in vacuo 
and the sapogenin residues left overnight in vacuo at 50° to 
remove traces of moisture and yellow pigment. The dry 
residues were dissolved in analar chloroform, made up to 5 ml 

(same volumetric flask used throughout, volume found to be 
4.93 ml by weight), and the solutions sealed in amber ampoules. 
These were stored in a refrigerator until required for infra

red analysis, which was done in random order, on the same day, 

each spectrum being run 3 times.

Moroccan seed, moisture content 10.45%» free of weed seeds
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and soil, was assayed by the routine procedure, Experimental 

p. The solutions were ampouled, stored and assayed as

above.
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Table III.4. Determination of the error of the combined 

Column Chromatographic and Infrared Spectro
photometric method, on twelve 2.5 g seed 
samples, each column used once.

Sapogenin, per cent; m.f b.

Assay No. Diosgenin Yamogenin Total

1 0.583 0.357 0.940

2 0.574 0.401 0.975

5 0.564 0.418 0.982

4 0.586 0.395 0.979

5 0.587 0.571 0.958

6 0.582 0.578 0.960

7 0.595 0.405 1.000
8 0.610 0.565 0.975

9 0.582 0.554 0.916

10 0.582 0.415 0.995

11 0.568 0.572 0.940

12 0.565 0.557 0.922

mean 0.582 0.580 0.960

st an dard 0.0130 0.0259 0.0275
deviation

Coefficient of 2.24 6.81 2.84
Variation

% Range of Error, -5 .5̂ 0 -10.6% -4.4%
t at P = 0.05,
for duplicate
assays, = 2.2 C.V.

2
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CHAPTER 3.

AN IMPROVED COLUMN PROCEDURE FOR THE ISOLATION OF PHYT'OSTEROLS
AND SAPOGENINS. Discussion p. lOl

(i) SOLVENT CaiPOSITION AND SEQUEIM'CE

Ethyl acetate was shaken with water, frequently, during 
one hour, allowed to separate and the wet ethyl acetate col
lected. Dry hexane and v/et ethyl acetate, in the required 
proportions, were mixed, shaken, and 10 minutes later the 
cloudy mixture was passed through filter paper that had been 
previously soaked with dry ethyl acetate or dry hexane. If 
any water droplets were carried over during the filtration, 
then a second filtration was used to remove them.

Solvent mixtures that were identical in their proportions 
of hexane and ethyl acetate and differed only in that the mix
tures were either water-free or wet were mixed together so 
that in the final mixture,: 20)6 v/v of the solvent used had 
been previously wetted as above.

(ii) THE ISOLATION OF GITOGENIN

At the end of stage 6, Table 11,6, a mixture of minor 
sapogenins, mainly gitogenin, remain on the column. A study 
of the solvent mixture needed to isolate gitogenin from the 
other sapogenins was made using hexane:ethyl acetate in the 

proportions 7:3, 3:2, 1:1, 2:3, 3:7 and 1:3. It was found 
that with 2:3, most of the minor sapogenins were eluted in 20 
ml with the gitogenin in the next 13 ml. Fig.Ill,10. A 

slightly cleaner separation could be achieved using a 3:2 
solvent mixture, but required an extra 30 ml to elute the 
minor sapogenins.
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(iii) THE REPEATED USE OF COLUMNS. Discussion p. lOi

A column was tested using the solvent sequence in Table

II.6 for its suitability for repeated use, using a bulk 
solution of fenugreek crude extract. All the eluate was col
lected in 3 ml portions by a fraction collector (L.K.B.Ltd., 
Ultrorac) at a flowrate of 1 ml per minute and solvent 
removed spontaneously and completed in vacuo. The residue 
dissolved in 1 ml chloroform and 10 ^1 applied to a T.L.C. 

plate. After development and visualisation with antimony 
trichloride 300% in concentrated hydrochloric acid the results 
were traced and kept for comparison with the next separation 
sequence obtained with the same column. Vi/hen a solvent mix
ture containing 10̂ 6 v/v of water-saturated solvents was 
repeatedly used, the bandwidths of components eluted became 
wider, and retention volumes increased. This effect was even 
more pronounced when dry solvents were repeatedly used. A 
mixture containing ZQP/o v/v of wet mixed solvents gave exactly 
reproducible separations, with no change in bandwidths or 
retention volumes for free phytosterol or sapogenin, and a 
little variation for the gitogenin isolated, probably due to 
minor variations in flowrate. The presence of water in the 
solvents did not influence the quantity of diosgenin plus 
yamogenin sapogenin collected. Results of 0.72^6 m.f.b.,

0.73 and 0.70% m.f.b., 0.72, 0.76, 0.72 and 0 . 7 ^  m.f.b. were 

obtained by infrared analysis of the sapogenin isolated using 
dry solvents, 10% v/v solvents water-treated and 20% v/v sol
vents water-treated, respectively.
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(iv) DESIGN OF THE COLUMN APPARATUS. Discussion p. 104-

The PTFE connectors were designed by Professor K.V.Diprose 

and made by the School of Electrical Engineering, University 
of Bath. The connectors were machined from P.T.F.E. rod 
such that (a) the internal diameter of the central bore of the 

connector v/as slightly less than the outside diameter of the 
P.T.F.E. tubing, and (b) the outside diameter of the connector 

was slightly larger than the internal diameter of the glass 
tubing. In this way solvent-proof joints were obtained.
Joint (a) was made by mald_ng a long sloping cut end on the 
P.T.F.E. tubing, threading it through the bore of the connector 
and pulling the P.T.F.E. tubing through it. The sloping end 
was then cut off, a cone end made, and the cone pulled back 
against the connector. Joint (b) was obtained by pushing 
the connector plus P.T.F.E. tubing as far as possible into 
the glass tubing. The column apparatus, Fig.II.8, required 
sixty of these connectors, they have all been in constant use 
for two years and none have leaked or needed replacing.

A wide range of adhesives, including Araldite and Dunlop 
Epoxy Adhesive failed to provide a solvent-proof joint betv/een 
the P.T.F.E. tubing and the glass capillary tubing of the taps 
needed on the column apparatus. Secotine, a water-based 
glue, was least affected by the organic solvents but shrank 
and cracked as it dried, mailing the joint unreliable and easy 
to break.

The following peristaltic pumps were tested:- Quickfit 

Multichannel, and Watson-Marlow Delta, both used flexible peri

staltic tubings. The Unipan Microdose pump (335), from Poland, 
was also tested although it had only two channels because it
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Fig.III.12 INFEIABED SPECTRA OF CHLOROFORM-SOLUBLE RESIDUES FROM

PERISTALTIC TUBINGS EXTRACTED WITH HEXANE;ETHYL
ACETATE 3:1

A, SILICONE RUBBER (LKB)
B, SILESCOL (ESCO)
C, ACIDFLEX (TECHNICON)
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did not use peristaltic tubing, but the flowrate pulsed badly. 
Flexible tubings that could be used v;ith the above pumps were 
tested for their resistance to hexane:ethyl acetate, 3î1> by 
soaiiing one inch lengths in the solvent for 24 hours or 
longer, evaporating the solvent to dryness and testing the 
dissolved residue in analar chloroform by infrared analysis 
over the 1050 to 850 cm"^ range. All the tubings tested gave 
interference in this region; they were silicone rubber tubing 

L.K.B. Ltd. and Esco (Rubber) Ltd. , Vinescol-23, a fluorin- 
ated synthetic rubber Esco (Rubber) Ltd. , Acidflex and Solva- 
flex (Technicon Ltd.), Viton, Neoprene and Butyl rubber (Watson- 
liarlow Ltd.). Vinescol-23 v/as the most resistant to the sol
vent mixture, but swelled after several days and became 
unusable. It was found that after these analyses had been 
performed the test cell of the spectrophotometer had become 
coated internally with these extracts, and required dismant
ling followed by careful cleaning with analar chloroform and 
lens tissue.

(v) METHOD OF USING THE COLUMN APPARATUS. Discussion, p. lOif-

The column was packed with 6 g adsorbent by the slurry 
method using hexane:ethyl acetate, 9:1, and vibrated to settle 
evenly. The space above the adsorbent was filled with the 
same solvent mixture from the reservoir, the upper column end- 
piece inserted and excess solvent plus air diverted via the 
3-way tap to the Sample Tube. All solvent in the Sample Tube 
was removed and the crude extract sample transferred to the 
Sample Tube in small portions of hexane:ethyl acetate, 9:1.

Each small portion of extract was siphoned on to the adsorbent 

via the 3-way tap by the collection of eluent. A total of 10
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ml solvent mixture per column was used for this purpose, and 
at this point the collection of eluate was stopped. The 
other columns were then treated similarly. Development 
of all the columns was carried out simultaneously with the 
appropriate solvent mixture from the reservoir. Flowrates 

were adjusted to 1 drop per second, and then to 1 ml per 
minute using a stopclock.

An *S* bend was added to the apparatus to prevent air 
leakage into the tap from reaching the adsorbent in the 
column. Crude extracts having a low fixed oil content may 
deposit sapogenin in hexane:ethyl acetate, 9:1 mixture. To
avoid blockage of the tubing these samples were applied 
directly to the top of the adsorbent using the same solvent 
mixture, and then the column end-piece was replaced.

(vi) THE PET E m  I NAT I ON OF ERROR OF THE IMPROVED COLUMN
CHROMATOGRAPHIC AND INFRARED SPECTROPHOTOMETRIC ASSAY
FOR DIOSGENIN AND YAMOGENIN. Discussion, p. (OS’

Moroccan fenugreek seed, 125 S> were hydrolysed and ex
tracted as before. Experimental p . t o  yield 250 ml crude 
extract in chloroform. A bulb pipette was used to transfer 
5 ml quantities to a round-bottom flask, the contents evapor
ated to dryness in vacuo and the residue transferred to the 
column using 10 ml hexane:ethyl acetate, 9:1. The twelve 
columns used to test the reproducibility and error of the 
method were run simultaneously. When four columns were 
repeatedly used, again they were run simultaneously, together 

with a fifth column that was connected to a fraction collector. 

Tables III.5 and III.6.

Thin-layer chromatographic analysis was carried out on



Table III,5 Reproducibility of the Sapogenin Value 
when the columns v;ere used repeatedly
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Wo, of times 
Column used

Wo. of 
results

Mean Sapogenin values 
percentage m.f.b, 

A B C

12 0.90 0.57 0.35

4 0.91 0.59 0.32

4 0.89 0.57 0.32

4 0.92 0.60 0.32

4 0.91 0.59 0.32

Mean of columns used 

2, 3» 4 and 5 times 0.91 0.59 0.32

A = diosgenin plus yamogenin 
B = diosgenin 
C = yamogenin



Table III,6 Determination of the error of the Improved 
Column Chromatographic and Infrared 
Spectrophotometric method.
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Sample
Mean Sapogenin 

% m.f.b.
Standard
Deviation

Coefficient
of

Variation

Crude extract, A. 0.90 0.014 1.6
12 results. B. 0.57 0.009 1.7
Columns used 
once

C. 0.53 0.011 5.3

Crude extract, A. 0.91 0.019 2.1
4 columns x B. 0.59 0.012 2.0
4 results 
each.

C. 0.52 0.014 4*4

Seed, 12 x A. 1.04 0.016 1.6
2.5 g. B. 0.64 0.012 1.9
Columns used 
once

C. 0.4D 0.015 3*8

A = Diosgenin plus yamogenin 
B = Diosgenin 
C = Yamogenin
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every 4 ml fraction collected from the column. On its second 
to fifth time of use, the column separated the free phyto

sterol into fractions 13 to 22, 10 to 17, 13 to 21 and 13 to 
20 respectively. The diosgenin plus yamogenin occurred in 

fractions 25 to 32, 19 to 29, 25 to 3I and 23 to 29 respect
ively, and the gitogenin in fractions 42 to 49, 40 to 45, 43 

to 45 and 40 to 43 respectively. These results showed that 
variations in band elutions were slight and due to flov/rate 
variations only. There was no progressive change that would 

indicate any alteration in adsorbent activity level, for 
example gitogenin was always found in fraction 43»

(vii) SAMPLE LOADING ON THE COLUI»iH. Discussion, p. 102

The same crude extract as the previous paragraph (vi) 
v;as used. The volume of solvents described, Table II. 6, were 
used except that additional volumes of hexane;ethyl acetate, 
3:1, were collected after stage 6. The T.L.C. checks at 
stages 4 snd 6 showed that some widening of the sterol and 
sapogenin bands occurred, but that they were contained within 
the volumes of solvent available in the routine procedure, i.e. 
the extra volumes of hexane;ethyl acetate, 3:1» collected did 
not contain sapogenin. The results. Table III.7, show that 
the routine procedure will cope with three times and probably 
four times the levels of sterol, sapogenin and fixed oil nor
mally encountered in commercial Moroccan seed. This means, 
probably up to 4 mg sterol, 100 mg sapogenin and 8OO mgm fixed 
oil. The result for the highest sample loading was based on 
one assay only, as no more of the crude extract was available. 

The sapogenin fraction in each case was dissolved in sufficient 
analar chloroform to yield approximately a 0.6% w/v solution.



Table III.7 Reproducibility of Sapo/?enin Result with 
increase in sample loading on the column
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Sample
Volume
of
crude
extract

Mean Sapogenin, 

A B

% m.f.b. 

C

1 5 ml 0.90 0.57 0.33

2 10 ml 0.90 0.60 0.30

3 15 ml 0.91 0.59 0.31

4 20 ml 0.90 0.57 0.33

A = diosgenin plus yamogenin 
B = diosgenin 
C = yamogenin

Results 1, 2 and 3 are the mean of duplicate assays. 
Result Zf is one assay only.
Volume of crude extract equivalent to 2.5 S seed is 5 21I.
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(viii) RELATIONSHIP OF THE SAFQGBNIH RESULTS OBTAINED BY THE 

IMPROVED COLUMN PLUS INFRARED PROCEDURE, TO THE 
DIRECT INFRARED ANALYSIS OF THE CRUDE EXTRACT. 

Discussion, p. 104

Fenugreek seed of Ethiopian (Samples 1, 2, and 3» Table 
III.8); Moroccan (Samples 4 and 5) and Indian-Pakistan 

(Samples 6 and 7) origin were assayed for diosgenin plus yamo
genin content by two separate methods. (A) The improved 
column plus infrared method using water-treated solvents, Dis
cussion, Chapter 3» (B) The direct infrared analysis of the
crude extract followed by calculation of the sapogenin content 
from graphs prepared with diosgenin and sarsasapogenin, by the 
Ratio Method, according to Brain et al.^. The seed were 
assayed by both methods at the same time. The results showed 
that method (A) varied from 63 to 80 per cent of the result 
obtained by method (B). This was considered to be too vari
able to enable method (B) to be retained even as a rough but 
quick procedure. This confirmed the variability of method 
(B), whether calculated with sarsasapogenin, or with yamogenin 
as shown earlier, E, Table H.S" p. 44 The results also
showed that the solvent sequence of method (A) dealt 
adequately with a diosgenin plus yamogenin content of from 
18 mg (0.896 m.f.b.) to 32 mg (1.4% m.f.b.), all the sapogenin 
being eluted within the 40 ml allocated.
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Table III.8 Relationship of the sapogenin results 

obtained by the improved column plus 
infrared procedure (A) to the direct 
infrared analysis of the crude 
extract (B).

Seed
Sample

Total Sapogenin 

A

, % m.f.b.

B
g X 100%

1 1.38 2.13 64.8
2 1.31 2.06 63*6

3 1.39 1.84 75.6

4 1.23 1.64 75.0

3 1.00 1.43 69.9
6 1.20 1.53 77.4
7 0.82 1.03 79.6

(A) is the mean of duplicate 2.5 g seed assays

( B )  I I  I I  I I  I I  I I  5  g  I I  I I
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EXPERIMENTAL 
' CHAPTER 4

THE ANALYSIS OF PHYTOSTEROLS BY GAS CHROMATOGRAPHY

(i) THE DEI'ERMINATION OF SITOSTEROL

A Perkin-Elmer F-11 (Mark 1) dual glass column gas 
chromatograph, with flame ionisation detector and a Leeds and 
Horthrup ’’Speedomax W", 1 mV recorder, was used. The liquid 
stationary phase was 5% OV-101 coated on Chromosorb G High per
formance, 80-100 mesh, supplied by Perkin-Elmer Ltd. Glass 
columns of 3 internal diameter and of 1 metre length were 
made in the University. These were washed with 0.5 N hydro
chloric acid, distilled water, 0.5 N methanolic potassium 
hydroxide, methanol until neutral, then oven dried and capped. 
They were packed using a combination of reduced pressure and 
vibration until no further settling of the powder occurred. 
Conditioning of the columns was carried out at 200° for 2 days, 
then 230°, 250° and 260° for 1 day each at a low gas flowrate, 
disconnected frog the detector. Nitrogen (oxÿgen-free) was 
used because of its lov/ levels of oxygen ( <  10 ppm compared 
to 0.5% in the ordinary grade) and water ( <  15 ppm compared 
to about 200 ppm). A molecular sieve (B.D.H. Type 5A 
aluminium calcium silicate pellets) was fitted into the nitro

gen line as a further precaution against moisture.

Quantitation of peak sizes was by means of a Disc Inte
grator (Disc Instruments) fitted to the recorder. The inte
grator zero was adjusted to coincide with the recorder zero, 
and then the integrator value per mm obtained for each of the 
first fifteen lines above the recorder zero, The values ob

tained were used to construct a graph. Fig.III.I3 , which was
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used to calculate the background integrator value under each 
peak. This value was subtracted from the total integrator 
value of the peak. This method was much simpler to use than 
the equation suggested by Disc Instruments.

The columns were fitted with glass injection liners and 

sample injection was by the use of a 5 Jil S.G.E. microsyringe 
fitted with repeating adaptor and 3 inch needle for "hot-zone" 

injection.

CALIBRATION PROCEDURE

Gas chromatography was carried out under the following 
conditions: oven temperature 250°, injection block temper
ature 290°, nitrogen (oxygen-free) I5 p.s.i., 60 ml/min at 
250°, hydrogen 18 p.s.i., air 30 p.s.i., attentuation 5 x 10“^, 
chart speed 30 inch/hour.

A solution of cholestane (99% pure, Field Instruments,
20 mg, torsion balance) in 20 ml ethyl acetate (I9.83 ml by 
weight) was used as internal standard and sitosterol (95% pure, 

Field Instruments, 2.5, 5, 7.5» 10 and 12.5 mg, torsion 
balance) in 2 ml ethyl acetate (accurate volumes determined by 

weight) were used to prepare the calibration solutions.

