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Summary

Vicia satiaø is successfully grown in the dryland areas of South Australia. It is

Srown mainly as a hay and green manure cropr but some grain is used in the feed

market and a smaller amount is exported as a substitute for the culinary red lentil.

Because V. satiua contains the toxic non-protein amino acid, yglutamyl-B-

cyanoalanine, this latter market is considered neither safe nor ethical. The two

major aims of this project were to investigate appropriate end uses for vetch grain

and to select low toxin accessions of V. satiaa for use in a breeding program.

In agreement with other workers, and apart from autoclaving¡ no traditional

method of cooking vetch effectively lowers its ryanoalanine toxin. Results from

these procedures however, were used to determine the maximum level at which

vetch and its associated toxin (0.15%) may be fed to week-old chicks. In a one

week study feeding raw vetch to th¡ee-week-old chicks, no neurotoxic effects were

observed. An extended three week study established that chicks fed higher levels

of vetch (40%) showed symptoms associated with vetch neurotoxicity within one

week, while those fed the equivalent in purified toxin only showed symptoms

after one week. Neither of the two vetch inclusion levels used (20 and 40%) nor

the equivalent in purified toxin (0.2 and 0.4%) proved to be safe for three-week-

old chicks.

As a more appropriate monogastric model for human consumption than either

rats or poultry, vetch was fed to pigs. Vetch has a high apparent ileal digestibility

of energy and amino acids. No neurotoxic symptoms were observed when pigs

were grown from 25-100 kg on vetch based diets, however, a significant decrease

in feed intake and weight gain was recorded for those pigs consuming high vetch

diets (30%). It can now be recommended that grower-pigs may be fed vetch at a LF



ll

20% inclusion level. A vetch with a pale seed coat to distinguish it from

canavanine containing vetches should be a priority for the pig industry.

Since the pioneering work of Ressler in the 1960s with rats and chicks led þ
cyanoalanine, this is the first report of the analysis of organs and tissues of

animals fed vetch. p-Cyanoalanine was readily detected in the liver, kidneys,

muscle, brain and blood of pigs fed vetch, while the glutathione analogue, ¡
glutamyl-B-cyanoalanylglycine was detected in the blood, liver and muscle. The

presence and accumulation of p-cyanoalanine toxins it pig liver and brain clearly

indicates that vetch should not be used for human consumption.

The second part of the project focused on the search for a low toxin accession of

vetch. Low toxin lines were detected by screenng 1752 accessions of Vicía søtiaø

sp. The lowest toxin accession used in the breeding program and inheritance

studies was Line 28, with 0.39% ¡glutamyl-p-cyanoalanine. This is less than half

of the toxin content of current varieties. Although the inheritance study is

incomplete, 20 viable crosses between low toxin lines as well as adapted varieties

have been produced.

Two important site correlations of cyanoalanine toxin content have been

established. Firstly, the ¡glutamyl-B-cyanoalanine content in accessions of Viciø

søtiaa was proportional to the latitude from which it was collected. Secondly, it

was noted that accessions collected from high altitudes and undisturbed habitats

had lower toxin levels.

Finally, the level of ¡glutamyl-B-cyanoalanine in the seed was significantly

affected by the environmental fertility in which the plant was grown. The lack of

a significant genotype by environment interaction suggests that selection for low

toxin lines may be carried out at a single site. Strategies for breeding a very low

toxin vetch were discussed.



Statement

This thesis contains no material which has been accepted for the award of any

other degree or diploma in any University or other tertiary institution. To the

best of my knowledge and belief this thesis contains no material previously

published or written by another person, except where due reference has been

made in the text.

I consent to this thesis being made available for photocopying and loan.

Iane Rathjen

November, 1997.



Acknowledgements

Even within the bounds of a thesis it would be impossible to thank all of those

people who have enabled the completion of this work. The support, help and

friendship of all people on the Waite and Roseworthy Campuses with whom I

have come in contact has been magnificent.

I wish to thank firstly my supervisors, Dr. Max Tate, Dr Andy Barr and Dr Bill

Bellotti (earlier Professor Tim Reeves). Max for his enthusiastic 'ideas' as well as

guidance, support and belief in the subject. A.dy for constructive criticism,

direction and humour, even during the final corrections, and 8il1 for his

'outsiders' point of view.

I wish also to especially thank Robert Asenstorfer for his impromptu help with all

statistical problems and experimental design, as well as for his encouragement. I

hope to return the favour during the next few years.

The members of the Pig and Poultry Production Institute, SARDI have been

invaluable to both the pig and chicks part of my study. Dr Robert van Barneveld,

Bob Hughes and Dr. Phil GIatz were integral to the preparation of experiments

and the writing of applications as well as for advice on how to cope with animals!

Steve, Geofl Bronni, Jacqui, Derek and Andrew as well as other members of the

team are also heartily thanked for their help and humour even during the dark

hours of slaughter.

Other people who are greatly appreciated include |e11e, Iing and Neil in the

Nucleic Acid and Protein Chemistry Unit for both help with both science and

cryptic crosswords, Peter Cornelius (Department of Agronomy and Farming



Systems), Ian Delaere, Dirk Enneking, Rade Matic, Ian Pearce, Leighton Wilksch

and the numerous french students who have traversed the office. Hopefully I

have forgotten no-one.

To those who have kept me sane over the years by providing me with a healthy

social life and shoulders to cry on including Richard, Andrew, Rob,and all other

members of the Fincher Lab, Anthony, and members of the Symons Lab, Nick for

travelling here on numerous weekends and only spending them at the Waite,

Anna at ETU, Glenn, Suzanne, Jodie Opie, Jodie Conduit, Bear, Iock, the soccer,

touch and tennis teams and anybody else who has been left off the list but has

offered a smile or word of encouragement, 'Thanks a million'.

Finally, it would be remiss of me not to thank my family for being there the

whole time. Dad for providing scientific advice, Mum for cooking, Iudy for odd,

urgent jobs and all the other multitudes. Without them, this not only would

have been impossible, it wouldn't have been done.



Chapter L

Literature Review

Introduction

In the late 1980s, the common vetch (Viciø satiaa L.) variety 'Blanchefleur'

became increasingly popular as a pulse legume for rotation cropping in

Southern Australia. The lack of an alternative dry-land legume ensured that

vetch was quickly accepted within cropping rotation systems. While the

common vetch seed closely resembles the red lentil, it has the added

advantage that it is widely adapted and yields more highly than the red lentil

(Tate and Enneking, L992). The increase in plantings of 'Blanchefleur'

through the late 1980s are reflected in the export figures of vetch from South

Australia. In 1988/89, only 50 tonnes of vetch were exported while in 199I/92,

exports rose to 9470 tonnes. Of these, 5700 tonnes were dehulled and split

primarily to look like red lentils, and hence presumably for the human food

market.

The export of vetch to sub-continental and Middle Eastern ports resulted in a

scientific article entitled 'A mess of red pottage' being published in the journal

Nature in 7992 (Tate and Enneki.g, 1992). This insinuated that Australia was

irresponsible in its marketing of the potentially toxic Viciø satiaa labelled as

red lentils. The article consequently provoked a public debate, particularly in

the local South Australian newspaper 'Stock Journal' but also internationally,

about the 'putative' toxic amino acid found in y. satiaø and its proposed affect

on the unsuspecting consumer (Bhat and Raghuram, 1992; Brown, 1992;

McCallum, 1992; Bhat and Raghuram, 1993; Putnam et aL, 1999). Both India

and Egypt accordingly prohibited the import of vetch into their countries,

thereby causing the intemational export market to collapse. Many local

farmers were left with large stockpiles of the unmarketable grain.
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After the fiasco, Australia placed strict regulations on the sale of vetch

internationally, ensuring that it was sold as vetch and not red lentil. All bags

of vetch for export must now be marked clearly 'Not suitable for human

consumption'. Both Australia and China however are still exporting vetch for

human consumption (Putnam et ø1., 1993, M. Tate, pers. comm.). The recent

increase in vetch plantings throughout South Australia reflect the

resurrection of this export market.

Despite these issues, it is difficult to ignore the potential of the vetch industry

in South Australia. Common vetch (Vicia satiaø) is a versatile grain legume

crop that can grow successfully in light, alkaline soils (Hannay, 1996). It

contains protein levels equivalent to the lupin (Valentine and Bartsch, 1996b),

and hence may be useful as a protein source for animal feed. Furthermore, the

development of an agronomically suitable, low toxin vetch could initiate a

legal export trade with those countries whose populations consume large

quantities of pulses. Vetch yields more than lentil and thus could serve as a

low-priced replacement for red lentils.

Origin and Domestication

The genus Viciø L. is endemic to both the northem and southern

hemispheres, with plant populations stretching throughout Europe, Asia and

North America, and reaching as far as temperate South America and tropical

East Africa (Nozzolillo, t977; Allen and Allen, 198'J.; Maxted, 1993; Maxted,

1994). Viciø species are used extensively as cover crops, for erosion control,

rotation crops and even ornamentals (Allen and Allen, 1981) as well as for

food and forage. Thus Vicia is one of the economically most important

legume genera in the world (Hermann,1960; Allen and Allen, 1981,; Gil and

Cubero, 1993). Despite its currently diverse array of habitats, this species has its

'centre of origin' in the Eastern Mediterranean (Zohary and Plitmann, 1979;

2
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Vavilov, 1992a; Maxted, L995). Plants of the Vicia satiaa aggregate are

primarily found within the Asia Minor, also the centre of origin for wheat,

chickpea and lentil (Vavilov, 1992a).

The expansion of Viciø satiaa throughout Europe and into the New World is

thought to have occurred concurrently with the spread of the progenitor of the

cultivated lentil, Lens culinøris ssp. orientølis (Vavilov, 1922; Barulina, 1930;

Rowlands, 1959; Erskine et ø1., 1994). The precise timing of the domestication

of Vicia søtiaa has been difficult to ascertain. Despite the availability of

carbonized seed, its form, whether wild, weedy or cultivated, cannot be

resolved decisively (Erskine et a1.,1994). The earliest findings of V. satiaawere

at a Syrian dig (9200-8500 s.c. and 7500-6500 a.c.) (Hillman et al., 1989) while

later deposits have been recovered in Turkey, Bulgaria, Hungary and Slovakia,

Egypt and Turkmenia. In all but one of these sites, the predominant seeds

were lentil and bitter vetch (Vicia erailiø) (French et a1.,1972). At this single

site in Turkey, V. satiaa was found to be the most abundant seed. Generally,

V. satiua is scarce where lentil or bitter vetch seeds are present (Erskine et ø1.,

\994), indicating that it was less popular and hence domesticated later. This,

along with the archaeological findings of V. satiaa in regions outside its

presumed centre of origin, provides evidence that I/. satiaa was spread as a

weed of lentil and bitter vetch (Erskine et ø1.,1994).

In the Iate 1920s Helena Barulina proposed thatV. søtiaa was a mimic of lentil

(Barulina, 1930). She established that it was improbable that the flat seeded

vetch, found as an adulterant of lentils, had arisen through hybridization with

a lentil as previously thought (Bleier,l929), but rather had already existed and

was selected to be indistinguishable from a lentil. In an attempt to hybridize

lentil with Vicia søtiaa, flat seededness was found to be controlled by a single

gene (Rowlands, 1959). No successful hybrids were attained.

J
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Most contaminant vetches, aided by their indeterminate flowering habit and

vigorous growth, ripen simultaneously with lentils while competing

effectively as a weed (Vavilov, 1922; Erskine et ø1., t994). Thus both the vetch

and lentil seed are harvested at the same time. The morphological similarity

of the seeds makes subsequent separation difficult. The weedy habit of this

contaminant plant would have allowed it to efficiently adapt to and compete

in diverse conditions, while its parallel selection with a crop plant, against

seed dormancy and other deleterious characters, prepared it for domestication.

There is thus much circumstantial evidence for the spread of V. satiua as a

weed of the lentil although there is very little solid information on the

subsequent domestication of vetch as a cultivated crop (Vavilov, 7922; Erskine

et ø1., 1994). Despite the obvious selection over thousands of years for a lentil-

type of V. søtiaa, there is still a large amount of genetic variability available.

As Vavilov in 1922 wrote of the V. satiaø/ lentil mimicry, "The same varieties

certainly existed long before selection itself, and the appearance of their series,

irrespective of any selection, was in accordance with the laws of variation".

Taxonomy

The genus Vicia L. subgenus Vicia belongs to the Vicieae tribe of the

Leguminosae family. This genus also includes LøthyrusL.,Lens Mill., Pisum

L. and Vaailoaia A. Federov (Maxted,1995). It has been estimated that there

are over 166 species within t}lte Vicia L. genus (Allkin ef al., 1986; Maxted,

L995), many of which are of agricultural benefit, including V. faba, satian,

narbonensis, erailia, aillosa and benghalensis (Gil and Cubero, 1993).

Nevertheless, the taxonomy of Viciøsatioa L., within thesubspecies, and even

the species, remains confused.

4
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Up to 50 specíes have been ascribed to the Viciø satiaa aggregate since

Linnaeus' time (Hollings and Stace, 1974). At an infraspecific level, especially

forma and aørietas, this number is increased to several hundred taxa.

Currently, only seven subspecies are proposed to comprise the Viciø satiaø

aggregate, satiua, cordata, nigrø, amphicarpø, deaia, incisa and macrocarpa

(Allkin et ø1.,1986; Gil and Cubero, 1993; Maxted, 1995).

A species is "a group of organisms that actually (or potentially) interbreed in

nature and are reproductively isolated from all other such groups" (Curtis and

Barnes, 1989). Although hybrids have not been reported in nature,

hybúdizations have been successfully performed between taxa of the V. satiaø

aggregate (Coutinho, 1940; Sveshnikova, 1940; Donnelly and Clark, 1962;

Mettin, 1962; Donnelly and Hoveland, 1966; Yamamoto, t966; yamamoto,

1968; Yamamoto, 1971,; Yamamoto, 1974; zohary and plitmarur, L979;

Yamamoto, L980), suggesting their potential to interbreed. The highly

contentious taxonomy in this aggregate, whether there are seven subspecies or

seven separate species, is also exacerbated by a putative current process of

species formation (Ladizinsky and Waines, 7982; Gil and Cubero, 1999).

Despite the continued debate over the makeup of the species (Mettin and

Hanelt, 1964; zohary and Plitmann, \979; Hanelt and Mettin, rg1g), and the

apparent on-going evolution (Ladizinsky and 'I'emkin, 19TB; Zohary and

Plitmann, 1979), it is accepted that the current taxonomic grouping is a correct

interpretation of the existing biology.

Morphologicøl

The traditional method by which organisms are identified and grouped is

based uPon their morphological similarities (Curtis and Barnes, 1989). Many

characters of the legume tribe Vicieae (Pisum, Vaailoaia, Løthyrus, Lens and

Vicia) vary considerably (Hanelt and Mettin, 1989), but few prove to be useful

5
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in the grouping of species. The Vicieae tribe may be defined as specialized

plants with "tendrillous leaves, unusual stem vasculature and precise and

elaborate floral details" (Kupicha, 1981). The style is especially useful in

differentiating within the tribe at the most basic level (Kupicha, 1981).

