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ABSTRACT

The isoflavone level in red clover as affected by genotyPe, stage

of development, environmental condíLions, and sample preparation methods

was invesËigated. A meËhod has been developed for quantitative estima-

tion of the ísoflavones - biochanin A and formononetin in red clover.

This involved scanning the paper chromatograms wiËh a densÍtometer for

biochanin A and wiËh a fluoromeËer for formononetin. Isoflavone level

was the same in fresh and oven dried samples, if the Ëemperature did not

exceed 80oC. Drying at higher ËemperaËures or exposure Ëo prolonged wet

conditíons resulted in considerable loss of isoflavones. Some variation

ín isoflavone contenË \^ras observed betrnreen varieËies. Highest isoflavone

content (approximately L% of. dry weight of each isoflavone) occurred ín

Ëhe leaves before flowering and then it declined rapidly. Only smal1

amounts of ísoflavone \¡rere present in stems and petioles Ëhroughout the

growing season. Genetíc variaËion of each isoflavone \^7as observed ín

the four clones tested. Long photoperiod and low Ëemperature resulted

in higher isoflavone. Highest isoflavone concentration occurred ín the

folded leaf stage. This was followed by a gradual decline of bíochanin

A and formononetin unËil senescence r¿hen another isoflavone, daídzein

appeared in some clones. The kinins (kinetin and N-6-benzyladenine)

administered to Lhe soil resulted in an increase in isoflavone content

in red clover seedlings. The isoflavones remained for a longer period

in the red clover leaf discs if they I^7ere suspended in a soluËion



cont.aining kinins or benzimídazole than Ín v/aËer.

CoumesLrol content increased greatly in a|f.alf.a as the plants

matured" l^Ihite clover and birdsfood Ërefoil contained a trace amount

of coumestrol, v¡hile red clover had none. Application of dithane

greatly reduced coumesLrol content in alfalfa" Variatíon among samples

r.¡iËhin a clone was Iess than wiËhin or between varieties. Inoculation

with Leptosphaerulina briosiana induced coumestrol synthesÍs in alfalfa.

eoumestrol was PresenË in most annual medic species at maturity.
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II{IRODUCTION

Estrogen-like substances ín plants have been reporËed for Ehe past

fifty years. Among the plants that are known to Possess these substances

are Lhe forage legumes. Research in Lhese components was stimulated

because of reproductive diffÍculties in livestock gtazed on these plants "

These substances have been identified to be the isoflavones in red and

subterranean clover (3) and coumestrol ín the aLf.al-f.a and Ladino clover

(2) 
"

Although a precise and sensitive method has been developed for

determination of coumestrol (4), such a meËhod r¡as lacking for isoflavone

analysis " The procedures used for isoflavones either involved elutions

from paper chromatograms (9) and measuring spectrophoËomeËrically or

visually comparíng wiËh known amounts on thin-layer chromatograrns (i) "

Therefore, it seemed necessary t.o look for a simpler method for the

quantitaËive estimation of formononeLin and biochanín A in red clover"

Although consíderable work has been done on the genetic and envi-

ronmental factors affecting the isoflavone contenË of subterranean

clover by Australian workers (7, B) ferv investigations have been con-

ducËed on red clover. Also, little is known about the effects of

harvesËing procedures on ísoflavone levels 
"

experiments v/ere undertaken to determine the

methods along with genetic and environmental

changes in isoflavone content of recl clover.

Therefore, a series of Ëhe

effect of sample preparation

factors and ontogenetic



LITERATURE REVIEI,{

1" Estrogenic Plants

In the female animal, the hormone esËrogen is produced by the

follicles of the ovary at the onset of ovulation and the estrus cycle.

This hormone causes a change in the uterus characteristic of the pro-

Líferative phase and of cornification of the vagina when absorbed

dírectly inËo the cells of these Ëissues. In Ëhe animal, esËrogens

are sËeroidal in strucËure. Examples of such substances are estrone,

estradiol and estriol (Fig. 1). However certain planËs possess sub-

sËances which are not steroidal but stil1 exhibit estrogenic activity"

Ho

Estrone Estradiol

Fig. 1" Natural animal estrogens.

The esËrogenic activíty of plant exËracts at first was det.ermined

on the basis of the Allen-Doisy tesË in which the onset of estrus was

observed by appearance of cornified epithelial ce1ls in vaginal smears

from ovariectomizecl mice" More recently it has been discovered that

Ehe increase in weight of the uterine tube in ovariectomized or immature

oþ{
ll

Es trio 1



female mice or rats can be employed to determine estrogenic activity.

Latex, ovariectomized sheep were used in Australía (31). Matería1 under

investigaËíon can either be fed by íncorporating it into a diet or it

can be injected subcutaneously. Australian workers have measured the

increase of teaË length of r¿ethers in determining estrogenic activity

(24) .

Bradbury and trlhite (22) Ln L954 reported over 50 different plants

that have been found Ëo be esËrogenÍc. High activities were reported

for garlic, milkweed and oaËs. Some act.ivity was found in cormnon plants

such as coffee, sunflower, wheat, barley, some fruit.s' yeast, willow

fl-owers, rye grass, potat.o tubers, and in a number of forage legumes"

Few reports claiming the isolation of estrogenic steroids identical

wíth the normal anímal estrogens have appeared. Butenandt and Jacobi

(25) in 1933 have isolaËed estrone from date palm kernels " This was

closely followed with the isolation of esËriol from wil1ow flowers by

Skarzynskí (75).

The presence of estrogenic substances in plants gained importance

when it was discovered that they were the cause of infertility in live-

stock w;¡.en grazing on forage legumes. Bradbury and T^Ihite (21) subjected

various fracËions from an exËract of subterranean clover to mouse uterine

weight bioassays " They have identified genistein, an isoflavone, as an

estrogenic substance. Lal-er other isoflavones have been identified

having estrogenic activity in tl-re subterranean clover. Considerable

estrogenic activiLy t/as reported in red clovers of Ner¡ Zea1-and by Flux



et a1. (35). Kitts et al. (45) in studying the aff.ect of maturing on

estrogenic activity of cerLain forages, found high activity in alfalfa

and laclino clover at certain sËages" Later, the active substance vlas

found to be coumestrol (15), a compound closely related to the iso-

flavones.

2 " Isoflavones

The chemical identification of esËrogens ín forages r¡las started

when Ëhe cause of infertility ín sheep grazed on subËerranean clover

in Australia from L94L to 1951 vras Lraced to Lhe occurrence of Ëhese

subst.ances in the legume. AË first the isoflavone genistein (4t,5,7-

trihydroxyisoflavone) was isolaËed (2L), being about 1/100,000 as

acËíve as the syntheËic estrogen' diethylsËílbestrol" Shortly after

fhe other isoflavones: formononetin, (4t -metho>ry,7-hydro>ryisof lavone) ,

biochanin A (4t-methoxy,5,7-dihydroxyisoflavone) , and daidzein (4t ,7 -

dihydroxyisoflavone) were found as consLituents of red and subterranean

clover. The chemical structures are presented in Fig. 2. I^Iong (84)

has recenÈly ísolated a new esLrogenic isoflavone from red clover and

named iË, pra¡ensein. This compound differs from biochanin A by the

addition of a hydroxyl group in Ëhe 3'Î position, having therefore the

structural formula 5,7,3r -trihydroxy-4t -meËhoxyisoflavone.

The isoflavones are usually present in the glycoside form. The

source of a number of identified glycosides are listed in Table I.



TASLE I. Glycos ides of isoflavones naËura1ly occurring in forage planËs 
"

6

r

Isoflavone
aglycone

Isoflavone
glycos ide

Sugar and point
of aËtachment Source

Genistein

Biochanin A

Daídzein

FormononeËin

Genistin
Sophoricos ide
Sophorabios ide

Daidzin

Ononetin

7 -D-glucose
4r -D-glucose
4r -D-glucose and

L-rhamnose
6rr-malony1-7 -

glucos e

7 -glucose

6rr-ma1onyl -7 -
glucos e

Soybeans (80)
sophora 

în*, 
L" (28)

Subterranean clovet (7)

Cicer arietinum (86)
SubËerranean clover (72)
Subterranean clover (7)
Red clover (7)

7 -glucose

7 -glucose

6r¡-malonyl -7 -
glucose

Soybeans (3)

Ononis spinosa (10)
Subterranean clover (72)
Subterranean clover (7)
Red clover (7)



Fig" 2.

Genistein Doidzein

Biochonin A Formononetin

Diethylstilbestrot

Structures of estrogenic isoflavones and the
synthetic esËrogen, diethylstilbestrol"



The Ísoflavones have wealc estrogenic activity. Genistein for

example has a poËency of only about 1/100,000 that of dieËhylstilbestrol

(Table II). Similar potency values of isoflavones r¿ere obtained by

Cheng q! al, (29) and Wong and Flux (85) using mouse uterine weight bio-

assay. However, by the teaË increase of weËher bioassay, of the three

isoflavones present in the subËerranean clover, only formononeLin showed

a hígh correlation between its level and estrogenic activity (56).

Bíological transformat.ion of these compounds rnay occur wíth Ëhe produc-

É.Íon of more active íntermedíates. For example, demethylation of bio-

chanin A to genístein and formononetin to daidzein occurs in Ëhe Pres-

ence of rumen fluid as shovln by Nilsson (58) " However, Nilsson (59)

TABLE II" Relative poËency of forage estrogens vs. diethylstil-besËrol
and estrone (11).

Compound QuanËity to
produce 25 mg

uËerus, ug

Relative
poËency

Diethyls tilbestrol

Estrone

Coumes trol

Coumestrol diaceËate

Genis Ëein

Daidzein

Biochanin A

Fornrononet.in

0 .083

L.20

240

340

I ,000

1 1, 000

18,000

32,000

100,000

6, 900

35

24

t .00

0.75

0.4s

o "26



v¡as noË able'L.o show any difference ín estrogenic activity by the mouse

uterine tube bioassay between bíochanin A or red clover extracts incu-

bated wíth rumen fluid and non-treated samples. Formononetin has been

shown to be metabolised to equol, an isoflavan, in chickens (27) and

sheep {23). Trltren fed to mice, equol exhibited estrogenic activity

equal Ëo one-half of genistein (74).

llhe stabilíty of estrogenic substances Ëo drying treatments varies

with Êhe forage crop, Bickoff eË al. (14) using Ëhe mouse uËerine bÍo-

assay, found little if any reduction in esLrogenic acËiviËy when the

red clover rì7as dried prior to assay. ûven drying resulted in consider-

able loss in estrogenic acËivity ín alfalfa (f3), while in Ladino clover

slight loss occurred (16).

.[soflavones are present mostly as glycosides in the ch]-oroplasts

and thus it ís necessary to hydrolyze the glycosides before estimatíng

the ísoflavone content, Endogenous enzymes will liberate the isofla-

vones íf the plant material is crushed (6). Generally, isoflavones have

been detected and esËimated by paper (82) or thin layer (6) chromato-

graphy" In the former case, the isoflavones were eluted from the

chromatograms and measured spectrophotometricall-y, r¿hile in the 1aËter

a semi-quantitatíve estimate r.Ias obtained by visual comparison wiËh

knorvn amounts of synthetic isoflavones " Nilsson (60) developed an iso-

tope-dilution method for the quant.itative determination of biochanin A

in red clover"
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Isoflavone content of forage legumes varies greaEly with varieties,

species and environmental conditions The isoflavones are predominant

ín the Trifgllqq species which includes the economically important sub-

terranean and red clovers. The main isoflavones in red clover are for-

mononetin and biochanin A while in subterranean clover, in addition,

genistein occurs in high eoncentration" In a survey of 100 Trifolium

species, Francis et al" (4f) discovered that 14 have isoflavone contenËs

comparable ¡¡iËh that of subËerranean clover.