An all glass Agla micrometer syringe (Burroughs Wellcome), 

of tested accuracy, capacity 0.5 ml, was used to measure 0.25 
ml of the cholestane solution and 0.25 ml of each of the sito
sterol solutions in turn into glass,screw cap septum vials,
3*5 ml. The solution in each vial, containing cholestane and 
a sitosterol solution was evaporated to dryness in a vacuum 

oven at 60° and 0.25 ml of B.S.A. reagent Bis-(trimethylsilyl)- 

acetamide (Phase Separations) was added. The cap was replaced
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tightly and the tube left at 60° for 30 minutes. For the two 
stronger solutions of sitosterol, 0.23 ml reagent was found 
to be not quite enough, so that 0.5 ml reagent was used. 
Quantities of 1.5 jil were used for all the G.L.C. analyses 
except the two strongest sitosterol solutions, when 2.5 jul 
and 2 jil were used. Injections were made singly, and a 
typical separation, including integrator calculation, is shown 

in Discussion, Fig.II.9» Each solution was analysed twice 
for the calibration and the ratios of the peak values of sito
sterol to cholestane plotted against concentration of sitosterol 

Fig.III.14.

(ii) THE ROUTINE PROCEDURE FOR THE GAS CHROMATOGRAPHIC
DETERMINATION OF SITOSTEROL IN THE STEROL FRACTION
ISOLATED BY COLUiiN CHROMATOGRAPHY. Discussion, p.1%0

The combined sterol eluates from the improved column pro
cedure were evaporated to dryness in a 25 ml round bottom 
flask, and the dry residue dissolved in 2 ml ethyl acetate 
(bulb pipette, accurate volume by weight). An Agla micrometer 
syringe was used to transfer 0.5 ml of this solution (accurate 
volume by weight 0.492 ml - 0.0025 ml) to a small screw-capped 
specimen tube. From a standard solution of cholestane, 1 mg 
per ml, 0.25 ml (Agla micrometer syringe, accurate volume by 
weight 0.246 ml - 0.0015 ml) was added to the sterol solution 
and evaporated to dryness in the specimen tube, in a vacuum 

oven at 60°. B.S.A. reagent, approximately 0.5 ml was added 
to the moisture-free residue, and maintained at 60° for 30 

minutes in the sealed specimen tube.

The reason for using only a quarter of the sterol fraction 

v;as to reduce the quantities of cholestane and B.S.A. reagent
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Fig.III.14 GAS CHROMATOGRAPHIC CALIBRATIONS FOR SITOSTEROL
T.M. SI-ETHER
(Results from Table II.8)

4.0

0.60.40.2
SITOSTEROL CONCENTRATION 

A - Disc integrator
B - Peak height x width peak at -g height 
C - Weight of peak area
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required. The sterol-T.M.Si-ether solution was found to 
give the same sitosterol to cholestane integrator ratio over 
a period of at least eight days when stored in a refrigerator. 
At the start and end of each days analyses, a calibration 
solution of sitosterol and cholestane was assayed in order to 
make any adjustment to the position of the slope of the sito
sterol graph. The other assays were carried out, in random 

order, in duplicate.

THE DETERilNATION OF RECOVERY OF SITOSTEROL FROM THE COLUMN 
Discussion p.l^î.

Moroccan seed, 100 g, was powdered, continuously extracted 
for 24 hours with light petroleum, and the fixed oil obtained 
by removal of the solvent. The oil was then dissolved in 
chloroform, as used in the routine sapogenin assay, and made 
up to 100 ml. Thus 1 ml oil solution was equivalent to the 
oil extracted from 1 g of seed. T.L.C. of this solution 
showed the presence of free sterols. The percentage of sito
sterol present was determined by applying the oily residue ob
tained by evaporating 5 ml of the solution to each of three 
columns. The sterol fractions from each column were bulked, 
converted to their T,k.Si-ethers as described p.%63 and assayed 
twice by gas chromatography. The mean results obtained were 

1.59, 1*54 and 1,55 mg sitosterol. Mean 1.56 mg, equivalent to 
0 ,03% m.f.b. seed; gas chromatogram illustrated in Fig.II.12.

A solution of sitosterol, 1% in chloroform, was assayed 
by transferring 5 ml (bulb pipette) to an ampoule, rinsing 

the neck and sealing. A portion was then converted to the 

T.M.Si-ether as described previously. This procedure would 
include any error introduced by the bulb pipette. This was
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carried out in duplicate. Each solution wias assayed twice 

by G.C. and gave 5.18 and 5*35 mg sitosterol, mean 5*26 mg.

The recovery of sitosterol from the column in the presence 

of oil was tested by mixing 3 ml of the oil solution (equi
valent to 3 S seed) with 5 ml of sitosterol solution, 
evaporating to dryness and applying to a column. This was 
carried out six times and the G.C. determination of sitosterol 
twice for each column. Table III.9*
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CHAPTER 5

THE INCUBATION OP FENUGREEK SEED UNDER CONDITIONS DESIGNED TO

PREVENT GERLxINATION

(i) INCUBATIONS V/ITH RIBOFLAVINE. Discussion p. 1X6

For the concentration of riboflavine at 0.04/j per dry 
weight of seed, 100 mg riboflavine was dissolved in 500 ml 
tap water and 10 ml added to a 500 ml flask. This was made 
up to 100 ml with tap water at 57°. For riboflavine con
centration of C.4/0 and 2.0/j, per dry weight of seed, 20 mg 
and 100 mg riboflavine, respectively, were added to the flask 
followed by 100 ml ta}] water at 37° and shaken mechanically 
for 5 minutes. Incubation was timed from the mor.ient that 
the 5 E sample of whole seed, (Moroccan, Rii.1766, moisture 
content 9»5e) was added to the contents of the flask. 
Incubations were at 37°, in the dark, and were stopped by the 
addition of 22 ml concentrated hydrochloric acid, to convert 
the water to 2il before refluxin^; for two hours. The 
procedure was continued as p. Ghap.\.Exp. , to obtain the 
crude extract in chloroform for direct infrared analysis. 

Riboflavine, 100 mg in 100 ml tap water, was incubated for 30 
hours at 37°, then acid hydrolysed and extracted as though 
seed had been present. The final residue was dissolved in 
chloroform and tested for infrared absorption over the assay 
ran^e. A variable background equivalent to about 90% trans
mission indicated very slight interference.



Table III.10. The effect of riboflavine on the yield of 
sapogenin obtained from Moroccan fenugreek 

seed (RH.1766), incubated at 37°.
Sapogenin content determined by infrared 

analysis of the crude extract.

270

Number Incubation 
Time (Hours)

Total Sapogenin 
%, v,/Wj m.f.b.

% Change 
relative to 
Expt. No.

Controls
1 0 2.12
2 3 2.23 1 6
3 6 2.35 1 11
4 9 2.19 1 4
3 12 2.16 1 2
6 15 2.03 1 -4
7 13 2.21 1 4
3 21 2.19 1 4
9 24 2.13 1 3

10 27 2.23 1 5
11 • 30 2.23 1 6

Riboflavine, 0.04% ner dry weight of seed
12 0 2.08 1 -2
13 3 2.23 12 8

2 1
14 6 2.43 12 17

3 3
15 9 1.94 12 -7

4 -12
16 12 2.31 12 11

5 7
17 15 2.23 12 8

11



Table III.10 (contd.)
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îïurüber Incubation 
Time (hours)

Total Sapogenin 
%, w/w, m.f.b.

% Change 
relative 
Expt. H 0

to

Riboflavine, 0.04/0 per dry weight of seed

18 18 2.33 12 12
7 6

19 21 2.46 12 18
8 12

20 24 2.34 12 22
9 16

21 27 2.32 12 12
10 4

22 30 2.49 12 20
11 11

Riboflavine, 0.4% per dry weight of seed

23 0 1.82 1 -14
24 3 2.23 23 22

2 0
23 6 2.16 23 19

3 -8
26 9 2.16 23 19

4 -1
27 12 2.06 23 13

3 -3
28 13 2.42 23 33

6 19
29 18 2.37 23 30

7 8
30 21 2.43 23 33

8 11
31 24 2.18 23 19

9 0
32 27 2.19 23 20

10 -2
33 30 2.47 23 36



Table III.10 (contd.)
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Number Incubation 
Time (hours)

Total Sapogenin 
%, w/w, m.f.b.

% Change 
relative to 
Expt. No.

Riboflavine, 2.(%d per dry weight of seed

34 0 1.99 1 -6
33 3 2.13 34 7

2 -3
36 6 2.19 34 10

3 -7
37 9 2.14 34 8

4 -2
38 12 2.12 34 7

3 -2
39 13 2.26 34 13

6 11
40 18 2.31 34 16

7 3
41 21 2.30 34 13

8 3
42 24 2.26 34 13

9 3
43 27 2.21 34 11

10 -1
44 30 2.30 34 16

11 3

Sapogenin content was determined by direct infrared analysis 
of the crude extract, and the results are the average of 

duplicate experiments. For the incubation times 0 to 13 
hours, the coefficient of variation was 3*1% and for 18 to 
30 hours was 3*6%. The % of sapogenin was calculated using 
graphs for pure diosgenin. Fig.Ill,7 and pure yamogenin. Fig.

pO
III.8 (wood calibration).
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Table III.11 The effect of Riboflavine on the yield of

sapogenin obtained from Moroccan seed (RH,1766) 
during incubation at 37°. Sapogenin content 
determined by the column plus infrared 
procedure.

TIMES
(hours)

CONTROL ADDITIVE 
% m.f.b.

0
24
48

0.91, 0.93, 0.92 
0.88, 0.93 
0.84, 0.87, 0.86

0.91, 0.92, 0.92 
0.92, 0.91, 0.87 
0.38, 0.91, 0.78

ANALYSIS OF VARIANCE FOR TOTAL SAPOGENIN
The % m.f.b. values were coded, x 100 and -83. F (Interaction) 
was found to be not significant, therefore the control and 
additive results were parallel compared to Times and were con
sidered together. The Error variance estimate was 12.18.

CALCULATED 
VARIANCE RATIO, F

DF CONFIDEl'ICE 
LEVEL, P

Interaction = < 1 2,11 0.03

Times = 4 . 3 2  2,11 O.03
Additive = < 1  1,11 O.O3

TABULATED 
VARIANCE RATIO, 

F*

3.98

3.98
4.84

/

A series of controls to which riboflavine was added immediately 
before acid hydrolysis was begun, showed that no interference 
to the column plus infrared procedure was caused by ribo

flavine. The % m.f.b. values obtained were, 24 hours 0.88, 

0.84%, and 48 hours 0.83, 0.o2, 0.87%.
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(ii) INCUBATIONS WITH GERANIOL

The conditions used by Fazli were followed, Geraniol, 

technical grade (BDH), 1 ml was added to 30 ml tap water at 
37° in a 230 ml flask, 5 S Moroccan seed moisture content 
10.43^8 added, stoppered and mechanically shalien for 3 minutes. 
Incubation was at 37° in the dark, each flask was sealed with 
a plug of non-absorbent cotton wool. Two sets of controls, 
both incubated with water only were used, but to one set after 
acid was added, 1 ml geraniol was also added. The extraction 
procedure was as routine, providing 10 ml crude extract in 
analar chloroform. This was divided to provide 6 ml (3 ml 
required) for the column plus infrared assay and 4 ml for 
direct infrared assay as used by Fazli.

It was found that, unlike the commercial Moroccan seed, 
the germination of Kenyan seed was slow and uneven, and that 
rapid, even germination had to be effected by preliminary 
treatment with concentrated sulphuric acid; a method is des
cribed elsewhere, p. 3 0 0 .  For the incubations under con
ditions designed to prevent germination this acid treatment 
was still carried out on Kenyan seed, thus bringing the seed 
to the same state of receptiveness to water as Moroccan seed. 
The conditions and procedure for incubation with geraniol 
and f.enyan seed were identical to those for I. or ocean seed, 
except that only the column plus infrared assay, requiring
2.3 g Kenyan seed, was used.



275
Table III.12 The effect of Geraniol on the yield of sapogenin 

obtained from Moroccan seed (RH.1766) during 
incubation at 37°. Sapogenin content 
determined by the column plus infrared 
procedure.

TIMES
(hours)

c o n t r o l
% HI. f.b.

ADDITIVE 
i? m.f.b.

COTjTROL p l u s
ADDITIVE 
% m.f.b.

0

24
48

0.03,0.94,0.88
0.90,0.90,0.90
0 .83,0.89,0.89

0.92,0.93,0.91

0.88,0.86,0.89

0.87,0.89,0.88

as for additive

1.00,1 .10,0.94

0.96,1.01,0.97

The mean % m.f.b. values at 0, 24 and 48 hours for Control 
(0.90, 0.90, 0.88) and for Additive (0.92, 0.88, 0.88) are con
sidered to be identical. The % m.f.b. values for Control and 
Control plus Additive were investigated by analysis of 
variance, and coded by XlOO and -33. F (Interaction) v/as not 
significant, therefore control and additive results were para
llel compared to Times and were considered together. The 
Error variance estimate was I3.I.

CALCULATED 
VARIANCE RATIO, F

DF

Interaction = 3*16 2,12
Times = 2.20 2,12
Additive =17.43 1,12

CONFIDENCj 
LEVEL, P

0.05
0.03
0.01

TABULATED 
VARIANCE 
RATIO, F*

3.89

3.89 

9.33 /

Therefore, there is a significant difference between the 

results for Control and for Control plus Additive occurred 

after incubation for 24 and 48 hours.
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Table 111,13 The effect of Geraniol on the yield of individual 

sapogenins obtained from Moroccan seed (RH.1766) 

incubated at 37°. Diosgenin (D) and
Yamogenin (Y) analysis by the column plus 
infrared method, TaLle III.12

Number Incubation
Time
(hours)

Mean
D+Y
%

Mean
D+Y
Ratio

Mean
D
%

%
CHANGE 
in D 
to (1)

Mean
Y
%

% CHANGE 
in Y 
to (1)

CONTROIjS

1 0 0.90 1.63 0.36 - 0.34 -

2 24 0.90 1.60 0.33 -1 0.33 +2

3 48 0.88 1.67 0.33 -2 0.33 -3

GERANIOL, 1 ml

4 0 0.92 1.33 0.36 0 0.36 +7
3 24 0.88 1.62 0.34 -3 0.34 -1

6 - 43 0.88 1.66 0.33 -2 0.33 -2

COflTROL, plus geraniol 1 ml added after incubation and after
acid.

7 24 0.98 1.36 0.60 +6 0.38 +13
8 48 0.98 1.44 0.38 +3 0.40 +19

Results 1, 2, 3, 3 and 6 indicate no change in diosgenin or 
yamogenin.

Results 4, 7 and 8 indicate an increase in yamogenin content



277
Table III.I4 The effect of Geraniol on the yield of sapogenin 

obtained from Kenyan seed (RH.2391) pre-treated 

with acid, during incubation at 37°. Total 
sapogenin content determined by the column plus 
infrared method.

TIMES CONTROL ADDITIVE CONTROL PLUS
(hours) % m.f.b. % m.f.b. ADDITIVE

% m.f.b.

0 1.44 1.44 1.39 1.37 as for additive

24 1.19 1.20 1.13 1.19 1.18
48 1.13 1.11 1.10 1.12 1.07

ANALYSIS OF VA2IAIICE FOR CONTROL AND FOR ADDITIVE

The >0 iu.r.u. values were coded, XlOO and -110. F(Inter
action) was not significant showing the Control and Additive 
results to be parallel compared to Times. The Error 
variance estimate was 4.2

CALCULATED DF CONFIDENCE TABULATED
VARIAl'ICE RATIO, F LEVEL, P VARIANCE

RATIO, F*

Interaction = < 1  2,10 0.03 4.10
Times = 214.3 2,10 0.01 7.36 /
Additive = 27.3 1,10 0.01 10.04 /

Therefore the fall in sapogenin yield with Time is significant 

The response due to additive is parallel to the Control, but 

significantly lower. The average sapogenin yield for the 

Control is 1.23%, whilst when incubated in the presence of 
geraniol is 1.22^1.
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Table 111,14 (contd.)

Analysis of variance was also carried out on the Control 
results compared to the Control plus Additive results, to 
determine whether the presence of geraniol during acid hydro
lysis had the same significance as when geraniol was present 
during the incubation stage. The Error variance estimate 

was 6.75.

CALCULATED 
VARIANCE RATIO, F

DF CONFIDENCE 
LEVEL, P

Interaction = 1 2,9

Times = 133-9 2,9
Additive = 12.4 1,9

0.05

0.01
0.01

TABULATED
VARIANCE
RATIO F*

4» 26 

8.02 / 
10.36 /

Therefore the presence of geraniol during the acid hydrolysis 
stage only has significantly reduced the sapogenin yield.
The average sapogenin yield for the Control is 1.28%, whilst 
for acid hydrolysis in the presence of geraniol is 1.23%.



Table III.13 The effect of geraniol during incubation at 37 
on the individual sapogenins obtained from 
Kenyan seed pre-treated with acid. Diosgenin 

(D) and YaHogenin (Y) analysis by the Column 
plus infrared method, Table III.I4.
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Number Incubation
Time
(hours)

Mean
D+Y
%

Mean
D+Y
Ratio

Mean
D
%

%
CHANGE 
in D 
to (1)

Mean
Y
%

% CHANGE 
in Y 
to (1)

CONTROJjE

1 0 1.44 1.30 0.36 - 0.38 -
2 24 1.19 1.46 0.71 -18 0.49 -16
3 48 1.13 1.32 0.68 -21 0.43 -22

GERANIOL 1 ml
L 0 1.38 1.43 0.82 -3 0.36 -2
5 24- 1.16 1.47 0.69 -20 0.47 -18
6 48 1.10 1.43 0.63 “24 0.43 -22

CONTROL, plus geraniol 1 ml added after incubation and after
acid

7 24 1.18 1.31 0.71 -18 0.47 -18
8 48 1.10 1.39 0.64 -26 0.46 -20

All the results indicate that diosgenin and yamogenin yields 
are falling at similar rates, whether geraniol is present or 
not.



Table III.16 The sitosterol yield following the aqueous 

incubation of Kenyan seed (RH.2391) pre
treated with acid, at 37°, in the presence 
of geraniol.
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TIMES
(hours)

0
24
43

CONTROL
% Id.f.b.

0.097, 0.100

0.074, 0.103
O.Ooo

ADDITIVE
% m.f.b.

0.099, 0.102 
0.106, 0.108 
0.094, 0.089

Each % m.f.b. value is the mean of two determinations by gas 
chromatography on one saiiiple.

ANALYSIS OF VARIANCE

The % m.f.b, values were coded, XI000 and -90. F(Inter- 
action) was not significant, therefore Control and Additive 
results were parallel compared to Times and were considered 
together. The Error variance estimate was 88.8.

CALCULATED 
VARIANCE RATIO, F

Interaction = I.I8 
Times = \ 1
Additive = 1.62

DF

2,10
2,10
1,10

CONFIDENCE 
LEVEL, P

0.03

0.03

0.03

TABULATED 
VARIANCE 
RATIO, F*

4.10

4.10 

4.96
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(iii) INCUBATIONS KITH SQUALANE , Discussion p.137.

For convenience the squalane, calculated on a v/w of 
seed casis, was pipetted into an empty flask which was placed 

in the incubator to warm to the temperature of 37°. The tap 
water, also at 37°, was added followed by the whole seed and 
the flask was mechanically shall en for 5 minutes. For the 
Moroccan seed 5 G was used with 100 ml water; for the Kenyan 

seed 2.3 S vith 30 ml water. The Kenyan seed was pre-treated 
with sulohuric acid.