Although Kupicha's classification is thorough, it was updated by Maxted in

L993 with an increased number of characters, species and more sophisticated

computing techniques (Maxted, 1993). Apart from adult plant morphology,

seed and seedling morphology have also provided useful classification

characteristics in the differentiation of the genera (Iannelli, 1964; Quartley,

L968; Gunn, 1970; Gunn, 1971,; Nozzolillo, 1977; Perrino et a1.,1984).

T}re Vicia satirsa aggregate may be distinguished from other family members

by its annual habit, glabrous corolla, corolla size, legume shape and size, and

the seed, on which the hilum is close to the lens and occupies between ft and

y^ of the circumference (Hollings and Stace, 1974; Maxted, 1gg5). Within the

aggregate, the most important characters to enable distinction between the

subspecies include, flower, calyx and teeth length, pod width and constriction,

leaf length, leaflet width, seed length and width, as well as the existence of

subterranean stems and pods (Hollings and Stace, L974; Gil and Cubero, 1993).

Despite the diversity of morphological characters, there is no clear distinction

between the subspecies as they commonly overlap (Gil and Cubero,1993).

Karyologicøl

The confusion evident in the morphology based taxonomy of the V. søtiaa

aggregate is exacerbated in karyotype studies. There are three different

chromosome complements in the Viciø satiaa aggregate: 2n = 10, 2n = 12 and

2n = 74. Each of these karyotypes has been reported to show considerable

variation (Coutinho, 1940; Sveshnikova, 1940; Donnelly and Clarþ 1962;

6
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Donnelly and Hoveland, 1966; Hollings and Stace, 1974; Ladizinsky and

Temkin, 1978; Zohary and Plitmanrt,l979; Hanelt and Mettin, 1989). Hollings

and Stace reported in 1974 that five of the eight subspecies of the V. satioa

aggregate had the chromosome number 2n = 12. V. satiaa ssp. and V.

amphicarpa ssp. may have all 3 chromosome numbers while V. cordøtø ssp.

comprised both 2n = 10 and 2n = 12. Despite this, a more recent paper disputes

this discovery and only accredits karyotypes other than 2n = 12 to the

subspecies nigra, cordata, incisø, and ømphicarpø (Zohary and Plitmann, 1979).

The discrepancies found, between the karyotypes of plants within the same

subspecies, are likely to be due to the selection of inaccurately identified

experimental material. Different chromosome counts in the V. satiaø

aggregate can be found throughout the literature, but until karyotype studies

are undertaken concurrently with consistent and exact taxonomic analyses,

these claims must be critically examined.

Chromosome morphology is also highly variable within the V. satiaa

aggregate. However, in this area the authors concur. Karyotypes differ in arm

proportions, relative length of chromosomes and length of the satellites

(Sveshnikova, 1927; Coutinho, 1940; Ladizinsky and Temktn, L978;Zolirary and

Plitmann, 1979). Generally, the karyotype 2n = 12, has five pairs of

acrocentrics, one showing a secondary constriction, and one pair of

metacentrics (Sveshnikova, 1927). The 2n = 14 karyotype has an extra pair of

chromosomes that is almost invariably acrocentric, while 2n=t0, has 5 pairs of

acrocentrics, suggesting the loss of the metacentric (Hollings and Stace, 1974).

Only minor correlations have been detected between the karyotypic variation

and morphological characteristics of the plants (Sveshnikova, 1940; Hollings

and Stace, L974).

7
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Bìochemicøl

The subdivisionof the genus Viciø into species may also be performed, using

combinations of phytochemicals present in the seeds (Bell and Tirimanna,

7965; Kupicha, 1981.; Hanelt and Mettin, 1989). The subgenera of viciø, viciø

and ViciIIa, maybe be distinguished by the absence of the non-protein amino

acid canavanine in the former and its presence in most of the latter (Kupicha,

1981). Further elucidation of the genus is possible with the use of leaf phenolic

compounds and low molecular weight carbohydrates which form

characteristic combinations (Adey et a1.,1983).

On the basis oÍ L4 ninhydrin-positive compounds, Bell and Tirimanna (1965)

split the genus Vicia into 4 separate sections. The first of these groups

contained the non-protein amino acid canavanine. Group II consisted of

species that contain arginine (or its derivatives) and the unnamed compound

V.Ar, while the third group contain p-cyanoalanine, yglutamyl-þ

cyanoalanine and V.44. The letters V.A were used to represent previously

unidentified ninhydrin positive compounds. The final group of only three

species (including V. faba) did not fit easily into any of the three former groups

(Bell and Tirimanna, 1965). V.A3 has since been identified as ¡glutamyl-9
ethenyl-cysteine (Enneking, 7994), while V.fu is still unidentified.

\¡Vhile the biochemical constituents of Viciø may be useful in the elucidation

of species groups within a genus, it is of minor use within an aggregate. All of

the vicia satiaa aggregate occur in Group I[, the group containing p-

cyanoalanine and y-glutarnyl-B-cyanoalanine. Since there are no definitive

substances distinguishing the subspecies, they cannot be classified using this

system. Any dispute about the biochemical content of a seed is more likely to

be due to original misidentification of the seed rather than an anomalous

plant within a given subspecies.

8
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Other taxonomic methods

There are many other methods by which the taxonomic grouping of Vicia and

its species may be further redefined. These include protein electrophoresis,

RFLPs (Restriction Fragment Length Polymorphisms), RAPDs (Randomly

Amplified Polymorphic DNA), and other related molecular techniques.

Seed protein polymorphisms have been used to assess both the large amount

of variability and the taxonomic problems present within the V. søtiaa

aggregate (Ladizinsky and waines, L982; Potokina and Eggi, rggl).

Considerable variation was reported for each subspecies of this aggregate, and

while Ladizinsky (1982) found it was impossible to classify single subspecies on

the basis of their electrophoresis patterns, a separate study reported

characteristic banding patterns (Potokina and Eggi, 1991). This same technique

was Previously successfully employed in the determination of the relationship

between V. føbn and it wild relatives. and resulted in each species researched

showing a characteristic banding pattern (Ladizinsky,1975). Consistent protein

techniques may be used in further clarification of the 7. satiaa aggregate.

Flowever, they are unlikely to become diagnostic tools.

Molecular approaches have become more popular in taxonomic analysis of

legumes recently. RFLP markers have been used successfully in the study of

the geographical distribution of common bean (Phøseolus oulgaris) in its
centres of origin (Velásquez and Gepts, 1994), while both RFLP markers and

RAPDs have been used to successfully anaIyzeV. føba (van de Yenet nl.,\993).

Because these techniques do not rely on the phenotype of the plant,

genotypically closely related species can be discovered within phenotypically

distinct plants (Ko et a1.,1994; Yirk et al., 7995). RAPD technology has already

been useful in the classification of rice (Oryzø satiaø) accessions which are

similar morphologically but behave as different types in crossing studies (Virk

et a1.,L995).

9
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The enormous amount of variation within tlrte Viciø species and in particular

theViciasatiaa aggregate has created confusion in their division into groups.

The classification of this genus has remained static since Kupicha pubtished

her descriptions in L981. However if the hypotheses of Viciø søtiaa aggregate

being a currently evolving species is proven correct, many more groups will

arise in the future (Hanelt and Mettin, 1989).

So far no method used in the differentiation of Viciø satiaa subspecies has

been entirely successful so the next classification system should be based on the

most unique feature of the plant, the DNA. Analysis of the primary genetic

material should distinguish between each of the subspecies.

Toxin

Introduction

It is common for plants to produce a vast array of compounds unnecessary f.or

growth and development. These are known as secondary metabolites and

some play a role in guarding the plant against viral, fungal and bacterial attack

(Wink, 1988). Over 665 of the approximately 700 naturally occurring amino

acids, have been found to be secondary metabolites (Lambein et ø1., 1990).

Many of these have been isolated from the Leguminosae family (Bell, I}TI),

with 42 non-protein amino acids from the tribe Vicieae alone (Lambein et aI.,

1990). Non-protein amino acids possess the same general structure of protein

amino acids R-CH(NH2)COOH where the ø-carbon is commonly linked to a

carboxyl and amino group, however in the non-protein amino acids, these

groups may be linked to the þ- ot even /- carbons (Rosenthal, 1991).

There are three toxic non-protein amino acids present in the cultivated

members of vicia sp.: canavanine, B-cyanoalanine and yglutamyl-þ

cyanoalanine. Canavanine is a structural analogue of the essential amino acid
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arginine. It acts as an antagonist of arginine, and disrupts the tertiary and

quaternary structure of proteins essential for normal function (Rosenthal,

1991). B-cyanoalanine and 7-glutamyl-þ-cyanoalanine are neurotoxins found

in 16 of the 48Viciø species, including V. satiaa, studied by Bell and Tirimanna

(1965). These toxins work by an unknown mechanism, possibly through the

inhibition of cystathionase, to cause convulsions and even death in mammals,

insects and fowls (Pfeffer and Ressler, 1967; Ressler, rgTS; Roy ef nl., \996;

Ressler et a1.,1997).

þCy øno ølønine øn d y glut ømyl- þcy øno øI ønine

p-Cyanoalanine was first shown as an intermediate of the reaction involving

the conversion of asparagine to u, y-diaminobutyric acid (Ressler et aI., 1961).

B-cyanoalanine was tested for possible neurological activity and hyper-

irritability, convulsions and death were observed when administered to

weanling rats at a level of L.5% of the total diet (Ressler et al.,r96r).

The neurotoxic symptoms described by Ressler in 1962 mimicked those found

previously by Anderson and his co-workers in L925 while researching the

effects of L. søtiaus and its contaminant V. søtiua ssp nigra on ducks and

monkeys. Later an outbreak of 'lathyrism' in an Indian village was attributed

to the consumption of wheat contaminated with V. satiaa (Shah" r9g9). þ
Cyanoalanine was ultimately isolated from V. satiaa and, its physical,

chemical and biological properties equated with those of the compound

synthesized earlier (Ressler and Ratzkin, r96'J,; Ressler, 1962). Thus Vicia

satiaa could have been the contributing factor in the human neurolathyrism

identified earlier in India, especially in conjunction with a nutritionally

deficient diet (Shah, 1939; Ressler, 1962).

11
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The second neurotoxin of V. satiaa, y-glutamyl-p-cyanoalanine, was identified

by the same group during research on the metabolic relationship between p-

cyanoalanine and asparagine (Ressler et ø1., 1969). Atl of the plants studied

converted þ-cyanoalanine to asparagine, except V. søtiaø which accumulated a

compound into soluble, acidic material, a bound form of B-cyanoalanine

(Ressler and Kashelikar, L966). 7-GlutamyI-B-cyanoalanine was subsequently

found to be the predominant neurotoxic form in both the seeds and seedlings

of common vetch (Ressler et øL,1963; Ressler et a1.,1969).

Both p-cyanoalanine and its ¡glutamyl derivative, elicit similar responses in

rats and chicks on a molar basis. When administered to rats by stomach tube,

subcutaneous injection or in food, hyperactivity, convulsions, tremors,

rigidity, prostration and even death resulted (Ressler, 1962; Ressler et a1.,1967).

Symptoms were similar in chicks (Ressler, 1975; Ressler et al., 1997). The level

of B-cyanoalanine administered to the rats was approximately L3 times that

eliciting the same response in chicks. With both experiments, the toxins were

excreted unchanged. B-cyanoalanine, however, was also stored in tissues after

administration, predominantly in the y-g\utamyl form, but also as the

glutathione analogue y-glutamyl-þ-cyanoalanylglycine (Sasaoka et al., 1968).

The obvious difference in dosage response to the toxin and the similarity of

the overall symptoms, invites the prediction that at specific levels of dietary

intake, human consumption oÍ V. satiaa seed would educe corresponding

symptoms.

p-cyanoalanine when administered to rats, also induces the excretion of

cystathionine. This condition, cystathionuria, was previously only detected in

rats consuming a diet deficient in vitamin B6 (Ressler et a1.,1964; Ressler et aI.,

t967), and in humans with specific medical conditions (Harris et a1.,1958). The

similarities between the symptoms led to the suggestion that þ-cyanoalanine

may be a naturally occurring antagonist of vitamin 86 (Ressler et nI., 1964). In

fact, vitamin 86 was found to delay the onset of cystathionuria and to alleviate

12
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the associated symptoms when injected into the rat both prior and subsequent

to treatment with p-cyanoalanine. When administered concurrently, this

protection did not occur. Apart from cystathionuria, the rats showed no other

symptoms analogous to vitamin B6 deficiency. þ-Cyanoalanine has been

found to be an efficient inhibitor of the liver enzyme cystathionase (Pfeffer and

Ressler, 1967), rather than a vitamin 85 inhibitor, consistent with the absence

of any other symptoms.

Ec o I o gic øl signific anc e

No single metabolic function can be ascribed to non-protein amino acids (Bell,

1971). The manner in which non-protein amino acids confer toxicity is

through their structural analogy with protein amino acids. When

incorporated into proteins, disruption of both the tertiary and quaternary

structure may ensue. These toxins are generally distributed throughout the

plant, in the leaves, roots and seeds, and have evolved mechanisms to

prevent them acting upon themselves (Rosenthal, L991).

The production of B-cyanoalanine and its y-glutamyl derivative in V. satiaø,

however, is limited to only the seed and the seedling (Ressler et aI., L969). It

disseminates as the plant ages such that it is not detectable in the adult plant

foliage or roots (Ressler et ø1., 1969; I. Delaere, pers. comm.). Thus it is

improbable that these toxins arose inVicia species as a defence against grazing

of the growing plant by insects or mammals. In fact, V. satiaø is grazed

preferentially by goats, sheep and redlegged earth mites (Myer et ø"1., 1963;

Fedele ¿f al., 1993; Annells and Ridsdill-Smith, 1994), and may regenerate

easily after grazing pressure is reduced (Bull and Mayfield, 1988). It is

conceivable that these toxins arose to protect the seed reserves from predators

and hence guarantee production of the next generation.

13
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The amount of neurotoxic seed that a herbivore can consume is proportional

to the ability of the herbivore to withstand the effects of the toxin (Rosenthal,

1991). Flence, depending on the effectiveness of the toxin, a given number of

seeds will survive herbivore consumption in order to reproduce. I1 V. satiaa

was domesticated with the lentil (Erskine et ø1., 1994), it is possible that the

greater inherent vigour of this plant over the lentil made it more attractive to

predators. Thus, plants had to evolve survival mechanisms such as the

production of neurotoxins. Prior to its domestication, the evolution of V.

satiaa in the same region as todays major domesticated animals may have

intensified the selection pressure for toxic seed (Vavilov, 1992b). Thus, it is

likely that the presence of the neurotoxin is conferring a selective advantage

on the plant.

Vørìøbility

The most commonly cited reduction of an antinutritional factor was carried

out early this century in lupins. Until the late I970s, the only lupins used as a

croP were Lupinus albus and L. angustifolius. Both of these were bitter

cultivars, so named because of their alkaloids. In 1927, Sengbusch, a German

scientist began breeding lupins (Gladstones, 1982). After testing 1,500,000

plants he identified five alkaloid-free mutants, three L. Iuteus with less that

0.03% total alkaloid (compared with 0.5L%) and two L. angustifollus with less

than 0.01% alkaloid in the seeds (Sengbusch, 1937; Sengbusch, 1934). Many of

the modern 'sweet' lupins have descended from these original selections

(Gladstones, L982).