In the subterranean clover at least, Ëhe greatesL concentrat.ion of

isofl-avones is found in the leaves, probably in the chloroplasts (62)"

In the study of ontogenetic changes of isoflavone content of subterranean

clover (69), it was found thaË amounts of the three main isoflavones

were highest aË leaf emergence and Ëhen declined during the remainder

of life falling to low levels at death. In red clover, Schultz (72) re-

porËed that in the vegetative stage, formononetin conËent remaíned con-

stant at 0"4%, while that of biochanin A decreased by 50% during the

period of differentiation. Biochanin A contenË was at least L% greater

than formononetin in the leaves. In New Zealand, Wong (83) found Ëhat

the isoflavone content was higher during flowering than before flowering

in the red clover.

Environmental factors also contribute to substantial variation in

isoflavone level. In subt.erranean clover, Rossiter and Beck (68) re-

ported that long photoperiod and high intensity light favors isoflavone

synthesis. Low isoflavone level are associated with 1ow contents of
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s¡arch and sugar (64) which in turn are relaLed Eo light intensity"

However after ful1 leaf expansion, isoflavone synthesis ceases and are

Èhus unaffected by light or carbohydraËe level. Isoflavone concentra-

Ëíons v¡ere much higher at clay-night temperatures of 15oC/10oC tha,t at

lower or higher temperatures (66). In experiments !7ith varying nutrient

levels, phosphorus deficiency resulted ín higher ísoflavone level (67,

71). Although the New Zeal,and \,/orkers (26) found little effecË v¡íth

varying niËrogen supply on isoflavone leve1 in the red clover, RossiËer

(63) using young plants of subËerranean clover reporËed that niËrogen

deficiency \¡/as assocíated wíth increased concenËraËions of isoflavones "

MagnesÍum or sulfate deficíency lowered the isoflavone in red clover

cultivated in sand (7L), but in a more extensive study sulfur deficiency

nesulËed in as much as double the leve1 of isoflavones in the subter-

ranean clover (65). In addition Schoo et al. (70) found that vlith in-

ereasing raËes of phosphorus and sulfur, formononetin level decreased

significantly in the leaf blades of subterranean clover" fhe isoflavone

conLent vras no¡ affected by potassium levels (26). Thain and Robinson

(77) ]nad reported that red leaves formed in subterranean clover from

anËhocyanin pigmentation due Ëo r,Iater logging or nutrienË deficiency

contained 5 times as much genistein and twice as much formononetin, but

less biochanin A, than normal green leaves.

The formation of isoflavones in subterranean and red clover apPears

Ëo be determined genetically (55, 57), Morley and Francis (57), in
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examÍning the concenËrations of formononetin, genistein and bíochanin A

ín 151 l-ines of subterranean clover, found considerable differences among

varieties in individual isoflavones. Horuever, the differences in Ëota1

isoflavcnes r,^¡ere not as great as there v/ere negatíve correlations between

concentrations of genístein and biochanin A. Francis and Mi11íngËon

(38), by the use of the mutagen ethyl methane sul-fonate, \¡/ere able Ëo

obtain mutants deficient in Ëhe enz¡¡mes r¿hich methylates daidzein and

genistein Ëo formononetin and biochanin A respecËively. lhey also ob-

Ëained a mutant t¡hich was deficient in enz)rme that released the isofla-

vones f rom their glycosides " They also found that at least t\,üo genes

were Ínvolved in the product,ion of isofJ-avones.

Gror¿th regulators nay índirectly affect the synËhesis of flavonoid

compounds. These include the auxins, whose prime action is ce1l elonga-

t,ion and kinins, which have been shown Ëo delay senescence in a number

of species (32, B0) as determined by reËention of chlorophyll and pro-

tein. In the duckweed, Spirodela oligorrhiza anthocyanin formation was

inhibited by benzimidazole,2,6-díaminopurine, guanine and kinetin (78),

suggesting Lhat a pyrimídine or purine is involved in anthocyanin syn-

thesis. However, in culËured, excised inrnature petals of Impatiens

balsamina, Klein and Hagen (6) found thaL the addition of kinetin in-

creased anthocyanin content.

Coumes trol3.

In 1957, ßiclcoff et al. (15) at the U.S.D.A" I.lestern Regional
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Rcsearch T,aboratory, Albany, Ca1if . isolatcd a ¡eru estrogcn frorn r'rhíte

clover, clíffering from isoflavones

has a coumal:i.n-lilce sl-ructure and

ancl aníma1 estrogens " The compound

has been named coumes trol (Fig. 3) "

Fig. 3. Structure of CoumesËro1.

Coumestrol is about 30 times more poËent than genísLein, but still con-

siderably less active than the natural animal esËrogens or dieËhyI-

stilbestrol. Later it. has been found to occur in aLfaLf.a, subËerranean

clover (39), Meclicago tribuloids (55) , and small amounts in M. hispida

(53) and most other forage legumes (40' 53) -

Cooperative research projects tvithin the United States Department

of Agriculture then'follorved to deLermine the factors controlling coumes-

trol content. Samples of atfalfa \^/ere collected at differenL sËages in

a number of states and Lhen analyzed for coumesl-rol. They varied from

0 to over 600 parts per million and the variation seems to be due to

location, year and stage of growEh (43). In most of thc states, the

U"S.D.A. group found a risc 1n couurestrol synthesis after the flowcring

stagc. Tl're cxception was 1n thc stat-cs of California and Utah where
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coumestrol content vras Low throughout.

Further investigations into facLors influencing coumestrol content

led -r-o Lhe discovery ËhaL pathogens act as inducers of coumestrol syn-

thesis. Four fungal infestations; namely, blacketem (Aschochyta),

comrnon leaf spot (Pseudopeziza medicaginisl, Leptosphaerulina leaf spot

and Stemphylium leaf spot {43, 52) have been shown to cause a marked

Íncrease ín coumestrol. Sherwood et al. (73) after studying the coumes-

trol synthesis in alfalfa in response to pathogenic fungi reported that

Ëhe coumesLrol accumulation is limited to Ëhe infected area. Two aphids

(pea and spoLËed alfalfa) (50) have also shown Ëo induce coumestrol

synthesís, while the alfalfa ye1low mosaic virus (43) sËimulated coumes-

Erol aceumulation in some experiments " The low coumesËrol content of

alfaLfa in California and Utah can be explained by Ëhe lor¡ disease in-

eidence in these sËates.

OËher compounds related to coumesËrol known as coumestans and

flavones have been isolated from alfalfa (17). The content of these

substances in alfalfa was increased when plants lrere ínfecËed with

Pseudqpeziza medicaginis (18) .

In addition Ëo ladino clover and alfalfa, coumestrol has also been

found in considerable amounts in subterranean clover (34) ' Me4isggs

t,ribuloides (55), and }fedicago hispida (53) . Francis and Millington

(40) found consiclerable variation among annual medics in coumestrol

content, with high amounts in Medicago littoralis and several Medicago

truncatula (also referred to as M. tríbuloicles) strains. Ttre coumestrol
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level was higher in Ëhe dry annual medíc swards than the green pastures.

At the burr development stage mosL coumestrol was found in the mature

leaves, with only relatively insignificant quantities in the stems and

pods" In dry maËerial however, the stems and pods had very high coumes-

trol contents" In M. littoralis, Loper (51) observed ËhaË coumestrol

accumulaËed with age

spots "

and was concentrated in the necrotic physiogenic

4, BiosynËhesis of Ísoflavones

The biosynthesis of isoflavones is known in some detail and is

illustrated in Figure 4. The synthesis of the skeleton Cl5-intermediate,

whích is conrnon for all flavonoid synthesis, is derived from tI,ro separate

pathways. The A-ring arises from condensaËion of 2 malonyl CoA units

and an aceËyl CoA" The

cinnamic acid, cinnamic

remaining CO - C: portion may come from hydroxy-

acid or phenylalanine. Grisebach (42) lnas shown

that aryl migration subsequently occurs Ëo form the isoflavone sËructure"

This was based on experimenËs in which cinnamic acid labelled aË each

position in the C3-side chain is correcËly incorporaËed ínto formononlarrt

by clover seedlings. Glycosylation occurs after Ëhis step. In genistein

and subsequent biochanin A synthesis the carbon in the 5-position is

hydroxylated. Biochanín A and formononetin is finally produced by

methylation of genistein and daidzein respectively. Coumestrol is bio-

genetically related to the isoflavones ín that it is derived by arrange-

ment of the isoflavone, daiclzeín rather synthesis from Ëhe coumarin
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nucleus íntermediate (20).

Fhysiological effecLs of phytoestrogens

Infertility from planË estrogens ingested arises because of devia-

tíon from Èhe normal levels of estrogens in the female animal. Excessive

estrogenic stimulation from ingesting large amounts of estrogen-containing

forage results in hyper-estrogenic syndrome. Plant estrogens may reduce

Ëhe normal endogenous levels (hypo-estrogeníc syndrome), buË this is noË

well established. Enrnens (33) established that syntheËic estrogens may

acË as esËrogens or anti-estrogens depending on the 1eveI adminístered.

Competition between a weak plant or synthetic estrogen and a strong endo-

genous estrogen for a receptor site could explain Ëhe anti-estrogen effect

of some estrogens. Pl-ants may contaín anti-estrogen subsËances which

mask the effects of the estrogen"

Substances other than estrogens Ítay act as infertiliËy agents.

LeaviËË (48) found that conception did not occur in mice fed certain

samples of Ladino whiËe clover, though little estrogenic activity .t',7as

revealed by oral bioassay.

In the female animal, Lhe ovary under Ëhe influence of gonadotrophic

hormones secreted by the pituitary gland, produces Ëhe gonadol hormones

(i.e. estrogens) which regulates the esËrus cycle. Leavitt and Wríght

{44) reported that coumestrol has anti-gonadotrophic activity and its

primary effect is to inhibit the release of the gonadotrophin.

Anti-esLrogenic activity has been reported in alfalfa (1, L2),
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yellow pine (Pinus ponderosa) needles (4), and in a number of other

forage crops (19). Acller (1) reported estrogen inhibiËors in alfalfa

which were specific for coumestrol as well as for estradiol and diethyl-

sËil-besËro1. Already a Ériterpene constiËuenË, glycyrrhetinic acid

:lsolatecl from licorice (Glycyrrhiza glabral has been shown to Possess

anËi-estrogenic acËivity (47)" BÍckoff g! al. (L2) reporËed that certain

alfalfa samples contain estrogen pot.entiaËors vrhich enhanced Ëhe effect

of coumesLrol.

6" EÉfects of estrogens on livestock

Reproductive difficultíes were firsË noticed in 1941, when an ouË-

'break of infertiliËy in sheep appeared in tr^Iestern AusËralia (9) " A

combination of factors (low rainfal1, shortage of fertí1izer during \^lar-

Lime) led to a greaËer than usual inËake of subterranean clover. Symp-

Ëoms included fail-ure of e\.^/es to conceive, stillbirth or early death of

lambs and the lambing percentages dropped to as 1ow as B%. It has been

estimated LhaL a chronic reproduction problem of sheep in Australia

exisËs with about a 15% loss in the annual lamb crop'

In the UniËed StaËes, several observations on reproductive diffi-

culty have been reported. Engle et al. (34) observed that ewes grazing

on Ladino clover required Ëhree weeks longer to conceive than those

grazed on grass. Reports from farmers of New Hampshire of reproductive

failure in heifers and dairy co\^IS on a diet rích in Ladino clover

prompËed I^lright's (87) research where infertility in rabbits r¿as induced
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by feeding them ladino clover. In Oregon, Fox (37) demonstrated that

e¡,¡es fed.on red clover pasture ha<l a considerably longer lambing period

than the er,¡es fed on gt:ass pasture \.7íth little Ladina clover, and 20%

dry ewes occurrecl ín the former f1ock. Ranchers in the Western U.S.A"

and Canada have notíced that beef corvs tend to abort or give birth to

rveak calves rvhen they consume yellorv pine needles (54). In Israel ,

infertility in cattle was traced to the feeding of alfalfa lnay (2) .

Int.erference rqith fertility of Ë.he male animal may occur from

estrogens. Infertílity in male mice (10) as well as the female (36)

has been reporËed. Bennetts (B) observed changes in prosËate and bulbo-

urethral glands of castrated r.ra1e sheep grazed on subËerranean clover.