Table III.l? The sapogenin yield following the aqueous 
incubation of Moroccan seed at 37° in the 
presence of squalane. Infrared assay of the
crude extract.

Number Incubation 
Time (hours)

Total Sapogenin* 
%, w/w, m.f.b.

% Change 
relative to 
expt. No.

CONTROLS
1 0 2.48
2 6 2.48 1 0
3 24 2.04 1 -18

Squalane, 20̂ j v/w
4 0 2.28 1 -8
3 6 2.94 4 29

2 19
6 24 2.89 4 27

3 42

Squalane, 10% v/w
7 0 2.32 1 1
8 6 2.44 7 -3

2 -1
9 24 2.69 7 7

32



Table III.l? (contd.)
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n--  ̂  ̂I
10 0
11 6

12 24

Saualane 1% v/w

13 0
14 6

13 24

Saualane 0.3m v/w
16 0
17 6

18 24

Squalane 0.1% v/w

19 0
20 6

21 24

Number Incubation Total sapogenin* % Change
Time (hours) %, w / w , m.f.b. relative to

expt.No.

2.39
2.31

2.32

2.34
2.30

2.32

2.36
2.40

2.34

2.47
2.43

2.23

1
10
2

10
3

1
13
2

13
3

1
16
2

16
3

1
19
2

19
3

-4
3
1
3

23

- 6
-2
-7
-1
14

-3
2

-3
8

23

0
-1
-1
-9
10

Sapogenin content was determined by direct infrared analysis 
of the crude extract, and the results are the average of

duplicate experiments. The calculations v/ere made u ^ n g

and pure 

The co-

graphs prepared with pure diosgenin, Fig.III.7
,28yamogenin, Fig.III.8 (V/ood'"^ calibration),

efficient of variation was 3.1%.
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Table III.lS The sapogenin yield following the aqueous 

incubation of Kenyan seed (hli.2^91) pre- 
treated with acid, at 37^, in the presence 
of squalane. Column plus infrared assay.

TImES COKi'ROL ADDITIVE
(hours) % m.f.b. % m.f.b.

0 1.44 1.44 1.44 1.39
6 1.33 1.19 1.28 1.36

24 1.19 1.20 1.20 1.19

ANALYSIS OF VARIANCE FOB TOTAL SAPOGEIfIN
The % m.f.û, values were coded, XlOO and -110. F(Inter- 
action) was found to be not significant, therefore the control 
and additive results were parallel compared to Times. The 
Error variance estimate was 23.8.

CALCULATED DF CONFIDENCE TABULATED
VAhlANCE EAT10, F LEVEL, P VARIANCE

RATIO, F*

Interaction = *41 2,11 0.03 3*39
Times = 22.96 2,11 0.01 7.21 /
Additive = 1 1,11 0,03 4.84
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Table III.19 The sitosterol yield following the aqueous

incubation of Kenyan seed (RE.2391), ^re
treated v/ith acid, at 37°> in the presence 
of squalane, 2.QF/o ii/v,

TIMES CONTROL ADDITIVE
(hours) m.f.b. % m.f.b.

0 0.097 0.100 0.103 0.104

6 0.096 0.089 o.l(% 0.098
24 0.074 0.103 0.113 0.112

Each % m.f.b. value represents the mean of two determinations 
by gas chromatography on one sample.

AIiALYSIS_OF VARIAIS

The 0̂ m.f.b. values were coded, XlOO and -90. F(Inter- 
action) was not significant, therefore control and additive 
results were parallel compared to Times and were considered 
together. The Error variance estimate was 86.3»

CALCULATED DF CONFIDENCE TABULATED
VARIANCE RATIO, F LEVEL, P VARIANCE

RATIO, F*

Interaction = 1.68 2,11 O .03 3.98
Times = <  1 2,11 0.03 3.98
Additive = 4.74 1,11 0.03 4.84
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CHAPTER 6

THE INCUBATION OF FENUGREEK SEED UNDER CONDITIONS OF G E M I N 

ATION

(i) SEED FEATURES USED TO SELECT DIFFERENT VARIETIES OF SEED 

FLUORESCENCE
Seed were examined under ultra-violet light (366 mji) and 

those that appeared pale in colour were retained. Most seed 
are dark brown in U.V.L. With practice, the fluorescent 
seed can be sorted in daylight because of their paler colour, 
and U.V.L. used to remove the few non-fluorescent seed.

GERMINATION ABILITY

To a petri dish containing 3 discs of filter paper, 13 
ml distilled water and 100 seeds are added, and left exposed 
at room temperature (18-20°). Germination was judged to have 
occurred when both elongation and curvature of the radicle had 
taken place. Germination ability may be expressed either as 
the percentage germinated in 24 hours, or as the time required 
for 30?o germination. The former was adopted.

GERMINATION CAPACITY

The classical method is to use the same conditions as 

for germination ability. A rapid (2 to 3 hours) and approxi
mate alternative is as follows: Use the conditions above for
one hour, then for all seed except fluorescent varieties, a 
cut is made in the radicle to break the seed dormancy and 
enable the subsequent red-coloured end-point of test to be 

seen: Replace the distilled water with 1% triphenyltétra
zolium chloride, and record the number of viable seeds ex

hibiting the colour at ten minute intervals.4
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CONDITIONS USED FOR GERi^NATION

Samples of seed , 3 S to nearest seed, were placed in 

300 ml conical flasks, tap water at 23°, 13 ml was added, 
the flask plugged with non-absorbent cotton wool and incubated 

in the dark, at 24-23°. For each type of seed, two controls 

were used (a) germination ability, as above and (b) 3 S seed 
under same conditions as before but using a crystallising 
dish covered by a clock glass instead of a 300 ml conical 
flask. In this way the visible changes occurring during 
germination could be observed. At various time intervals, 
duplicate samples were acid hydrolysed in 100 ml 2N hydro
chloric acid and processed for the crude extract as p.
Sapogenin content was determined by the column chromatography 
plus infrared method, and free sterol by column plus gas 
chromât ography.
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(ii) THE GERMINATION OF ETHIOPIAN SEED, FLUORESCENT M D  NON- 

FLUORESCENT. AT 23°

Table III.20 Ethiopian fenugreek seed, Fluorescent (RH.2615) 
and Non-fluorescent (RH.2293F): their behaviour
during germination at 23°.

VARIETY TIME
(h o u r s : pH

%
GERMIN
ATION
(100
SEEDS)

CONDIT]

%
GERMIN,

ION CF SEED SAMPLE SAPOGENIN 
% w/w 
m.f.b.

ETHIO
PIAN

0 - - - - 1.19,1.18

FLUOR-
ESCEIfl

6 6.3 — Swollen,pale yel
low and some pink 
seed

1.29,1.24

D;Y
RATIO

12 6.3 - - Much froth on 
hydrolysis

1.23,1.23

37:43 24 7.0 49 30 1.22,1.26
36 6.3 76 75 1 ml surplus 

water,Phase*1.
1.23,1.24

48 6.0 83 83 0.3 Ml surplus 
water Phase 1.

1.23,1.23

72 6.0 86 83 Mould infection 
Phase 2.

1.22,1.17

96 6.0 86 83 Phase 3* 1.17

ETHIO
PIAN

0 - - - - 0.93,0.92

NON- 6 6.3 — — Swollen,pale yel
low and pink seed

1.01,1;: 07

FLUOR-
ESCENT

12 6.3 1 3 Much froth on 
hydrolysis

1.07,1.12

D:Y
RATIO

24 6.0 79 73 1 ml surplus 
water,Phase 1

1.10,1.03

60:40 36 6.0 98 93 0.3 ml surplus 
v/ater,Phase 2

1.07,1.03

48 6.0 98 98 As above 1 .04,0.98
72 6*0 98 1 98 Phase 3 0.98,0.92
96 6.0 98

!
98 A few cotyledons 

emerged.
0.98

* Phase of germination, as defined by Reid.
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Table III.21 Fluorescent Ethiopian fenugreek seed (RH.2613);

analysis of the yields of diosgenin and yamo-
genin obtained during germination at 25°.

TIMES
(hours)

DIOSGENIN PLUS 
YAMOGENIN 

% m.f.b.
DIOSGENIN 
% m.f.b.

YAMOGENIN 
% m.f.b.

DRY SEED 1.19 1.18 0.688 0.688 0.500 0.493

WET SEED
6 1.29 1.24 0.734 0.744 0.551 0.492

12 1.23 1.25 0.737 0.732 0.494 0.318
24 1.22 1.26 0.729 0.712 0.487 0.349
36 1.23 1.24 0.711 0.723 0.515 0.320
48 1.23 1.23 0.720 0.707 0.509 0.324
72 1.22 1.17 0.718 0.675 0.506 0.499
96 1.17 0.662 0.510

ANALYSIS OF VARIANCE FOR DIOSGENIN PLUS YAMOGENIN.
The % m.f.b. values were coded, XlOO and -120. All the
variance estimates were divided by the Error variance estimate.
5.06 to obtain the calculated variance ratio in each case.

CALCULATED 
VARIANCE RATIOyF

DF CONFIDENCE 
LEVEL, P

TABULATED 
VARIANCE RATIO, 

F*

Treatments = 3.50 7,8 0.05 3.50 /
Dry vs wet = 6.11 1,8 0.03 5.32 /
Response curve = 3.06 
(wet seed)

6,8 0.03 3.58

Linear =17.0 1,8 0.01 11.26 /
Quadratic = <  1 1,8 0.03 5.32
Cubic = < 1 1,8 0.03 5.32
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Table III.21 (contd.)

ANALYSIS OF VARIANCE FOR DIOSGENIN
The % m.f.b. values were coded, XlOOOand -TOO. The Error 

variance estimate was 170.5»

CALCULATED 
VARIANCE RATIO,F

DF CONFIDENCE 
LEVEL, P

TABULATED 
VARIANCE RATIO, 

F*

Treatments = 5*64 7,8 0.05 3.50 /
Dry vs wet = 7.35 1,8 0.05 5.32 /
Response curve = 5*35 
(wet seed)

6,8 0.05 3.58 /

Linear =.I^*SV 1,8 0.01 11.26 /
Quadratic = ^  ( . 1,8 0.05 5.32
Cubic = I 1,8 0.05 5.32

ANALYSIS OF VARIANCE FOR YAMOGENIN
The % m.f.b. values were coded, XlOOOand -500. 
variance estimate was 522.

The Error

CALCULATED CONFIDENCE TABULATED
VARIANCE RATIO,F DF LEVEL,P VARIANCE RATIO, 

F*

Treatments = < 1 7,8 0.05 3.50
Dry vs wet = <(1 1,8 0.05 5.32
Response curve = <̂ 1 6,8 0.05 3.58

Mean yamogenin content , all results = 0.511% m. f.b.
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Table III.22 Non-Fluorescent Ethiopian fenugreek seed (RH.2295F);

analysis of the yields of diosgenin and yamo
genin during germination at 25°.

TIMES
(hours)

DIOSGENIN PLUS 
YAMOGENIN 

% m.f.b.
DIOSGENIN 
% m.f.b.

YAMOGENIN 
% m.f.b.

DRY SEED 0.95 0.92 0.570 0.548 0.384 0.372

WET SEED
6 1.01 1.07 0. 606 0.653 0.399 0.421

12 1.07 1.12 0. 646 0.643 0.427 0.472
24 1.10 1.03 0.649 0.627 0.448 0.398
36 1.03 1.07 0.635 0.621 0.399 0.450
48 0.98 1.04 0.581 0.592 0.401 0.444
72 0.98 0.92 0.560 0.530 0.424 0.382
96 0.98 0.599 0.381

ANALYSIS OF VARIANCE FOR DIOSGENIN PLUS YAMOGENIN
The % m. f.b . values were coded, XlOO and -100. The Error

variance estimate v/as 13.19.

CALCULATED 
VARIANCE RATIO,F

DF CONFIDENCE 
LEVEL, P

TABULATED 
VARIANCE RATI® 

F*

Treatments = 4.76 7,8 0.03 3.50 /
Dry vs Wet seed =11.59 1,8 0.01 11.26 /
Response curve = 3.62 
( wet )

6,8 0.05 3.58 /

Linear =14.18 1,8 0.01 11.26 /
Quadratic = C l 1,8 0.05 5.32

Cubic = 5.91 1,8 0.05 5.32 /



291
Table III.22 (contd.)

ANALYSIS OF VARIANCE FOR DIOSGENIN

The % m.f.b. values were coded, XlOOO and - 600. The Error

variance estimate was 275.

CALCULATED 
VARIANCE RATIO, F

DF CONFIDENCE 
LEVEL, P

TABULATED 
VARIANCE RATIO 

F*

Treatments = 10.24 7,8 0.01 6.18 /
Dry vs wet seed= 16.64 1,8 0.01 11.26 /
Response curve = 9.17 
(wet)

6,8 0.01 6.37 /

Linear = 28.45 1,8 0.01 11.26 /
Quadratic = 5.50 1,8 0.05 5.32 /
Cubic = 20.46 1,8 0.01 11.26 /
Higher Powers = C 1 3,8 0.05 4.07

ANALYSIS OF VARIANCE FOR YAMOGENIN

The % m.f.b. values were coded XlOOO and -400. The Error
variance estimate was 733.

CALCULATED 
VARIANCE RATIO, F

DF CONFIDENCE 
LEVEL, P

TABULATED 
VARIANCE RATIO 

F*

Treatments = 1.36 7,8 0.05 3.50
Dry vs wet = 3.75 1,8 0.05 5.32
Response curve = ^ 1 
(wet)

6,8 0.05 3.58

Mean yamogenin yield, dry plus wet seed = 0.413% m.f.b.
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(iii) THE ANALYSIS OF PHYTOSTEROLS OBTAINED FROM ETHIOPIAN 

FENUGREEK SEED, NON-FLUORESCENT DURING GERL4INATIQN 

AT 25°. Discussion p.

Free sterols were isolated by column chromatography during 
the routine procedure for the isolation of diosgenin and yamo

genin from the crude extract. The free sterols were obtained 
after acid hydrolysis of the whole seed and so were derived 
from free sterols plus sterol glycosides. The method of 
assay for sitosterol has been described p. 2.6)1

V The determination of sitosterol by calculating the weight 
of peak area has been shown p.2.65T to be accurate and quantit
ative. Because of the very small proportions of sterols 
other than sitosterol, it v;as considered that their determin
ation by weight of peak area would be more reliable than by 
integrator.

The content of a minor sterol was calculated from the 
sitosterol content by simple proportion, using weight of peak 
area divided by relative weight response, (R.W.R.), Table 
II.7, to enable a correction to be made for the variation in 
flame-ionisation detector response to the different sterols.
Peak areas from duplicate assays were traced on to cartridge 
paper, and weighed (5-decimal place Stanton balance) for each 
sterol. When the R.W.R. was not known, an approximation was 
used based upon the R.V/.R. of the sterol(s) of nearest 
retention time. This applied to the unknown compounds 
labelled b and e in Fig.II.12 and Table III.23, which were 

given R.W.R. values of O.9O and O.6O respectively.



Table III.23 Non-Fluorescent Ethiopian fenugreek seed
(EH.2293F); the yields of sterols* obtained 
during germination at 23°, determined by gas 
chromât ography

SITOSTEROL
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TIME SITOSTEROL, mg MEAN SITOSTEROL
(HOURS) % m. f. ■

0 2.07, 2.29, 2.31, 2.29 2.24 0.100

6 2.27, 2.41, 2.05, 2.07 2.21 0.099

12 2.18, 1.98, 2.09, 2.11 2.09 0.093

24 2.01, 2.19, 2.21, 2.05 2.11 0.094

36 2.02, 2.02, 1.67, 1.76 1.86 0.083

48 1.70, 1.80, 1.83, 1.79 1.79 0.080

72 1.48, 1.50, 1.64, 1.72 1.58 0.071

96 1.89, 1.92 1.90 0.085

MINOR STEROLS, % m. f.b.

TIME SITOSTEROL CHOLESTEROL ■UNKNOWN CA14PE- 
(b) STEROL 

(BRASSICA- 
STEROL?)

UNKNOWl
(e)

0 0.100 0.004 0.003 0.005 -
6 0.099 0.003 0.003 0.005 -

12 0.093 0.002 0.002 0.004 -

24 0.094 0.003 0.002 0.005 -

36 0.083 0.002 NIL 0.004 -

48 0.080 0.002 NIL 0.004 0.016
72 0.071 < 0.001 NIL 0.004 NIL

96 0.085 < 0.001 NIL 0.004 NIL

Compounds (b) and (e) refer to those listed in Fig.II .12
* Free and those conjugate^ hydrolysed by acid.
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(iv) THE GEBHINATIOH OF MOROCCAN AMD K E MÏM FENUGREEK SEED. 

AT 25°

Table III.24 Moroccan fenugreek seed (RH.1990) and Kenyan 
fenugreek seed (RH.2591): their behaviour
during germination at 25°.

VARIETY riME 1 
(HOURS ) pH

%
GERMIN
ATION
(100
SEEDS)

CONDIT ;

%
GERMIN

CON OF SEED SAMPLI
— .... . . . . .
SAPOGENIN 
% w/w 
m.f.b.

M0R0CCAI4 0 - - - 0.87,0.87
D:Y RATIO 6 6.5 - - Swollen,pale yel

low seed only.
0.95,0.89

67:35 12 6.5 More surplus 
water than 
Ethiopian

0.92,0.94

24 7.0 35 5 As above 0.94,0.92

36 6.5 71 10 3 ml surplus 
wat er

0.95,0.96

48 7.0 84 80 Phase 1 1 .03,0.98

72 6.0 95 95 No surplus water; 
Phase 2

0.97,0.98

96 6.0 95 95 Phase 3. A few
cotyledons
emerged.

0.86

KEI4YAN 0 - - - - 1.33,1.31

D:Y RATIO 6 6.5 — - Only 10% swollen, 
pale-yellow only.

1 .32,1.41

64:36 12 6.5
■

15% swollen; 
much surplus 
water

1 .38,1.38

24 7.0 j - - As above 1 .37,1.36
36 7.0 1 9

i
1

8 ml Surplus 
water

1.36,1.39

48 6.5 11 15
1!

Germinated seeds 
in Phase 1.

1.36,1.44
1

72 6.5 1 27 15
1

Germinated seeds 
in Phase 2.

j l . 38,1.39
!

96
j _ _ _ _ _

6.5 : 31i
20 Most germinated 

seeds in Phase 3 It
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Table III.25 Moroccan fenugreek seed (RH.1990): analysis

of the yields of diosgenin and yamogenin
during germination at 25°

(ïPùM) DIOSGENIN PLUS 
YAMOGENIN 
% m.f.b.

DIOSGENIN
% m.f.b.

YAMOGENIN 
% m.f.b.