Vicine and convicine have been associated as causative agents of favism in

humans. Favism is an acute haemolytic disease occurring only in a small

percentage of the population, genetically deficient in the enzyme glucose-6

phosphate dehydrogenase (Mager et øL,1980). Breeding for reduced amounts
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of these toxins has thus not been seen as profitable due to the small number of

demanding consumers (Bond and Smith, 1988). Despite this, variation in the

range of 0.1.-1..1% dry matter for vicine and 0.1-0.7% üy matter of convicine

has been found in mature faba bean seeds (81ery et al., 1985). Low toxin

accessions are therefore available to plant breeders for incorporation into V.

føbø, when there is a greater demand.

A second toxic legume, the grasspea(Lathyrus satiaus) is widely grown on the

Indian subcontinent as a high protein fodder crop. L. satiaus is extremely

adaptable as it is able to withstand long periods of drought and flooding to the

extent that it may be successfully broadcast on rice paddies prior to harvest

(Goyder, 1986; Bond and Duc, 1993; Campbell et al., 1994; Tiwari, 1994). Many

other species of Lathyrus are grown throughout the world including Lathyrus

odorøtus, the ornamental sweet pea and L. cicera, also a fodder crop. (Goyder,

1e86).

Ingestion of Lathyrils sp. has been found to cause human lathyrism, an

irreversibly crippling disease found predominantly in malnourished

populations (Roy ef al., 1986). Lathyrism is a disease that affects both the

protein metabolism in connective tissue (osteolathyrism) and the neurology of

the patient (neurolathyrism). There are two important neurotoxins,

purported to cause lathyrism, in Lathyrus, É-(N-f
glutamyl)aminopropionitrile (BAPN) the causative agent of osteolathyrism,

and B-N-oxalyl-t--u, B-diaminopropionic acid (ODAP) the factor responsible for

neurolathyrism (Roy eú al., 1986). There is considerable genetic variability in

ODAP concentration ranging from 0.45-1.40% within the germplasm collected

in Bangladesh (KauIet ø1., 1986), but reaching as high as 2.50% and as low as

0.01.% in separate studies (Nagarajan and Gopalan, 1968; ]eswani et al., 1970).

Breeding for low ODAP lines is currently in progress and a low toxin line of t.
satiaus has already been released (Campbell and Briggs, L987).
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T}re Viciø søtiaø aggregate contains the three toxins, vicianin, B-cyanoalanine

and its y-glutamyl derivative, as well as the favism toxins vicine and

convicine. Of these, only vicianin, a cyanogenic glycoside, has been studied

via its hydrolysis product hydrocyanic acid (HCN) (Milczak, 1968). Traces of

HCN were found in four of the 22 varieties analyzed while a high of 6.1. mg %

was found in the Romanian variety ICAR 7-52 (MiIczak, L968). Vicianin was

only found in the subspecies nigra. B-cyanoalanine has not previously been

analyzed inV. satiaa and its subspecies, however, it is logical to expect, on the

basis of other grain legumes, that genetic variation also exists in this character.

Genetic control of plant toxin level

The most commonly used method to reduce antinutritional factors is

traditional plant breeding. Ir many cases, however, it has been proposed that

the primary function of these factors is as a defence mechanism. Removal of

these may thus result in an increase in susceptibility to pests and diseases

(Bond and Smith, 1988).

For V. søtiua to be commercially viable, its toxins must either be removed

through plant breeding, or a method of seed detoxification used. Seven

economically important legume crops which contain antinutritional factors

are faba beans, peas, common bean, lupins, Lathyrus, lentils and soybeans (Roy

et al., 1986; Bond and Smith, 1988; Bond and Duc, 1993). Non-toxic

antinutritional factors are found in peas, common bean, lupins, lentils and

soybeans, while the toxic factors include vicine and convicine in faba beans

and two types of neurotoxin in Lathyrus, p-oxalyl-a, B-diaminopropionic acid

(ODAP) and B-aminopropionitrile (BAPN). The reduction and elimination of

toxins is now a common legume breeding objective.
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Inheritønce

It is important for plant breeders to understand the inheritance of

antinutritional factors to assist in their reduction in crop plants. In the absence

of quick screening methods for these factors and due to the large family sizes

required for genetic analysis, the inheritance of antinutritional factors has been

studied in few legumes. Additionally, many antinutritional factors are both

sensitive to environmental effects, and maternally inherited (so the mother

genotype can only be determined from the progeny (Bond and Duc, 1998))

further obscuring the genotypes and their effects.

There are two types of genetic inheritance, qualitative and quantitative.

Qualitative inheritance, relates to the inheritance of one or few genes of major

effect, while quantitative is the inheritance of many genes in a complex

interaction, each gene having a small effect. Evidence for both the qualitative

and quantitative inheritance of toxin concentration have been found in the

legumes, and in some cases in the same species. The inheritance of the low

alkaloid character in Lupinus luteus has been found to be controlled by three

different simple recessive factors (Hackbarth and Sengbusch, 1934). A further

three simple, recessive factors have been discovered in L. angustiþIius, and

two in L. albus. However, more recently an incompletely dominant factor was

discovered also in L. ølbus (Harrison and Williams, 1983). Since the

inheritance of these traits was elucidated, many more factors specifying the

low alkaloid character of Lupinus have been discovered and studied (Bond

and Duc, 7993). Unfortunately there have been associated deleterious effects

with the release of these 'sweet' accessions as removal of the bitter alkaloids

from the plant increases their susceptibility to pests and diseases (Bond and

Smith, 7988; Wink, 1988). Chemicals are now being used successfully to

control these pests in the current absence of genetic resistance.
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The inheritance of vicine and convicine in Vicia fabn, has also been studied in

detail but until recently with a great of difficulty due to the lack of suitable

parents (Bjerg et ø1.,1985;Duc et aI.,7988; Ramsay and Griffiths, 1993). The first

of these genetic studies involved the hybridization of accessions with toxin

levels spanning a relatively limited range. From this it was concluded that

vicine and convicine were polygenically inherited with no notable maternal

effects (Bjerg et a\,,1985). Subsequently however, an accession of faba bean was

identified with nearly zero vicine and convicine levels. Thus a much wider

range, over which the inheritance of vicine and convicine could be studied,

became available (Duc et ø1., 1988). The gene was subsequently found to be

partially dominant with determination by the maternal genotype, implying

that these compounds are imported into the seed from the maternal tissue

(Duc et aL, 1988). A further study was completed in which six genes

influencing vicine and convicine levels were identified after chemical

mutagenesis. All were found to be monogenically inherited and in
conjunction with a gene determining the ratio between vicine and convicine,

rather than the content of the two factors separately (Ramsay and Griffiths,

1993). Chemical mutation may prove useful where inadequate variation is

present in the natural antinutritional content of a seed.

In contrast to the alkaloids in lupins, and vicine and convicine in faba beans,

the inheritance of ODAP content inLøthyrus satiuus is confused and has been

inadequately studied. "Simple mendelian inheritance" (Nerkar, 1972),

"quantitative inheritance" (Dahiya, 1986; Tiwari, 1994), and "more than one

gene" (Quader et a1.,1986;Quader et a1.,L987) have all been put forward as the

manner by which ODAP is inherited. The biosynthesis of ODAP in the

Lathyrus species involves at least two key enzymes (Roy, 1981), so it is probable

that the production of this neurotoxin is encoded by more than one gene.

The only toxin that has been studied to a significant extent in V. satiaø is the

cyanogenic glycoside vicianin (Milczak, 1968; Milczak, L972). Nevertheless, it
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would be expected that vicine and convicine in V. satiaa would be inherited in

a similar way to that in V. fabø. In 1972 a report about the variability of

viciahin in seeds of common vetch hybrids was published (Milczak, 1972).

The apparent variation in F2 plants, derived from a cross between high and

low vicianin varieties, was continuous, suggesting that the compound was

quantitatively inherited. There was no segregation in the F3 of zero vicianin

F2 derived progeny implying that this character is controlled by recessive

gene(s). Despite these results, no conclusion about the inheritance of vicianin

was offered by the author. The inheritance of p-cyanoalanine and its ¡
glutamyl derivative have not yet been studied.

Vetch as a feed or food

Grain legumes are a valuable, high protein source of food and feed for

humans and all types of livestock (Patwardhan, 1962; Verstegen and

Tamminga, 1993). Common vetch is a low cost legume that potentially may

act as an alternative to peas and beans in livestock feed. However, utilization

of V. satiua as a feed or food is currently not recommended. With a currently

increasing amount of vetch being planted in Southern Australia (Kahne and

Bull, 1992), it is important that an end use is found for the grain being

produced.

Viciø søtioø is allegedly toxic to non-ruminants, and its safety is questionable

as a feed for ruminants (Valentine and Bartsch, L996a). When vetch is fed to

non-ruminant animals, a decrease in feed intake and performance is observed,

and, although ruminants can tolerate quite high levels of V. søtiaa the toxic

effect is present but is not manifested to the extremes observed in non-

ruminants.
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Non-ruminønts

The toxicity of v. satiaø seed to rats (RessLer et ø1., 1969; Araya et ø1,, L990),

rabbits (Stockman, 1931), monkeys (Anderson et ø1., r92S; Stockman, L93L) and

even frogs (Stockman, 1931) has been reported. Pigs and poultry are also

affected by V. søtiaa, and due to their importance as consumers of grain

legumes are discussed in more detail.

Pigs

Common vetch was first reported to be toxic to pigs when 80 pigs were fed

with 'Chilean Peas' (a mixture of V. satiaa and V. benghalensis). A number

fell ill with nine dying suddenly (Clough, 1931). The toxicity was ascribed to

the V. satiaa content of the seed mixture. Vetch grain has since successfully

been fed to pigs at a level of 10% of the total feed (Edwards, 1988). At higher

levels, the live weight gain of the pigs is decreased (Erurekng,1994), but it is

not currently known if symptoms associated with toxicity are induced.

Poultry

The toxicology of þ-cyanoalanine and its y-glutarnyl derivative were

undertaken using poultry (Ressler, 7962; Ressler et al., 1963) as they are very

sensitive to these toxins. The symptoms observed when V. satiaø was fed to

chicks were identical to those seen upon the administration of the pure toxins.

These symptoms included opisthotonic spasms (spasms forcing the back

muscles to pull the head and lower limbs back while the trunk arches forward)

and death (Harper and Arscott, 1962; Kienholz et aI., t962; Ressler et al., L96Z;

Arscott and Harper, 1964; Ressler et al., 196T; Ressler et al., L969; Farran et aI.,

1995; Ressler et al., 1997). This effect however was not entirely unexpected as

toxicity of vetch to poultry had been reported as early as 1925 when, during a
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study looking for the causative agent of lathyrism, ducks were fed varying

levels of V. satiaa ssp nigra (Anderson et al., 1925). Despite avoidance of this

pulse by the ducks, death was not caused by starvation but rather from

consumption of the grain. The symptoms observed in ducks mimic those

reported in later years by Ressler. Despite their sensitivity to the toxin,

adaptation of laying hens to vetch has been noted (GIatz and Hughes, L993). It

was suggested that this may have come about either by detoxification by gut

microflora, or degradation during storage. The sensitivity of poultry to the

toxins present in V. søtiaa makes them valuable as a tool for the analysis of

toxin levels in vetch.

The ubiquity of the toxic effects of vetch seed and its constituent toxins on

monogastrics, allows the prediction to be made that these seeds would also be

toxic to humans.

Primøtes

Earlier in this review it was mentioned that split 'Blanchefleur' V. satiaa seed

aPPears very similar to lentils. Thus, in the absence of lentils as a comparison,

discrimination between the two is difficult. There has been much discussion

about reports of the human consumption of I/. søtiaa (Shah, 1939; Bhat and

Raghuram, 1992; Tate and Enneking, 1992; Bhat and Raghuram, I99J; putnam

et a1.,1993). The most recent describes its consumption in Chile (Araya et al.,

1990), both as a pulse and ground into a leguminous flour to be used as a

protein substitute in breads and related products. There is still only

circumstantial evidence that vetch is toxic to humans, however in all reports,

it is stated that care must be taken when preparing vetch for consumption, and

further experiments must be undertaken before it is cleared for human

consumption.
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Despite the lack of data concerning the effect of vetch on humans, the effect of

vetch on monkeys has been established. During a study concerning role of

Lathyrus satiaus in the human disease lathyrism, monkeys were fed the

contaminantV. satiaassp.nigra (Anderson et øl.,I9zs). Seedwasfed raw, and

as chapattis and dhal, the latter two being included as the staple constituents of

the diet of the Indian population. Additionally, while preparing these foods

the ingredients are raised to a high temperature, thereby hopefully removing

thermolabile toxic factors. In many cases, the monkey became hyperactive,

culminating in uncontrollable tremors and spasms. Fortunately, all animals

remained alive throughout the study. However, the results of this experiment

are disturbing and allow us to judge how the over-consumption of V. satiaø

seed and its by-products may affect humans.

Ruminønts

There is no data to indicate that vetch is toxic to ruminants. When fed to

cows, a reduction in the yield of milk, fat and protein was noted, but there was

no reduction in feedintake or liveweight gain (Vatentine and Bartsch, 1996b).

Comparably, there was no effect observed in sheep fed a pure vetch diet for

almost three weeks (Round, 1988). Thus it can be concluded that V. satiaa is

well suited for ruminant production.

Detoxìfication

Detoxification through cooking, chemistry or plant breeding may render vetch

suitable for human consumption. Plant breeding is the most cost effective and

stable long term way in which to achieve detoxification, but in order for this to

be successful, the genetics and effect of the environment on the toxin level of

the plant must be examined. While this objective is being achieved, an
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economic and efficient mechanism for the detoxification of vetch must be

researched.

Successful methods for the detoxification of pulses include pretreatment by

soaking (Patwardhan, 1962; Mohan et ø1., 1966; Singh et ø1., 1988; Pushpamma,

L989); soaking in bicarbonate soda (Singh eú al., 1988); extrusion in steam

(Melcion ef al., \99$; cultural cooking techniques (Mohan ef al., 1966;

Pushpamma, 1989; wills, 1992; Ressler et ø1.,1997); acid soaking (Wills, 1992; r.

Delaere, pers. comm.); and autoclaving (Harper and Arscott,r962; Farran et aL,

1995). Of these techniques, all but pretreatment and extrusion have been used

with V. satiaa. Cooking and autoclaving have been successfully used to

detoxify vetch, proven through the subsequent feeding of treated grain to

chicks (Harper and Arscott, L962; Ressler et al., 1997). Until recently however,

neither B-cyanoalanine or ¡glutamyl-þ-cyanoalanine levels were measured in

the treated grain.

To evaluate the suitability of vetch for human consumption, it is important

that the cyanoalanine content of the seed after 'detoxification' is ascertained.