The semínal vesicles remained unchanged but in the experiment of

Oldfield et a1. (61) with wethers on high coumestrol alfalfa there r¿as

an eightfolcl increase in the weight of the seminal vesicle. There was

also some increase in the pituiLary gland weight.

Estrogens have also been known to increase gro\,^7th rate and feed

efficiency. Until recently steers \{ere fed or implanËed v¡ith synthetic

esLrogens suclL as diethylstilbesËro1 to promote growth. Because of

possible harmful effects in the human, diethylstilbestrol has recently

been completely banned ín Canada as a gro\^7th promoter and may be used

only in an ear implanË ín the U.S.A. Oldfield et al. (61), in tests

conducted at Oregon State University, showed significantly faster gains

on lambs fecl on high coumestrol a1-fal-f.a than on l-or¿ coumestrol a1-fa1-ta.

Organoleplic tests shorqed slight but significant difference in tenderness,
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juiciness and texture between Ëhe two treatmenËs - 
all in favor of the

high estrogen-fed

(76) did not show

when coumestrol in

lambs. Horvever, more recent results by Stob et al

an increase in gain or efficiency of feed utilization

pure form or in dehydrat.ed alfalfa pellets was fed

to cattle"

There is some evidence that est.rogens may have a stimulating effect

on lacËation. Lush green pastures have been associated with increased

mi1-k producËíon, but negative results by recenË workers (5, 44) with

syntheËic estrogens have discouraged further studies of esËrogens as

lactogenic agenËs "

Further work should be conducted on the effects of coumestrol on

1i-vestock, in parLicular to determine if the beneficial effects will

overríde the detrimental ones. Otherwise, vle may need two types of

forages, one, a 1ow esËrogen strain for breeding stock and Ëhe other,

a high estrogen line for fatËening steers, !üethers and poulËry.
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BIOCTIANIN A AND FORMONONETIN CONTE}TI IN RED CLOVER

VARIETIES AT SEVERAI MATURITY STAGES

ABSTRACT

A meËhod has been developed for quantitative estimation of the

ísoflavon biochanin A and formononetín in red clover. This in-

volved scanning the paper chromatograms with a densitometer for bío-

chanin A and \,rith a fluorimeter for formononetin. Some variation in

ísoflavone content 'was observed between varieties " HighesË isoflavone

content (approximately L% of dry weight of each isoflavone) occurred

ín the leaves before flowering and Lhen it fe1l off rapidly. only

small amounËs of isoflavone were present. in stems and petioles through-

out the growing season.

INTRODUCTION

Substances possessing estrogenic activity and affecting the perfor-

mance of animals have been known Eo be present in certain forages, parti-

cularly the legumes (3). Coumestrol appears to be an important estrogenic

substance in alfalfa (Medicago sativa) and ladino clover (Trifolium

repens), while the isoflavones, though possessing much weaker estrogenic

activity, are present in large amounts in subterranean (T. subterraneum)

anct red clovers (!. pratense) (10). The main isoflavones in red clover

are formononetin and biochanin A, while in subterranean clover, in addi-

tion, genistein occurs in high concentration.
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Subterranean clover has been responsible for serious infertility

problems' of sheep in Australia in 1941 (2), and in Oregon a longer lamb-

ing period and decrease in lamb crop has been reported when sheep grazed

on red clover pastures (5). Detrimental effects on reproduction from

ingesËion of clovers e_q=_ong,grolrth stage may be followed later by a bene-

ficial effect of growth stimulation and increased feed efficiency.

Some worlc has been done in Australia on the ontogenetic changes of

Ísoflavones in subterranean clover (11). The Ëhree main isoflavones

were híghest at leaf emergence and then declíned during the remainder of

life. SchulËz (L2) reported that in the vegetative stage of red clover,

formononetin content remained constant, while that of biochanin A decreased

'Eo 50% during course of differenËiation. In New Zealand, Wong (15) found

.Ehat Ëhe isoflavone content was higher during floweríng than before flower-

ing ín the same plant. Generally, isoflavones have been detected and

estimated by paper (14) or Ëhin layer (1) chromatography. In Ëhe former

rase, the isoflavones were eluted from the chromaËograms and measured

spectrophotometrically, while in the latter, a semi-quantitative estimate

was obtained by visually comparing with known amounts. Both methods have

disadvantages in being either Eedious or lacking in precísion.

The present experiments were undertaken t.o develop a simpler method

of quantitative estimation of formononetin and biochanin A in red clover

and to stucly the variation of these isoflavones among varieties and at

different stages of growth.
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MATERIAIS AND METHODS

Extraction

Red clover samples, either frozen or fresh, 3-5 g, vlere ground with

some sand and water and extracted as descríbed by Beck (1). However,

af.ter removal of lipids and chlorophyll wíth petroleum ether' the ethanol

fraction was Ëaken to dryness in a flash evaPorator and the resídue taken

up in 10 ml of benzene-eËhanol (50% v/v),

Estimation of Biochanin A

previously, isoflavones have been separated by paper chromatography

(14), and more recently by thin-layer chromatography (1) " Ilowever, in

both cases, only semi-quantitaËive estímation was made and iË appeared

thaË more accurate deËermination could be obtained by scanning the deve-

loped paper chromatograms with a densitometer.

For biochanin A, 2-6 ul of extracL \,,lere spotted and chromatographed

on llhatman No. 1 paper by ascending technique in a formic acid-water

(40:60) solvent system f.or 3\ hours. Together with these, duplicate

samples of biochanin A of 1, 2, 3, 4, 5 and 6 ug were spotËed Ëo obtain

a standard curve. This was done with each batch of chromatograms with

red clover extracts. After the chromatograms were dried for at least

2 hours, they were developed by spraying with the salt of dLazotízed

sulfanilic acid in NaOH (13). However, in order Ëo minimize the back-

ground a lesser concenLration, 0.1 g in 100 ml NaOH, was found to be

more suitable.
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After final drying, the chromatograms were cut into strips and

scanned on Densicord, Model 542. The aperture I,/as fu1-ly open and a

narrow-band secondary filter having peak t.ransmittance at 445 mu \{as

used. Since the baseline Lended to drift, it was more convenient to

cut out Ëhe area under Lhe peak and weigh it rather than to use the

íntegrator. The amounË of biochanin A in exËracL \,/as determined from

the standard curve and expressed on a dry weight basis.

Estimation of FormononeËin

Two Ëo six microliËers of extract vJere chromaLographed on l^Ihatman

No. 1 paper by ascending Ëechnique ín 2 N NH3 solvent system overnight

(about 16 hours) " As with biochanin A, formononeËin references of 1,

2, 3, 4, 5 and 6 ug were chromatographed rvith each batch of unknown

extracts. The chromatograns vrere dried overnight, cuË into sËrips and

scanned on the fluoromeËer. A primary filter, Corning No. 5970, was

used to screen ouË the visible light from the shorË-wave ultraviolet

light, and a narrol¡r-band secondary filter having peak transmittance at

505 mu was employed. The amount of formononetin in extract r.las deter-

mined from the standard curve in the same I¡Iay as for biochanin A.

Red Clover Samples

(1) Isoflavone content in

ties of red clover gro\,{n in the

and frozen. Duplicate samples

two aliquots of the samPle l4rere

various varieties. Leaves of l6 varie-

field were collected in August, 1965,

of each variety were taken and at least

chromatographed for formononetin and at



leasË three for bioci-ranin A.

(2) Isoflavonc content at various stages of matrrríEy. Two varie-

ties r.¡ere used, Tamisto

v¡ere taken Ín sun¡ner of

and they represented six

cut. These lrere stored

Letraploíd variety. Samplesancl Svalof 059, a

1966 from the fie ld in their

stages in f irst cut and tr+o

frozen and before analYsis,

separat.ecl from the sLems and petioles. Isoflavone contenE determinations

were done on both parËs. For stems and pet,ioles, a single 5-10 g sample

was talcen, while for the leaves, duplicate 3-5 g samples were used" At

least three aliquoËs ¡+ere chromatographed for each íscflavone from each

sample

RESULTS AND DISCUSSION

. For biochanin A estimation, it was necessary to scan the chromato-

grams within a day afËer spraying with diazotÍzed sulfaní1ic acicl; other-

wise, a dark background develops, particulatLy Lf lefL exposed to light.

FormononeLir-r gives a reddish spot. r+hich overlaps the yellow spot of

biochanin A and therefore a higher-Ëhan-actual biochanin A content was

obtained. This can be corrected, once the formononeËin conLent is

knorun, by subtracbing the adsorptÍon due to formononetin from the total

sbsorption. For these isoflavones, Beer's Lar^¡ rvas obeyed in tl-re range

of 1-6 ug.

second yearrs grovrth

stages in the second

the leaves vrere
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In the case of fomononetin, an íntense fluorescence was observed

initially because an arnmonia solvent was used for developing. I^fhen the

chromatograms were scanned at time intervals, it was found that inítially

Ëhe intensity of the fluorescence would drop sharply, but eventually a

stable response was obtained (Fig. i). It is cLeat, therefore, that for

accurate determinations, the chromatograms should be scanned about 10

hours after development. Lindner (8) however, reported a stable maximum

reading could be obtained by reading Ehe fluorescence right after expo-

sure to anrnonia vapor.

Although a number of solvent systems have been used in separating

formononetin and biochanín A, the formic acid-waËer (40:60) and 2 N

anrnonia systems were the most saËísfactory. These Ëwo resulËed in the

leasË tailing, and gave the maximum intensity under ultraviolet lighË

and with díazotlzed sulfanilic acid for formononetin and biochanin A

respectively.

¡Ihen known amounts of isoflavone \.üere added to plant exLracËs prior

to chromatography, a mean recovery of 96% was obËained for formononetin

and individual determinations were usually within 107. of the mean. The

mean recovery for biochanin A was 97% but deviaËions up to 30% from the

mean T¡/ere obtained, and for accurate biochanin A estimation, at leasL

six determinations vlere required.
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,ï.soflavone Content in Red Clover

(1) Variation among varieties. Formononetin cont.ent ranged from

0.35 to 0.94% while biochanin A range was 0.60 to I"I2% (Table 1).

Highest isoflavone"concentration rvas found in the Lakehead variety, while

the lowest r,/as ín the Manhardy and Heges Hogenheimer varieties. There

appeared to be a high correlation between biochanin A and formononetin

estimates, In the four varieËies that Francis et al. (7) tested, the

range for foi:rnononeLin was 1.00 Lo L"20%, and 0.95 to I.20% for biochanin

A.

Since red clover is a cross-pollinating plant, the samples may not.

be representative of a variety since they were taken from a limited

number of plants. Francis eË al. (7) observed a variaËion of 0.1 to

3.0% in ísoflavone conteiË of individual plants withín a variety. i,Iith

such a variaLion, it would appear possible to select for varieties with

low and high ísoflavone conent.

(2) Isoflavone conLent at various maturíty stages. High isoflavone

content was found in the earlier stages, until about flowering (Fígs. 2

and 3). This v¡as followed by a rapid decline. No significant difference

beLween a diploid and a teËraploid variety vlas noticed. The pattern is

somewhat like that of subterranean clover (11), where formononeËin and

genisteín synthesis occurs essenEially during leaf unfolding. In New

ZeaLand (4), a lower estrogenic activity in red clover was obtained in

the more mature stage, as determined by the mouse uterine bioassay.
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Table 1. Isoflavone ContenË of Some Red Clover Varieties
(7. on dry weight basis)

Variety Formononetin Biochanin A

Tepa

Merkur

Altaswede

Snow Brand

Robina

Tanrnis to

Manhardy

LaSalle

Tsukikei

Lakeland

Fet.zers Ritzinger

Oldenwalden

No. 0294 Double Cut

Heges Hogenheimer

svat8r osg

Lembkes

0 " 82irt

0"7s L
0.70 t
0"83 t
0"66 +

0"67 !
0.3s t
0.78 t
0.84 +

o.e4 !
0.60 t
0"4e !
0.73 +

0.37 +

O.62 1'

0"4e !