DRY SEED 0.87 0.87 0.580 0.580 0.285 0.290
WE! SEED

6 0.95 0.89 0.618 0.598 0.330 0.290
12 0.92 0.94 0.618 0.637 0.306 0.299
24 0.92 0.94 0.608 0.610 0.316 0.326
36 0.96 0.95 0.641 0.625 0.317 0.327
48 1.03 0.98 0.680 0.649 0.347 0.335
72 0.98 0.97 0.630 0.627 0.351 0.340
96 0.86 0.563 0.301

ANALYSIS OF VARIAiNfCE FOR DIOSGENIN PLUS YAI-IOGENIN

The % m. f.b. values were coded , XlOO and -90. The Error

variance estimate was 5.44.

CALCULATED DF 
VARIANCE RATIO, F

CONFIDEInTCE 
LEVEL, P

TABULATED 
VARIANCE RATIO 

F*

Treatments = 7.56 7,8 0.01 6.18 /
Dry vs wet seed = 16.73 1,8 0.01 11.26 /
Response curve = 6.02 6,8 
(wet seed)

0.05 3.58 /

Linear < 1  1,8 0.05 5.32
Quadratic = 27.90 1,8 0.01 11.26 /
Cubic = 5.15 1,8 0.05 5.32
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Table III.25 (contd.)

ANALYSIS OF VARIANCE FOR DIOSGENIN

The % m.f.b, values were coded XlOOO and -600. The Error 

variance estimate v/as 210.

CALCULATED 
VARIANCE RATIO, F

DF CONFIDENCE 
LEVEL, P

TABULATED 
VARIANCE RATIO 

F*

Treatments = 7.52 7,8 0.01 6.18 /
Dry vs wet = 14.50 1.8 0.01 11.26 /
Response curve 
(wet seed)

= 6.56 6,8 0.01 6.37 /

Linear = 2.25 1,8 0.05 5.32
Quadratic = 24.63 1,8 0.01 11.26 /
Cubic = 2.25 1,8 0.05 5.32

ANALYSIS OF VARIANCE FOR YAMOGENIN
The % m.f.b. values were coded. XlOOO and -300. The Error
variance estimate was 134

CALCULATED 
VARIANCE RATIO, F

DF CONFIDENCE 
LEVEL, P

TABULATED 
VARIANCE RATIO 

F*

Treatments = 7.59 7,8 0.01 6.18 /
Dry vs wet = 11.20 1,8 0.05 5.32 /
Response curve 
(wet seed)

= 6.99 6,8 0.01 6.37 /

Linear = 5.69 1,8 0.05 5.32 /
Quadratic = 32.4 1,8 0.01 11.26 /
Cubic = 2.29 1,8 0.05 5.32



Table III,26 Kenyan fenugreek seed (RH.2391): analysis of
the yields of diosgenin and yamogenin obtained
during germination at 23°

297

TIMES 
(hours)

DIOSGENIN PLUS 
YAMOGENIN 
% m.f.b.

DIOSGENIN 
% m.f.b.

YAMOGENIN 
% m.f.b.

DRY SEED 1.33 1.31 0.855 0.833 0.470 0.475

WET SEED
6 1.32 1.41 0.852 0.915 0 .468 0.499

12 1.38 1.38 0.901 0.915 0.482 0.462
24 1.37 1.36 0.869 0.887 0.499 0.472
36 1.36 1.39 0.911 0.889 0.452 0.500
48 1.36 1.44 0.889 0.915 0.469 0.523
72 1.38 1.39 0.884 0.898 0.491 0.490

ANALYSIS OF VARIANCE FOR DIOSGENIN PLUS YAI40GENIN

The % m. f.b. values were coded XlOO and -I30. The Error
variance estimate was 8.86 •

CALCULATED 
VARIANCE RATIO, F.

DF CONFIDENCE 
LEVEL, P

TABULATED 
VARIANCE RATIO 

F*

Treatments = 1.43 6,7 0.05 3 87
Dry vs wet = 6.7 1,7 0.05 5.59 /
Response curve = <[ 1 
(wet seed)

5,7 0.05 3.97

Mean sapogenin yield, wet seed = 1.38% m.f.b.



Table III.26 (contd.)

ANALYSIS OF VARIANCE FOR DIOSGENIN

The % m.f.b. values were coded, XlOOO and -880. The Error 

variance estimate was 452.
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CALCULATED 
VARIANCE RATIO, F

DF CONFIDENCE 
LEVEL, P

TABULATED 
VARIANCE 
RATIO, F*

Treatments = 2.06 6,7 0.05 3.87
Dry vs wet = 9.39 1,7 0.05 5.59 /
Response curve 
(wet seed)

1 5,7 0.03 3.97

Mean diosgenin yield, wet seed = 0 .894% m.f.b.

ANALYSIS OF VARIAi'iCE FOR YAMOGENIN

The %  m.f.b. values were coded, XlOOO and -48O. The Error

variance estimate was 524

CALCULATED 
VARIANCE RATIO, F

DF CONFIDENCE 
LEVEL, P

TABULATED 
VARIANCE 
RATIO, F*

Treatments < 1 6,7 0.05 3.87
Dry vs wet = <  1 1,7 0.05 5.59
Response curve 
(wet seed)

= < 1 3,7 0.03 3.97

Mean yamogenin yield, dry plus wet seed = O .485 % m.f.b.
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CHAPTER 7

THE INCUBATION OF FENUGREEK SEED (PRE-TREATED WITH ACID) UNDER 

CONDITIONS OF GERMINATION

(i) ANATOMICAL FEATURES OF FENUGREEK SEED THAT INFLUENCE THE 

RATE OF GERMINATION. Discussion 170

Seeds were kept under conditions favourable for germination 

and sections cut 22 hours later. AwM.S.E. base-sledge micro

tome with carbon dioxide freezing attachment v;as used to ob

tain longitudinal sections of 30 thickness through the micro- 

pylar region. The sections were tested with the following
. 89reagents;

(a) Ghlor-zinc-iodine, (Schultze's solution). A solution of 

zinc chloride (20 g) plus water (8.3 ml) was added dropv.ise to 

a solution of potassium iodide (1.0 g) and iodine (0.5 g) in 

water (20 ml) until a precipitate of iodine formed which did 

not disappear on codling. The supernatant was used.

(b) Sudan-glycerin, Sudan III (0.01 g) dissolved in 93% 
alcohol (3 ml) and added to glycerin (3 ml).

(c) Astra Blue (G. T. Gurr Ltd., London), 1 .O^w/v in water.

(d) Potassium hydroxide, 20>U vi/ y  in water.

(e) Concentrated sulphuric acid.

(f) Alkanna Tincture, 1 part of alkanet root plus 3 parts 
alcohol 90%, macerate for one week, and filter.
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(ii) MOROCCAN.FENUGREEK SEED (RH.1990, PRE-TREATED WITH ACID):

GERi-ilNATIQN AT 22-23° IN THE PRESENCE OF KIKETIN AND
INDQLE-3-ACETIC ACID. Discussion p. (9L

Samples of 5 S, (to nearest seed), free of immature seeds 
and weeds, were placed in 500 ml conical flasks, 10 ml con
centrated sulphuric acid àdded to each and shaken frequently 
during 40 minutes. The flasks were then quickly filled v/ith 
cold tap water, decanted and similarly washed with cold water 

another three times. The flasks containing the væt seeds 
were then allowed to drain as much as possible.

ADDITIVE SOLUTIONS

The following four solutions were prepared each contain
ing sucrose 1 x 10 (34*2 g/litre) and ammonium sulphate
2.3 üTI (0.33 g/litre): (1) liinetin, 3 x 10""'̂ \ (107.3 mg/litre),
(2) kinetin 3 x 10’"^M (10.73 mg/litre) (3) kinetin 3 x 10 
(1.08 mg/litre) and (4) kinetin 5 x 10 plus indole-3-acetic 
acid 2.3 X 10" %  (4.4 mg/litre).

CONDITIONS OF GERI-ilNATION

To the drained but wet seeds to be used as controls, 3 ml 
tap water was added; to the seeds to be used with additives,
3 ml of the appropriate kinetin solution was added. Germin

ation temperature was 22-23°. Hydrolysis of saponins was 
carried out by the addition of 100 ml 2N hydrochloric acid and 
boiling under reflux for 2 hours.



Table III.27 Moroccan fenugreek seed (RH.1990, pre-treated 
with acid): germination at 22-23° in the
presence of kinetin and indole-3-acetic acid.
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TIME
(HOURS)

%
GERMIN
ATION
(100
SEEDS)

CONDI
%

GERMIN,

TION OF SEED SAMPLE SAPOGENIN 
% w/w m.f.b.

CONTROL
DRY - - - 0.96, 1.00
0 - - - 1.02, 1.07

6 - - All seed swollen 1.08, 1.08

12 — — hater, 3 ml, added 
to 36,43,72 hour 
flasks.

1 .06, 1.07

24 - 63 hater, 2 ml, added; 
Phase 1.

1.12, 1.06

36 30 98 Most radicles 1 cm 
long; Phase 2.

1 .06, 1.02

48 93 98 No surplus water. 
Early Phase 3 .

1 .03, 0.99

72 99 98 Many radicles 2 cm, 
no cotyledons emerged

0.99, 0.97

KINEI'IN f? X 10"Si
0 - - - 1.06, 1.03

6 - - All seed swollen 1.00, 1.02
12 - - hater, 3 ml, added to 

36,48,72 hour flasks.
1.06, 1.06

24 - 1 Water, 1 ml, added 1.01, 1.03

36 20 13 - 1.04, 0.98

48 80 63 Many radicles tightly 
curled at tip; Phase 
1.

1.01, 1.01

72 96 93 As above, no Phase 2. 0.98



TABLE III.27 (contd.)
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TIKE
(HOURS)

%
G E M I N 
ATION
(100
SEEDS)

CONDI'
%

GERMIN.

TION OF SEED SAMPLE
SAPOGENIN 

% w/v/ m.f.b.

KINETIN 5 X 10"SI
0 - - - 1.03, 1.07
6 - - All seed swollen 1.06, 1.08

12 - - hater, 3 ml, added to 
36,48,72 hour flasks 0.99, 1.01

24 - - hater, 1 ml, added 1.01, 1.00
36 13 13 - 1.01, 1.03
48 63 30 Radicles short but not 

curled; Phase 1
1. 06, 1.06

72 98 98 Most radicles 0.3 cm; 
Phase 1.

1.02

KINETIN 3 X 10"SI
0 1.03, 1.04
6 All seed swollen 1.03, 1.03

12 hater, 3 ml, added to 
36,48,72 hour flasks

1.04, 1.04

24 hater, 1 ml, added 1.03, 1.00
36 13 10 - 1.04, 1.02
48 30 40 Radicles very short, 

not curled; Phase 1
1.03, 0.99

72 93 93 Most radicles 0.3 cm; 
Phase 1.

1.03
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TIME
(HOURS)

%
GER14IN-
ATION
(100
SEEDS)

CONDITION OF SEED SAI-iPLE
%

GERMIN.
SAPOGENIN 

% w/w m.f.b.

KINETIN 5 X 10"5 PLUS I.A. A.

0 - - - 1.06, 1.00
6 - - All seed swollen 1.01, 1.03
12 - - Water, 3 ml, added to 1.03, 0.99
24 - - 36,48,72 hour flasks 1.03, 0.99
36 5 5 Water, 1 ml, added 0.99, 1.03
48 25 15 - 1.09, 0.96
72 85 30 Radicles short but not 

curled; Phase 1. % 
Germination would 
increase to 95/6 in 
another 24 hours.

1.04

TABLE 111.28 Moroccan fenugreek seed (RH.1990, pre-treated 

with acid): analysis of the yields of dios

genin and yamogenin obtained during germination 

at 22-23°.

TIMES
(hours)

DIOSGENIN PLUS 
YAMOGENIN 
% m.f.b.

DIOSGENIN YAMOGENIN
% m.f.b. % m.f.b.

DRY SEED 
WET SEED 
0 
6 

12 
24

0.96, 1.00

1.02, 1.07 
1.08, 1.08 
1.06, 1.07 
1.12, 1.07

0.596, 0.614 0.359, 0.386

0.650, 0.673 0.372, 0.393 
0.669, 0.640 0.410, 0.442 
0.654, 0.658 0.402, 0.4I6 
0.675, 0.679 0.444, 0.386
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TABLE 111.28 (contd.)

TIMES 
^hours)

DIOSGENIN 
YAMOGENIN 

% m.f.b
PLUS DIOSGENIN 

% m.f.b.
YAI'IOGSNIN 
% m.f.b.

36 1.02, 1.06 0.633, 0.637 0 .388, 0.401
48 1.03, 0.99 0.647, O.6I9 0.407, 0.371
72 0.97, 0.99 0.608, 0.398 0.359, 0.394

ANALYSIS OF VARIANCE
DIOSGENIN PLUS YAMOGENIN, see Experimental p. 317

The % m.f .b. values were coded by XlOO and -100. 'The
calculated var;lance ratio was obtained by the division of each
variance estimate by the Error variance estimate, 8.38.

CALCULATED 
VARIANCE RATIO , F DF CONFIDENCE 

LEVEL, P
TABULATED 
VARIANCE RATIO 

F*

Treatments = k- • 0 6 7,8 0.03 3.50 /
Dry vs Wet seed = 7.02 1,8 0.03 5.32 /
Response curve 
(wet seed)

= 3.38 6,8 0.03 3.58 /

Linear =13.34 1,8 0.01 11.26 /
Quadratic = 3.83 1,8 0.03 5.32

Cubic = 2.37 1,8 0.03 5,32

DIOSGEhlN, The % m.f.b. values were coded by XlOOO and sub
traction of 620. The analysis of variance is described on 

the following page.
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TOTAL TOTAL OF 
SQUARES

NO. ITEMS OBS.PSR SQUARE 
SQUARED ITEIé PER OBS

Grand = 115600
Combinations 30 etc. = 34642

Observations 24^ etc. = I8684

1
8

16

7225
17321

l868/j_

Treatments = Combinations - Observations = IOO96
Response curve (wet seed) =(1 ^ T.^ = 16871 - 9779 = 7092

14

(see Methods of statistical analysis, Experimental)

Source DF SS Ve

Treatments 7 10096 121-42
Dry vs Wet seed 1 3004 3004
Response curve (wet) 6 7092 1182

linear 1 3088 3088
residual 5 2004

quadratic 1 864*3 864.3
residual 4 1140

cubic 1 241.6 241.6
higher powers 3 898.3

Error 8 1363 170.4
Total 15 11459

The calculated variance rat io, F, v;as obtained by division of

Ve in each case by 170.2}.



Table 111.28 (contd.)

Calculated 
Variance Ratio, F

DF CONFIDENCE 
LEVEL, P

TABULATED 
VARIANCE RATIO 

F*

Treatments = 8 .  L\-6 7,8 0.01 6.18 /
Dry vs Wet seed = 17.63 1,8 0.01 11.26 /
Response curve = 6.94 6 , 8 0.01 6.37 /
Linear = 29.86 1,8 0.01 11.26 /
Quadratic = 3.07 1,8 0.03 3.32

Cubic = 1.42 1,8 0.03 3.32

YAÎ-iOGSKIN

The % m.f.b. value s were‘ coded by XlOO and -390. The cal-
culated variance ratio V.ras obtained by the division of Ve in
each case by the Error, 328.

CALCULATED 
VARIANCE RATIO,F

DF CONFIDENCE
LEVEL, P

TABULATED 
VARIANCE RATIO, 

F*

Treatments = 1.40 7,8 0.03 3.30
Dry vs Wet seed = 2.31 1,8 0.03 3.32
Response curve = 1.23 6 , 8 0.03 3.38
Linear = 2.41 1,8 0.03 3.32
Quadratic = 1.03 1,8 0.03 3.32
Cubic = 1.98 1,8 0.03 3.32
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TABLE III.29 Kinetin (3 x 10 "̂ M) and Moroccan fenugreek 

seed (RH.1990 , pre-treated with acid): 
analysis of the yields of diosgenin and 

yamogenin obtained during germination at 22-23°

TIMES DIOSGENIN PLUS DIOSGENIN YAI-IOGENIN
(hours) YAMOGENIN

% m.f.b. % m.f.b % m.f.b.

DRY SEED 0.96 1.00 0.396 O.6I4 0.339 0.386

WET SEED

0 1.03 1.07 0.633 0.630 0.397 0.420

6 1.06 1.08 0.643 0.636 0.417 0.447

12 0.99 1.01 0.609 0.616 0.383 0.391

24 1.01 1.00 0.622 0.612 0.392 0.383

36 1.01 1.03 0.626 0.619 0.383 0.406

43 1.06 1.06 0.626 0.637 0.430 0.421

72 1.02 0. 612 0.40 6

ANALYSIS OF VARIANCE FOR DIOSGENIN PLUS YAMOGENIN

The % m.f.b. values were coded, XlOO and -100. F(Interaction) 

was found to be significant at 4.37 for (6,13)DF at P = 0.03, 
since F tabulated is 2.92. Therefore subsequent analysis of 
the kinetin values were examined separately from the control 

values, Table III.39. All the variance estimates were divided 
by the Error variance estimate, 2.81, in order to obtain the 
calculated variance ratio, in each case.
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Calculated 
variance ratio, F

DF CONFIDENCE 
LEVEL, P

TABULATED 
VARIANCE RATIO 

F*

Treatments = 7.07 7,8 0.01 6.18 /
Dry vs Wet seed = 14.43 1,8 0.01 11.26 /
Response curve 
(wet seed)

= 3*84 6,8 0.03 3*38 /

Linear = 2.69 1,8 0.03 3*32
Quadratic = 3*47 1,8 0.03 3*32
Cubic = 20.63 1,8 0.01 11.26 /

ANALYSIS OF VARIANCE FOR DIOSGEi ilK

The % m.f.b. values were coded, XlOOO and -620. F(interaction) 
was found to be significant at 5»30 for (6,13)DF at P = 0.01, 
since F tabulated is 4*62. Therefore subsequent analysis of 
the diosgenin values in the presence of kinetin (3 x 10 % )  v/ere 
examined separately from the control values. The Error 
variance estimate was 133*3.

Calculated 
Variance Ratio, F

DF CONFIDENCE 
LEVEL, P

TABULATED 
VARIANCE RATIO 

F^

Treatments = 3.67 7,8 0.03 3*30 /
Dry vs Wet seed = 12.74 1,8 0.01 11.26 /
Response curve 
(wet seed)

= 4.49 6,8 0.03 3*38 /

Linear = 3.80 1,8 0.03 3*32 /
Quadratic = 1.94 1,8 0.03 3*32
Cubic = 13.6 1,8 0.01 11.26 /
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Table III.29 (contd.)

ANALYSIS OF VARIANCE FOR YAI-IOGENIN

The % m.f.b, values were coded, XlOO and -40O. F(interaction) 
was found to be not significant, therefore the control and 
additive results are parallel compared to Times and were con
sidered together. The Error variance estimate was 283.