While soaking, and steeping both result in the signíficant lowering of the

toxin content of the seed, cooking alone does not have this effect (Wills, 1992;

Ressler et ø1.,1997). Infact,unless the cooking water is decanted and replaced,

cooking has little effect on the toxin level. Autoclaving has also proven to be

very efficient in detoxifying the seed, but the only method of toxin analysis

used to date is based upon relative chick mortality and loss of egg production,

and hence is not altogether conclusive about the toxin at fault (Harper and

Arscott, 1962; Farran et ø1., 1995). Acid soaking was found to decrease the

amount of yglutamyl-p-cyanoalanine in the seed by 90o/", however it is the

least practical and cost efficient method of detoxification (Wills, 1992; I.

Delaere, pers. comm.).
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In summary, detoxification of vetch may be achieved simply, by cooking the

grain and discarding the water. Unfortunately, as long as vetch is sold as 'red

lentils', the consuming population is being duped and will not recognize the

necessity of cooking the vetch by a particular method. Additionally, the act of

soaking removes all water-soluble materials, including vitamins (Ressler ef

ø1., L997). Further investigation of the nutritive value of soaked vetch and

honest marketing of the grain is imperative for the future of vetch as a human

food.
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Chapter 2

Eff ectiveness of Viciø s øtia a cyanoalanine detoxification pro cedures

Introduction

Viciø satiaø is currently being sold on the intemational market as a lentil

substitute (Araya et ø1., 1990; Tate and Enneking,1992; Putnam eú ø1., 1993).

Due to the presence of neurotoxins in vetch, there has been much debate about

the risk of marketing vetch as a lentil (Bhat and Raghuram, 1992; Brown, 1992;

McCallum,1992; Bhat and Raghuram,1993; van Rees et aL,I995). Flowever, in

view of the continuing export of this grain as a commercial food, it is

important to provide methods for its detoxification which are practical,

economic and leave the grain both attractive and nutritional.

Previous studies examined the effect of various cooking techniques on toxins

in both vetch (Anderson et al., t925; Borchers and Ackerson, 7950; Araya et al.,

1990; Harper and Arscott, 1962; Arscott and Haqper, 1963; Arscott and Harper,

1964; Farran et al., 1995) and other legumes (Mohan et al., 1966; Campbell and

Marquardt, 1977; Padmanab an, 1980; Liu and Markakis, 1987; Singh et al., 1.988;

Pushpamma, 1989; D'Mello et al., L990; Belmar and Morris, 1994; Melcion et aI.,

1994; Smartt et al., 1994). The efficiency of the detoxification techniques tested

was established according to the response of animals to which the processed

grain was fed. In the case of V. søtiaø, no attempt has been made until recently

to explain the actual biochemical basis for the observed detoxification (Wills,

1992; Enneking, 1994; Ressler et al., 1997; A. Darwish, pers. comm.). The aim of

this chapter was to repeat experimental conditions employed for the

detoxification of vetch and other legumes, and to determine the resulting ¡
glutamyl-p-cyanoalanine content of the vetch. From these data the efficiency

of each detoxification method was established.
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TrøditionøI legume cooking techniques

Pulse cooking techniques which best mimic those currently practised on the

subcontinent were chosen for this study. Cooking procedures for Lathyrus

were extremely relevant because this legume also contains a neurotoxic, water-

soluble, thermostable non-protein amino acid derivative (ODAP). It could

reasonably be assumed that toxic pulses would be prepared using a common

method. The criteria for selection of methods were:

1. Cost of food prepáration (including

water and fuel costs),

2. Time taken for preparation,

3. Complexity of the procedures.

Detoxification using leaching

In the dty state, both pcyanoalanine and ¡glutamyl-B-cyanoalanine are

thermostable and water soluble. It would be expected that these toxins, in

whole vetch, would diffuse into the water after extensive soaking, steeping

and boiling. Thus if the water is discarded, the net toxin level of the vetch

should be reduced. This process may however, be physically impeded by

carbohydrates, cell walls and the seed coat. Unfortunately, these soaking

practices may also simultaneously remove other water soluble compounds

which are nutritionally valuable, such as the B group vitamins (Padmanaban,

1,980; Pushpamma, 1989; Enneking, 1994; Ressler et a1.,1997).
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Detoxification using øcid-hydrolysis

Acetic and phosphoric acids readily accelerate the hydrolysis of nitriles such as

p-cyanoalanine to the non-toxic asparagine and aspartic acid (Tate, L993;

Enneking, 1994; I. Delaere, pers. comm.). It is unknown, however, whether the

acid adversely affects the resultant taste of the pulse to the consumer. [:r

addition to this potential palatability problem, the availability of food grade

acids to the ultimate vetch consumers is uncertain. Because acid hydrolysis

procedures have been examined previously they were not considered further

(Enneking, L994).

Detoxification using roasting

Lathyrus may be 'dehusked and parched before use' as a flour in some regions

of India (Padmanaban, 1980). Nearly 85% of the neurotoxin ODAP was

destroyed when this technique was mimicked in the laboratory. The

cyanoalanine toxins however are thermostable, and thus it is expected that

roasting would have little effect.

Autoclaoing

Because of prior studies indicating its detoxification efficiency, autoclaving was

included in the experiments reported in this chapter. It has been discovered

that the mortality of chicks can be reduced by as much as 100% compared to the

untreated control by autoclaving vetch for eight hours at 15 p.s.i. (103 kP)

(Harper and Arscott,1962; Arscott and Ha¡per, L963; Arscott and Harpeg \964).

When essentially the same experiment was repeated with laying hens, both

egg production and weight gain increase (Farran et a1.,1995). Itispredictedthat

the combination of soaking and elevated temperatures encountered through

autoclaving reduced the amount of ¡glutamyl-B-cyanoalanine present.
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This chapter describes the analysis of vetch grain after the use of various

cooking techniques to determine their effectiveness in reducing the

concentration of ¡glutamyl-p-cyanoalanine in the grain.
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Materials and Methods

Vicíø søtioø møterial

Blanchefleur vetch used in this study was donated by Pea and Grain Exporters,

Two Wells whose generosity is gratefully acknowledged. Pea and Grain

Exporters supplied both entire and split (hulled, split vetch) samples. The split

sample was screened by hand to remove any extraneous seed coat.

yGlutømyl- þcy øno ølanìne anøly sis

Dffise Reflectønce Using lnfrared Dispersive Spectrometry @RUIDS)

Dried seed and seed material was ground to a fine powder using a UDY

Cyclone Sample Mill fitted with a 0.5 mm screen. Samples were then sieved

through a 2 mm sieve to remove any large segments of material. Each sample

was poured into the large sample cup of a modified microsample holder

(diameter 11 mm, depth 3 mm) and the surface smoothed using a spatula.

Samples were scanned using a double beam dispersive infrared spectrometer

fitted with a diffuse reflectance attachment, from 2300-2200 cm-l. Peak heights

and areas were determined at 225'J,.o1-1 (region of -CN stretchit g) and this data

used to quantify ¡glutamyl-B-cyanoalanine. Data is expressed as o/" ¡glutamyl-

p-cyanoalanine (g/700 g weight/weight). An in-depth discussion of this

technique may be found in the doctoral thesis of Delaere (1996) and has

recently (1997) been submitted for publication.

High Voltage Paper Electrophoresis (HVPE)

HVPE was performed as described by Tate (L968, L981.). Samples were loaded

on Whatman no. L paper using glass capillaries. Electrophoresis was carried

out at 4000 V for 20 minutes in a standard buffer of L M with respect to formic

and 0.75 M with respect to acetic acid (pH 1.75). The paper was dried to remove
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perchloroethylene, and ¡glutamyl-B-cyanoalanine was visualized by dipping

the paper n 0.25% ninhydrin in acetone and heating at 65"C for 15 minutes.

Seed Processìng Techniques

Unless specified otherwise, all water used in the following experiments had

undergone reverse osmosis (noH2O), and 'wet' samples were dried in a fan

forced oven at 40oC for 24 hours or until dry. Four L0 g replicates and two

samples of each replicate were artalyzed for each treatment.

Traditional cooking

Both split and entire vetch was used separately for each treatment of this

experiment. A preliminary experiment was undertaken to ascertain an

adequate amount of water to use in the soaking experiments. The volume of

water used had to both take into account both experimental efficiency and

cultural practices. A ratio of 1:4 w:v (vetch (g):water (mL)) was used, an excess

amount of water, and the amount recommended on commercial McKenzie's

red lentils packages (Ward McKenzie Pty. Ltd.).

Eleven different cooking techniques were tested:

L) Soak (1:4 w:v) in water for six hours.

Four L0 g samples were place in separate 200 mL beakers and covered with 40

mL water. These were allowed to stand at room temperafure for six hours.

2) Soak (L:4 w:v) in water for twelve hours.

As for procedure L), except samples allowed to stand for twelve hours.

30

3) Boil until soft.
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Four 10 g samples placed in separate 200 mL beakers and covered with 40 mL

water. Beakers were placed on a hot plate and the vetch boiled until soft

(readily squashed between the thumb and forefinger/ approximately 30

minutes for hulled and 120 minutes for whole vetch). Water was added as

necessary to maintain the volume.

4) Steep for two hours (cover in boiling water).

Four L0 g samples were placed in separate 200 mL beakers and covered with 40

mL boiling water. These were allowed to stand at room temperature for two

hours.

5) Soak L:4 w:v in water for twelve hours, boil until soft.

As for 2) except after twelve hours, the procedure for 3) was followed.

6) Roast at I21"C for two hours.

Four L0 g samples were put in separate, covered petri dishes (L5 cm diameter)

and then placed in the oven for two hours at 121"C.

7) Roast at L21"C for eight hours.

As for 6) except placed in oven for eight hours

8) Roast at 121"C for 30 minutes.

As for 6) except placed in oven for 30 minutes.

9) Roast at 150'C íor 20 minutes.

Four L0 g samples were placed on petri dishes (15 cm diameter) and in oven for

20 minutes at 150'C.

3L

10) Boil for five minutes, discard water and boil until soft.
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Four 10 g samples placed in separate 200 mL beakers, covered with 40 mL water

and boiled for five minutes. All excess water was then discarded. Procedure 3)

was then followed.

L1) Untreated.

For techniques 1-4 and 1-0, prior to drying samples in the oven, water was

retained in two of the replicates and discarded in the other two. This provided

two separate treatments for each of the five experiments. Those samples in

which the water was retained took up to twice as long to dry as those in which

the water was discarded. For technique 5, water was retained after soaking in

two of the replicates and used for boiling, while in the other two replicates

water was discarded after soaking and replaced with fresh water for boiling.

Microbial contamination was observed in initial treatments 2, 5 and L0 with

slow drying at 40eC and these treatments were discarded. At 60oC microbial

growth was prevented in subsequent treatments.

All of the 'discarded' water was analyzed using FIVPE. Processed seeds were

analyzed using DRUIDS.

Autoclaaing

Entirel, split2, ground entird and ground splita vetch were used for each part

of this experiment. Each L0 g sample was placed in a covered petri dish (15 cm

diameter) for experimentation.

Six treatments were performed:

L) Untreated.

lWhole vetch with seed coat intact.
2Vetch split into separate cotyledons and the seed coat discarded.
3Milled whole vetch with seed coat.
4Milled vetch cotyledons without the seed coat.
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2) Dried 24 hours at 40"C.

Four L0 g samples were placed in a fan forced oven for 24 hours at 40oC.

3) Soak (1:L; w:v) in water for 24 hours.

Four L0 g samples were covered with an equal volume of water for 24

hours.

4) Autoclave for two hours at 103 kP.

Four L0 g samples were autoclaved for two hours. The petri dishes were

not airtight so steam had access to the samples.

5) Soak (L:L; w:v) in water for 24 hours, then autoclave for two hours at 103 kP.

As for procedures 3) and 4).

6) Autoclave for eight hours at 103 kP

As for 4), except autoclave for eight hours.

33

condensation built up in some of the petri dishes after eight

autoclaving (procedure 6). Thus water was discarded prior to drying.

discarded water did not contain ¡glutamyl-p-cyanoalanine.

hours

The

Processed seeds were analyzed using DRUIDS.

StatistìcøI AnøIysis

Analysis of variance (ANOVA) was used to test for the effects of hull, grinding

(in the autoclaving experiment), water disposal (cooking techniques) and the

various processing techniques on the processed residual % yglutamyl-þ

cyanoalanine. The techniques were analyzed using SuperANOVArM v1.LL

(Abacus Concepts, Inc. Berkeley, California).
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Results

There was a consistent, measurable difference of nearly 0.05% yglutamyl-þ

cyanoalanine between the entire and split vetch samples (0.79% and 0.84%

accordingly). The seed coat of V. satioø contains no ¡glutamyl-p-cyanoalanine

(results not shown) and thus it acts to dilute the concentration of ¡glutamyl-þ
cyanoalanine measured in the ground entire seed. This difference was not

statistically significant.

Results of both the cooking and autoclaving experiments may be seen in

Tables 1 and 2.

Soaking

Soaking the vetch, both entire and split, in excess water for six hours, had no

statistically significant effect on the T.glutamyl-p-cyanoalanine concentration of

the dried residue. Likewise, there was no significant effect on toxin level if the

seed was soaked for twelve hours. After six hours of soaking, there was a

slight decrease in the toxin level while after twelve hours soaking there was a

non-significant increase (Table 1). There was no statistically significant effect of

either seed type (hulled or whole) or water status (retained or discarded) on

toxin level.

Qualitative electrophoresis data showed that more ¡glutamyl-p-cyanoalanine

was lost when water was discarded from hulled grain than whole grain (results

no shown). Greater amounts of the toxin were discarded after soaking the

vetch for twelve hours compared with six hours.
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Steepíng

Steeping the vetch for two hours at room temperature caused a statistically

significant decrease in the toxin level of dried residues, from 0.82% to 0.70% y

glutamyl-B-cyanoalanine (Figure L; p<0.05). This is a decrease of 15"/.. There

was no significant effect of either the presence of the hull, or the retention of

water on the resultant toxin level.

Table L. Effect of various cooking techniques on the residual o/o yglutamyl-þ
cyanoalanine concentration (gll0D g weighUweight) in vetch seeds.

Technique

Y" ¡glutamyl-
B-cyanoalanine
Entire Split

35

Soøkìng

Steepíng

Roøsting (727"C)

Roastìng (750'C)

Boiling

Untreateil

6 hours - water retained

- water discarded

L2 hours - water retained

- water discarded

2 hours - water retained

- water discarded

45 minutes

2 hours

8 hours

20 minutes

Until soft - water retained

- water discarded

After soaking L2 hours - water retained

- water discarded

5 minutes then until soft - water retained

- water discarded

0.83

0.67

0.70

0.81

0.65

0.77

0.70

0.54

0.35

0.74

-L

_1

1.0L

1.09

0.&r

0.65

0.81.

_1

0.78

0.85

0.79

_1

0.66

0.80

0.80

0.60

0.79

0.52

-L

1.06

0.98

0.72

0.59

0.84

Statistics

SEl\{2

LSDg

0.0675

0.118

0.0726

0.L46
I Samples discarded (microbial contamination under low temperature drying conditions).
2 Standard Error of Mean.
3 Fisher's Protected Least Significant Difference (p<0.05).
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tr Hulled
g Whole

02
Steeping (hours)

Figure 1. Effect of steeping for two hours, in 1:4 w:v water, on the residual
o/o yglttamyl-p-cyanoalanine concentrations (g/100 g weighUweight) of
hulled and whole vetch. Vertical bars represent the standard errors of
means of the four replicates.