0.02

0.01

0.04

0.04

0.01

0.04

0 .02

0.05

0 .03

0.04

0 .02

0 .02

0.04

0 .02

0 .06

0 .02

0.81?'+ 0.04

0.BB + 0.05

0.70 t 0"04

0. 89 t 0.04

0.73 t 0"03

0.64 t 0.03

0.66 t 0.04

0.79 t 0"03

0.92 t 0.04

1.12 + 0.10

0.71 t 0 .06

0.70 t 0.0s

0.Bs t 0.03

0.60 t 0.02

0.74 + 0.05

0.77 + 0"05

The mean is Ëhe average of at least 4 determinations for formononetín
and at least 6 determinations for biochanin A"

The value given after the mean is the standard error.
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However, by chemical methods lower isoflavone content was obtained

during floweríng stage than in a later stage (15).

Bíochanin A content remained high two weeks longer than formonone-

tin in both varieties. This is in contrast to the fíndings of Schultz

(12) who stated that formononet.in remained consËanE v¡hile biochanin A

decreased to 50% in the vegetaLive stage. Though there is some evidence

that a flavonoici compound stimulates floral formation (9), this does not

appear to be the case here, since there would be a natural selection

toward hÍgh isoflavone plants " It appears Ëhat the ísoflavones are bro-

ken down at Ëhe time of floweríng, so that their meËabolites would be

available for the flowering process"

Isoflavone conËent in stems and petioles were 1ow at all sËages

and in both varieËies. However, Ëhe extraction method used estimated

only Ëhe free isoflavones in Ëhe sterns and petioles, since iË relies on

endogenous enzymes to hydrolyze tlne bound isoflavones. These enz)rmes

are present only in the leaf blades (1).

l'Ihen stem and petiole extracts erere chromatographed, a fluorescent

spot and a spot colored hTith diazoËized sulfanilic acíd could be detec-

ted aË higher Rfrs than those corresponding to formononetin and biocha-

nin A. These tíke1y were the glycosides of the respective isoflavones.

Nevertheless, Ëhe glycosÍdes appeared to be in small quantities. This

is in agreement wiËh other workers who have reported lorver ísoflavone

contcnt in stems and peËioles by chenical assay in rcd and subterrancan

clovc.r (11, 12), ancl low estrogcnic activity by biological tests in
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subterranean clover (6) .

This study shows the importance of sampling tirne if one is interes-

Ëed in the variation between the different genotypes. For breeding pro-

grans, when selections are made for low- or high-isoflavone varieties,

samples should be taken before flowering. Environmental factors may be

important in determining isoflavone content. The higher temPeratures

in the suntrner result in higher respiration rate and metabolism of the

isoflavones. The different photo-periods in New Zealand may explain the

discrepancy in isoflavone conËent estimated in that country.

A biological test, particularly wiËh sheep, should be useful in

confirming the changes in estrogenic activity aL various stages. If

formononetin and biochanin A are substances mainly responsíb1e for estro-

genic actíviÉy, Ëhis sËudy would indicate that red clover after the

flowering stage would be suitable for livestock in reducing reproductive

difficulties. However, the early vegetative growth may be beneficial

for fattening stock or for st,imulating milk production.
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EFFIiCTS OF SÁMPLE PREPARATION M-ETIIODS ON T}IE

ISOFLAVONES OF RED CLOVER

AsSTR¡,CT

T,soflavone levels in red clover samples, which \{ere oven-dríed at

temperatures below B0oC or frozen, did noË differ from fresh clover

samples. QuantitaËÍve estÍmat.ion of isoflavones can be made on dry red

clover samples provÍded Ëhey are first moisËened to hydrolyze the iso-

fLavone g1-ycosídes. Partial hydrolysís of glycosides resulted from

dryíng at high Ëemperatures or from freezing treatmenËs.

TNTRODUCTION

Red clover (Trifolium pratense) has been shown to contain high

1evels of the isoflavones, biochanin A and formononetin, and trace

amounts of daidzein and genistein r¿hich are estrogenically active (8,

10) " The isoflavones are bound as glycosides and iL is necessary to

liberate the isoflavones before they cän be quantitatively estimated"

Beck (1) obtaíned satisfactory results only when fresh clover leaves

hrere crushed with r^rater to release Ehe hydrolytic enzymes prior to ex-

traction with boiling ethanol.

The purpose of thls study was to invest,igaÈe the effects of sample

preparaEion methods on biochanin A and formononeEin levels ln rcd clover"
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MATERIAIS AND METHODS

The isoflavones, biochanín A

paper chromatography as described

!,/as increased to at least 6 hours

Ëhe two isoflavones.

and formononetin, were analyzed bY

previously (7). The developing Lime

from 3L, hours to completely separate

In the study on the effect of sample preparation methods on iso-

flavone content, red clover leaves of Svalof 059 and Hermes varieties

were collected in July and August, L967, respectively. The Svalof 059

leaves (about /+00 g) were rendered homogeneous and divided inËo seven

porËions. Moisture conLent v/as determined on one portion. On another

portion, ËriplícaËe 5 g samples r^rere crushed with sand and water and

analyzed for isoflavones. The other portions wete frozen in a deep

'Í.xeezet, freeze-dried, dried at room Ëemperature (3 days) and oven-dried

at B0oC overnight, respectively, before triplicate 5 g samples (fresh

weight equivalent) were taken for isoflavone analysis. The remaining

portion was subjected to 5 days of soaking in water to simulate wet

haying condiËions before it was dried, and triplicate 5 g samples I¡/ere

taken for isoflavone analysis. Dry samples vüere first moistened over-

nÍght, in 1 ml water for each g sample, before extraction twice wíth

70% ethanol. erFreerr isoflavones (non-glycosides) were deLermined in

duplicate from each portion by irmnersing the samples in boilíng 95%

ethanol.

The effect of drying EemPeratures and hydration Lime was studied
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on a batch of Hermes varietv leaves in a similar manner. Onlv formonone-

tin was analyzed in these samples

RESI]LTS

Sma11 but insignificant differences in the isoflavone contenË were

observed between various sample preparation methods except where samples

were soaked for 5 days (Table 2). oven-drying at B0oc or freezing sam-

ples resulted in some liberation of isoflavones from Ëheir glycosides

(Table 3). Drying at room temperature did not increase the free isofla-

vone content..

No appreciable loss of formononetin occurred when samples were dried

at room temperature or at 6ooc (Table 4). However, at g2oc there Ì¡/as a

significant decrease in formononetin content and a visible chanAe ín the

color of the sample. There v/as no difference in formononetin contenË

when samples were hydrated from \ hour to 24 hours (Table 4).

DISCUSSION

The experiments demonstrated that it

clover samples for isoflavone analysis.

is not essential Ëo use fresh

Beck (1) was able to obtain

satisfactory results only by crushing fresh clover leaves to liberate

hydrolytic enz),rrnes, which in turn release the isoflavones from their

glycosides. No appreciable loss of isoflavones occurred when samples

were dried at temperatures below BOoC. It is conceivable that the iso-

flavones and the glycosides are ín separate, adjacent compartments, and
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Table 2 Isoflavone Content
Affected by Methods
of Triplicates'

(% ary weight) of Svalof 059 Red Clover as

of Sample Preparation; Values are Means

Preparation Method Biochanin A Formononetin Total

Fresh clover

Dried aL room temperature
o

Dried at B0 C

Dried at room temperature
soaking in waËer for 5

Frozen

Freeze dríed

Average C.V.

after
days

0.74

0.53

0.63

Q " l$:hk

o "62

0.65

L6.6

0.54

o "62

0.58

0.32:"*

0.58

0.46

12 "4

I .28

1. 15

L,2L

g. SQ:k*

L.20

1.11";

o"t

+ Comparíson was

'^-" SignificanË aË

:k:.1 SignificanË at

made wiËh

5% level"

1% level "

fresh clover samples by Dunnettrs procedure.
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Table 3. rtFreerr isoflavone conLent (% dry
Clover as Affected by MeËhods of
are Means of Duplicatesr

weight) of Svalof 059 Red

Sample Preparation; Values

PreparaËion meLhod Biochanin A FormononeEin TotaI

Fresh clover

Dri.ed at room

Dried at BOoc

Dried at room
soakíng for

Frozen

Freeze dried

l-êmnê.l..4 f rrre

temperature after
5 days in water

0.29

0.11"k*

0 "29

0.12*:k

0 .45*r&

0.40*

trace

t.race

0 .30*'J<

0.10*:v

0.15*'*

0 .2 3*^-

0.29

0. 11ìk

0,59*x"

0.22

0.60xh's

0.63*:t

+ Comparison !üas

* Signifícant at

** SígnificanË at

made with

57. leve1.

17. level"

fresh clover samples by Dunnettrs procedure.
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TabLe 4 Formononetin Content of
weight) as Affected by
Hydratíon Time; Values

Hermes Red Clover (% dry
Drying Temperatures and
are Meaiis of Duplicates

Drying Lemperat.ure Hydratíon time Formononetín

Room temperature

o60c

gzo c

!, hour

2 hours

B hours

24 hours

Boiling ethanol

24 hours

Boiling ethanol

24 hours

Boiling ethanol

0.67

0.68

o.67

o .67

0.13

0.70

0.08

0.43

0.10
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treatments such

separating wal1

o
B0 C to prevent

as freezing and drying cause partíal disruptíon of the

It was necessary to maintain

decomposition of isoflavones.

drying temperatures belol/

over 9OoC, Lhere \,ras a

change in the color of the sample with a decline in isoflavone content"

Other workers using mouse uËerine weight bioassays detect.ed a con-

siderable loss in Ëhe estrogenic activity in alfalfa (3) on drying, as

much as 75% Ln some samples, while in Ladino clover slight losses occur-

red (5) r¿hen samples r^rere oven-dried. The chemical resulLs presented

here, however, are in agreement with bioassay analyses in subterranean

and red clover (4,6), in that little or no loss in estrogenically active

cornpounds occurred when samples were rapidly dried. Leaching or destruc-

t-ion of isoflavones could occur, parËicularly in unfavorable, wet haying

periods.

Two reasons have been suggested for the different effects of dryíng

on esLrogenic activity of red clovers and alfalfa. Swierstra (9) has

suggested that the greaËer retention of the activity of red and sub-

Ëerranean clovers during prolonged storage of the meal reflects a greater

stability of the isoflavones over coumestrol. Increased activity after

drying of red and subterranean clovers compared with alfalfa and white

clover may also be due to a less stable estrogen inhibitor or a more

sËable estrogen potentiator (2) .
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INFLUENCE OF CYTOI(ININS ON ISOFLAVONE AND AMI{OCYANIN
SYI{I}IESIS IN RED CLOVER SEEDLINGS

ASSTRACT

KineËin and N-6-benzyladenine st.imulated isoflavone production in

red clover, particularly if applied r, "r, early stage Ín the nutrient

solution. lhe cytokinins induced a reduction in yield and moisture con-

tent and an íncrease in anthocyanin synthesis. Anthocyanin also appeared

in mature red clover leaves when petioles were girdled but ísoflavone

1evel remained unchanged, suggesting that certaín enz)¡mes synthesising

isoflavones may become inactive during mat.uration of the 1eaf. The

anthocyanin was tentaËively identified as cyanidin-3-bioside. Isoflavone

leaching vras retarded from red clover discs when these were floated on

kineÊin, benzyLadenine or benzimidazole solution.

INTRODUCTION

Various plant gror^/th regulators are known which evoke morphological

changes and alter metabolic pathways. Auxins, such a indole-3-acetic

acid (IAA), enhance water upËake resulting in cell elongation, while

kinetin and related compounds, by inhibiting water uptake, cause stem

shortening and stimulatíon of cell division. It has become accepted,

however, that the basic act.ion of cytolcinins (9), as well as IAA and

gibberellin (5), is a stimulation of ribonucleic acid (RNA) and protein
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synthesís" In addition, the cytokinins have been shown to delay senes-

cence in detached leaves of a number of species (3, 17) as deEermined

by chlorophyll ànd protein 1oss.