CALCULATED 
VARIANCE RATIO , F

DF CONFIDENCE 
LEVEL, P

TABULATED 
VARIANCE RATIO 

F*

Interaction = 2.84 6,13 0.05 2.92

Times = <1 6,13 0.05 2.92

Additive = <1 1,13 0.05 4.67
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Table III.30 Kinetin (5 x 10 -̂I) and Moroccan fenugreek seed 

(RH.I99O, pre-treated with acid): analysis of

the yields of diosgenin plus yamogenin obtained 

during germination at 22-23°.

TIMES DIOSGENIN PLUS YAIdOGEIÎIN, % m. f.b.
(hours) CONTROL ADDITIVE

WET SEED
0 1.02 1.07 1.05 1.06

6 1.08 1.08 1.00 1.02

12 1.06 1.07 1.06 1.06

24 1.12 1.07 LOI 1.03

36 1.02 1.06 0.98 1.04

48 1.05 0.99 1.01 1.01
72 0.97 0.99 0.98

ANALYSIS OF VARIANCE FOR DIOSGENIN PLUS YAÎ-iOGENIK
The % m.f.b. values were coded. XlOO and -100. F(Interaction)
was found to be not significant , therefore the control ,and
additive results were parallel compared to Times and were con-

sidered together. The Error variance estimate was 5.85.

CALCULATED 
VARIANCE RATIO,F

DF CONFIDENCE 
LEVEL, P

TABULATED 
VARIANCE RATIO, 

F*

Interaction = 2.43 6,13 0.05 2,92

Times = 4*87 6,13 0.05 2.92 /
Additive = 5.38 1,13 0.05 4.67 /

Additive was significant showing that although the sapogenin 

yield obtained in the presence of kinetin is parallel to the
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control (no Interaction), the yield is significantly different 
from the control. Therefore control and additive results 

were used together to determine the common response slope for 
wet seed, and the control slope and additive slope drawn para

llel to the common slope at calculated distances from it. The 

Error variance estimate was 16.7.

Calculated 
Variance Ratio, F

DF CONFIDENCE 
LEVEL, P

TABULATED 
VARIANCE RATIO 

F*

Treatments = 20.72 14,12 0,01 3.94 /
Wet vs Dry seed = 9.35 1,12 0.05 4.75 /
Response curve = 10 .98 13,12 0.01 9.33 /
(Wet seed)
Linear = 9*01 1,12 0.05 4.75 /
Quadratic = <1 1,12 0.05 4.75

Cubic = ^1 1,2 0.05 4.75

Linear equation, y = a + bt, where a = 6.2, b = —0,6
,\when t = 0, y = 6.2, decoded -1-100, t IOO, = 1 ,06% m.f,b.

t = 1, y = 5.6 = 1 ,036% etc.
Control + kinetin, mean diosgenin -K yamogenin yield

wet seed = 1,034%
Control " It n = 1.046%
Kinetin " If If = 1 .024%

/.Control response line = Control -I- kinetin line + 0,01% m,f.'
Kinetin ” ” = " ti II - 0.01%
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Table III,31 Kinetin (5 x lo"^) and Moroccan fenugreek seed 

(RH.I99O, pre-treated with acid): analysis of
the yields of diosgenin plus yamogenin obtained 

during germination at 22-23°.

TIMES DIOSGENIN PLUS YAMOGENIN,% m.f.b.
(hours) CONTROL ADDITIVE

WET SEED
0 1.02 1.07 1.04 1.03

6 1.08 1.08 1.05 1.03

12 1.06 1.07 1.04 1.04

24 1.12 1.07 1.00 1.03

36 1.02 1.06 1.04 1.02

48 1.05 0.99 1.03 0.99

72 0.97 0.99 1.03

ANALYSIS iOF VARIANCE FOR DIOSGENIN PLUS YAMOGENIN
The % m.f .b. values were coded, XlOO and -100. F(interaction)
was found to be not significant, therefore the control and
additive results were parallel compared to Times and were con
sidered together. The Error variance estimate was 3*42.

CALCULATED 
VARIANCE RATIO,F

DF CONFIDENCE 
LEVEL, P

TABULATED 
VARIANCE RATIO 

F*

Interaction = 2.67 6,13 0.03 2.92

Times = 3 .3O 6,13 0.03 2.92 /
Additive = I .80 1,13 0.03 4.67

DIOSGENIN PLUS YAMOGENIN , WET SEED, CONTROL mean value =1.046%
It It tt II “ KINETIN " " =1.03q 6
It It ft II CONTROL + KINETIN “ =1.038%
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Table 111,32 Kinetin (3 x 10"^M) with Indole-3-Acetic Acid

and Moroccan fenugreek seed (RH.1990, pre-treated 
with acid): analysis of the yields of diosgenin
plus yamogenin obtained during germination at 

22-23°.

TIMES DIOSGENIN PLUS YAMOGENIN,% m.f.b.
(hours) CONTROL ADDITIVES

WEI* SEED MEAN
0 1.02 1.07 1.00 1.06 1.03
6 1.03 1.08 1.01 1.03 1.02
12 1.06 1.07 1.03 0.99 1.01
24 1.12 1.07 1.03 0.99 1.01
36 1.02 1. o6 1.03 0.99 1.01
48 1.03 0.99 1.07 0.96 1.013
72 0.97 0.99 1.04 1.04

ANALYSIS OF VARIANCE FOR DIOSGENIN PLUS YAMOGENIN
The % m.f.b. values were coded, XlOO and -100. F(Interaction) 
was found to be not significant, therefore the control and 
additive results were parallel compared to Times and were con-
sidered together. The Error variance estimate v/as 12.13.

CALCULATED 
VARIANCE RATIO,F

DF CONFIDENCE 
LEVEL, P

TABULATED 
VARIANCE RATIO 

F*

Interaction = 1.33 6,13 0.03 2.92

Times = 1.29 6,13 0.03 2.92

Additive = 4.38 1,13 0.03 4.67

TOTAL SAPOGENIN, WET SEED, CONTROL + KINETIN, mean v ^ u e  =
1.033% mfb
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(iii) KENYAN SEED (EH.2591, PRE-TREATED WITH ACID): GERMIN

ATION AT 25°IN THE PRESENCE OF ATROMID-S AND GERANIOL 

Discussion p. 117

Moroccan seed, with the following exceptions.

ADDITIVE SOLUTIONS AND CONDITIONS OF GERMINATION

A 500 mg capsule of Atromid-S solution (Imperial Chemical 
Industries Ltd*) was cut open and the contents rinsed into 
200 ml of tap water, then vigorously shaken to produce an 
emulsion and 4 ml, (containing 10 mg Atromid-S) transferred to 
each additive flask of acid-treated seeds. For the seeds germ
inated in the presence of geraniol, 0.1 ml was added to the 
acid-treated seeds following the addition of 4 ml tap water, 
and the flasks shaken for 5 minutes to evenly distribute the 
geraniol (Technical grade, BDH Ltd.). For the seed germinated 
as controls but acid-hydrolysed in the presence of geraniol,
0.1 ml of the latter was added immediately after the 2N hydro
chloric acid. For the control flasks, 4 ml tap water at 25° 
was added to the drained, acid-treated seed. Dry seed, not 
acid-treated, were also assayed to provide a basic control for 
the experiment. The time tal^en to treat all the flasks with 
sulphuric acid (40 min) and rinse with water, was 2 hours, and 
is shown as t = 0 in the relevant figures and tables.
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Table III.33 Kenyan fenugreek seed (RH.2591, pre-treated v/ith 

acid): germination at 24-23°, in the presence

of Atromid-S and geraniol.

TIME
(hours)

%
GERMIN
ATION
(100
SEEDS)

%
GERMIN
ATION

CONDITION OF SEED SAMPLE

CONTROL

0 - - At t = 3 hours all seed were swol
len to double dry size.

12 2 - No surplus water, 2 ml added and 
shaken, pH 6.3.

24 29 - About 1 ml surplus water; pH 6.3

48 100
1/3
Phase
(2)

75 Water, 2 ml, added. Phase 1 
pH 6.5

72 100 100 Water, 2 ml, added. Phase 2. Most 
radicles 1 to 2 cm long. pH 6.3

96 100 100 Phase 3; most radicles 2 cm long; 
in 23% yellow cotyledons had 
emerged, pH 6.0.

ATROMID-s
0 - - As control

12 1 - As control

24 2 - As control

48 14 55 Water, 1 ml, added. Some seeds had 
split and cotyledons were begin
ning to emerge. pH 6.3*

72 45 50 Phase 1; radicles very small.

96 48 50 Germinated seeds in Phase 2; in 
25% yellow cotyledons had emerged, 
pH 6.5* Non-germinated seeds appear
ed damaged. Surplus water was cloudy 
and viscous.
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Table III, 33 (contd. )

TIME
(hours)

%
GERMIN
ATION
(100
SEEDS)

%
GERMIN
ATION

CONDITIONS Or' SEED SAMPLE

GERANIOL

0 - - -

12 - - As control

24 3 2 Seeds appeared shiny due to 
coating of geraniol; more 
surplus water than in control.

43 3 2 No radicles had emerged but 
many had seeds split on the 
side opposite the radicle 
exposing the cotyledons; 1 ml 
water added.

72 3 2 About 1 ml surplus water, most 
seeds split, no radicles had 
emerged.

96 Seeds appeared damaged, no 
radicles had emerged but many 
yellow cotyledons had done so. 
pH 6.3.
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Table III.34 Kenyan fenugreek seed (RH.2591, pro-treated 

v/ith acid): analysis of the yields of

diosgenin and yamogenin obtained during 

germination at 24-25°.

TIMES 
(hours)

DIOSGENIN PLUS 
YAMOGENIN

DIOSGENIN YAI40GENIN

% ia. f.b. % m.f.b. % ra.f.b.

DRY SEED 1.33 1.37 0.909 0.922 0.618 0.644
WET SEED

0 1.32 1.33 0.904 0.909 0.616 0.622

12 1.47 1.36 0.882 0.917 0.588 0.642

24 1.42 1.33 0.860 0.874 0.364 0.637
48 1.48 1.49 0.887 0.874 0.388 0.620

72 1.36 1.43 0.812 0.860 0.347 0.386

96 1.32 1.36 0.782 0.799 0.333 0.564

ANALYSIS OF VARIANCE FOR DIOSGmiK PLUS YAMOGENIN

The % m.f.b. values were coded by XlOO and -I40. The 

calculated variance ratio was obtained by the division of each 

variance estimate by the Error variance estimate, 22.6.

CALCULATED 
VARIANCE RATIO, F

DF CONFIDENCE 
LEVEL, P

TABULATED 
VARIANCE RATIO 

F*

Treatments = 4.32 6,7 0.03 3.87 /
Dry vs Wet seed= 6.53 1,7 0.03 3.39 /
Response curve 
(wet seed)

= 4.31 3,7 0.03 3.97 /

Linear =20.64 1,7 0.01 12.23 /
Quadratic = < 1 1,7 0.03 3.39

Cubic = < 1 1,7 0.03 3.39
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Table III.34 (contd.) 

ANALYSIS OF VARIANCE FOR DIOSGENIN

The % ill. f.b. values were 

variance estimate was 31
coded

2.6.

, XI000 and -820. The Error

CALCULATED DF CONFIDENCE TABULATED
VARIANCE RATIO, F LEVEL, P VARIANCE RATIO 

F*

Treatments = 12.69 6,7 0.01 7.19 /
Dry vs Wet seed = 14*93 1,7 0.01 12.23 /
Response curve = 12.20 
(wot seed)

5,7 0.01 7.46 /

Linear = 34.2 1,7 C. 01 12.25 /
Quadratic = 2.19 1,7 0.03 5.59
Cubic = 1.33 1,7 0.03 5.59

ANALYSIS OF VARIANCE FOR YAMOG ENIN

The w ia.f.b. values wore coded 
variance estimate was 1133.

, XlOOO and -3oO. The Error

CALCULATED
VARIANCE RATIO, F DF CONFIDENCE 

LEVEL, P
TABULATED 
VARIANCE RATIO 

F*

Treatments = 3*40 6,7 0.03 3.87 /
Dry vs wet seed = 23.03 1,7 0. 01 12.23 /
Response curve = 1.47 
(wet seed)

5,7 0.03 3.97

Linear = o.op 1,7 0.03 5.59 /
Quasre.tic = ^ 1 1,7 0.03 5.59
Cubic = ^  1 1,7 0.03 5.59
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Table III.35 Atromid-S and, Kenyan fenugreek seed (RH.2591,

pre-treated witii acid) ; analysis of the yields 
of diosgenin plus yamogenin obtained during 
germination at 24-25°.

TIMES 
(hours)

CONTROL 
% m.f.b.

ADDITIVE 
% m.f.b.

DI03G
PL

ENIN
US

DIOSGENIN
PLUS DIOSGI:NiN YAMOGENIN

WET SEED
YAMOGENIN YAMOGENIN

0 1.52 1.53 1,51 1.56 0.891 0.917 O.6I4 0.647
12 1.47 1.56 1.38 1.54 0.830 0.878 0.550 0,666

24 1.42 1.53 1.40 1.51 0.830 0.883 0.566 0.622

48 1.43 1.49 1.43 . 1.50 0.834 0.869 0.592 0.629
72 1.36 1.45 1.37 1.37 0.804 0.817 0.561 0.554
96 1.32 1.36 1.38 1.40 0.808 0.817 0.570 0.587

ANALYSIS OF VARIANCE FOR DI CSGENIN PLUS YAMOGENIN

The % m.f.b. values were coded XlOO, -I40. F(Interaction) v/as 
found to be not significant, therefore the control and additive
results v/ere parallel 

together. The Error

compared

variance

to Times and 

estimated v/as

v/ere considered

31.5.

CALCULATED 
VARIANCE RATIO, F

DF CONFIDENCE
LEVEL, P

lAEULATED 
VARIANCE RATIO 

]?*

Interaction = 1 5,12 0.05 3.11
Times = 5.02 5,12 0.05 3.11 /
Additive = 1 1,12 0.05 4.75

Mean sapogenin values (0 to 96 hours) m.f.b. COIflROL ATROMID-S

Diosgenin plus yamogenin 
Diosgenin 
Yamogenin

1.46 1.43
0.865 0.849
0 . 5 9 4  0 . 5 9 7
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TABLE 111.36 Geraniol (Tech.grade) and Kenyan fenugreek seed 

(Eli.2591), pre-treated v/ith acid): analysis of
the yields of diosgenin plus yamogenin obtained 
during germination at 24-25°.

TIMES CONTROL 
(hours) % m.f.b.

ADDITIVE 
% m.f.b.

DIOSGENIN
PLUS

YAMOGENIN
WET SEED

DIOSGENIN
PLUS

YAMOGENIN
DIOSGENIN YAMOGENIN.

0 1.52 1.33 1.54 1.53 0.891 0.881 0.647 0.642
12 1.47 1.56 1.52 1.54 0.887 0.891 0.629 0.647
24 1.42 1.53 1.43 1.45 0.826 0.852 0.607 0.601
48 1.48 1.49 1.49 1.35 0.869 0.804 0.616 0.546
72 1.36 1.45 1.38 1.40 0.808 0.820 0.570 0.580
96 1.32 1.36 1.41 1.44 0.826 0.860 0.585 0.577

ANALYSIS OF V A RIANCE FOR DIOSGENI,N PLUS YAMOGEN:

The % ui.i.b. values w ere coded XlOO Sind -I40. F(Interaction)

was found to be not significant, therefore the control and

additive resul ts were parallel cc»mpared to Times and were con-

sidered togeth er. The Error variance estimate v/as 21.6.
CALCULATED 
VARIANCE RATIO , F

DF CONFIDENCS 
LEVEL, P

TABULATED 
VARIANCE RATIO 

F*

Interaction = 1.23 5,12 0.05 3.11
Times = 6.94 5,12 0.05 3.11 /

Additive = d 1,12 0.05 4.75

Mean sanogenin values (0 to 96 hours)% m.f.b. CONTROL GERANIOL

Diosgenin plus yamogenin 1.46 1.46
Diosgenin

Yamogenin

0.863 0.854
0.594 0.606
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Table 111.37 Kenyan fenugreek seed (RH.2591, pre-treated with 

acid): analysis of the yields of diosgenin plus
yamogenin obtained during germination at 24-23°, 
and when acid-hydrolysed in the presence of 
Geraniol.

TIME CONTROL 
(hours) % ia.f.b.

ADDITIVE 
% m.f.b.

DIOSGENIN
PLUS

YAMOGENIN
VJET SEED

DIOSGENIN
PLUS

YAMOGENIN
DIOSGENIN YAMOGENIN

0 1.52 1.53 1.54 1.53 0.891 0.887 0.647 0.642
12 1.47 1.56 1.51 1.53 0.904 0.893 0.607 0.636

24 1.42 1.53 1.51 1.43 0.887 0.860 0.624 0.571
1.48 1.49 1.51 1.48 0.893 0.882 0.619 0.593

72 1.36 1.45 1.29 1.38 0.773 0.793 0.516 0.586
96 1.32 1.36 1.39 1.30 0.812 0.764 0.567 0.536

ANALYSIS OF VARIANCE FOR DIOSGENIN PLUS YAMOGENIN

The b a., f.b. values were coded XlOO and - 140. F(Intera ction)

was found to be not significant, therefore the control and

additive results were parallel compared to Times and were con-

sidered together. The Error variance estimate was 9.5.

CALCULATED 
VARIANCE RATIO,F

DF CONFIDENCE TABULATED 
LEVEL, P VARIANCE

F*
RATIO

Interaction = 1.0 5,12 0.05 3.11
Times = 26.1 3,12 0.01 5.06 /

Additive = ^ 1 1,12 0.05 4.75

Mean sapogenin values (0 to 96 hours)% m. f.b. CONTROL GERANIOL

Diosgenin plus yamogenin 

Diosgenin 

Yamogenin

1.46 1.45

0.863 0.854

0.594 0.604
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CHAPTER 8

METHODS OF STATISTICAL ANALYSIS

(i ) Calculation of error for the assay procedures

The standard method^of calculating the standard deviation 

was used, which involved the calculation of and (£ x)^
values and substitution into the eauation:

( i.x^) - ( 1 x) 
N

N-1

where N is the number of samples. The error was expressed as 
a percentage of the mean, i.e. Coefficient of Variation (C.V),
g— X 100 where u is the sample mean.

Confidence intervals, (- range of error, % m.f.b.), were
— +calculated for assay procedures from u = x - t (S_)

X
where ju = the true mean, x = the sample mean

t = t-distribution, at P = 0.05 
S = S
X # -

The percentage range of error was calculated from

X - t . C.V. , as used in Table II.5.
//TT

(ii) Calibration Curves
AThe least squares straight line was calculated when 

required using linear regression analysis. The equation of 

the true regression line is 'y = a + bx, where a (the regres

sion constant) is the intercept on the y axis at x = o, and b
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(the regression coefficient) is the slope.