Electrophoresis data showed that more yglutamyl-B-cyanoalanine is lost from

the hulled than the whole seed. ¡Glutamyl-p-cyanoalanine is virtually

undetectable in the discarded water of whole seed.

Boiling

Entire seed took L20 minutes to soften by boiling, while the split samples only

took 30 minutes. Approximately 5% of the entire vetch still had not softened

after 120 minutes and this seed did not appear to have imbibed water.

Boiling until soft had a significant effect on the ¡glutamyl-p-cyanoalanine

concentration of dried residue of both split and entire vetch samples (p<0.001).

Unfortunately only three replicates of split seed could be used for the analysis

of this technique due to severe fungal and bacterial infection on other samples.

A decrease from 0.84% to 0.52% ¡glutamyl-B-cyanoalanine was observed for

the split seed after boiling (Table 1). As the fresh boiled supematant water
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showed no detectable microbial contamination, electrophoresis could still be

performed. The data from qualitative electrophoresis showed that more 1,

glutamyl-B-cyanoalanine was again removed from the split vetch than the

entire vetch.

Although boiling alone served to decrease the toxin level, boiling after soaking

produced the opposite effect. A significant increase in toxin level (p<0.0L) was

recorded for both the split and entire samples, from an average of 0.82% y

glutamyl-B-cyanoalanine to 1..03% pglutamyl-B-cyanoalanine. This is a 25'/"

increase in toxin level, presumably due to de nouo synthesis of the toxin

during soaking. Discarding the water prior to the boiling of the vetch seed had

no effect on the resultant toxin level.

Boiling the material once for five minutes, discarding the water and then

boiling the seed until soft did not have a significant effect on ¡glutamyl-þ
cyanoalanine levels. After the first boil, the entire seeds took another 150

minutes to soften while the split seeds took up to 40 minutes to soften. When

water was discarded after boiling until soft, the toxin concentration of dried

residue was significantly lower than that where the water had been retained

after boiling (p<0.0L; Table L). Electrophoresis data suggests that an equivalent

amount of toxin was discarded in water from both the split and entire samples.

The residual toxin level was reduced more when one boiling step (0.52%) was

used to soften the seed, than when the seed was boiled for five minutes, the

water discarded and the seed boiled until soft (0.72%). This difference was not

statistically significant, but a strong trend was recorded.

Pre-soaking had a significant effect on the subsequent reduction of vetch

residual toxin levels through boiling. When the toxin level of vetch that was

soaked and boiled (an average of 1.03%) was compared with vetch that was

boiled alone (0.52%), there was a statistically significant difference in toxin

level due to soaking (p<0.01). The same effect was seen when comparing
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tr Hulled

tr Whole

Unboiled Boiled

Figure 2. Effect of boiling until soft (30 minutes for split and 120 minutes for
entire vetch) on the residual 7o ¡glutamyl-þ-cyanoalanine concentrations
G,l7O0 g weighUweight) of split and entire vetch samples that had been soaked
1:4 w:v water for twelve hours. Vertical bars represent standard errors of
means of the four replicates.

soaking and boiling (1,.03%), with boiling once for five minutes and then again

until the seed was soft (0.70%; p<0.001). A comparison of soaking for twelve

hours (an average of 0.79%), with soaking twelve hours and then boiling (an

average of 1.03%) also resulted in a statistically significant difference in toxin

level (Figure 2; p<0.01.). This indicates that the toxin is affected by soaking such

that the levels cannot be decreased efficiently through boiling alone.

Roøsting

Roasting at 150'C for 20 minutes has no statistically significant effect on the ¡
glutamyl-B-cyanoalanine concentrations of vetch. The slight decrease in toxin

levels noted did not differ between whole and hulled samples.

Irr contrast to this, roasting at 121"C, for 45 minutes, two or eight hours, was

found to decrease the toxin level of vetch residue significantþ (p<0.001).
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0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.L

0.0
0246810

Time (hours)

Figure 3. Residual o/" ¡glutamyl-p-cyanoalanine content (g/100 E
weighUweight) of split (x) and entire (o) vetch roasted at \2loC lot O, 45
minutes, two and eight hours. Vertical bars represent standard erors of
means of the four replicates.

Additionally there was found to be a significant interaction between roasting at

t21"C and the type of seed, whether hulled or whole (p<0.01). After eight

hours of roasting, the toxin level was found to decrease from 0.84% to 0.60% y

glutamyl-B-cyanoalanine in the hulled samples, and from 0.8L% to 0.35% y

ghÍarnyl-B-cyanoalanine in the entire samples (Figure 3). Thus the rate of

decrease of yglutamyl-p-cyanoalanine was higher in the whole vetch than the

hulled. This suggests that the seed coat may be acting to maintain the

moisture content within the seed, such that hydrolysis of yglutamyl-þ

cyanoalanine may continue, even after eight hours al \21"C.

Autocløoing
Autoclaving vetch at L03 kP for two hours was found to significantly reduce
the residual ¡glutamyl-p-cyanoalanine concentration of vetch seed (p<0.001,;
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Table 2 Effect of autoclaving, drying and soaking on the residual"/" yglatamyl-

B-cyanoalanine concentration (9/100 g weighUweight) in entire, split, ground
entire and ground split vetch seeds.

40

o/o 
7r glutamyl- B - cy an o al an ine

Technique Entire Split Ground Ground
Entire Split

Autocløaing (1,03 kP) 2 hours

8 hours

2 hours after soaking 24 hours

Drying (40"C) 24 hours

Soaking 24 hours

Untreøted

0.28

0.10

0.47

0.79

0.86

0.81

0.26

0.14

0.51

0.91

0.96

0.81

0.29

0.13

0.33

0.77

0.83

0.76

0.41

0.12

0.45

0.85

1,.06

0.87

Statistics

SEMl

LSP
0.0293

0.0843

0.0238

0.0681

0.0321

0.0919

0.0316

0.0908
1 Standard Error of Mean.
2 Fisher's Protected Least Significant Diffe¡ence (p<0.05).

Table 2). There was no significant difference in reaction between samples

ground prior to autoclaving and those remaining whole, or between samples

with and without the seed coat. The reduction in toxin level of the entire seed

due to autoclaving was more pronounced than in the split seed (Figure 4).

tr Hulled
tr \tVhole

o28
Time (hours)

Figure 4. Effect of autoclaving for 0, two and eight hours on the residual % ¡
glutamyl-p-cyanoalanine concentrations (g/100 g weighUweight) of hulled and
whole vetch. Vertical bars represent the standard errors of means of the four
replicates.
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Figure 5. Comparison of the rate of decrease of ¡glutamyl-p-cyanoalanine after
autoclaving whole (0) and hulled (+) vetch at 103 kP and roasting whole (o)
and hulled (x) vetch at a corresponding temperature (L21'C). Vertical bars
represent standard errors of means of the four replicates.

The rate of decrease in residual Y" yglutamyl-p-cyanoalanine observed due to

autoclaving is Íar greater than that due to dry roasting at an equivalent

temperature (L2L'C; Figure 5). The rate of toxin decrease detected during

autoclaving is consistent with a faster rate of hydrolysis in a moist

environment.

Figure 6 shows a distinct movement of the -CN peak maximum used to

quantify T.glutamyl-p-cyanoalanine to longer wave numbers after autoclaving.

The peak maximum moved from 2251. cm-L for untreated vetch to 2256 cm-1 at

two hours and eight hours. This is consistent with an intermediate formation

of B-cyanoalanine (maximum of 2255 cm-1 and 2264 cm-l; (Delaere, t996)). The

same phenomenon was observed to a lesser extent after the seed was dried for

24 hours at 40oC, with the progression from an absorbance of 225'1, cm-l to 2254
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cm-1. The change in absorbance maximum occurred more quickly in the

ground vetch over the first two hours autoclaving than with whole vetch.

Over the next six hours the absorbance change in maximum locus was more

marked in the whole vetch (Figure 7). A decrease in the peak maximum at

2256 cm-l can be observed between two and eight hours autoclaving (Figure 7),

implying the degradation of B-cyanoalanine. These observatíons suggest that

moisture content and whole vetch permeability are k"y factors in the

hydrolytic degradation of the toxin.

Wavenumber cm-r

Figure 6. d specfra b-etween 2300 cm-l and 2200 cm-I

shãwing n vetch and its inovement to longer wa.ve

numbers The green line is untreated vetch, blue is
autoclaved for 2 hours and red autoclaved for I hours.
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2264

2262

2260

2258

2256

2254

2252

2250

2248
028

Time (hours)
Figure 7. Change in the -CN stretching region maxima for whole (.) and
ground (o) vetch after autoclaving at L03 kP. Vertical bars represent the
standard errors of means of the four replicates.

There was no significant effect of drying the moist seed, at 40'C for 24 hours,

on the toxin content of the vetch (Table 2).

Soaking the seed for 24 hours in 1:L (w:v) water, was found to significantly

increase the toxin level of dried vetch residue (p<0.001). There was

additionally a significant interaction between the type of seed (p<0.05), whole

or hulled. The increase in toxin level observed in whole seed was less than

that for hulled seed (Table 2). When samples were autoclaved for two hours

after soaking, a rate of decrease in toxin level relative to that observed for

autoclaving for two hours alone was observed (results not shown).
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Discussion

Appropriate cooking methods are widely used in the detoxification of legume

species to render them more suitable for human consumption. Many

legumes, including the neurotoxicLathyrus, simply require soaking to remove

their associated toxic factors (Mohan et ø1., 1966; Pushpamma,1989). Vetch has

proved to require other procedures for the removal of yglutamyl-þ

cyanoalanine.

No cooking technique was as effective in decreasing the yglutamyl-þ

cyanoalanine content of vetch as autoclaving. Steeping the seed for two hours

decreased the toxin levels of vetch grain only slightly, and while boiling the

seed until soft resulted in a significant decrease in toxin level the resultant

toxin level was still more than twice as high as that observed after autoclaving

for eight hours. Although there was no statistically significant effect of the

seed coat on the reduction of toxin, electrophoresis results indicate that more f
glutamyl-p-cyanoalanine is lost from hulled split seed than hulled seed thus

suggesting that the seed coat has limited permeability. This has already been

suggested by Ressler and co-workers (1997).

The most successful method used for the detoxification of vetch was

autoclaving the grain at 103 kP for eight hours as reported by Harper and

Arscott (1962). This reduced, by up to 90"/o, the residual Yo yglutamyl-þ

cyanoalanine level of the grain. Roasting at 12L"C, the temperature at which

autoclaving was carried out, reduced the toxin level only 40% indicating that

hydrolysis is more important than thermal decomposition under these

conditions. This hypothesis is further verified by the apparent greater

reduction of toxin level in entire compared to split samples during roasting,

the seed coat acting to maintain water levels within the seed.
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Unfortunately, autoclaving or pressure cooking is not a viable cookingmethod

for most consumers. Therefore, to take full advantage of this method, it

would have to be carried out prior to the sale of the grain. Additionally, it is

hypothesized that p-cyanoalanine is formed during this process, shown

through the change in absorbance of the -CN peak, and this may result in a

secondary toxicity problem. B-Cyanoalanine elicits a similar response in rats as

y-glutamyl-B-cyanoalanine on a molar basis (Ressler, 1962; Ressler et ø1.,1967).

Therefore, although ¡glutamyl-þ-cyanoalanine has been essentially removed

from the seed, the formation of p-cyanoalanine establishes that vetch is not

always fully detoxified by hydrolysis, rather one toxic factor is converted to

another.

The increase in toxin level observed when vetch was soaked at ambient

temperature for 24 hours was not unexpected. It has been previously noted

that during the germination of V. satiaa seed, the concentration of ¡glutamyl-
p-cyanoalanine can quadruple (on a dry weight basis) (Ressler et a1.,1969). The

reported synthesis of yglutamyl-B-cyanoalanine appears to be initiated at

germination of the seed and ceases when the seedling is five days old. T
Glutamyl-p-cyanoalanine is then dispersed throughout the maturing plant.

The current experiment shows an increase in toxin level of only 1.1% over the

first 24 hours. In fact, the apparent concentration of yglutamyl-B-cyanoalanine

in the dried residue decreased over the first six hours, presumably through

diffusion and leaching during imbibition. A slight increase however, due to

de noao synthesis, was measured after twelve hours. The increase in

concentration of ¡glutamyl-þ-cyanoalanine was greater in entire than split

seed. This indicates that the limited permeability of the seed coat hampers the

imbibition of water by the seed and hence its access to enzymes involved in

syrthesis of the toxin.

Under partially anoxic conditions (water added daily to maintain volume),

only partial imbibition and germination takes place and the overall toxin level
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of the seed remains constant (results not shown). When whole vetch is

soaked in excess water and the water replaced daily over eight days, the final

toxin level is effectively nil (Ressler et aL,1997). Thus, if leaching is to be used

as a means to detoxify vetch, it must take place over at least a week with

constant replacement of water and in excess water, rather than the common

practice in countries where water is scarce.

Steeping the vetch grain for two hours, initially in boiling water, resulted in a

significant decrease in toxin level. When seed was soaked in an equivalent

volume of water for six hours however, there was no significant affect on the

toxin level of the seed. Thus it can be assumed that the addition of vetch seed

toboiling water results in the denaturation of enzymes responsible for thede

nouo synthesis of yglutamyl-B-cyanoalanine. Consequently, the toxin is

leached out of the seed during the subsequent two hours of soaking. When

vetch is soaked at ambient temperature, both the de nouo synthesis of T
glutamyl-p-cyanoalanine and leaching result in no net gain or loss of the toxin.

Steeping the vetch for 24 hours may completely remove the toxins, but only if

enzymic synthesis due to germination is halted by thermal denaturation.

When vetch was boiled for five minutes, the water replaced and the vetch

boiled until soft, there was no significant effect on the toxin level of the dried

residue. When water was discarded from the softened seed, a significant

decrease in toxin level was recorded. Ressler and co-workers (1997) noted a

stabilization of yglutamyl-B-cyanoalanine concentration in the presence of

vetch compared to water alone. This implies that there is some interaction

between the toxin and the vetch material preventing excessive loss of the toxin

during boiling. Although boiling vetch grain until soft resulted in a

significant decrease in the "/" yglutarnyl-B-cyanoalanine measured in the dried

residue, there were too few samples analyzed for this procedure to verify this

result.
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Soaking vetch seed prior to boiling resulted in an overall increase in final

toxin levels. It is possible that de nooo synthesis of the toxin due to

germination, results in the toxin being compartmentalized so it is not easily

accessible by either hydrolytic enzymes or water.

Using High Performance Liquid Chromatography (HPLC) analysis, it has been

found that if ¡glutamyl-B-cyanoalanine and þ-cyanoalanine are heated in a

dilute aqueous solution, the decomposition of yglutamyl-p-cyanoalanine is

accompanied by the formation of B-cyanoalanine (Ressler ef al., 1997). By

contrast, B-cyanoalanine remained quite stable in this solution. When vetch

samples containing 0.42-0.74% ¡glutamyl-B-cyanoalanine and 0.01,-0J3% þ
cyanoalanine were heated under the same conditions, both toxins were

retained without loss. It was thus suggested that other components in the seed

stabilize the toxin (Ressler et al., 1997). These results were thus confirmed in

the current study, where it has been found that boiling the seed does not

significantly decrease the toxin level in either pre-boiled or soaked vetch

samples.