This paper describes an investigation into the effects of auxins,

cytokinins and a growth retardant on the oest.rogenic isoflavones which

are present in large quantities (10, 16) in red clover (Trifolium pra-

!."".) " An aÈtempË is made to correlate isoflavone synthesis with

anthocyanin production and oËher meËabolic changes in this species 
"

BXPERTMENTAL

Preliminary experiments were conducted to test various growth re-

gulators that may affecÉ isoflavone synthesis in red clover. Batches

of 100 seeds of Robina and Altaswede varieties were planted in vermicu-

lite in a Petrí dish in the glasshouse and watered every second day"

AfËer about l0 days, each batch of seedlings r¡ras watered with 20 ml of

Hoagland soluLion and 20 ml of various growth regulator soluËions. These

included indole-3-acetic acid (IAA), 2,4-dichlorophenoxyacetic acid

(2,4-D), potassium salt of gibberellic acid (GA), chlormequat chloríde

(CCC), benzimidazole, kinetin and N-6-benzyladenine, in concentrations

-5 -3of 10 - - 10 -M" Application of the Hoagland growËh regulator mixture

vras repeated every seconcl day for 7 days. The unifoliate and trifoliate

l-eaves were then harvesLed, drÍed at 70oC, weighed and analysed for the

isoflavones, biochanin A and formononetin.
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After it was established that only the cytokiníns markedly affected

isoflavone synthesrs, an experiment v¡as designed to study the effecL of

time of application of benzyladenine and kinetin on isoflavone synthesis,

yield, chlorophyll content and anÈhocyanin productíon. Batches of. 250

seeds were planted in vermiculite in 12.5 x 13 cm plast.ic trays and

watered every second day" These seeds \^rere grovrn in a Coldstream growth

ocabinet at 70 F, wiËh illumination províded by 32 General Electric

F96TL2/ml fluorescenË lamps supplemented with eight 60 üI incandescent

lamps with a líghr intensít¡' 6g 1200 ft candle (1 ft candle = 10.76 lx).

After 7 days, each batch of seedlings vras watered \.rith 50 ml of Hoagland

solutíon, and either 50 ml of r,rater or a cytokinin solution. This was

repeated every second day. Three batches were used as control" The

cytokíníns vrere applied twíce, tvùo days apart, the first application

being 7, L2 and 17 days after seeding, After 24 days, Ëhe leaves were

harvested from all trays. A portion of the leaves (0.1 - 0.25 g) was

analysed for chlorophyll content by aceËone extraction, as described by

MacKinney (7). Yield of dry mat.ter and moisture content \n¡ere determined

on t.he remainder" Isoflavone content and anthocyanin estimation r,¡ere

determined on dried leaves.

The isoflavones were analysed by scanning the paper chromatograms

as described previously (1). The extraction procedure was modified

slightly because dry material was used, which v¡as moistened wiËh water

before extraction with ethanol (2). Thc anthocyanin was exLracLed over-
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night vrith 1% HCI ín methanol and chromatographed on hlhatman No. 3

chromatography paper in four solvent. systems: butanol-acetic acid-water

(BAW) (4:1:5 by vo1.), upper phase; butanoLfz N-HCI (BuHC1) (1:1 by vo1.)

upper phase; acetic acíd-HC1-v/ater (I{Ac-HCl) (15:3:82 by vol.) ; and L%

HC1. The aglycone rdas obtained by hydrolysing Lhe methanol extracË s¡iËh

2 NjHCI for 15 min and exËracting it with isoamyl alcohol. It was iden-

Lified by chromatographing it with known anthocyanidins, obtained from

blueberry skíns, on cellulose coaËed ËhÍn-1ayer plates using solvent. sys-

tems of formic acid-HCl-water (I0:1:3 by vol.) and n-amyl alcohol-acetic

acid-water (2:l:1 by vo1.) as described by Nyborn (B).

A study was also made on the effect of plant growth regulators on

leaf discs. The discs, I cm in diameter, vlere cut with a cork borer

from red clover leaves in a quantiLy sufficient to almost complet.ely

cover a 10 cm Petri dish. They were floated, with adaxial surface upper-

most, on 10 ml of \,rater or solution in Petri dishes. The solutions used

were IAA, 2,4-D, GA, CCC, benzimidazo1-e, kinetin and N-6-benzyladenine

in concentrations of 1O-5 - tO-3t"t. The solutions were changed every

second day and the Petri dishes rvere kept in darkness at room tempera-

t.ure. After 7 days, the leaf discs v/ere dried, weighed and analysed for

isoflavones.
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RESULTS

After one v¡eek of treatmenL, kínet.ín and benzyladenine, aL concen-

-3 -4tratíons of 10 " and 10 M, retarded gro\dth of red clover seedlings

(Table 5). Benzyladenine was more effective than kinetin in inhibíting

-/1 -5
gro\^rth. At a concenLration of 10 or 10 -M, benzyladenine stimulated

-/!

isoflavone synthesis; a concentration of 10 'M kinetin Ì^ras required for

a stimulative effect. 2,4-D inhibited growth at concentrations of 10-5

_) -t+ -5
.10 -M but onlv concentraËions of 10 and 10 -M resulted in an increase

in isoflavone level. IAA, GA, CCC and benzimidazole did not have a

significant effect on isoflavone leve1 or growth of seedlings.

The time of application of the cyËokinins was critical. When the

:10 -M kinetin or benzyLadenine solution was applied early (i.e. with the

appearance of coLyledons only), severe retardation of growth occurred

(Table 6). The cytokinins resulted also in a considerable reduction in

moisËure contenL and shorter petioles of leaves. This had been fre-

quently observed with cytokinin treatments. Although Ëhe cytokinins

appeared to induce darker green coloratíon of leaves, no increase in

chlorophyll contenË on a dry weight basis was found (Table 6). The

appearance of darker green coloration \{as probably due to concentration

of chlorophyll through loss of water.

Increased isoflavone leve1 and growth ret.ardation were associaËed

with anthocyanin production (Table 7). Kinetin and benzyladeníne, aE

-4
10 -M conccntration, resulted ín anthocyanin synthesis, especially when
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appLied aE an carly stagc.

Since isoflavone production lncrcased ín condiclons which favourcd

anËhocyanín synEhcsis, a study was made on the effect of girdling of

pet,Íoles on the isoflavones in red clover leaves. Thís was done to

select.ed leaves Ín four planËs, as the cortex could be easily scraped off

wífh a fingernail or razor blade. .A.fËer a period of one week, girdled

leaves shor¿ed considerable anthocyanin coloration, mostly in the veins,

but Ëhere $ras no significant Íncrease in either one or total isoflavone

tevel (Table 8) 
"

Partial identífication of the anthocyanÍn was carried out. The

anthocyanin, when chromatographed on cellulose thin-layer plates, had

an R, val-ue sÍmilar to that of cyanidin and co-chromatographed \"rith ÍË.

Chromatographic data strongly suggest that it Ís a cyanídin bioside"

The R, values from paper chromatography (Table 9) are close to the two

eoÍtrnon cyanidin biosides 
- 

cyanidin-3-sambubioside and cyanidin-3-

sphoroside (6). No authentic compounds wcre available for co-chromaËo-

graphy.

In experiments with leaf discs, kinetin and benzyladenine very

effectively retarded the l-oss of chlorophyll, even at concentrations of

-510 "M, and consequenEly Ëhe isoflavone level was higher than in the con-

trol afLcr 7 days (Table lO). Conversely, bcnzyladenine at tO-3t'l conccn-

tration rcsulLccl Ín necrosis and a considcrablc loss in fsoflavoncs6

-12r4'D, aE 10 "M conccntratione hacl a similar cffccE. Bcnzinriclazole
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Table B

EffecË of Petíole Girdling of Red Clover Leaves on Isoflavone
Content and Anthocvanin Production

Plant
No.

Isoflavone content, % of. dry wt.
Biochanin A Formononetin ToËa1 Anthocvanin

1

Control

2

ConËro1

Control

4
ConËro1

0 "22
0.18

0.70
0 "47

0.38
0 "29

0"30
0.37

0,66
0.70

0.98
0 "97

0.57
0"5s

0 "4s
0"54

O.BB

O. BB

1.68
r "44

0. 95
0. 84

0.7 5
0"91

present
absent

pres ent
absent

pres enË

absent

pres ent
absent
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Table 9

Chromatographic data of Red Clover Anthocyanin in DifferenË
Solvents

RG
!

Anthocyanin BAI^I BuHCl iIAc-HCl 1% HCl

Red clover anthocyanin

Gy3-sambubios ide:k

Cy3 -sphoros ide:k

0 "27 0 .22 0.s2 A "26

0 "36 0.24 0 
" 
51 0 "24

0"33 0.22 0.61 0"34

?t R, values of Ëhese anthocyanins are from Harborne (6).
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Table 10

Effect of Grorvth RegulaËors in Red Clover Leaf Discs on Isoflavone Level

Values are means of duplicates, except for benzimidazole which are means
of quadruplicates, and are expressed as % of control

Growth regulator Concn., M Biochanin A Formononetin Total

GA

Control

TAA

2,4-D

ccc

Benzimidazole

Kinetin

N- 6 -Benzv ladenine

100 (0,40+)

106

LO2

74

90

721)

118

128**

115

|/ $:k:'r

l{Q:t:k

119?k

LL7

\Q,z"z"

lJ$:l*

140¡k*

100 (0.s8+)

5BJ<ïk

104

97

109

63*?k

öJ

L2Lz\

LO2

120:t

lJl:!'.k

L2Lzr

137iñb

5l>trt

f J/:hk

12l:t

100 (0.e8+)

J J*rc

103

90

100

66*^*

96

l/(xz)

108

l/lLrzHc

lJ S:r^*

f /Qrkzk

f l$rb'r

4B:."*

I J{:k:'c

IJQ:k:t

-?10"
_¿L

10

-310-
-¿L

10

-110-

10-3

10-
-l+

10

-510-
-310'
-lL

10

-510-
-310-
-4

10

10-

+

Significant at 17" lever according to L.S.D. procedure
Signifícant at 5% level
% on dry weight basis
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retarded chlorophyll loss

effect as the cytokinins

to a much lesser extent. but it had the same

in maíntaining a higher isoflavone level. An

unusual observation was

-?centraËion of l0 - or 10

that benzimidazole was more effective at a con-
Ft-ì-M than at 10 'M in preventing isoflavone loss

DISCUSSION

Benzyladenine and kinetin retarded grol\ith

when applied in concent.rations of l0-3 and

effective than kinetin ín inhíbi-ting grov/Ëh

of red clover seedlines

10 'M; benzyladenine was more

. Í{ittwer and Dedolph (15)

also found that benzyladenine was a better growth inhibitor of tomaËoes

and cucumbers. They reported thaË, afËer application of the cytokinins

-5 -7in a nutrienË solutíon, in concentration range 10'- 10'M, the root,

stem and leaf growth of cucumbers and tomatoes $/ere inhibited several

-çweeks. At concentrations higher Ëhan l0 -M, the plants T¡/ere killed.

It is likely that red clover seedlings would have been ki11ed at tO-4¡,t

-5
and possibly at t0 M cytokinin concentration íf Ëhey had been allowed

to gror,J for several vreeks.

IË should be noted that the yield of dry matter usually decreased

with a corresponding increase in isoflavone level with cytokinin treat-

menË. This indicates a possible suppression of synthesis of plant pro-

ducts other than ísoflavones. However, this shift could not account for

the significant increase in isoflavone level r¿ith 10-5M benzyladenine,

while tl-re yield reduction was snall, if any. Coupled with Ehe fact that
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anthocyanln productlon occurs wlEh cytokinln treatmenË, lt would appear

that cyEokínins result Ín an accumulation of carbohydraËes r"rhich serve

as precursors for flavono.icl compounds. Thain and Robinson (12) have

also reported the association of anthocyanin with higher isoflavone Level

ln red pígmented leaves of subterranean clover r¿hen the planËs r¿ere

gro!¡n in abnormal conditions.

The same situation does not appear to exíst ín matured leaves.