Since a = ÿ - bx, where x and y are the means of the x 

and y observations, the least-squares line will pass through 
the point x, y. Because this point is readily calculated, a 
more generally useful equation of the regression line is 

obtained by substituting a = y - bx, in the equation 
y = a + bx, to obtain y = y + b(x - x). The value of b is 
given by

(£ x) ( t y)
^ x y  - N

1 x 2 -
( 1 x)^

K

Esti:eation of Error variance and confidence interval for the
■Regression line

The Error variance, due to accidental deviations of y 
values above end below the line is given by

2 ^Sy. X  = IT-2

The 95̂ 6 Confidence Interval for y at x, is given by

y = ÿ - t (Sy), where t has (N-2)DF

and Sy = Sy.x
/(ïT
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Table 111,38

Calibration curve for sitosterol using cholestane as interna!

standard, by gas chromatography Fig.III.I4 (A)

Vit. of sit osterol, mgm. sitosterol/cholestane ratio

X x2 y yZ xy
0.290 0.084 0.655 0.429 0.190
O .605 0 .366 1.655 2.675 0.989
0.923 0.836 2.590 6.708 2.396
1.230 1.313 3.430 11.764 4.219
1.340 2.372 4.405 19.404 6.78

£x = 4.59 £x2=5.19 £y=12.7l5 £y^=40.98 Z_xy=14

X = 0.918 ÿ = 2.343

b = = 2.97
0.98

Regression line "y = ÿ + b(x - x) = 2.34 + 2.97 (x - 0.92)
T  = 2.97x - 0.19

Error variance Sy.x^ = 1/3(40.98 - 32.33 - 3.64) = O.OO33

Confidence interval (93%) for values of y about the 
regression line

Sy-2 _ Sy.x^ _ 0.0033 = 0.00066

Sy = r{ 0.00066 = 0.026

y ÿ - t(sÿ) = 2.54 - t(o.o26)

For (N - 2)DF and P = 0.03 from Tables t = 3.I8

.the confidence interval for y at x = 2.34 - 3.18 (0.026)

= 2.34 - 0.083 or t 3 .27%
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(iii) ANALYSIS OF VARIANCE

(a) ANALYSIS OF VARIANCE OF THE SAPOGENIN RESULTS OBTAINED 

FROM THE REPEATED USE OF COLUMNS. Discussion I07

Analysis of variance v/as used to compare the five groups of 
results obtained by using the columns five times each accord

ing to the solvent sequence described, Table II.6.

The experimental results are shown as diosgenin plus 
yamogenin, % m.f.b. (x), and coded (x^) to simplify the cal
culations by multiplication by 1000 and subtraction of 90O. 
Columns A to E contain the results obtained by using each 
column once to five times, respectively.

Table III.39 CODED RESULTS

A B C D E

X ][c X ^c X Xc X ^c X ^c
0.903 3 0.931 31 0.870 -30 0.915 15 0.913 13
0.931 31 0.891 -9 0.896 -4 0.917 17 0.888 -12
0.907 7 0.920 20 0.896 -4 0.936 36 0.922 22
0.915 15 0.898 -2 0.891 -9 0.896 -4 0.931 31
0.882 -•18
0.894 -6
0.892 -0
0.908 8
0.887 -■13
0.900 0
0.892 -8
T ot al 8 11 40 -47 64 54

Grand Total, T^ = (11 + 40 - 47 + 64 + 54)^ = 122^ = 14,884

Samples£t.,^ = 11^ + 40^ - 47^ + 64^ + 54^ = 10,942

Observations ^ ̂ ^2..... ^ ^^2 ^
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Table III.39 (contd.) PRELIMINARY CALCULATIONS

Type
of
Total

Total
of
Squares

Number Number 
of items of obser- 
squared vations 

per Item

Total of squares 
per 

observation

GRAND 14,884 1 27 551

SAMPLES 111)2, (.^7^
11 4 4

^ 2716
4 4

OBSERVATIONS 8,008 27 1 8,008

TABLE III.39 (contd.) CALCULATION OF TiIE VARIANCE ESTIMATES

Source Sums of 
Squares 

(SS)
Degrees of 
Freedom 

(DF)
Variance Estimate 

(Ve)

SAi-.PLES 2716-351 
(Between Groups)

= 2165 4 541

ERROR 3008-551 
(Within Groups)

= 7457 22 339

Thus for samples, the determined F value = 341 = 1.6.
339

From tables the critical F value (4 - 22) for P = 0.03 is 2.82. 
This means that the differences occurring within a group of 
sapOt^enin results are greater than the differences occurring 
between groups of results, i.e. it is at least 93% certain that 
all the sapogenin results belong to the same population.
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(b) ANALYSIS OF VARIANCE OF THE SAPOGENIN RESULTS OBTAINED 

FROM THE INCUBATION STUDIES AT 25° and 37°

This is illustrated by the experiment in which acid- 
treated Moroccan seed was allowed to germinate at 25° in the 

presence of Iiinetin at a concentration of 5 x 10 %I, Discuss
ion p. The two factors Idnotin (additive) and germination

(time) may independently or together bring about a significant 
change in sapogenin level of the seed. This was tested by 
calculation of the variance estimates for additive and time, 
and if either had an effect on sapogenin content at a level 
higher than could have occurred by chance, then the variance 
estimates would be greater than the values allowed from the 
tables of F* values.

Table III .40 Moroccan seed RH.1990 (pre-treated with acid) 
germinated at 25° in the presence of IcLnetin 
at 5 X 10" % ,

Times
(hours) CONTROL

X ^c
. ADDITIVE

X Xc

TOTAL 
OF 

ROWS 
(Times,T )

N

0 1.02 2 9 1.03 3 10 19 90.25
1.07 7 1.07 7

6 1.08 8 16 1.06 6 14 30 2251.08 8 1.08 8
12 1.06 6 13 0.99 -1 0 13 42.251.07 7 1.01 1
24 1.12 12 19 1.01 1 1 20 100

1.07 7 1.00 0
36 1.02 2 8 1.01 1 4 12 36

1.06 6 1.03 3
48 1.05 3 4 1.06 6 12 16 64

0.99 -1 1.06 6
72 0.97 -3 -4 1.02 2 2 -2 1

0.99 -1
^ T . ) 43 358.5
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Table III.AG (contd.)

The sapogenin results are shown as x (% m.f.b) and x^ (coded, 

XlOO and -100).

The total of squares (additive), is given Dy +

444

Table III .40 (contd.)

Total Tot al of 
squares

No. of 
Items 
squared

N o.of 
Observat
ions per 
Item

Total of 
Squares per 
Observation

Grand (65+43)2 
= II664 1 27 432

Times 558.5

Additive 444
Combinations

2 1 714

Observations 2^ + ... 2^ 27 1 782

Table III .40 (contd.) CALCULATION 01‘ THE VARIANC]2 ESTIMATES

Source Sum of Squares 
(SS)

Degrees of 
Freedom 

(DF)

Variance
Estimate

(Ve)
Times (558.5-432) = 126.5 (7-1) = 6 21.1
Additive (444 - 432) = 12 (2-1) = 1 12
Interaction (714 - 444)

-558.5 + 432=143.5 (6x1) = 6 23.9

Error (782 - 714) = 68 (14-1)=13 5.25

Tot al (782 - 432) = 350 (27-1)=26
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The Error is an estimate of that due to the experimental pro

cedures. The Total provides a check on the calculation since 

it must also equal the Sums of Squares of Times plus Additive 

plus Interaction plus Error.

The Variance ratio, F, for Interaction is = 4*57*
From Tables the critical F value (6, 13 DF) at P = 0.05 is 
2.92. Therefore the null hypothesis of equal variances is 

rejected, shovjing that the sapogenin results are being effected 

by one of the factors in the experiment. It means that the 

response curves for Times and Additive are not parallel and 

each must be examined separately to avoid misleading conclusions. 

In each case the sapogenin result obtained for dry seed, 0.96 
and 1.00^6 m.f.b. v/as now included so as to obtain a comparison 

between this and the effect of germination i.e. wet seed, wath 

and without additive.

Table III.4I Moroccan seed 
germinated at

RH .1990 (pr
25°.

e-treated with acid),

Total Total of No. of Observations Squares
squares Items per Item perob

squared servation
CONTROL SEED
Grand 61^ = 3721 1 16 232.5

Combinations 4^ + ...4^ = 942 8 2 471
Observations 4^ + 2^ .. = 538 16 1 538

Treatments = Combinations - Grand = 233.5
,2X T  TResponse curve, wet seed = ^  —  - tp* 481.5-301.8 = 179*7

2
14 ,

where T = g, ig, 1 3 , 1 9 , 8,4, 4 and T. = S5

The values for sums of squares (Treatments) were then distributed 

between Dry and %'et seeds.
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Table III.4I (contd.)

Source DF SS Ve

Treatments (n - 1) 7 238.5 34.1
Dry seed 1 58.8 58.8

Response curve (wet seed) 6 179.7 29.95
Error (15 - 7) 8 Obs-Comb. 67 8.38

Total (16 - 1)15 Obs-Grand. 305*5

F (Treatments) = - 4«06, for (7,8 DF) at P = 0.05,F = 3*50

,F = 5.32

" ,F = 3.58

Û33
F (Dry seed) = = 7.02 " (1,8 DF)
F (Response curve,

wet seed) = 29.95 = 3.58, “ (6,8 DF)
3.38

Therefore there is a significant difference between the sapo
genin yield from dry seed and the mean sapogenin yield from 
germinated (wet) seed. During germination a significant 
change in sapogenin yield occurred. The shape of the response 
curve which best fitted the experimental points was then deter
mined by multiple regression analysis. The time intervals 
used for sampling were not equally spaced so that the assist
ance of the Computer Unit, University of Bath was obtained to 
calculate the sums of the squares for the linear, quadratic 
and cubic regression curves and to provide the regression con
stant and regression coefficient in each case. If the Com

puter facilities had not been available and the time intervals 
of the experiment had been equally spaced, then the method of 

using an orthogonal polynomial table could have been used to

simplify the calculations. This method has been used by 
7Killer.
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Source DF SS Ve

Response curve (wet) 6 179.7 29.95

linear (L) 
residual

1
5

SS(L) 111.8
67.9

118.5

quadratic (Q) 
residual

1
4

SS(Q)-SS(L) 32.3
35.6

32.3

cubic (C) 
residual=higher powers

1
3

ss(c)-ss(q) 21.5
14.1

21.5

Error (as before) 8 67 8.38

F (Linear) = 118.5 = 
8.38

13.34, for (1,8 DF) at P=0. 01,F=11.26

F(Q.uadratic) = 32.3 =
8.38

3.35; for (1.8 DF)
L

at P=0. 05,F= 5.32

F (Cubic) = 21.5
8.38

2.57 j1

It can be concluded that the significant change in sapogenin
yield that took place during germination may be represented 
by a straight line. Calculation of the linear response curve 
was then made from the equation y = a + bt,

where a, the regression constant = 8 (from Computer Unit)

b, the regression coefficient = -0.715 ( " " )
and t, the coded value (hours) for time

6

The results are shown graphically in the Discussion, Fig.II.24.

This method of re-distributing the Sums of Squares for the res
ponse curve (6 DF) to Sums of Squares that may be attributed to 
a single degree of freedom e.g. a linear response, means that 

Suiiis of Squares due to experimental "noise" e.g. quadratic, 

cubic and higher powers is eliminated. Whereas F (Response
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curve) was only just significant, F(linear) is highly signifi

cant at the 99>«) level.

If the response curve had been quadratic, then the
I 2 * / \ 2equation y = a + b t + b t  , where b is the (Time) regression

coefficient would have been used. Similarly if cubic, then
I 2 " 5 " / \ 3the equation y = a + b t  + b t  + b t ,  where b is the (Time)

regression coefficient, would be appropriate. In each case

the value for y is decoded by reversing the method of coding

originally used; here it was decoded by the addition of 100

and division by 100, to obtain sapogenin yield in %, m.f.b.

The response curves should not be extrapolated beyond the time

interval of the experiment.

The sapogenin yields obtained after germination in the 

presence of kinetin at 5 x 10 were processed in exactly the 

saue way and it was found that the sapogenin yields now fol

lowed a cubic equation, and that it was highly significant 

even at a 99/8 level.

When more than one equation was found to be significant 

for the response curve, then the equation of highest power was 

used. This is because it provides the best fit for the experi

mental results, and its shape would be influenced by the signi

ficant equation of lower power. For example, the influence of 

a significant linear response upon a significant quadratic or 

cubic response would be to make the curve a shallow one.

When an experiment gave a Variance Ratio, F for Inter

action between Times and Additive that was not significant, 

then the two sets of sapogenin results for Control and Additive 

were calculated together, since they were then known to be
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parallel responses. In the kinetln experiment, Discussion 
four different additive conditions were used and the four 
different responses obtained illustrate the conclusions that 
can be made in differing circumstances, and the real contri
bution that statistical analysis makes in biological 
experiments. A summary of the main conclusions to be made 

from the statistical analysis employed here is given in 

Table 111.4%.

Table III.42 Summary of conclusions from the Analysis 
of Variance.

(A) Variance Ratio for Interaction not significant

The responses due to the presence or absence of additive are 
parallel compared to Times.

SIGNIFICANT NGT SIGNIFICANT

TIMES The sapogenin level changes 
with time.

No change in sapo
genin level occurs 
due to time

ADDITIVE An increase or decrease in 
sapogenin level occurs com? 
pared to the control at any 
particular time, and is due 
to the additive.

No change in sapogen
in level occurs due 
to additive.

(B) Variance Ratio for Interaction is significant

The responses due to the presence or absence of additive are 

not parallel. The Times and Additive (main effects) will 

produce misleading results if tested with the Error variance 
estimate . . the results for the presence or absence (control)
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SIGNIFICANT NOT SIGNIFICANT

CONTROL OR ADDITIVE
TREATMENTS The sapogenin level 

changes with time.
No change in sapo
genin level occurs 
due to time.

Dry vs Wet seed The sapogenin level 
of dry seed is dif
ferent from the 
average sapogenin 
level of wet seed.

No difference 
exists.

Response curve 
(Wet seed)

There is a change in 
sapogenin level with 
time.

If the value is 
closè to being 
significant; the 
response curve may 
still change with 
time.

Linear Response is linear Response is not 
linear.

Quadratic ” " quadratic " " quadratic
Cubic " " cubic ” ” cubic
Higher Powers ^ " erratic ” " erratic
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The economic importance of steroidal sapogenins, such as diosgenin, from 
plants as starting material for the manufacture of corticosteroids and oral con
traceptives by the pharmaceutical industry has been reported ( H a r d m a n ,  1969). 
Diosgenin naturally occurs with its epimer yamogenin, so that an assay procedure 
for these sapogenins should take this fact into account. The infra-red (i.r.) spec- 
trometric procedure described by B r a i n ,  F a z l i ,  H a r d m a n  and W o o d  (1968) 
for the quantitative determination of C25 epimeric steroidal sapogenins used dios
genin (25 a) and sarsasapogenin (25 P), the latter because pure yapiogenin (25 p) 
was not available at the time. The separation of pure yamogenin from diosgenin 
is difficult. H a l p a a p  (1963) described a preparative thin-layer (P-TLC) method 
using multiple development; we have used continuous elution.

Experimental
J

M aterials \
The seed of Trigonella foenumgraecum (Fenugreek) was of Moroccan origM; a sample (RH. 

1766) has been deposited with the Museum of the Pharmaceutical Society or Great Britain at 
Bradford. Adsorbent was Silicagel G (Merck) PF 254 + 366, and petrol refers to light-petroleum 
of b. p. 40-60*̂  unless otherwise stated.

Isolation of sapogenins for P-TLC
I. Seed was coarsely powdered and extracted in a soxhlet apparatus for 48 hours using petrol 

to yield 6% w/w oil. The partially defatted residue was dried, acid hydrolysed using 2 N HCl for 
2 hours and filtered. The residue was made alkaline with dilute ammonia solution and dried at 
60° before it was powdered and extracted with petrol for 48 hours to yield a yellow solid (A) 3.3% 
m. f. b. (moisture-free basis). (Further extraction for 48 hours exhausted the residue to petrol and 
afforded 0.19% w/w m. f. b. of solid). From the material (A) using petrol (b. p. 100-120°) three 
crops of crystals (yield 0.34% w/w m. f. b.) were obtained with a diosgenin : yamogenin (D : Y) 
ratio of 70 : 30. By removing the petrol (b. p. 100-120°) and replacing it with a small quantity of 
petrol (b. p. 40-60°) (in which the sapogenins have a lower solubility) and then extracting this 
solution with 85% aqueous methanol, a further five crops of crystals were obtained and bulked 
(0.17% m. f. b.) of D : Y ratio 55 : 45 by i. r. analysis.
II. Whole seed was acid hydrolysed etc. as above, and the insoluble matter on continuous 

extraction with petrol for 4 days yielded a yellow oil (B) 9.9% w/w m. f. b. Continued extraction 
of the residue with petrol gave gitogenin, 0.2% w/w m. f. b. From a petrol solution of (B) crystals
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were obtained (0.67% w/w m. f. b.) of D : Y ratio 67:33, and after several weeks another crop 
was deposited (0.17% w/w m. f. b.) D : Y ratio 50 : 50.
III. Fractional crystallisation from acetone was also used: sapogenin, 2 g, D : Y ratio 65 :35 

afforded four crops of crystals in the order shown: volume of acetone 100 ml, yield 595 mg, D :Y 
ratio 71-29; 60 ml, 714 mg, 63 : 37; 40 ml, 177 mg, 57: 43; 20 ml, 52 mg, 53 : 47; nil ml (residue), 
129 mg, 51: 49. Total yield was 1667 mg, calculated mean D : Y ratio 64 : 36. For separation by 
P-TLC crop No. 1 was used as a source of diosgenin, whilst crop No. 4 and residue were used for 
yamogenin.
IV. Yamogenin-rich material of D : Y ratio 1:2 was also isolated from Balanites aegyptiaca 

root via the sapogenin using the method of Hardman and Sofowora (1970).