Entire vetch may take up to 120 minutes to softery whereas entire red lentils

only take 27 minutes (Singh et ø1., 1988). Hulled vetch takes 30 minutes to

soften whereas lentils only take eight minutes. The time required to soften

vetch would necessitate extra fuel and water for the cooking process, thus

making it more costly for the consumer. It does however provide a practical

and simple means for the uninitiated consumer to differentiate vetch from

lentils.

Roasting the seed over an extended period of time is effective at decreasing the

toxin level but it is unknown if this effects the subsequent softening of the seed

prior to consumption. If roasting is used, the grain may be ground into flour

and used in chapatti (unleavened bread) rather than dhal (lentil soup).

Roasting the seed however creates another step in the preparation of vetch for

47



Chanter 2: Vicia satiaa detoxification orocedures

consumption and as such is inefficient. Autoclaving, steeping and boiling all

soften the seed ready for formation into foods such as dhal.

Currently autoclaving, as first proposed by Harper and Arscott (1962) appears to

be the most efficient method of detoxification of cyanoalanines. Autoclaving

however, must be carried out prior to the grain being released on the public

market, perhaps by a goverrunent agency, with careful monitoring of the

cyanoalanine toxin content in the finished product. The addition of adjunct

enzyme preparations for the breakdown of cyanoalanines has not been tested

nor has microwave cooking. These techniques could also be carried out prior

to the export of the grain and may prove to detoxify vetch successfully without

being costly to the consumer.

The overall results from this study both confirm and extend the observations

on vetch detoxification procedures reported by Ressler and co-workers tn 1997

and Harper and Arscott in the 1960s (Harper and Arscott, 1962; Arscott and

Harper, 1963; Arscott and Harper, L964; Ressler et al., 1997). Results from this

study indicate that soaking and boiling do not reduce the toxin level of vetch

significantly. In fact, soaking at ambient temperature actually increases the

toxin level and due to the d e n o a o synthesis reduces the efficacy of boiling as a

detoxification mechanism. For vetch to be used for human consurnption,

these effects must be taken into account, as must the scarcity of water and

cooking fuels in areas where the grain in consumed (Mohan eú al., 1966;

Pushpamma, 1989).
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Chapter 3

The effects of common vetch and its constituent toxins on the

performance of chicks

Introduction

High protein, amino acid and energy levels combined with cost

competitiveness with a wide range of cereals, legumes and animal proteins

give vetch an excellent potential for use in poultry feed (Ravindran and Blair,

1992). Flowever, when common vetch is fed to chicks, a decrease in both feed

intake and performance is observed (Harper and Arscott, 1962; Arscott and

Harper, 1963; Arscott and Harper, 1964; Glatz et al., L992; Glatz and Hughes,

1993; Farran et al., 1995). The biochemical basis for these adverse reactions is

currently poorly understood.

It is recognized that chicks are highly sensitive to the toxins present in vetch.

In the 1960s, Harper and Arscott carried out a series of experiments designed to

investigate the effect of processed vetch on chicks (Harper and Arscott, 1962;

Arscott and Harper,1963; Arscott and Harper, L964). Concurrently, Ressler was

isolating compounds from vetch and examining their toxicity by both feeding

and injecting them into chicks (Ressler et aI., L961,; Ressler, 1962; Ressler et al.,

1963). The symptoms displayed by chicks fed vetch or the purified pglutamyl-

p-cyanoalanine toxin were similar. Unfortunately, none of these experiments,

or others carried out since, have clearly discriminated between the effects of

the four known major antinutritional factors present in vetch, namely ¡
glutamyl-B-cyanoalanine, vicine, convicine and condensed tarurins (Ergün eú

a1.,1991,; Farran et aL,1995; Ressler et al., 1997, A. Darwish, pers. comm.). The

cause of the deleterious effects, whether singular or of a complementary

nature, has yet to be determined.
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In order to exploit V. søtiaø as a feed grain for poultry, it is important to

resolve which or which combination of antinutritional factors is causing a

detrimental effect on production. Once this has been ascertained, efforts can be

made to reduce this or these factors in vetch either by plant breeding or

through processing.

In the first section of this chapter, an infrared method was used to determine

the tolerable level of ¡glutamyl-B-cyanoalanine in chick rations. In the second

and third sections, the effects of seed coat (as a source of condensed tannins),

vicine and Tzglutamyl-B-cyanoalanine on commercial broiler chicks were

investigated to isolate potential causes for the reported reduction in feed intake

and performance.
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Determination of a safe level of y-glutamyl-B-cyanoalanine in vetch, for chick
diets

lntroduction

It is currently unknown at what inclusion level in rations that chicks will

tolerate unprocessed vetch. It is known that 90% of one-week-old chicks fed

diets containing -40% vetch died after an average of 6.5 days (Harper and

Arscott, 1962). After the vetch was autoclaved for 8 hours, the mortality of

chicks was reduced to 0"/" when fed at the same inclusion level The

symptoms described as characteristic of vetch toxicity included hyper-

excitability, lack of co-ordination, respiratory difficulty and convulsions ending

in death. Identical symptoms have also described by Ressler (1963), when

feeding chicks purified T,gIutamyl-p-cyanoalanine, and with ducks fed vetch

(Anderson et øL,1925).

In contrast to the reaction shown by week-old chicks, older laying hens are less

sensitive to the toxins found in vetch. The productivity of laying hens over 56

days improved after vetch was autoclaved, while untreated vetch was

detrimental to all measures of productivity (Farran et øL, 1995). No mortality

associated with vetch toxicity, however, was reported. Lr a separate study, hens

were found to adapt to vetch after an initial decline in feed intake over the first

eight weeks of experimentation (Glatz and Hughes, L993). This may have been

due to the low vetch inclusion level used in this experiment (10%), compared

with previous experiments (>20%).

There is thus circumstantial evidence that Trg\utamyl-þ-cyanoalanine is

causing both the decreased performance of taying hens and mortality of chicks.

Therefore in order to feed chicks with vetch, it is important to determine what

levels of y-glutarnyl-þ-cyanoalanine they can tolerate.
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Materiøls and Methods

Seed material

Vicia søtiaa ssp satiaø, cv Willamette, was kindly supplied by Peter Cheeke,

Oregon. Seed had been stored for at least 30 years.

Vicia søtiaa ssp søtiaa seed used by Darwish (pers. comm.; subsequently named

'Lebanon'), including both the raw and processed seed, was imported to

Giessen (Germany), from Lebanon. This seed was then exported to Australia.

All samples were ground using either a UDY Cyclone Sample Mill fitted with a

0.5 mm screen, or Braun household coffee grinder, in the case of smaller

samples, and sieved through a 2 mm sieve to remove larger material. Vetch

powder was analyzed using Diffuse Reflectance Using Infrared Dispersion

Spectroscopy (DRUIDS).

Germination technique

In Australia, Vicia satiaø is a restricted plant. Thus all seed must be

quarantined after importation until it is proclaimed disease free. To

quarantine seed, it firstly must be pretreated with Thiram (fungicide) and then

grown for one generation in isolated and restricted facilities. The plant is

analyzed for the presence of viruses while in these facilities.

Seed was pre-germinated at room temperature for 30 minutes with excess (-L5

mL) 50 mM propan-2-ol, and then placed on enough 0.1 M thiourea (-6 mL) to

form 'haloes' around the seed. Pre-germination was carried out in L5 cm petri

dishes on two thicknesses of L2.5 cm diameter Whatman LMM filter paper.

Water was added to the filter paper at regular intervals to ensure adequate

moisture for the seeds. Petri dishes were maintained at 25'C in a darkened

incubator for the period of germination. When seeds had germinated and the
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roots were -2 cm long, the seeds were planted in University of Califomia mix

(UC) soil and plants were maintained in the glasshouse until mature.

Analysis

A combination of the experimental data reported in chapter 2, mortality levels

of chicks fed vetch in the literature and a separate experiment examining the

effect of processing techniques on vetch toxicity in chicks (4. Darwish, pers.

comm.) have been used in conjunction with DeltaGraph@ Pro 3 software, to

ascertain the levels of yglutamyl-p-cyanoalanine at which chicks may tolerate

vetch.
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Results

In chapter 3, various processing techniques were used to detoxify vetch. The

autoclaving conditions reported by Harper and Arscott (7962) were followed,

prior to feeding chicks. Predicted processed ¡glutamyl-p-cyanoalanine levels

(from chapter 3) were combined with the mortality data for both chicks and

turkey poults published in Harper and Arscott (1962). The predicted f
glutamyl-B-cyanoalanine levels fed, reported in Table L, were ascertained by

adjusting the results achieved by autoclaving, to fit a L00% toxin level of 1.04%.

In principle, it would have been more accurate to used a I00% toxin level

equivalent to that of the variety Willamette used in the original 1962 study.

Table 1-. Effect of different levels of processed vetch and the associated
predicted "/" yglutarnyl-p-cyanoalanine levels (g/100 g weighUweight) present
in the vetch, on the final body weight, percentage mortality and survival time
of turkey poults from the data of Harper and Arscott (7962).

Common vetch Average 2 week data

54

Indusion

Level

Treatmentl Bodyweight

(g) at 3

weeks

% Mortality Survival

day&

Predicted % ¡
glutamyl-p

cyanoalanind

0

40.55%

40.55%

40.55%

40.55%

40%

None
Water soaked;

drieda

Autoclaved 2

hourss

Water soaked,

autoclaved 2
hours, dried5,6

Autoclaved 8

hourss,T

282

232

290

218

0.0

90.0

100.0

1,4.0

6.5

7.0

0

0.42

0.48

0.18

0.20

0.063

80.0 11.L

50.0 L2.0

0.0 L4.0

I All groups were fed the turkey starter ration for the first week
2 Based on 2 week experimental period
3 Based on 100% being equivalent to l.O4%7-glutamyl-pcyanoalanine
4 Water soaked 1:5 for 24 hours, and dried at 99.5"F
5 Autoclaved at 15 p.s.i.
6 Water soaked l.:1 for 24 hours
7 Vetch fed to chicks, not turkey poults
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However these Willamette seeds were no longer viable and it is known that

accurate measurements require toxin analysis within six months of harvest

because the toxin level decreases with time (See Chapter 6). Hence the chosen

toxin level of 1..04% for L00% mortality in Table f. is equivalent to the mean

toxin level of theViciøsatiaassp satiaa collection of fresh germplasm stored at

ICARDA (See Chapter 6).

As the "/o yglutamyl-p-cyanoalanine fed decreases, the corresponding mortality

of the birds decreases and survival days increase (Table 1). Chicks consuming

no vetch (and hence no ¡glutamyl-p-cyanoalanine) or 40 /o autoclaved vetch

(0.063% predicted 7*glutamyl-B-cyanoalanine) survived for the full experiment,

while 90% of those consuming 40.55Y" raw vetch died with an average

survival time of 6.5 days (L4 day experiment). The toxin level recorded after

soaking increased, presumably due to germination (Ressler et ø1., L969), and

was accompanied by a corresponding increase in chick mortality to 100% with

an average survival time of 7.0 days.

Results from the collaborative analysis (with Dr. A. Darwish) of raw and

processed vetch samples fed to week-old chicks in Lebanon are presented in

Table 2. Dr. Darwish fed processed vetch to chicks and at the end of the two

week experiment measured the average body weight of chicks, the % mortality

and average survival time (Table 2). The % ¡glutamyl-p-cyanoalanine levels

reported were measured in the actual grain fed, and the toxin level of 100%

untreated vetch was recorded as 0.47% in the first experiment and 0.32% in the

second. These levels are comparatively lower than those found in vetch from

the ICARDA collection (see Chapter 6). Flowever, when this vetch was

included in the chick rations at60o/o,97.5% mortality was recorded for the first

experiment and L00% mortality for the second (Table 2). Lr fact, again it was

found that the higher the percentage toxin fed, the higher the resultant

mortality of the chicks. Average survival time decreased with increasing toxin

level.

55



Chapter 3: Common aetch and chiclcs

Table 2. Yo yglatamyl-p-cyanoalanine (g/100 g weighUweight) in processed
vetch fed to one-week-old chicks and the effect on final body weight,
percentage mortality and survival time of chicks (4. Darwisþ pers. comm.).

56

Common vetch Average 2 week
data

wt. (g) Mortality Sun¡ival "/" y-glutarnyl-
weeks % days É-cyanoalanine

E*P Indusion
Level

Treatmentl Body
at3

1, 0%

1 20%

1, 40%

1, 60%

1 20%

1, 40%

1, 60%

1, 20%

1, 40%

r 60%

None

None

None

Water soaked, dried2

Water soaked, dried2

Water soaked, dried2

Ground, water soaked, dried2

Ground, water soaked, dried2

947.2

464.2

378.8

281,.1,

431,.7

420.9

271,.7

453.3

461..8

364.5

0

0.094

0.188

0.282

0.088

0.176

0.264

0.074

0.148

0.222

0.0

0.0

40.0

97.5

2.5

t7.5

95.0

0.0

5.0

45.0

21,.0

14.0

12.4

7.8

13.8

L3.2

9.2

1,4.0

13.7

L2.5Ground, water soaked, dried2

Statistics

SEl\ls

LSD6

12.22

35.05

0.24

0.71

2 60%

2 60%

2 60%

2 60%

2 60%

2 60%

2 60%

None

Soaked 24 hours3

Soaked 48 hours3

Soaked 72hours3

Ground, soaked 24 hours3

Ground soaked 48 hours3

Ground soaked 72 hours3

_4

_4

_4

-4

_4

947.5

7027.1,

100.0

100.0

100.0

100.0

100.0

0.0

0.0

0.192

0.330

0.246

0.186

0.2L0

0.048

0.048

5.0

4.0

5.9

9.3

4.8

2L.0

21,.0

Statistics

SEI\,F

LSÞ
25.33

82.62

0.26

0.82
r All groups were fed chick starter ration for the first week
2 Soaked 1:5 water for 24hours, then dried at 60"C for 24 hours
3 Soaked L:10 water at 40"C for designated time, water waschanged every L2 hours and seed
washed 3-4 times with water. Seeds dried at 60"C for 24 hours
4 Chicks did not live for three weeks, so no body weight was recorded
5 Standard Error of Mean
6 Fisher's Protected Least Significant Difference (p<0.05)
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When % Trglutamyl-þ-cyanoalanine levels (both actual, 1996 and predicted,

1962) from the three experiments (Harper and Arscott, !962; Darwish #1 and

#2,1996) were graphed against % mortalig of week-old-chicks or turkey poults,

a clearly sigmoidal curve relationship was apparent (?=0.97; Figure 1). Note

that when vetch is fed at a final level containing 0.1% ygfutamyl-þ

cyanoalanine, the mortality rate recorded is effectively zero. From this curve

an LD56 of 0.22% ¡glutamyl-þ-cyanoalanine can be calculated.