GirdlÍng of petioles probably resulted in phloem damage and blockage of

basipetal transl-ocations of carbohydrates. The fact that this resulted

fn anthocyanin synthesis buË did not affect isoflavone l-evel suggests

that Ëhe availabiliËy of enz)rmes and not of carbohydrates is Èhe límÍcing

factor Ín isoflavone synthesis in matured leaves. Decline of Ëhe íso-

flavone level with age ín red clover (1) and in subterranean clover (11)

may be further evidence that the enz)¡mes become ínoperat.ive as the leaf

matures and no de novo synthesis occurs.

The effect of the cytokinins on the synËhesis of

anthocyanins in red clover differs from the inhibitory

isoflavones and

effect on antho-

cyanin synthesis caused by benzimidazore, 2, 6-diaminopurine, guanine

and kinetin in the duckweed, Spirodela oligorrhiza (i3). The syn¡hetic

paElìway of flavonoicls thus appeared to be different in the tvro organisms.

Retardation of isoflavone loss by thc cytokinins and benzimidazole

is probably due to prcscrvaEion of thc mcmbranes of tlle organcllcs in

which thc lsof 1¿rvoncs are locaEcd. Benzylaclenine and Iclnetln þavc becn
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found to preserve the chloroplasts in mature Brussels sprout leaves (4),

while benzimidazole maintained chloroplas

(14). The isoflavones have been presumed

t structure in wheat leaves

to be located in the chloro-

plasts and the results would indicate that the cytokinins may retard

isoflavone l-eaching from Ehe chloroplasts.
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V},RIETY, STAGE OF DEVELOPMN¡TI AND ENVIRON}ÍEIfIAL

EFFECTS ON ISOFLAVONE COISIE¡ÏI

ABSTRACT

Genetic varíation of the ísof lavones, biochanin A and f ormonor-retin

in the red clover v/as obser-vecl . The combíned level hor¿etzer did not

sígnifícantly differ in the four clones tested. Long photoperiod and

low temperal-ure favored ísoflavone synthesis. Highest isoflavone col1-

centration occurred in the folded leaf sËage. This was follovred by a

gradual decline of bioclianin A and formononeLj-n until senescence when

anoLher isoflavone, daidzein appeared in some clones"

I}{IRODUCTION

Red clover (Trifolium pratense) has been shovrn to contain hígh

l-evels of the isoflavones, biochanin A and formononetin and trace amounts

of. da¡dzein and genistein which are estrogenically acËive on the anirnals

thát ingest the forage.

Although considerable work has been done on the genetic and environ-

menËa1 factors affecting the isoflavone contenL of subËe::ranean clover

(f. subterraneum), fevr studies have been conducted on red clover. .The

formation of isoflavones in subterranean and red clover appears to be

deËermined geneLically (5, 6). However, subsLantial variatíon due to

environmental factors and ontogenetíc changes occurs. Tn subLerranean

clover, high intensity light favors isoflavone synthesis (10). Higher
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ísoflavone leve1 was found in subterranean clover when grown ín below

optimum temperatures (9). As the leaf unfolds and develops, there is a

decline in the isoflavone concentration (11) 
"

The purpose of this experiment vras to study the genetic and environ-

mental factors and ontogenetic changes in isoflavone level of red clover

varieties.

MATERIALS AND }MTHODS

Four red clover plants from three 'varieties, Altaswede, La Salle

and Manhardy r+ere cloned by splitting the cro\^rn as described by Barrales

and Ludwig (f) and transferred into pots" The varieËies used are recom-

mended Canadian varieties " La Salle is an early maturing double-eut

r¡ariety, while Altaswede and Þlanhardy are single-cuË varieties. After

two weeks growth in the greenhouse, the clonal plants vrere transferred

to two Coldst.ream growth cabineËs" Illumination was provided by fluore-

scenË and incandescent lamps at an intensity of 1200 f.c. aË pot level.

A factoriaL arrangement of duplicate plants of the four selections

at Ëtro photoperiods (B and 16 hours light) and at tv/o temperatures çOOof

o
and B0 F) was employed" The íllumination period was set for 16 hours in

each growth cal¡inet and in order to obtain an B hour photoperiod, boxes

made wíth black polyethylene !/ere placed over the plants for 16 hours.

After growing under these conditions for a month, about half of the leaves

representing all stages of development were collected from each plant.

These v¡ere dried to obtain moisture contenL and analyzed for isoflavones



7l

(2, 3).

Sínce grorvLh r^/as poor in the 6OoF grorth cabineË, after one month

the temperature ¡¿as raised to 7OoF, while the BOoF cabinet remained at

the same temperature. After a monthrs growth at these conditions" the

samples were again taken and analyzed. An analysis of variance was con-

ducted on the isoflavones of samples collected after one monthrs growth

in Ëhe growth cabinet.

To study the isoflavone leve1 at various sËages of development,

leaves aË three different maturity stages from three selections ï¡/ere

co1lecËed and analyzed for biochanin A and formononetin. In addiËion.

daidzein, a fluorescent isoflavone was estimated fluorometricallv in

Paper chromaËograms developed in 2 N anrnonia similar Ëo formononetÍn.

ït was well separated from formononetin"

RESIJLTS AND DISCUSSION

Each isoflavone and the total isoflavone

photoperiod and temperaËure (Tables l1 and 12)

were found with longer photoperiods and lower

of each isoflavone varied significant.ly among

content was affected by

. Higher concentrations

temperatures. The quantity

Lhe clones, but the Lotal

isoflavone content was not significantly different in the four clones

tested. Statistical analysis was conducted on the interaction of the

facËors buË they werc noË significant and therefore inclucled in the
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Table 11. Isoflavone Content of 4 Red Clover Selectíons After One Monthts
Growt h under 2 Photoperiods and 2 Temperatures. Values are
Means of duplícates (% dry weight).

Biochanin A Formononetin Total

o
Temperature 60 F

Altasrn¡ede

Altaswede

La Sa1le

Manhardy

I616

Photoperiod (hours)

816

0"90

0"84

0,73

O. BB

L.22

I .35

0"98

o.72

0 "46

o.62

1"04

I .04

0 .48

0.82

1 .50

1 .40

1.36 1.80

L "46 2 "t7
| "77 2 "48

I .92 2 "r2

Temperature Boor

Altaswede

Altaswede

La Salle

Manhardy

L616

Photoperiod (hours)

B 16

1

2

1.16

0.47

0"38

o.29

L "26
'1.27

0.51

0 .40

0.42

o.49

0.73

0 .90

0 .37

0"6s

0.90

1 .00

1 .58

0.96

1.11

1. t9

I .63

L.92

7 "4L

1"40

Table 12. Analysis of Variance for Isoflavone Content (% at" weight)
After One Monthrs Growth at t\^lo Photoperiods and two

TemPeratures.

Mean square

Source D. F. Biochanin A Formononetin Total

Sel ect ions

Photoperiod

Temperature

Error

3

1

1

26

0.5730:k

0.5304:'c

0.427 Brc

0.07 67

Q. J JQ$:'r*

0.2926¡u

Q. JQJQ:krk

,062L

0.0143

| . Sl lQrt:k

| " $S/J:ktt

0.1849

Significant at 17" lcvel
Significant at 5% level
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AfEer one monthrs growth,

flowering and thaL was at BOoF

only one plant (a La Salle selectíon) was

and 16 hours light. I{owever, af ter Ër¿o

months at these condítions, all the plants were flowering, though there

was litt1e change in the isoflavone concent.ration (Table 13). Since aE

ô
60-F, the red clover plants made little grorvth (Table 14) in one month,

the temperature of the growth cabinet was raísed to 7OoF, a more favor-

able growing temperature. After growing at these conditions for a month

Ëhe La Sal1e and Manhardy selections reached the flowering stage. There

rÁras also a decline in isoflavone concentration and the leve1 vras similar

t,o that of Ëhe plants gror{n at BOoF (Table 13) .

AfËer one monthrs growth, â significant negative correlation coeffi-

cient (-.82) vras obËaíned between the biochanin A and formononetin con-

t,ent, while after two monthts growLh, the correlatíon coefficient (-.07)

vTas noË signifícant"

Higher isoflavone concentrat,ions occurred when red clover planLs

\¡rere grorrTn under a 16 hour photoperiod" This was also reported by

Rossiter and Beck (10) in subterranean clover and it is generally believed

that flavonoid synthesis depends on photosynthesis to provide the carbo-

hydraËes. Light is the most imporL.ant exLernal factor for the full

development of anthocyanin colour in fruits such as the apple and straw-

berry and in most garden flowers.

Growth at 60oF \"ras slow and anthocyanin coloraLion occurred partícu-

1arly with a 16-hour photoperiod. Since isoflavone level was higher at
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Table 13" Comparison of Isoflavone Content After One and Two Monthrs
Growth under Photoperiods of B Hours and 16 Hours (ín brac-
kets). Values are mean of duplicates and expressed on 7.

of dry weight basis.

a) After one monthrs growth.

Cabinet and

Temperature Biochanin A Formononetin Total

I

2

(6ooF)

laoor¡

o"83 (1.06)

0.s8 (0.86)

0.38 (0.60)

0"43 (0"62)

0.7e (1.08)

0.64 (0.73)

0.66 (0. B3)

o . 84 (0. Bs)

r.62 (2.74)

L.Z2 (1. se)

1,04 (1.43)

L.27 (L.47)

b) After Ëwo monthtq growth" The 600 growth cabinet
was raised to 70"F after one monËh. The BO"F

cabinet remained at the same t.emperature"

1

2

(z oor')

(aoor)

Table 14. Comparison of Isoflavone Content and Yield (g. dry weight)
under Different Grorøing Condítions.

TotaI
Yiel d Isoflavone Y TEIO Isoflavone Yield

o
60F Boo¡'

?hotoperiod

B hours

16 hours

Total

0 .73r

0.824

1. s55

r.62

2 "L4

0.996

L "s47

2 "543

L.22

1.s9

I "727

2.37r
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o
60 F, it would appear that a temperature which favors anthocyanin pro-

duction also favors isoflavone synthesis. Rossiter and Beck (9) reported

that in subterranean clover a higher isoflavone 1evel occurred when

plants r"rere gror^rn at 15o/1OoC day-night temperatures than at 36o/3Io,

o, o
but at 9 /4 diurnal temperatures there r¡ras a decrease in isoflavone

level " However, it should be recognized that it may not be justifiable

Ëo make comparisons here since Rossiter and Beck used diurnal flucLua-

E.ions. Since low temperature delays maturity, the high isoflavone con-

centrat.ion could be due to slower ontogenetic changes in the red or sub-

terranean clovers.

The optimum growing conditions found for red clover vrere unlike

Lhose of Gist and Mott (4) in that they reported optimum gro\nlËh at a

lower temperature, 60oF and 1200 f.c" light for L2 hours. However, they

rvorked with seedlings while Ëhe plant material used here had just com-

pleted a sufitrnerrs growth before they were transferred to the growth

cabinets. On per planÈ basis highesË isoflavone production was obtained

at 16 hour photoperiods (Table 14). It would be interesting to determine

isoflavone producËion under conditions in the Gist and Mott experiments

since their optimum growth conditions also appears to be favorable for

isof lavone production.

Since variation in the individual isoflavones, formononetin and

biochanin A, was observed, it should be possible to select for a strain

high or low in a particular isoflavone. However, in the four clones
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studied the total isoflavone level rvas constant (Table 12). A negative

correlation found between formononetin and biochanin A in red clover

para11els that of subterranean clover where a negative correlaËion

beË\,üeen biochanin A and genistein was reported by Morley and Francis

(6) " It r¿ould appear that a genetic mechanism controls Ëhe relat.ive

amount of the Ëwo isoflavones, whíle environmenLal facËors which in-

fluence the carbohydrate pool affects the isoflavone 1evel. This seems

to hold true in red clover before flowering.

The isoflavone concentraËion was highest in folded leaves (Table l5).

Both biochanin A and formononeËin levels decreased wiËh age, while an-

other isoflavone, daidzein, appeared in senescenË leaves, with one selec-

tion (La salle) in particular having larger amounts. The pattern of

isoflavone level in red clover followed closely that of subLerranean

clover (11) in that isoflavone content of leaf declined with age.