P-TLC procedure
The separation was at first carried out using Shandon continuous elution tanks and 20 X 20 cm 

plates. Adsorbent, 75 g with distilled water, 165 ml was spread over five plates at 1 m m  thickness, 
left overnight prior to activation at 110° for 1 hour. The separation obtained using dichloro- 
methane : diethylether, 199 :1, for 6 hours (Bennett and Heftmann, 1966) is inadequate for 
preparative purposes but a distinct zone between the epimer bands was achieved with 196:4 
solvent system for 16 hours and a sample loading of 25 mg per plate. The epimers were detected 
at 366 pm as a pale blue fluorescence on a yellow background. The sample was applied in chloro
form using a Desaga mechanical applicator, which gave origin bands of less than 1 cm wide when 
solvent evaporation was assisted by hot air. The material was scraped off and then eluted from the 
adsorbent by soxhlet extraction using methanol for 24 hours and the sapogenin assayed by i. r. 
analysis for purity. All genins were finally purified by a second P-TLC separation and crystallised 
from acetone or 85% aqueous methanol.
The scale of the P-TLC separation was greatly increased by making a glass tank to closely fit 

a Desaga stainless steel rack designed to hold ten 40 X 20 cm plates, so that the plates would pass 
through slots cut into an aluminium lid (3 m m  thick.) and still project 2 cm above the lid. The 
tank was made from plate glass fixed together solely by the silicone rubber adhesive, „Trophix“ 
(Trophy Products, Huckford Lane, Kendleshire, Bristol, England). The adhesive swells overnight 
in the P-TLC solvents used, and shrinks again when the tank is empty. The tank has been used 
repeatedly and no leakage of solvent has occurred. Adsorbent, 100 g, with 240 ml distilled water 
was spread over three 40 X 20 cm plates at 1 m m  thickness and before the layer set the clear zones 
at the top and bottom of the plates were covered with a slurry of adsorbent from a wide-mouthed 
pipette. This ensured that in use the plates did not require paper wicks at the top of the lid and 
that all the solvent in the tank was utilized. The vertical edges (20 cm)of the plates were cleaned 
to minimise „edge-effects“ and a sheet of Whatman 3 M M  chromatography paper was trapped 
to the back of the plate by the rack and at the top by strips of sellotape. Since the distance between 
plates was only 3 cm, conditions were favourable for effective tank saturation with solvent vapour, 
and in practice the six plates per rack gave identical results. Sample loading was 40 mg per plate, 
with an origin to top of lid distance of 15 cm. Solvent, 1.5 litres, was added to the tank at the start 
of the separation, and 1 litre allowed to drip in slowly from a separating funnel passing through 
a hole in the lid. At the end of 16 hours only about 100 ml solvent remained in the tank, the plates 
were still completely wet with solvent, and development had ended.
The separated sapogenins were recrystallised (85% aqueous methanol) and desolvated at 70° 

and 1 mm  Hg over silicagel for 18 hours. Continuous elution TLC (Bennett and Heftmann, 
1966), and i, r. confirmed that the two epimers obtained by the P-TLC procedure were pure. The 
N M R  spectra of the diosgenin and yamogenin showed close agreement with the findings of 
Hardman and Sofowora (1969),and confirmed by reference to cholesterol that theĈ g methyl 
group signal does appear at 0.78 p. p. m. together with an equatorial Cg? methyl group, Boll and
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Ph ilipsborn (1965). The integral value at 0.78 p. p. m. for diosgenin was double that for yamo
genin, whilst a mixture of D : Y ratio 70 :30 by i. r,, gave an integral value indicating approxi
mately 27% yamogenin. The signal at 3.9 p. p. m. with yamogenin is absent from diosgenin; the 
spectra for the individual epimers showed that they were uncontaminated by each other: Dios
genin, needles m. p. 208-9, [a]̂ - 127 ± 3° (c = 0.37%, chloroform); acetate, needles m. p. 193-4, 
[a]̂  - 116 ± i3° (c = 0.29%, chloroform); yamogenin, needles m. p. 187-8, - 150 ± 3°
(c = 0.30%, chloroform); acetate, needles m. p. 172-3, [a]ÿ- 116 ± 3° (c = 0.31, chloroform).

Instrumentation
The N M R  and i. r. spectra to characterise the diosgenin and yamogenin were made by the 

Physico-Chemical Measurements Unit, Harwell, Didcot, Berks, England. In the i. r. calibration 
procedure a Hilger H 800 double beam recording instrument with rock-salt prism was used under 
the following conditions: 1 mm path length cell; slit 550 [x at 900 cm-̂ ; autoslit 25; gain 7; 
damping 4; scan speed 33 min/rev. A micro-melting point apparatus was used for m. pt. determi
nations with sealed m. pt. tubes and a heating rate of 4° C/min. from 30° below the m. pt. By 
Kofler hot-bench results were about 2° higher.

Infra-red calibration procedure
Because of the small quantities of pure sapogenins available, for solutions of single sapogenin, 

20 mg (to nearest 0.1 mg) was weighed into a tared 2 ml volumetric flask, made up to volume 
with an alar chloroform and weighed. Solution, 0.4 ml, was added to the dry i. r. cell and the 
spectrum was run three times over the 1050 to 850 cm-̂  region. From the remaining solution, 
1.4 ml was transferred to a tared 2 ml volumetric flask, weighed, made up to volume and re- 
weighed. Between solutions the i. r. cell was cleaned with analar chloroform, dried rapidly in a 
vacuum oven at 50° and allowed to cool to room temperature. A concentration range of 1.05 to
0.15% w/v was followed. When making mixtures of the sapogenins, the minor epimer if 5 mg or 
less, was weighed using a 5 mg torsion balance. J
Accuracy of the calibrations |
Diosgenin and yamogenin were weighed separately to test the Direct M etho^a.t 0.5% w/v and 

then together at the same concentration to test the Ratio M ethod. This also gkve a direct com
parison of the values for the individual epimers calculated by both methods, ̂ ee Table 3. The 
effect of total sapogenin concentration on the error of the D irect and Ratio M ethods was checked 
using D : Y ratios 9 : 1, 1 :1 and 1: 9, each at four concentrations, and the Coefficient of Vari
ation % calculated from the results of twenty replicate traces for each concentration (Table 4). 
The Studentized range of error (p = 0.99) may be obtained from Table 4 by multiplying each 
value by a factor of 1.651.

Results and Discussion

We have found the range of D : Y ratios occurring as natural mixtures to be 
wide, e.g. Dioscorea deltoidea tuber, 90:10 , H a r d m a n  (1969); Balanites orbicu
laris seeds, 87:13,  H a r d m a n  and W o o d  (1971); Balanites orbicularis pericarp, 
63:37,  H a r d m a n  and W o o d  (1971); Balanites aegyptiaca root 33:67;  Trigo
nella foenumgraecum  seeds 63:37.  For this study a mixture of diosgenin and 
yamogenin was isolated from Trigonella foenumgraecum  seeds (gravimetric yield
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0.84% m.f.b.) and later with the availability of the source, from Balanites aegyp
tiaca root, (yield 1% m.f.b.). In the common solvents yamogenin is more soluble 
than diosgenin and fractional crystallisation from acetone or petrol was used to 
afford a diosgenin -  or yamogenin -  rich fraction prior to preparative thin-layer 
chromatography (P-TLC).

Preparative thin-layer chromatography
The solvent system of B e n n e t t  and H e f t m a n n  (1966) was increased in polarity 

for P-TLC. Tw o methods of band collection were tried. When all the band areas 
were collected, the extracted sapogenin contained a trace of the minor sapogenin, 
which was removed by a second P-TLC separation. Recovery of pure sapogenin 
was 69% and weights of individual sapogenins were in the same ratio as the i.r. 
analysis of the starting material. The second method of band collection was used 
to avoid the narrow zone between the two epimer bands and the extracted sapo
genins were then as pure as those obtained by two P-TLC separations; the overall 
yield was 60%. (Whenever gitogenin was present in the starting material this was 
also separated from the required monohydroxy genins by the same solvent system). 
The separations obtained with water-saturated solvents were no better than those 
using untreated solvents, nor was the purity improved by a third P-TLC.

Infra-red analysis
The following bands are characteristic: diosgenin, 1240, 1160, 980, 960, 900, 

865, 795, 670, 620, 595 cm"\ yamogenin, 1270, 1210-25, 1130, 1060, 990, 920, 
850, 680, 610, 585 cm"h Figure 2 illustrates the pertinent peaks for the estimation 
of diosgenin and yamogenin and their mixtures. The calibration for the sample of 
diosgenin at 900 cm~  ̂ was very similar to that previously reported by B r a i n ,  
F a z l i ,  H a r d m a n  and W o o d  (1968); the calibration for yamogenin at 920 cm"̂  
showed lower absorbance values compared to sarsasapogenin at 920 cm~h Both 
diosgenin and yamogenin graphs were linear over the range 0.2 to 1.0 g/100 ml.

Table 1
The effect of the ratio of diosgenin : yamogenin (D : Y) on the i, r. absorbance ratio

D : Y ratio 900/920 abs. ratio D : Y ratio 920/900 abs. ratio

1:1 1.2 1:1 0.8
2:1 2.0 1:2 1.4
3:1 2.5 1:3 1.6
4:1 2.9 1:4 1.8
9:1 3.6 1:9 2.4

Diosgenin 6.3 Yamogenin 2.6
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Mixtures of diosgenin and yamogenin
The D : Y ratio of an unknown mixture may be obtained from the ratio of ab

sorbance values at 920 and 900 cm”h The data in Table 1 was obtained by mixing 
separated epimers. Slight variations occur with changes in total sapogenin con
centration. A concentration of 0.4% was used for the results shown in Table 1. 
When expressed as graphs (Figure 1) any D : Y ratio may be determined. The ab
sorbance ratio is also a useful way of expressing the purity of an epimer. Two 
methods of calculation are necessary: (1) Direct M ethod  where either epimer is 
markedly predominant and (2) Ratio M ethod  where the epimers are present in ap
proximately equal amounts. In method (1), the total sapogenin concentration is cal
culated from the 980 cm~̂  graph and the concentration of the predominant sapo
genin from either the 920“̂  graph for yamogenin or 900 cm"̂  graph for diosgenin, 
and the minor sapogenin by subtraction of the major sapogenin from the total 
sapogenin value. Method (2) requires a diosgenin graph at 900 cm"h prepared in 
the presence of a known amount of yamogenin, a yamogenin graph at 920 cm"h 
and a ratio graph from Table 1. The D : Y ratio of an unknown mixture is obtained 
from the ratio graph and then the major epimer determined from its graph, and the 
minor sapogenin obtained by simple proportion.

3o
<

2
uZâ

<

Fig. 1. D : Y Ratio Graph
A) is obtained from the absorbance ratio 900 -f- 920 
against D : Y ratio of concentration and is used for 
mixtures containing more diosgenin than yamogenin;
B) is similarly obtained from 920 H- 900 and is used

when yamogenin is in excess of diosgenin

In order to select the graphs needed for the Direct and Ratio M ethods the 980, 
920 and 900 cm"̂  absorbance values were calculated using the twelve different 
D :Y  ratios from Table 1, each over a concentration range of 0.15 to 1.05 g/ 
100 ml. To correct for background absorbance it is necessary to choose the ap
propriate baseline in measuring the 980 cm"̂  absorbance of diosgenin and yamo
genin (see Figure 2 and Table 2). Over the range of D : Y ratios 3:1 ,  2 :1  and 1:1,  
the absorbance values show a progressive decline making this range unsuitable 
for calculations using 980 cm'h For yamogenin-dominant mixtures the same pat
tern emerges, in that for a given baseline the absorbance values fall as. the D : Y 
ratio moves from yamogenin to equal parts diosgenin and yamogenin. It was 
found that none of the baselines listed (Table 2) for yamogenin or D :Y  ratio 
(1 :9) will produce identical absorbance values, so that the best compromise here
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Fig. 2. Infra-red spectra of 1% w/v solutions in chloroform in a 1 m m  cell of (a) Diosgenin 
(b) Diosgenin : Yamogenin mixture 1: 2 (c) D : Y 1: 3 (d) yamogenin

is to use a calibration obtained using yamogenin containing 5 % diosgenin. The 
baselines recommended in the calculations below will produce calibration graphs 
applicable to as wide a D : Y ratio as possible.

In the preparation of the calibration for diosgenin at 900 cm~h the presence 
or absence of yamogenin becomes very important. Figure 2 shows that pure 
yamogenin, isolated by P-TLC, possesses a significant absorbance at 900 cm~̂  
which must contribute to that due to the presence of diosgenin. Another factor 
is that the baseline for diosgenin may be raised due to the close proximity of the
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Table 2
The baseline positions available for estimating the absorbance value 

at 980 cm-̂ , for the total sapogenin content

Epimer(s) \% w/v in CHCI3 Baseline positions, cm-̂

Diosgenin 992, or 984 to 964
D:Y9:ltol:l 994 to 964
D:Y1:2 996 to 968
D : Y 1: 3 to 1: 4 1025, or 996 to 970
D: Yl:9 1025, or 990 to 972
Yamogenin 1025,1010, or 990 to 972

yamogenin absorbance at 920 cm“h S z y m a n s k i  (1964). To investigate the ex
tent of these effects, a series of graphs were prepared in which the absorbance 
values at 900 cm"̂  were plotted against concentration of diosgenin in the pre
sence of a range of yamogenin concentrations. The results show that at a D : Y 
ratio of 9 :1  the increase in absorbance values is only marginal, so that at a dios
genin concentration of 0,9 w /v the error is only + 2 % .  When the yamogenin 
content is increased to D :Y  ratios 4:1 ,  3 : 1  and 2 : 1  the contribution to the 
900 cm”̂  absorbance is greater, and identical, so that one graph only is needed 
for this range. The error produced in using a graph prepared from pure dios
genin instead of one prepared in the presence of yamogenin in ̂ this range varies 
from + 3 %  (at 0 .15^  w /v diosgenin) to + 7 %  (at 0,80%  w /v).'If diosgenin and 
yamogenin are present in equal amounts the error increases further, to a range 
of +  5% (at 0.15% w /v diosgenin) to + 1 3 %  (at 0.5% w /v diosgenin). This clear
ly shows that in the Ratio Method^ when diosgenin is the major epimer in an 
unknown mixture, the diosgenin value should be obtained from a 900 cm"̂  graph 
prepared in the presence of yamogenin. An identical study was carried out on 
the yamogenin calibration at 920 cm“̂  in the presence of diosgenin, and it was 
found that the absorbance values remained unaffected. Figure J shows that for 
pure diosgenin the 920 cm~̂  absorbance value is very small, even at 1% w /v con
centration. The final graph required for the Ratio M ethod  is the D : Y ratio graph, 
Figure 1, prepared from the data in Table 1. Outside the limits of D :Y  ratios 
4 :1 to 1:3 the slopes are inadequate to provide an accurate method of estimating 
the ratios, hence the need for calculations using the Direct M ethod.

Recommended Calculation M ethod  
In all unknown mixtures the ratio of absorbances at 920 and 900 cm~̂  will 

indicate the D : Y concentration ratio and hence the method of calculation.
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I. For Diosgenin containing not more than 20%  yamogenin use the Direct 
M ethod. The total sapogenin is calculated from the 980 cm~̂  absorbance using 
the 994 cm“  ̂ baseline or 984 cm~̂  baseline if present. The yamogenin content 
is the difference between the total sapogenin content and the diosgenin content. 
If the mixture contains up to 10% yamogenin the diosgenin content is calculated 
from the 900 cm"̂  graph prepared with pure diosgenin. If the mixture contains 
up to 20% yamogenin then the 900 cm"̂  graph used should be prepared in the 
presence of 20% of yamogenin. At 20% yamogenin the Ratio M ethod  may also 
be used.

II. For Diosgenin containing 20 to 50 % yamogenin use the Ratio M ethod. The 
tota l sapogenin  is the sum of the individual sapogenin values. The diosgenin 
content is obtained from a diosgenin 900 cm~  ̂ graph prepared in the presence 
of yamogenin, as indicated by the D : Y concentration ratio. Separate graphs are 
needed for D : Y ratios 1 :1  and (2:1 to 4:1) .  The yamogenin content is calcu
lated from the diosgenin value by simple proportion since the exact D : Y con
centration ratio is provided by the Ratio Graph.

III. For Yamogenin containing not more than 25%  diosgenin use the Direct 
M ethod. The total sapogenin is calculated from the 980 cm"̂  absorbance. For 
yamogenin containing 10 to 25 % diosgenin use the 996 or 990 cm"̂  baseline, 
whichever is present. For yamogenin containing less than 10 % diosgenin a graph 
is prepared using 5% diosgenin and the 990 cm~  ̂ baseline is used. If the instru
ment has an automatic marker device at 1000 cm"̂  then it may be used to provide 
a false shoulder at 996 cm~̂  when the graph is obtained using pure yamogenin. 
The yamogenin content is obtained from the 920 cm~̂  graph for pure yamogenin. 
The diosgenin content is given by the difference between total sapogenin and 
yamogenin values.

IV. For Yamogenin containing 25 to 50%  diosgenin use the Ratio M ethod. 
The total sapogenin is the sum of the individual sapogenin values. The yam o- 
genin content is obtained from a 920 cm~̂  graph for pure yamogenin. The dios
genin content is calculated from the yamogenin value by simple proportion since 
the exact D : Y concentration ratio is provided by the Ratio Graph.

The methods recommended above enable diosgenin and yamogenin to be esti
mated separately and together in all proportions. In practice for a given species 
and morphological part the D :Y  ratio is in a narrow range, and calibrations 
need only be made in this range, e. g. fenugreek seeds usually have a D : Y ratio 
of the order of 6:4 .  Another simplification for the Ratio M ethod  calibrations is 
to use 1% w /v solutions for each D : Y ratio required; the solutions may then be 
progressively diluted and assayed. The results will provide graphs for the major 
sapogenin in the presence of the minor sapogenin as well as the Ratio Graph.
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Error of the m ethod  
Tables 3 and 4 give the data on which the error of the method was determined. 