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
o/" y -glulamylp -cyan oalan in e

Figure L. The relationship between "/o Trglatarnyl-p-cyanoalanine (g/100 g
weighUweight) fed and the mortality rate of week-old chicks for both
experiment #L (n) and #2 (6r, (,A'. Darwisþ pers. comm.) and turkey poults (s)
(Harper and Arscott, 19621.
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Dìscussion

The actual % yglutamyl-B-cyanoalanine present in the original Willamette

vetch could not be analyzed. When a predicted 100% toxin level of 1,.04% y

glutamyl-p-cyanoalanine was used instead and the Harper and Arscott (L962)

chick mortality data combined with that produced by Darnrish, a clearly

sigmoidal curve with a regression coefficient of ?=0.97 was generated. This

suggests that there is a very strong relationship between the % ygtutamyl-þ

cyanoalanine ingested by poultry and the resultant mortality rate.

Between 0.15% and 0.30% ¡glutamyl-p-cyanoalanine, the mortality of chicks

increase from <10% to >90o/o. It can thus be predicted that most week-old

chicks cannot tolerate ¡glutamyl-B-cyanoalanine at levels greater than 0.L5%.

At levels greater than0.22"/' ¡glutamyl-p-cyanoalanine it is expected that only

50% of chicks would survive. Unfortunately, the chicks were fed raw and

processed vetch rather than pure ¡glutamyl-p-cyanoalanine, so that any effects

due to a combination of antinutritional factors are unknown. Thus, there is

still only circumstantial evidence implying that ¡glutamyl-p-cyanoalanine

alone, causes death in week-old chicks.

The manner of toxicity of vetch is still unknown. Whether mortality is due to

a gradual build up of toxin in the system to a given threshold level, or if it is

caused by a single dosage is not obvious. There were no feed intake records

with the available data so these could not be considered in this section.

Additionally, it is unknown how long prior to death, the symptoms associated

with yglutamyl-B-cyanoalanine toxicity were shown. Chicks may have died at

the onset of symptoms, or they may have been beleaguered by the symptoms

for a period of time prior to death. Despite the questions still remaining, it is

apparent that week-old-chicks should not be fed vetch at levels of ¡glutamyl-

B-cyanoalanine higher than 0.20%.
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Older poultry appear to have higher tolerance levels to vetch than chicks

(Glatz et al., L992; Glatz and Hughes, L993; Farran et aL, 1995). The

susceptibility of chicks is thought to be due to the increased permeability of the

blood-brain barrier in chicks (M. Tate, pers. comm.), allowing Trglutamyl-þ

cyanoalanine, or its derivatives (Sasaoka eú al., L968), access to the brain.

Laying hens have higher tolerance levels to vetch, however their performance

is inhibited when fed at levels greater than 10% (Glatz et al., 1992; Glatz and

Hughes, L993; Farran et fl\., 1995). The toxin levels of vetch found to be

tolerable to week-old chicks were used in the succeeding experiment to

investigate the effect of the separate toxic factors of vetch on three-week-old

broiler chicks.
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Effects of seed-coat removal, yglatamyl-B-cyanoalanine and vicine on feed
intake, feed conversion and growth of meat chickens.

Introductíon

To successfully feed vetch to chicks it is estimated that the inclusion level

must be such that the diet contains no more than 0.2% T.glutamyl-þ
cyanoalanine. Above this level there is a high risk of mortality. This may be

due either to the consumption of yglutamyl-p-cyanoalanine alone, or to the

combined effect of this toxin and other of the known antinutritional factors

present in whole vetch (vicine, convicine and tannins). Each of these has been

found separately to cause deleterious effects in chicks.

¡Glutamyl-B-cyanoalanine is toxic to chicks when both injected and ingested,

inducing weakness in the legs, convulsions and even death (Ressler et aI.,

L963; Ressler et al., 1967; A. Darwish, pers. comm.). Vicine and convicine are

comparatively less harmful when fed alone, but have been found to depress

egg size, and have detrimental effects on other factors important to egg

production (Campbell et al., 1980; Muduuli et aI., 1981,; Olaboro et al., I98ta;

Olaboro et al., 198Ib; Muduuli et aI., L982). Additionally, vicine has been found

to cause favism in chicks (Prasad ef ø1., 199L), comparable to that seen in

glucose-6-phosphate dehydrogenase deficient humans (Mager et ø1., L980; and

references therein). The chick is however, reportedly less sensitive to these

glycosides than the laying hen (Marquardt, 1989). Finally, tannins have been

found to reduce feed intake, weight gain and to increase feed conversion ratios

in both chicks and hens (Marquardt et al., L978; Jansman and Longstaff,lggg).

The following experiment was designed to look at both the individual effects

of yglutamyl-þ-cyanoalanine, vicine and tannins as well as their combined

effects in an equivalent inclusion level of vetch. Tannins are present only in

the seed coat of vetch, while yglutamyl-p-cyanoalanine and vicine are found

only in the cotyledons. The levels of vetch were based upon the previous

60



Chapter 3: Common uetch and chiclcs

experiment where there was a high risk of mortality above 0.2% yglutamyl-þ

cyanoalanine. The variety of vetch used, Blanchefleur, contains approximately

L% yglutamyl-þ-cyanoalanine and hence was fed at a maximum inclusion

level oI 20%.
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Møteriøls ønd Methods

Birds, housing and mønøgement

All experiments received approval from the University of Adelaide and South

Australian Research and Development Institute (SARDD Animal Ethics

Committees. Un-sexed Steggles one-day-old commercial broiler chicks (GøIIus

domesticus) were bought from commercial hatcheries. From 0-L8 days the

chicks were kept on litter under infra-red brooders and fed a commercial

starter diet. At the beginning of the experimental period 48, l$-day-old chicks

were selected and placed two birds per cage for three days adaptation. Chicks

were separated to one per cage alter 2l days at which stage experimental diets

were fed. Cages were 260 mm wide, 400 mm high and 360 mm long and

housed in a shed with the air temperature maintained in the range 20 - 25"C

during the seven day test period.

Experimental feeds

Experimental diets contained a maximum of 20% whole vetch or an

equivalent amount of vetch kernel. Approximately 0.2% yglutarnyl-þ

cyanoalanine is present in a diet containing 20% Blanchefleur vetch, the

higher inclusion level of vetch used in this experiment. Vetch hulls (seed

coat) were used to examine the effect of tannins, and were also fed at a rate

equivalent to that of 20% whole vetch (vetch hulls consist oÍ 9o/" of the whole

seed). The influence of each of these factors was considered both singularly

and in combination.

The diets are based on that used to assess the apparent metabolizable energy

(AME) of specific ingredients (R.I. Hughes, pers. comm.; Table 3). The

metabolizable energy of the ingredients was considered to be the same as that
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Table 3. Typical apparent metabolizable energy diet for assaying a major
ingredient.

o//o Ingredient

Sorghum
Casein

Dicalcium phosphate

Limestone
Vitamin mix
Sodium chloride

Choline chloride (50%)

Table 4. Metabolizable energy and protein contents of constituents used in
formulating diets.

Energy (Mllkg DM) Protein (e/kç)

63

82%

73.4%

2.6%

1,.r%

0.5%

0.36%

0.04%

Sorghum
Casein

Soybean oil
I /hole vetch

Hulled vetch

Vetch hulls

13.8G

37.662

rJ..603,4

15.551

9.591

1lG
81s

2443

23gr

51
1

2
3
4

Edwards and Duthie, 1973.
Evans, 1985.
Castanon and Perez-Lanzac, 7990.
Glatzet a1.,1,992.

stated in references (Table 4) (Edwards and Duthie, 1973; Evans, 1985; Castanon

and Perez-Lanzac,1990; Glatz et al., L992).

The diets were isocaloric and isonitrogenous containing 12.75 M/kg DM

metabolizable energy and 192.5 g/kg DM crude protein respectively. The

requirements of vitamins, minerals, calcium and phosphorus were satisfied

using supplements (Table 5). Soybean oil was added to diets in order to

equalize the apparent metabolizable €rr€rgfr while casein levels were adjusted

to equalize the protein contents.
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Experimental Procedure

The experiment was started with 48, 1.8-day-old chicks. After three days

adaptation, six groups were selected for the eight experimental diets. The

experiment was laid out as a randomized complete block design with six

replicates. The birds were fed from 2I to 28 days with the specified

experimental diet. Eight dietary treatments (six replicates; one bird/rep; Table

5) were examined. All diets were based on the control diet whose primary

ingredient, sorghum, was substituted for various vetch constituents. Diets

tested are listed below.

1. Sorghum based diet (Control)

2. 9"/o vetch hulls

3. 20% whole vetch

4. 20% hulled vetch

5. 0.4"/o pure ¡glutamyl-p-cyanoalanine, corresponding to twice the estimated

toxin in the diets containing 20% vetch(#3 and 4).

6. 0.2% pure ¡glutamyl-B-cyanoalanine, corresponding to the estimated toxin

in the diets containing 20% vetch (#3 and 4).

7. 0.2Yo pure vicine, corresponding to twice the estimated vicine in the diets

containing 20% vetch (#3 and 4).

8. 0.1-% pure vicine, corresponding to the estimated toxin in the diet

containing 20"/o vetch.

In accordance with animal ethics requirements and due to the nature of the

study, the chicks were killed by cervical dislocation and the carcasses disposed

of by burial at the end of the experiment.
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Table 5. Composition of experimental diets fed to three-week-old broiler
chicks over one week.

7- glu tamyl-pcyanoalanine

65

2 Supplied per kg: vitamin A 7000 IU; vitamin D3 1400 IU; vitamin E 10 IU; thiamine 1.5 mg;
riboflavin 5 mg; nicotinic acid 10 mg, pantothenic acid 5.5 mg; pyridoxine 5 mg; cyanocobalamin
7.5 m8; folic acid 1.5 m& biotin 45 mg; menadione 2 mg; Mn 50 mg; Zn40 mg;Co O.Ot mg; Cu 7.5 rng;
Fe 20 mg; I0.5 mg; Mo 0.5 mg; se 0.065 m& Butylated hydroxytoluene/Ethòxyquin 50 mg.

Ingredients (%)

Diet

1 2 3 4 5 6 7 I
Control Hulls Whole

Vetch
Hulled
Vetch

0.4%
GCNl

o2%
GCNI

O.32o/"
Vicine

0.16%
Vicine

Sorghum 76.00 72.80 59.70 63.80 75.10 75.30 75.1.4 75.32

Casein 13.4 13.8 9.6 9.2 13.4 13.4 13.4 13.4

Soybean oil 6.0 7.0 6.1, 2.4 6.5 6.5 6.5 6.5

\tVhole vetch 20

Hulled vetch 20

Vetch hulls 1.8

7-glutamyl-p-cyanoalanine 0.40 0.20

Vicine 0.32 0.16

Dicalcium phosphate 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6

Limestone 1.1 1.1 1.L 1.1 L.L 1.1 1.1 1.1

Vitamin mix2 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

Sodium chloride 0.36 0.36 0.36 0.36 0.36 0.36 0.36 0.36

Choline chloride (50) 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04

Analytical data (/kg DM)

Metabolizable energy (MJ) 12.70 12.79 12.77 12.80 12.75 12.79 12.74 12.77

Crude protein (g) 193.2 193.1 192.9 193.2 192.2 r92.5 192.t 192.4
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The diets were cold-pelleted to ensure chicks could not select against the vetch

during feeding. Pure 7-glutamyl-B-cyanoalanine and vicine were dissolved in

400 mL 30% ethanol and sprayed onto the feed mixture prior to pelleting. An

equivalent amount of 30% ethanol was included in diet 1 as a control.

Døta recording

Data were recorded on each experimental replicate of six birds. After a three

day adaptation period, feed intake and body weight was recorded. Body weight

and feed intake was measured at the end of the seven day test period on

individual birds. Food conversion ratio (food intake per weight gain) was also

calculated.

Lørge scøIe antinutrient extraction

Adapting the methods proposed by Ressler (1969) and Delaere (1995) for the

isolation of Tzglutamyl-þ-cyanoalanine, 20 x 1 kg samples of hammer-milled

(PPPI Feed Mill, Roseworthy Campus) Blanchefleur vetch (purchased from

Eime Churinga) were placed in separate buckets and extracted overnight, (-15

hours) with intermittent stirring for the first 3 hours, using L:S (w /v) 30%

ethanol. After settling, the clear supernatant (-100 L) was absorbed onto an

Amberlite IR 4008 acetate anion exchange column (total column volume 5 L)

at a rate of 70 ml/minute. The remaining extract was collected by filtration

(250 mm diameter Büchner funnel with 240 mm Whatman hardened 54L

filter paper) and the filter cake rinsed twice with 250 mL 30% ethanol. The

filtrate was also absorbed onto the Amberlite column. The column was

washed with reverse osmosis H2O between 20 L batches of extract.

Fractions were monitored by HVPE at pH 1,.7s (r M acetic acid/0.75 M formic

acid; 20 minutes at 4000V; UY25ar,-/ninhydrin detection), after 100 L of the
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extract had passed through the column, y-glutarnyl-B-cyanoalanine and vicine

were detected, indicating that the column was fully saturated.

Upon saturation, the column was eluted with 10 L of 0.2 M ammonium

acetate. 2.5 L fractions were collected and monitored by HVPE.

Isolation and purification of relutamvl-d-cvanoalanine

-

Amberlite IR 400 acetate anion exchange eluate showed complete absorption of

the acidic '¡rglutamyl-B-cyanoalanine (RMoy¿r1ge G=-0.35). Fractions 2-6 were

pooled and rotary evaporated to dryness in a 60"C waterbath. Additions of

propan-2-ol were made to prevent foaming. Dry crude toxin was then

dissolved in warm reverseosmosis H2O at -6.5 rnL/g crude toxin (126 g crude

toxin, 750 mL warm H2O added - HzO added was at a minimum). Methanol

was added to turbidity (-2 L) and the resultant solution filtered through

Whatman 54L paper to remove the ammonium acetate precipitate. The

filtrate was allowed to crystallize at room temperature overnight.

Decanted crystals were resuspended in 200 mL methanol and 'sucked' dty

using a glass scintered funnel. Crystals were dried to a constant weight and

their purily analyzed using DRUIDS in comparison with a reference sample

(Delaere et ø1., 1995). The white crystalline material was electrophoretically

homogeneous and indistinguishable from the reference sample of ¡glutamyl-

B-cy anoalanine (RMg¡¡1ge G=-0.40).

Isolation and purification of vicine (with M.F. Tate)

Crystals of vicine and convicine were isolated using a modified method

(Olaboro et ø1.,1981.a; Olaboro et al., I981b; Arbid and Marquardt, 1985). Eluate

from the Amberlite anion exchange column was passed through a Mitsubishi

SK1B column (in the H* form) at a rate of 70 ml/minute (total column
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mL, 50-1,00 mesh). Fractions were monitored by HVPE at pH 1J5 (1, M acetic

acid/0.75 M formic acid; 20 minutes at 4000V; UVzs+ r,,,'/ninhydrin detection).

Electrophoresis of the anion exchange eluate showed a strong UV absorbing

spot (RM6¡3¡1ge c=-0.39) corresponding to the reference sample of vicine

(supplied by Professor R. Marquardt), this was subsequently retained on the

cation exchange column.