The appearance of daidzein at maËurity was also reported by Rossiter

and Beck (11) in subterranean clover. The daidzein 1evel was high in

the clone which roas high in formononetin content. This r¿ould infer that

formononetin is demethylated to daidzein as it is ín the runen (B). The

inrnediate conversion of daidzein Lo equol in the rumen (7) could reflect

the good correlation between formononetin content of subterranean clover

and estrogenic activiËy in sheep.
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COI]MESTROL CO¡TTENT OF FORAGE LEGI]MES AS RELATED

TO VARIETIES, STAGE OF }4ATURITY

AND FUNGAI. PATHOGENS

ABSTRACT

Coumestrol content \,vas

at normal harvesting time.

low in reconnnended Canadian alfalfa varieties

However, the level rose sharply during the

late stages of maturity due to

ted ín red clover, while white

amounËs. Inoculation with L.

fungal pathogens " No coumestrol was detec-

clover and birdsfoot trefoil had slight

briosiana resulted onlv in slight increase

in coumestrol content. Spraying with dithane M-45 reduced considerably

buË did noË elimínate coumestrol synthesis in aIfalfa. Varying amounts

of coumestrol were detected ín annual medics at late stages grovln in the

field"

ÏMRODUCTION

in field gro\,7n plants of I"f . littoralis. I.1"

truncatula Gaertn., U. s cutel lata (L.) Mill., and M. polymorpha were

Coumestrol has been

pound in alfalfa, ladino

high 1evels of coumestrol

reached at advanced maturity (5)

principal agenEs associated with

(3, 7).

established to be the primary estrogen-like com-

clover and other legumes (2, 9) " In addiËíon,

Foliar pathogens were found to be the

accumulation of coumest.rol in alfalfa
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The purpose of this study \,7as to investigate cor'lilestrol 1eve1s of

1nr-n1 lv ørorvn âl {:ô11: ^ .-¡l nrt'^- 1=orase leSume r¡afietieS. The inf luenCeruu4!rJ ö!vrvrr aLLdLIdg 4iru vL!lul !vra6u rs6urLru Y

of local environment on counrestrol of annual medics and the feasibility

of fo1íar spray in controlling counestrol leve1 was also investigated.

MATERIA],S AND },IETHODS

(r) Analytical Procedure for Coumestrol Detennination

Samples were analyzed for coumestrol using modifícations of t.he

procedure of Livingston et 41. (6) . The samples v¡ere dried, rehydrated

wíth water and methanol was added (20 m1 for 1 g sample). After storage

ín the dark for two days, the solvent r¿as filtered off and the chloro-

phylt and lipíds r¡rere removed liith petroleum ether. The methanol was

removed in a flash evaporator and the coumestrol \ras extracted with

ethyl ether Ëwíce. The ether extractions \.vere combined and the ether

r,¡as removed in a \47ater bath. The resÍdue r"as taken up in acetone (1 ml

reþresenting 1 g). 1 - l0 u1 r¿as spotËed on trlhatman No. 1 paper and Ëhe

paper was developed for 16 hours in acetic acid-water (50/50% v/v)

s olvent

Samples lrith high coumestrol conËent \ùere soaked ín 70% methanol

(5 m1 for 1 g) for tlo days, filtered and chromatographed directly.

20 ul v/as spoËted on chromatographic paper.

Alor-rg v¡ith unkno\,rn extracts, coumestrol references of 0.05 to 0.5

ug were spotted and chromatographed. The chromatograms were dried,
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cut ínto strips and scanned on the fluorometer. A prirnary filter,

Corning No. 5970, was used Lo screen out. the visible light from the

ultraviolet light and a narrokr band secondary filter having peak trans-

mit.tance at 465 mu I{as employed. The amount of coumestrol in the ex-

tracË was deLermined from the sLandard curve, whÍch was obtained by

plotting the amount of coumestrol spotted against peak height.

A sample of coumestrol was obtained from Dr. Bickoff, Albany, Cal"

A eoumestroL soluËion of 0"05 ug/ul was prepared in ethanol-benzene as

a standard" Since a small amount of coumesËrol was available which may

be impure, it was not possible to prepare an accurate standard by weígh-

Íng the sample. The fína1 concentraËion was, Lherefore, checked spectro-

photometrically at 343 mu and calculated using the molecular extinction

coefficient of 26,950"

(b) Samples for coumestrol determination.

(1) Coumestrol content of Canadian alfalfa varieties.

Four reconrnended Canadian alfalfa varieties, Beaver, Ladak, Rambler

and Vernal were gro\^/n at Carman, Manitoba in 1966. First and second cut

samples were collected at flowering stage on June 30 and August 15, res-

pectively" The samples were dried and analyzed for coumestrol

(2) Stage of maturity of various forage legumes.

Samples of s ix varieties of alf alfa (M. sativa) , tI.Io varieties of

red clover (f" pratense'ì, Svalof 059 and Tamisto, and one each of early

type white clover (!. repens) variety, S100 white clover and birdsfoot
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Ërefoil (Lotus corniculatus\, USDA P.I" 234786, \47ere collected at eight

stages ranging from bud to seed stage of first cut and bud and flower

stage of second cut in the sunnner of. L966" The samples \,¡ere oven-dried

oat 70 C and duplicate 5 g samples \^rere used for coumestrol determination.

Coumestrol content was also determined on matured alfalfa plants gror,Tn

in Ëhe greenhouse.

(3) Variabilitv and effect of fungicide on coumestrol at. various
9Ie€9s.

Five strains of alfaLfa, gro\¡/n in Ëhe field were used to determine

the effect of fungicidal conËrol of foliar diseases on coumestrol: The

strains and their origin \^Iere:

q81
Q lls
Q 167

Q I92
Q 191

3 plants from

sprayed and a

plants from a

and fíve were

P.I.

r 99280
220808
256004

2377225
23 6605S

Orígin

Portugal
ltTumaf f , Sweden s el ect íon
France
rr^*^-...vEr rrr4rry

France (leaf spot resisËance)

each of the strains Q 81, Q 115, Q 167 and Q 192 were

similar number were left unsprayed as checks. Also five

síngle clone selected from the Q 191 strain was sprayed

left unsprayed to study variation within a clone. The

sprayed and unsprayed plants vtere alternaLed. An aqueous solution of

DiEhane M-45 was applied with a hand sprayer. Spray applications con-

Eained 2 g Dithane M-45 per gallon of waËer with 1 ml Tween 20 to pro-

mote r.Jetting ancl were macle once a r,¡eek at a rate of lLz gallons for 17
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plants. Spraying \{as begun on June 2 at bud stage and discontinued on

August 17" Also 3 plant.s from the same Q 191 clone \,¡ere grolún in the

greenhouse to study changes in coumestrol content aË these conditions.

Samples were collected every three weeks and stored frozen. AË the time

of analysis they were oven-dried and analyzed for coumestrol content"

Single determinations \,rere made on each sample.

Coefficients of varíation \.ùere calculated on sprayed and unsprayed

plants, for variation within a clone, within varieties and beLween varie-

ties at Ëhe latLer tI¡Io stages"

(4) Inoculation of alfalfa plants with Leptosphaerulina
briosiana (Poll ") "

Sporulating cultures of L. briosiana were produced on V-B agar

medíum as described by Martinez and Hanson (10). The inverted Plates

were then suspended over individual Rambler alfaLfa plants by taping

the plants to steel supports and covering the pots with plastic bags

for 3 days to mainEain humid conditions " Leaf samples were collected

after 6 - L2 days and anaLyzed for coumestrol. Samples from check

plant.s I^/ere also taken.

(5) Coumestrol content in annual Medicago spp.

Various annual medics \.{ere gror¡/n to maturity in the greenhouse and

from the green-

M. littoralis,

in the field. Samples collected at maturity (pod stage)

int ert exta,M. hispida,

Lribuloide'.s

Mhouse included E. gg.it"lgt",

M" l-upulina, S" *g"gþta, M" and M. turbinata. Samples

harvested in Lhe field were from t.r^/o stages - flowering and pod, and
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Ì,/ere collected on July

íncluded M. arabica, M.

27 and August 22, 1967 respectively. The speeies

auriculata. M. int e-r-t-exta, M. littoralis, M"

1upulina, M. maculata, M. murex, M. orbicularis, M. ,scutella, M. tornaLo,

and E. tribuloides" The samples were dried and analyzed for coumestrol.

RESITLTS AND DISCUSSION

(1) Analytical MeLhod

Fluorescence from as 1itt1e as l0-2.rg coumestrol could be observed

in paper chromatograms under ultraviolet 1ight" This made it possible

to prepare a calibration curve ranging from 0 to 0.4 ug coumestrol.

This i-s more sensitive than that reported by Livingston et a1. (6) on

Ëhe fluorometer designed by Bailey (1) with a range of 0"2 to L.0.rg.

However, Loper (private con¡rnunication) was also able to improve the

sensiËivity of Baileyts fluorometer" A linear relaËionship was obtained

between coumestrol content. and peak height. As coumestrol did noE Ëaíl

in chromaËograms, it was not necessary to determine the area under the

peak as it was for formononetin. Some overlapping of other fluorescent

sPots, presumably coumestans r¿ith coumestrol occurred particularly in

samples hígh in coumestrol content.

(2) Coumestrol content at various stages of maturity of forage
legumes and alfalfa varieties

Considerable rise in coumestrol Level in alfalfa varieties was

about the floweríng sEage

young leaves in the

noted as the plants matured, which began from

(Fig. 4). Counrestrol contenL r,ras again low in
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second cut. A coumestrol conËent of 3-4 ppm raas detecEed in white clover

sampled collected in the latter part of sumrner. A trace amount of cou-

mestrol v¡as present in only two birdsfoot trefoil samples. Coumestrol

\{as not detected at any stage in red clover. In samples of. 20 Rambler

matured alfalfa plants gro\,rn in the greenhouse, coumestrol conËent ranged

from 0 t-o 5"7 ppm r¿ith a mean of 2.1 ppm.

The high coumestrol level ín matured alfalfa plants was expected as

they were heavily infested v¿ith leaf spots. Further proof that infection

induces coumestrol synthesis was evident from greenhouse alfalfa plants

which ü/ere apparently free of leaf spot.s aË maturity and conËained litt1e

coumestrol. Coumestrol content Ì,zas again low in Lhe second cut. This

confirms the general be1íef that young leaves are more resisLant Ëo

f,ungal ínfesËaËion since a heavy inoculum has been built up by Ëhe time

the second cut was made. The lor¿ coumestrol conËent in the early type

white clover was interesting in view of the high coumestrol levels re-

ported in Lhe Ladino variety. Although some coumestrol has been reported

in subËerranean clover (4), no coumestrol v¡as detected in the red clover"

Coumestrol content of the recommended alfalfa varieties for Canada

were low at flowering stage (Table 16) which is the normal harvesting

Lime. A slight increase in coumestrol level occurred in the second cut

presumably due to a buildup of inoculum during the sununer. However,

coumestrol level was too low aË both harvests to be of concern regarding

reproduct f-on d if f icu l ty .
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Table 16" Coumestrol
Variet ies

Content (pp*) of four Alfalfa
at Flowering Stages from Two Cuts.

Cut

Variety lst 2nd

Beaver

Ladak

Rambler

VernaI

1.5

l_. B

3.0

L"7

r0 "2

6.8

8"8

6"L
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(3) Variability and effect of fungícíde on coumestrol at various stages

In all alfalfa varietíes, coumestrol content was low or absent at

flowering or pre-flowering stage (June 2, June 23, and July 14) in

dithane-sprayed or unsprayed plants (table 1Z). After this period there

htas a considerable increase in coumesËrol 1evel wiËh over 200 ppm in

some samples. Application of a fungicide caused a substantial decrease

in coumestrol content" The fungicide did not completely prevent fungal

infectíon because it frequently was washed away by rains and consequentl-y

some J-eaf spots appeared. Thís was reflected by a substanËial coumestrol

contenË of.32.5 to 86.3 pprn in dithane-sprayed samples eollected on

August 24. Therefore, iË could not be deÉermined if factors other than

paËhogens would be responsible for coumestrol synËhesis in the field,

particularly at late stages of maturiËy. Plants from a selection of

Q191 sLrain appeared free of pathogens if grown in the greenhouse and

thus coumestrol 1evel was low.