Over the concentration range 1.0-0.50% w/v the instrumental variation (Coeffi
cient of Variation, %) of the Direct M ethod  was 1.0-2.2% for total sapogenin 
and 1.3-2.6% for predominant epimers, and for the Ratio M ethod  was 1.1-1.9%

Table 3 
Accuracy of the calibration graphs

Sapogenin Weight % w/v Calculation method Eound Error

Diosgenin 10 mg 0.53 Direct 10.1 mg + 1%
Yamogenin 10 mg 0.53 Direct 10.3 mg + 3%

Ratio, calc, as 9.96 mg -0.4%
Diosgenin 10 mg D >  Y 9.96 mg -0.4%
plus 1.06 Ratio, calc, as 9.8 mg -2%
Yamogenin 10 mg Y > D 10.2 mg + 2%

Table 4
The effect of the concentration of the total sapogenin on the Coefficient of Variation 

for the Direct M ethod and the Ratio M ethod

Method of 
Calculation

Sapogenin
mixture

Sapogenin 
concentration 

% w/v

Coefficient of Variation % of 
sapogenin conceĵ tration 

Diosgenin Yamogenih Total

Direct D:Y9:l 1.0 1.33 >10 1.24
0.75 1.27 >10 0.86
0.50 2.35 > 10 1.60
0.25 3.23 >10 2.23

Ratio, calc. D: Yl:l 1.0 1.35 2.87 1.73
asD> Y 0.75 2.51 2,18 , 1.66

0.50 1.55 3.82 : 1.86
0.25 2.67 4.82 2.71

Ratio, calc. D: Yl:l 1.0 1.57 1.90 1.80
asY>D 0.75 3.31 3.35 1.83

0.50 2.76 2.18 1.06
0.25 3.69 4.96 2.73

Direct D:Y1:9 1.0 >  10 2.61 2.15
0.75 >  10 2.19 1.67
0.50 >  10 2.05 1.62
0.25 >  10 3.68 1,27
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for total sapogenin and 1 .4 -3 ,8% for individual epimers. When the minor epimer 
is only 10% of the sapogenin mixture its concentration is too low  for its accurate 
estimation by i. r. analysis. The procedure used involved scanning each sample 
three times at a concentration range of 1.0-0.50%  w /v. By a Studentized Range 
Test (p =  0.99) the range of error was found for the Direct M eth od  to be 1 .4 -  
3.7% for total sapogenin and 2.1-4.3%  for predominant epimer; for the Ratio  
M ethod, 1.8-3.1%  for total sapogenin and 2.2-6.3%  for individual epimers.
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Summary

Diosgenin and yamogenin co-occur. The separation of their two epimers by 
preparative thin-layer chromatography has enabled their infra-red spectrometric 
estimation to be improved. The methods described were chosen for their accuracy 
and ability to determine the two epimers in all ratios. The range of error, calcu
lated by Studentized Range Test (p =  0.99) for the concentration range 1 .0 -  
0.50% w /v was found to be: for the Direct M ethod, 1.4-3,7%  for the total sapo
genin content and 2 .1-4 .3  % for the predominant epimer; for the Ratio M ethod, 
1.8-3.1%  for the total sapogenin content and 2 .2-6 .3  % for the individual epimers.
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A Combined Column-chromatographic and Infrared 
Spectrophotometric Determination of Diosgenin and 

Yamogenin in Fenugreek Seed
B y  ROLAND HARDMAN a n d  T. M. JEFFERIES

[The Pharmacognosy Group, School o f Pharmacy, University o f Bath, Bath, Somerset, BA2 7 A Y)

A rou tine  procedure is described for th e  determ ination  of diosgenin and  
yam ogenin in  fenugreek seed. A crude ex trac t is obtained by  acidic hydrolysis 
of th e  seed, neu tra lisa tion  and  ex traction  of th e  insoluble m a tte r  w ith  ligh t 
petroleum . B y  m eans of colum n chrom atography th is  ex trac t is freed from 
fixed oil and  o th er substances, th u s  yielding a m ix tu re of diosgenin and  
yam ogenin su itab le for infrared spectrophotom etric analysis. The results 
calculated for duplicate  analyses of 2-5-g sam ples of com m ercial M oroccan 
seed, expressed as a  95 per cent, confidence in terv a l of th e  m ean sapogenin 
value, are 0 96 i  0-017 per cent, for diosgenin plus  yam ogenin, 0-58 ±  0-008 
per cent, for diosgenin and  0-38 i  0-016 per cent, for yam ogenin. The 
procedure has been found to  be satisfactory  for colum n loadings of up  to  
75 m g of diosgenin plus  yam ogenin in th e  presence of up  to  600 mg of fixed 
oil, w hich is approxim ately  th ree  tim es th e  w eight of ex tractive  from  2*5 g 
of M oroccan seed.

Gas - LIQUID chromatography^ and d,ensitometric thin-layer chromatography^ have been used 
to determine diosgenin in Dioscorea tuber extracts in which the yamogenin (the 25j8-epimer 
of diosgenin) and fixed oil contents are both very low. The separation of non-spirostan 
steroids from oily solutions has been achieved by thin-layer chromatography® and by partition 
between hexane and 85 per cent, ethanol,^ followed in both instances by gas - liquid chromato
graphic analysis. The infrared spectrophotometric procedure described® for the quantitative 
determination of the Cgs epimeric steroidal sapogenins involved the use of diosgenin (25a) 
and sarsasapogenin (25j§), the latter because pure yamogenin (25̂ 8) was not available at the 
time. The separation of pure yamogenin from diosgenin is difficult. We have achieved this 
separation by preparative thin-layey chromatography with continuous elution and have 
studied the infrared spectrophotometry required to determine the pure epimers individually 
in the presence of each other in all proportions.®

Acidic hydrolysis of Moroccan| Trigonella foenum-graecum L. (fenugreek) seeds, and 
neutrahsation followed by extraction of the insoluble matter with fight petroleum, affords 
a mixture of 1 per cent, of diosgenin'* and yamogenin with 6 per cent, of fixed oil and small 
amounts of free sterol, sterol esters, spirostadienes and gitogenin (see Fig. 1). The degree 
of accuracy attained with the method® can be achieved only in the absence of unwanted 
components of the crude extract, and we have developed a routine procedure for their removal 
by column chromatography. The assay is applicable to whole seed kept under aqueous condi
tions for the purpose of including plant auxins or other substances as a means of increasing 
sapogenin yield,^ and any changes in the diosgenin-to-yamogenin ratio occurring as a 
consequence of these post-harvest treatments can be detected.

' E x p e r im e n t a l

A ppa r a tu s—
Chromatographic columns—These were made with a 10-mm bore and an effective length 

of 300 mm and included an integral sinter (porosity 0) and tap. The columns were fitted 
with 100-ml separating funnels and, when large volumes of solvent caused air locks to form 
at the top of the columns, the air was released by inserting a length of PTFE tubing 
through the bore of the tap.

Desaga “S ” chamber—This chamber was obtained from Camlab (Glass) Ltd., Cambridge.
Spectrophotometer—A Hilger H800 double-beam recording infrared spectrophotometer 

with a rock salt prism and 1-mm path length cells was used.
Vacuum oven—This was a size 1 oven, from A. Gallenkamp and Co. Ltd., London.

© SAC and the authors.
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V a c u u m  rotary evaporator—A Biichi evaporator, from Orme Scientific Ltd., Manchester, 
was used.
R eagents a n d  m a t e r i a l s —

Concentrated hydrochloric acid (sp. gr. 1*18).
A ntimony {III) chloride.
Hexane.
Ethyl acetate.
Acetone.
Light petroleum, boiling range 40 to 60 °C.
Dilute ammonia solution—A 10 per cent, w/w dilution of ammonia solution.
Chloroform—AnalaR grade material from BDH Ltd., Poole, Dorset, was used.
Silica gel for adsorption—Woelm, from Koch-Light Laboratories Ltd., Colnbrook.
Diosgenin and yamogenin—These sapogenins were isolated by preparative thin-layer 

chromatography.®
Ampoules—The ampoules were 5-ml amber glass snapules from Adelphi (Tubes) Ltd., 

London.
Fenugreek seed—This was obtained from London Spice Market. Commercial Moroccan 

seed was sorted to remove weed seeds and soil, but not immature seed. The moisture content 
was ascertained by determining the loss on drying at 105 °C for 16 hours on duplicate 5-g seed 
samples. AU infrared results were expressed on a moisture-free basis.

R o u t in e  co lu m n  a n d  in f r a r e d  p r o c e d u r e  f o r  a  2-5-g vSEED a n a l y sis—
The crude extract was prepared by refiuxing 2 5 g of whole seed with 100 ml of 2 n  

hydrochloric acid for 2 hours. The mixture was cooled and filtered and the residue made 
alkaline with dilute ammonia solution before being dried overnight at 70 °C. This material, 
with its filter-paper, was extracted in a Soxhlet apparatus for 24 hours with light petroleum, 
which was then removed in vacuo, leaving an oUy residue. The columns were packed with 6 g 
of sifica gel for adsorption (Woehn, activity 11), with hexane - ethyl acetate (9 -j- 1). The oily 
residue was then transferred to the column by using a total of 10 ml of the solvent mixture, and 
coUection of the eluate was begun at a fiow-rate of 1 ml min“ .̂ A further 90 ml of the same 
solvent mixture were added and 85 ml of eluate (which contained all the unwanted material) 
coUected, plus three 5-ml fractions for a thin-layer chromatographic check. Then, 55 ml 
of a 3 +  1 mixture of the solvents were used to coUect 40 ml of eluate (containing diosgenin 
and yamogenin together), again foUowed by three 5-ml fractions for the thin-layer chromato
graphic check. The residues following evaporation of each of the 5-ml fractions were dissolved 
in 1 ml of chloroform and 10 fû  applied to a silica gel G plate which was placed in an “S” 
chamber with a hexane - ethyl acetate (4 -f 1) mixture, which was allowed to run for 15 cm. 
After drying, the plates were sprayed with antimony(lll) chloride (300 per cent, w/v in 
concentrated hydrochloric acid) and heated at 100 °C for 15 minutes.

AU the diosgenin and yamogenin extracts from one column were bulked, evaporated 
to dryness and left in vacuo overnight at 50 °C to remove moisture and yellow pigment. 
The residue was dissolved in 3*92 ml of AnalaR chloroform (the same 4-ml flask was used 
each time) and the solution kept in sealed 5-ml amber ampoules until the start of the infrared 
analysis. AU the solutions from one experiment were assayed in random order on the same 
day and checked for purity by thin-layer chromatography. The spectrum from each solution 
was determined three times over the frequency range from 1050 to 850 cm~^ by using a 
HUger H800 spectrophotometer under the following conditions: 1-mm path length cell; 
sUt width 550 /xm at 900 cm“ ;̂ autosUt 25; gain 7; damping 4; and scan speed 33 minutes 
per revolution. The caUbration graphs used were those required for the ratio method® and 
were prepared from determinations on pure isolated epimers. The diosgenin content was 
obtained from a graph of diosgenin contents at a wavenumber of 900 cm~^ prepared in the 
presence of yamogenin at the same diosgenin-to-yamogenin concentration ratio (6 : 4) as was 
present in the seed used. The yamogenin content was calculated from the diosgenin value by 
simple proportion, as the exact diosgenin-to-yamogenin concentration ratio was provided by 
the ratio graph that was obtained by plotting the diosgenin-to-yamogenin concentration ratios 
1 : 1, 2 : 1, 3 : 1 and 4 : 1 against the absorbance ratio (at 900 to 920 cm~^). The total 
sapogenin content was the sum of the individual sapogenin values.



June, 1972] d e t e r m i n a t i o n  o f  d i o s g e n i n  a n d  y a m o g e n i n  i n  f e n u g r e e k  s e e d 439
D e t e r m in a t io n  o f  i n t e r f e r e n c e  o c c u r r in g  d u r i n g  in f r a r e d  a n a l y s is  o f  t h e  c r u d e

EXTRACT—

The crude extract from 2*5 g of seed was column chromatographed as above except 
that the eluate was coUected in 5-ml fractions, each fraction being checked for identity by  
thin-layer chromatography, and then bulked into the fractions (a) to (d) (see Fig. 1). The 
residues from these were each dissolved in 5 m l of AnalaR chloroform and the infrared spectra 
determined (see Fig. 2). The effect on the result of the infrared analysis was determined by  
mixing equal volum es of the other fractions w ith fraction (h) in the following combinations : 

a - \ - h - \ - c - \ - d .  Each mixture was evaporated to dryness, dissolved in 
the same volume of chloroform as the volum e of fraction (6) taken and assayed for sapogenin 
content.

R e c o v e r y  o f  s a p o g e n in  f r o m  t h e  c o l u m n —

Diosgenin plus  yamogenin sapogenin mixture was purified by column chromatography 
and recrystallised from methanol (85 per cent.) or acetone while sapogenin-free fenugreek oil 
was obtained by extracting powdered Moroccan seed with light petroleum and removing the 
solvent in  vacuo. A  thin-layer chromatographic check confirmed the presence of fractions 
(c) and (d) and the absence of fractions [a) and (6). Acid-treated oil was then obtained by  
subjecting oil to the same procedure as was used to obtain the crude sapogenin-containing 
extract from the whole seed. W eighed amounts of sapogenin-free acid-treated oil and 
diosgenin plus yamogenin sapogenin mixture^ were dissolvej,JrL.^Jil@i:oform so that 4 ml 
(run in from a bulb pipette) contained 30 mg of sapogenin (equivalent to  T2 per cent, in 
the seed) and 250 mg of oil (equivalent to 10 per cent, in the seed). The 4-ml samples were 
evaporated in  vacuo and transferred to columns b y  using 10 ml of a 9 +  1 mixture of 
hexane - ethyl acetate.

R e s u l t s  a n d  d is c u s s io n

The amount of interference occurring during the infrared analysis when using fenugreek 
crude extracts was determined by isolating the main components from the extract obtained 
from 2*5 g of seed and obtaining the infrared spectrum for each fraction over the range 
of wavenumbers used in the determination. Fig. 2 {d) shows that fraction d  (Fig. 1) pos
sessed a considerable and rapidly changing absorbance over the whole range, the inter
ference being greater at 920 cm ~i than at 900 cm“ .̂ Fraction c (not shown in Fig. 2) 
gave a similar but lower absorbance, with a percentage transmission varying between 70 
and 80 per cent, over the important 920 to 900 cm ~i range. Fraction a [Fig. 2 (a)] showed 
the same general shape as fraction h [Fig. 2 (6)], but at a much lower concentration. The

F raction  J
{d) I

S piros tad iene 
3 ^  Sterol ester 
«  j  Fixed oil

F raction
(c)

Q  Sterol

Fraction
[b]

Q  Diosgenin + Q  
yam ogenin

r I 1
' F rac tion

F raction  .
(a)

Lig — G itogenin  y  

1 II

(b)

Fig. 1. T h in-layer chrom atogram s of: 
I, crude ex tra c t ; an d  I I ,  sam ple for in frared  
spec tropho tom etry  from  th e  colum n chrom a
to g rap h  b y  th e  ro u tin e  procedure
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fractions a, c and d (Fig. 1) were then added, one at a time, to fraction b and assayed for 
percentage content of sapogenin. The results obtained were as follows: fraction b, 1 2  
per cent. ; fractions a b, 1-3 per cent. ; fractions a b c, 1*6 per cent. ; and fractions 
« - f f e - f c  +  c?, 2*1 per cent. Fig. 2 (e) also shows the considerable distortion of the sapogenin 
spectrum when present in the crude extract a +  & +  c +  d compared with pure fraction b 
[Fig. 2 (6)]. Thus, all the unwanted components of the crude extract increased the infrared 
result for diosgenin plus yamogenin sapogenin. The analysis of twelve 2 5-g seed crude 
extracts by infrared spectrophotometry, expressed as a 95 per cent, confidence interval of the 
mean sapogenin value, gave 1 53 ±  0*06 per cent, for diosgenin plus yamogenin, 0*77 0*02
per cent, for diosgenin and 0*75 ±  0*05 per cent, for yamogenin. For duphcate results the 
corresponding confidence intervals were calculated to be ±0*15 for diosgenin yamogenin, 
±0*04 for diosgenin and ±0*12 for yamogenin.

30

oQ.

Ec2I-
70

_x

90

Fig, 2. Infrared spectra of fractions from 
column chromatograph, all a t  a  concentration 
equivalent to  th a t  occurring in 2-6 g of seed and 
dissolved in 6 ml of A nalaR chloroform; markers, 
X =  1000 and y  =  900 cm~^. Fractions a, b 
(II) and d correspond to  those in Fig. 1. Fraction 
e corresponds to  I, F ig  1 (crude ex tract a-\-b c~\-d)

Alternative methods of ehminating the interference, other than by column chromato
graphy, were also studied. In one method the seed was powdered (to pass a B.S.S. No. 30 
sieve) and defatted prior to undergoing infrared spectrophotometric analysis. I t  was found 
th a t Soxhlet extraction for 24 hours with light petroleum completely removed fraction d 
(Fig. I), but did not completely remove fraction c and did not remove any of fractions a and b. 
Acidic hydrolysis of the dried, defatted material yielded, after sapogenin extraction, a solution 
containing more spirostadiene than usual. The second method involved the placing of the 
extract obtained by defatting the powdered seed in the reference beam during the infrared 
analysis, but it failed to cancel completely the interference in the whole seed extract.

With experience the sapogenin in the residue from a 5-ml fraction can be detected 
visually, thus considerably reducing the number of fractions that required the thin-layer 
chromatographic check. Activity II silica gel gave better resolution and required less 
solvent than activity I silica gel, as well as being less likely to retain sapogenin. When a
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9 + 1  mixture of hexane - ethyl acetate was used throughout the development, 140 ml were 
needed to collect diosgenin plus yamogenin sapogenin instead of the 40 ml required when 
using a 3 +  1 hexane - ethyl acetate mixture. Thin-layer chromatographic investigation of 
the subsequent solutions used for infrared determination showed that the change in solvent 
strength when using the routine procedure resulted in the elution of a faint trace of material, 
that was left on the base-line of the thin-layer chromatographic plate, but was insufficient 
to influence the result of the infrared determination. Analysis of a bulk crude extract with 
six columns by using hexane - ethyl acetate (9 +  1) throughout and with six columns by 
using the routine method gave identical mean infrared results.

Removal of fractions c and d during the column elution still leaves a yellow colour on 
the column which is eluted partly before and partly with fraction h. The effect of the yellow 
colouring matter on the infrared result was studied by isolating all that from 250 mg of 
acid-treated oil (equivalent to 2 5 g of seed containing 10 per cent, of oil). Infrared spectro
photometry showed that no absorbance occurred between 1050 and 850 cm“ .̂ When all the 
yellow colouring matter was added to 28*3 mg (found by infrared determination) of diosgenin 
plus yamogenin sapogenins, a result of 28-5 mg was obtained, confirming the absence of 
significant interference. In practice, it has been found that when the bulked diosgenin plus 
yamogenin sapogenins with yellow pigment are dried in vacuo at 50 °C overnight, most of 
the colour is removed, so that the resulting chloroform solutions are either colourless or 
pale straw-yellow in colour. Repeated infrared analysis (20 times) of one of these solutions 
showed that its coefficient of variation was of the same order as that described® for the 
pure epimers.

The recovery of diosgenin plus yamogenin sapogenin from the column was tested by using 
column-purified diosgenin plus yamogenin sapogenin and acid-treated, sapogenin-free oil. 
The recovery obtained by using hexane -^ethyl acetate (9 +  1) throughout and six columns 
was 96 to 103 per cent., giving a mean result of 29*6 mg compared with the theoretical result 
of 29 5 mg. The recovery obtained with hexane - ethyl acetate, first 9 +  1 and then 
3 +  1, and twelve columns was 97 to 104 per cent., giving a mean result of 30T mg compared 
with the theoretical result of 29*8 mg and a coefficient of variation of 2*6 per cent. The 
reproducibilities of the column and infrared procedural steps were tested by analysing a crude 
extract by using twelve columns, and expressed as a 95 per cent, confidence interval of the 
mean sapogenin value. For diosgenin plus yamogenin, the mean value was T05 +  0*017 per 
cent., for diosgenin, 0*63 +  0*005 per cent, and for yamogenin, 0*42 +  0*012 per cent. The 
over-all error of the determination procedure, including samphng, acidic hydrolysis and 
extraction, was tested by carrying out twelve determinations, each on 2*5 g of seed, and ex
pressing the results as before. The mean value for diosgenin plus yamogenin was 0*96 +  0*017 
per cent., for diosgenin, 0*58 +  0*008 per cent, and for yamogenin, 0*38 +  0*016 per cent. 
For duplicate results the corresponding confidence intervals were calculated to be +0*04 for 
diosgenin plus yamogenin, +0*02 for diosgenin and +0*04 for yamogenin. The procedure 
has been found to be satisfactory for column loadings up to 75 mg of diosgenin plus yamogenin 
sapogenins in the presence of up to 600 mg of fixed oil, which is approximately three times 
the amount present in a 2*5-g sample of commercial Moroccan seed.
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