Coefficients of variabiliLy were high in dithane-sprayed and control

planËs in the pod stage (August 4) samples (Table 18). At this stage

the plants Ì{ere in various degrees of fungal infestaËion and Ëherefore,

not much significance can be at.tached to the high CV. However, in the

more matured seed stage (August 24) infestation was heavy and more uni-

form and the CV was lovrer" At this stage the higher CV betrseen and

vrithin varieties than within a clone in the unsprayed plants ímplies

that there is a variation in susceptibility to leaf spots.among alfalfa

plants ,
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Table LB. Coefficient of Variability of CoumestroL ConËent in
Unsprayed and Dithane-spraycd (1n brackets) Alfalfa
Plants aE Ehe lwo Late Stases of Maturitv

Coefficient of varÍabilitv

Aug. 4 Aug. 24

T{ithin Q 191 clone

l{Íthin varietÍes

Among varieties

101 (7L)

82 (66)

83 (e1)

24 (68)

4e (3e)

s4 (ss)

Table 19" Coumestrol Content of Annual Medic
Grornm in the Greenhouse

Species aË Maturity

Specie s CoumestroL conÈent (p.p.m.)

u.

u.
M.

auriculata

hispida

intertexta

u.

u.
I'I "

M.

littoralis
lupul ina

macu 1 a ta

tribu l oides

u"

0

10.6

L5.2

0

0

L7 "7

7,6

12.5turb inata
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(4) Coumestrol content of alfalfa plants fnoculated wirh
L:rptosphacrrrl ina brlos i-ana

RaËher discordant results were obtained when Rambler alfalfa plants

trere inoculated ¡¿ith L. briosior,r. Generally, the fungus induced eoumes-

Èrol synthesis but ín some inoculated plants no coumestrol was detected

even though all plants showed minute leaf spots. The mean coumestrol

content of 10 plants was 8.9 ppm after 6-12 days, while rhe 3 control

plants averaged 0.9 ppm. In the inoculated plants, the range was from

0 Ëo 28"0 ppot coumestrol and other fluorescenE spoËs probably coumestans,

appeared on the paper chromatograms.

The rise in eoumestrol conËent r.¡as not as great as in Loperfs experi-

ments (7), who reporced 71.7 pprn in heavily infected leaves. This was

probably due to a l-ighter infection obtained in this study as the lesíons

$rcre smal1. A Longer period of incubation with re-inoculation would pro-

babLy resulË in a higher coumestrol content. No work was done with

Ps;eudopeziza medicagínis which was responsible for the contrnon leaf spoË

and was a better inducer of coumestrol synthesis (7). It appears possible

t.o devel-op loru coumesLrol alfalfa strains by selecLing for P. medicaginis

resisÈance (B).

(5) Coumestrol cont.ent in annual Medicago species

M. euriculata., M. ltrpul.i!a, and M. littoralis did not contain any

coumcsErol. when gro\.Jn Eo maturity ln Ehc grcenhotrsc" Other annual medlc

spccfcs varlccl from 7.6 to 17.7 ppm coumestrol (t¿blc tg). Thc annual
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medics contained more coumestrol than alfalfa ín the pod stage when in

Ëhe greenhouse. Greenhouse gro\.^/n plants were obviously free from fungal

paËhogens " It cannoL be said that the coumestrol content of the various

species was typical since only one strain of each species was studied.

Little or no coumestrol was detected in the annual medics at Ëhe

flor^rering stage grown in the f íeld (Table 20) " However, there \A7as a

dramatic rise in coumestrol contenË as the plants reached the pod stage.

Highest coumestrol concentraLion was in M" tqibqloides with 63.0 ppm.

Francis and Millington (5) obtained a range of 5 to 120 ppm coumesËrol

ín Ëhe B sËrains

conditions here,

of M" tribuloides that they investigated. The climatic

probably the photoperíod, I^Ias not favorable for flower-

rng

Ëive

in M. intertexta and M" maculaËa and Ëhus they remained in a vegeta-

state. However, there lras some increase in coumest.rol synthesis

in these species as the leaves approached senescence.

The disËribution of coumestrol in the various parts of Ëhe plant

r^ras not studied but it is of interest in that Francis and Millington

(5) reported Ëhat field drying dramatically increased the coumesËrol

conËent of sËems and burrs in annual medics but not in alfalfa. A small

reduction in coumestrol content occurred in the leaves" A sËudy of the

mechanism of coumestrol synthesis in thís situation would be interesting.
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Table 20. Coumestrol Content (pp*) of Field-gror{n Medicago SpecÍes
at T\.Io Stages of MaturitY.

Flower (July) Pod' (August)

M. arabica

M. auriculata

M" intertexta;'

M. 1íttoralis

'l'f . lupulina

M. maculata'å

'[" murex

ïf. orbicularis

s cutel 1a

tornato

M. tribuloides

0

0

0

6.0

0.8

0

o.7

0

0

2.5

14 .0

23 "4

29.6

L7 .3

2.8

1.9

63 .0

M

u.

rk Did not flower under field conditions

+ Late germination prevented some species Ëo reach
seed stage.
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SUI44ARY AND GENERAL DISCUSSIONS

A simpler and more precise method has been developed for quanti-

t.aËive estimation of isoflavones in red clover by paper chromatography.

Although more time is required for the develoPment of the Paper chroma-

tograms than for thin-layer chromatograms, the former method eliminates

the time and expense of preparing Ëhin-layer plates " An improvement

mÍght be made to find a more suitable solvent system since Ëwo differ-

enË solvent sysËems \,,lere necessary for each of the two isoflavones.

Considerable Ëime could be saved if a single solvenË system can be

found which separates the two ísoflavones and Ëhe spots are suitable

for densitometric estimaËions " An improvement in the accuracy of bio-

chanin A estimation can be obtained if a colorimetric reagent which does

not require NaOH can be discovered since Ëhe latter resulËs in an uneven

background.

It was discovered that the extraction procedure could be simplified

by using dried material. Crushing of fresh leaves to liberate the gly-

coside r,ras not necessary since hydration of dried material appeared

sufficient. to activate the hydrolytic enzymes. Extensive purification

of red clover extracts v/as not necessary as the high isoflavone concen-

Èration dicl not require spotting large amounts of the extract.

Lilce the situation in subterranean clover highest isoflavone con-

tent appearcd in the metabolically active cells in the red clover. It

should bc interesting to sttrdy the biochemical mechanism of this decline"
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The ísoflavones may be the fírst compounds to be degraded as the plant

reaches maturity by production of degradative enzymes or there may be

a cessâtion of isoflavone production at senescence.

The study indicated that environment.al factors have a similar

effect on ísoflavones in red clover as they have in subterranean clover

ín Ëhat light and cool temperatures favored isoflavone synthesis. How-

ever, this study on the effects of envíronmental and genetíc factors

on the isoflavone content in red clover should be considered a preli-

minary one ín that a sma11 number of planËs were used in experiments

of short duration. Because red clover is a cross pollinating plant it

is necessary to obtain adequaËe samples Ëo properly represent them.

AnoËher problem in sampling is Ëhe fact that isoflavone concentralion

varied considerably wíth stage of development of the leaves. Although

an attempt \^Ias made to collect leaves representing the whole plant,

the plants \{ere not at the same stage of development when grown under

various light and temperaËure conditions. Difficulty v¡as also en-

countered in maintaining one factor while varying another. For in-

stance, shielding the plants from light with black polyethylene boxes

likely raised the temperature viithin them. Temperature can affect

some edaphic facËors such as soil moisture, aeration and even available

nutrienLs.

Variation in the individual isoflavones \,las considerable among

índividual plants. I{owever, there vrere some indications of a negative

correlaËion bctween the two isoflavones. If such is Lhe case, diffi-
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eulty r¿i1l be experienced ín selectíng for straíns

ísoflavone content.

low or hígh in total

It should be fruitful to investigate the effects of herbicides

used for weed control in recl clover ín view of the fact that 2,4-D re-

sulted in a higher isoflavone content

may occur with reconnnended herbicides

(methylchlorophenoxyacetic acid) and

acid) " The sËudy ¡¿as carried out on

of development and the effect may be

More work should be conducted on

in the seedlings. Similar effect

for forage legumes such as MCPA

2, 4-DB (2, 4 - dichlorophenoxybutyric

soil applicaËíons on early stages

different with foliar applications

establishing better correlations

between isoflavone content and estrogenic activity in livestock as some

confusion still exists. Probably a mulËip1e regression equation could

be formulated on the individual isoflavones and other unknown factors.

These unknor¿n factors in red clover may be estrogen inhibitors or poËen-

tiators as appear to be present in alfalfa. Also consideration should

be given to long term effects since it has been discovered that chemical

estimates ríere not correlated with biologícal effects in ewes unt.il

afEer four years of. grazing (2).

It has been well establíshed that coumestrol level in alfalfa is

chiefly influenced by infestaËion with fungi or aphids. In some of

the annual medics, limited investigations indicated large variation

among strains ii'r apparent disease free plants" More work should be

conducted to determine how large Lhe genetic factor is in determining

coumestrol level in other Mcdicagc spp" Little is known about factors
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affectíng coumestrol synEhesis in the Ladino clover. If suitable germ

plasm can be found, they may be transferred to other species to obtain

crops with the desired coumestrol leve1

The role of the isoflavones in red clover and coumestrol in alfalfa

has still noË been fu1ly established. Isoflavones may have some fungi-

cÍdal properties or be insect repellants. Since Virtanen and Hietala

(3) have reporËed fungal inhibitory effects of red clover isoflavone,

it should be worthwhile Lo invesËigate the relaËionship beËween resis-

tance to fungal diseases and isoflavone content.

Nothing is known about the mechanism Ëhat triggers synthesis of

coumestrol and other coumestans. Although some coumarin-1ike compounds

with structures similar Ëo coumestrol such as pisatin in peas and tri-

foliorhizin in roots of red clover

to the p1ant, this phenomenon has

trol in alfalfa. These antibodies

have been found to impart immunity

not been sho¡rn to exist with coumes-

which synthesis has been

been called phytoalexins

after an attack usually

are that the response

is much slower

in plants of

stimulaËed in response to a fungal attack have

(1). The phytoalexins are synthesized rapidly

r,¡ithin a few hours, buL in alfalfa índícations

of coumestrol synthesis to a fungal infection

In víew of

ing livestoclc,

effects of t.he

the recent ban on use of diethylstilbestrol for fatten-

can be obtained. Some studíes have been conducted

alfalfa as a grolùth promoting substance in sheep.

it may be profitable to investigat.e

isoflavones, if strains with a high

the growth promoting

isoflavone level

on high cournestrol

Fligh yield alfalfa
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r¿iEh a hígh coumcstrol conËcnt may not

defoliation that occurs whcn leaves are

be possible bccause of extensive

infested wíth frrngal discases 
"

In addition, if an alfalfa stand is allowed to grow Ëo maLurity' a

reducEion in nutrit.ional value occurs and this may explain some of the

discouraging results obtained.

SLnce envíronment and geneÈic factors have different effects on

estrogenic substances of red clover and alfalfa, differenË management

practices are in order Èo obtain hay low in estrogenic substances in

these Ëwo crops. LíËtle can be done in red clover Ëo reduce the level

estrogeníc subsËances except harvesËing Ëhe crop in an advanced stage

uraturity when seed has set. In aLfalÍ.a, however, low coumestrol

forage can be obtained if it is cut aË the normal harvesting time,

passes the flowering stage. In addition, coumesErol

of

of

that is before it

appears Ëo be less

hÍgh terrperatures,

stable than the isoflavones and treatments such as

prolonged storaged or ensiling could reduce the 1eve1.

t'I.1"
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