The saturated SK1B column was washed with excess reverse osmosis H2O (3

L), and desorbed with 0.1 M ammonium acetate (8 L). Fractions (0.5 L) were

collected. Fractions 4-15 contained the bulk of the vicine with maximum

concentrations in fractions 12 and 13. These were concentrated using rotary

evaporation in a 45'C waterbath to a crude syrup. This was dissolved in 500

mL -methanol and filtered through Whatman 54L filter paper. The filtrate was

further diluted with 1 L methanol and cooled to OoC. Virtually pure vicine

separated and was isolated by repeated fractional crystallization (6x) of the

mother liquors to yield a total o17.26 g vicine (0.18% dry weight of V . satiaa).

The white crystalline material was electrophoretically homogeneous and

indistinguishable in its electrophoretic properties, its UV and IR spectra from

the reference sample of vicine (RM6,r..,ge c=-0.45).

Hullins Drocess

-

Blanchefleur vetch was fed through an ICARDA dehuller for the removal of

hulls (SARDI, Cereal Chemistry). The grinding wheel was positioned such

that there was maximal hulling and minimal crushing of the vetch seed. The

mixture of hulls and cotyledons was then sorted using the S.K. Engineering

dehulling machine (SARDI, Cereal Chemistry) and finally by hand to ensure

there was less than 1% hull in the final hulled vetch (cotyledon) sample.

There was no contamination of the hull sample with cotyledon.
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Grinding tf aetch portions

Whole vetch was hammer-milled to a coarse flour for use in the whole vetch

diet and also for the extraction of y-glutamyl-B-cyanoalanine and vicine, The

dehulled vetch was ground in a UDY Cyclone Sample Mill fitted with a 0.5

mm screen prior to diet mixing, while vetch hulls were frozen in liquid

nitrogen before being ground in a Black and Decker 'mini' blender.

Analysis of Pellets

Pellets were milled in a Braun coffee grinder and the flour sieved through a 2

mm sieve to remove larger fragments. Flour was analyzed using DRUIDS to

detect the percentage ¡glutamyl-p-cyanoalanine present in the pellets.

50 mg of the pellet flour was extracted in 1 mL 25o/" acetic acid for L hour at

50"C. This was centrifuged for 3 minutes. 0.1, mL aliquots were diluted to 4 mL

with 0.1M HCL. The relative absorbance at l,max in the UV region 273-275 nm

was then quantified for vicine content.

These analyses were necessary to ensure that the toxin levels present in the

pellets were appropriate to each experimental diet.

Statistical Analysis

The data was subjected to analysis of variance using the GENSTAT statistical

package. The assumptions of the ANOVA model were tested by plotting fitted

values against residual values. Fisher's protected LSD was performed

separately to the ANOVA (rather than n posteriori) to maximize the

information provided by the data. Three major outliers were detected, chicks

# 2, 30 and 36. These were omitted from further analysis. Linear contrasts

were further used to investigate the relationship between the diets. Contrasts
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were developed in five different sections as a single contrast to include all

could not be constructed.
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Results

Results for all parameters measure are shown in Table 7.

Toxin content of pellets

Sorghum produces a characteristic mid-infrared peak at 2265 cm-1. This peak

could be due to the cyanogenic glycoside, dhurrin (Montgom€gr 1980), found

in sorghum and was found to obscure the peak detected at 2251.--1 produced

by y-gIutamyl-B-cyanoalanine. Thus, accurate quantification of the percentage

n¡glutamyl-p-cyanoalanine present in the pellets of each diet, could not be

made. Even when the data was manipulated to remove the effect of other

ingredients, the final reading was ambiguous. Despite this, the relative height

of the peaks at 2251 cm-1 for each diet were used to obtain a comparative

reading. Diet #5 showed twice as much -CN stretching at 225"J. cm-7 as diets #3,

4 and 6. Diets #L,2,7 and 8 showed no peak to 2251. cm-1, but there was a peak

at 2265 cm-1 due to the cyanogenic glycoside in sorghum. Thus it could be

assumed that diet #5 had twice as much yglutarnyl-p-cyanoalanine as #3, 4

and 6 as was expected through inclusion levels alone. Vicine levels were

found to be equivalent to that expected.

Suraiaal of the chicks

One mortality was recorded over the week long experiment. Chick #30 was

found dead on the third day. As the chick had only consumed L5 g of pellets

(diet 4) prior to death, it was assumed that this mortality was completely

unrelated to diet. The chick rost 172 g of weight over the three days.
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Start Weight

There was a significant difference between the start weights of chicks for each diet þ<0.001'

Table 7). Chicks consuming the hulled vetch diet (#a) started at the lower average weight

(691 g), while those on the 0.16% vicine diet (#8) had the highest starting weight (1063 g;

Table 8). To remove any effect due to this factor, start weight was included as a covariate in

all further analyses.

Tabte 7. Analysis of variance of the difference between the start weights of chicks for
each diet.

Source of variation D.F. Mean square F value Significance

Block stratum

Diet

Residual

Total

5

7

32

44

3905

1221,2

3848

0.012 ***



Table 7. Feed intake, start weight, weight gain and feed conversion ratio of three-
week-old broiler chicks fed eight different diets for one weeþ which included
vetch and its constituent toxins, ¡glutamyl-p-cyanoalanine and vicine.



Diet

Control

Hulls

Whole

Hulled

0.4% y gJltrtamyl- þ cy anoalanine

0.2% y glutarnyl- þcy anoalanine

0.32%Vicine

0.1,6% Vicine

Statistics

SEM3

LSD4

Diet # Feed hrtake
I (g)l

327.@

348.64

364.2ab

457.7b

3g2.Oab

3g5.7ab

ß1,.9b

41g.0ab

25.68

100.43

Feed Intake
tr (s)2

372.}ab

280.24

285.sab

342.Lb

285.8ab

266.54

377.gab

2g3.Oab

15.49

60.57

Feed Intake
Total (g)

6334

629a

6504

800b

67gab

6624

7Agab

Tlrab

u.04

1,33.01

Start Weight Weight Gain Feed Conversion
(e) Total (e) Ratio (g:g)

1

2

3

4

5

6

7

8

705a

7344

72n

69ß

881b

ggtbc

g84bc

1.063c

29.82

t32.81

245.7

291.2

267.8

357.8

271.8

265.9

310.8

270.5

45.68

131.13

2.750

2.t84

2.575

2.276

2.5L5

2.552

2.437

2.812

0.9t16

2.6171,

Values in the same column with different superscripts differ significantly (P<0.05; Fisher's Protected LSD).
1 Feed intake for days 1-3.
2 Feed intake for daysÇ7.
3 Standard Error of Mean.
a Fisher's Protected Least Significant Difference (p<0.05).
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Feed lntake

The feed intake of chicks for the first three experimental days was significantly

affected by the diet consumed. The results for the analysis of variance are

shown in Table 8.

Table 8. Analysis of variance of the effect of diet on the average feed intake for
the first 3 experimental days.

Source of variation D.F. Mean square F value Significance

74

Block stratum
Diet
Covariate
Residual
Total

5

7

1.

31

4

11289.4

10205

459

3957

0.032

0.736 NS

Chicks consuming the control diet (#1) ate the least over the first three days

(average of 32'J. g), while those consuming hulled vetch (#4) ate the most

(average of 457 g;Table 7). Linear contrasts for feed intake are shown in table 9.

When the feed intake of chicks consuming whole vetch (#3) and vetch hulls

(#2) is compared to that of chick consuming hulled vetch (#4), a significant

decrease is observed for those diets containing vetch hulls (#2 and 3; p<0.01;

Table 7). Chicks consuming the 20% hulled vetch diet were also found to

consume significantly more diet over the first three days than those

consuming an equivalent amount of purified ¡glutamyl-p-cyanoalanine

(p<0.01), while those on the control diet consumed significantly less than those

consuming diets containing purified toxin (#5-8; p<0.05).

Feed intake for the final four days of the experiment was significantly affected

by the diet (p<0.05; Table 10). Again, the hull caused a significantly negative

effect on feed intake (p<0.01; Table 9). Chicks consuming hulled vetch (#4) ate

significantly more than those consuming an equivalent in purified ¡glutamyl-
p-cyanoalanine (#6), but the significance is weaker in the second week (p<0.0L;

Table 9), indicating that the chicks may have adapted to the
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Table 9. Mean square of linear contrasts between specific diets to determine the
cause of the significant differences between diets for feed intake. 1

Parameter Mean Square

Contrasts Feed Úrtake I Feed Intake II Feed Intake Total

75

Control vs all other diets

Effect of Hull
Hull vs Whole

GCNP vs Vicine

0.4% GCN2 vs 0.2T" GCNP

0.32% Vicine vs 0jl,6o/o Vicine

Hulled vs0.2"/" GC\P

Hulled vs0.167" Vicine

Control vs Toún
Whole vs Hulled

22799*

42820**

722

397L

60

1022

38595* *

13166

23043*

719

58

12966**

88

7439

206

t029

10282*

6

7

88

20556

1029L2***

1312

22280

487

4102

88719**

t3743

23864

1309

Statistics

SEN,P

LSD4

25.68

L00.43

15.49

60.57

34.04

1.33.01
I
2

3

4

*, p<0.05; **, p<0.01; ***, p<0.001.

7-glutamyl-pcyanoalanine.
Standard Erro¡ of Mean.
Fisher's Protected Least Significant Difference (p<0.05).

purified toxin diet. The covariate, start weight, has a significant effect on this

parameter (p<0.05).

Table L0. Analysis of variance of the effect of diet on the average feed intake
for 4-7.

Source of variation D.F. Mean square F value Significance

Block shatum
Diet
Covariate
Residual
Total

tF

rt

5

7

1.

31

M

11508.2

3769

8690

t439

0.030

0.020

The effect of diet on the total feed intake for the whole week, was statistically

significant (p<0.05; Table 1.1.). Chicks fed vetch hulls (#2) had a lower feed

intake (629 g) than all others (Table 7), while those fed hulled vetch (#a) had

the þighest average feed intake of 800 g.
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Table 11.. Analysis of variance of the effect of diet on the average feed intake
for the entire experimental week.

Source of variation D.F. Mean square F value Significance

Block stratum
Diet
Covariate
Residual
Total

45805.6

22464

5153

695r

5

7

1

31

44

0.011

0.396

,t

NS

Vetch hulls were found to have a highly significant effect (p<0.001) by reducing

the feed intake of chicks (Table 9), in comparison to those chicks consuming

hulted vetch (#4). Chicks consuming hulled vetch (#4) ate 800 g over the

experiment while those consuming vetch hulls and whole vetch consumed

629 g and 650 g respectively (Table 7). This is an average decrease in feed intake

of 20% due to the hulls alone. There was also statistical significance (p<0.0L)

between 20% hulled vetch and the equivalent in toxin (0.2% yglutamyl-þ

cyanoalanine). Chicks fed the pure toxin diet only consumed 662 g of feed.

This indicates that there are factors in vetch making it more palatable to chicks

than those diets without vetch.

Weight gain

There was no statistically significant affect of diet on the weight gain of chicks

over the entire experiment (Table 12).

Table 12. Analysis of variance of the effect of diet on the average weight gain
for the entire experimental week.

Source of variation D.F. Mean square F value Significance

Block stratum
Diet
Residual
Total

5

7

35

44

9389.0

3199.9

125L8.9

0.256 NS
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Feed Conaersion efficiency

The analysis of variance of the effect of the different diets on the feed

conversion efficiency of chicks over the entire experiment was also not

significant (Table 13). The effect of diet on the feed conversion efficiency of

chicks can be seen in Figure 3.

Table 13. Analysis of variance of the effect of diet on the feed conversion ratio
for the tal week.

Source of variation D.F. Mean uafe v

77

stratum 5
7
35
M

5.4794
4.9528
4.9862

Diet
Residual
Total

0.9933 NS

3.5

2

3

2.5o
(Ë

ú
Êo
at)fr
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1

5

o
't2345

Diet #
678

Figure 3. Food Conversion efficiency (g:g) of chicks consuming eight different
diets which included vetch and its constituent toxin. Vertical bars represent
the standard error of the mean of 6 replicates. Diet # represents diets as
explained in table 6.
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Symptoms tf toxicity

Observations on the health of the chicks were made on day four and day seven

of the experiment. These results are recorded in table 14. Of those chicks

recording symptoms on day four of the experiment, only three (#5, 8 and L0)

showed any development of these symptoms through to day seven. Although

it is apparent that chicks consuming the 0.4% y-glutamyl-B-cyanoalanine diet

(#5) appear 'droopy' more often than chicks consuming other diets, these

symptoms are definitely not characteristic for this diet alone. There is no

consistency between the diet consumed and the symptoms shown, indicating

that these may indeed be unrelated.

Table 14. Symptoms shown by given chicks over the duration of the
e eriment.

78

Diet #
Day # Symptom 1 2 3 4 5 6 7 8

'Droopy', head dropped

near chest, feathers ruffled
5, L0

Sitting often 7

4

'Droopy', head dropped

near chest

8,29

7 Wet faeces I 32

'Droopy', head dropped

near chest, feathers ruffled

L6 10

Sitting often, closins eves L0

Agitated 5 48
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Discussion

Previous studies in which '¡rglutamyl-p-cyanoalanine was fed in the form of

vetch to week-old-chicks, have recorded mortalities within the first

experimental week (Harper and Arscott, 1962; Arscott and Harper,1963; Ressler

et al., 1963; Arscott and Harper, 1964; Ressler et ø1., 1969; A. Darwish, pers.

comm.). Only one chick died during the current experiment, and this

appeared to be unrelated to diet. It appears that one-week-o1d-chicks are more

sensitive to the effects of the toxins in vetch than three-week-old chicks.

Table 6 shows the negative effect of vetch hulls (23%) on the feed intake of

three-week old broiler chicks. This is in accordance with earlier observations

where faba bean (Viciø faba L.) tannins were reported to adversely effect

voluntary feed intake of broiler chicks by rp to 69"/' (Marquardt et aL, 1977;

]ansman and Longstaff, L993). Despite these accounts, none of the previous

studies investigating the effect of vetch on chicks have implicated the seed coat

as the causal agent for the observed adverse effect on feed intake (Harper and

Arscott, 7962; Arscott and Harp er, 1963; Arscott and Harp er, 1964; Castanon and

Perez-Lanzac, 7990; Glatz et aI., 1992; Glatz and Hughes, 1993; Farran et al.,

1995). Unpublished data of GIatz however has indicated that hulled vetchdoes

not significantly reduce the feed intake of laying hens and is consistent with

the current findings.

Tannins have been proposed to reduce voluntary food intake by binding and

precipitating salivary proteins thereby reducing the lubricating properties of

saliva and rendering the mouth dry flansman and Longstaff, 7993). This could

affect the ability to swallow and thereby the feed intake. Hulls may also have a

reduced palatability. A reduction in feed intake due to vetch hulls was

recorded within the first three days of the experiment, implying that their

mode of action occurred instantaneously. This indicates that the

antinutritional factor, associated with vetch hulls, has a direct effect on feed
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intake and is not caused gradually by build up of the factor through continual

consumption.

The significant reduction in feed intake observed for those chicks consuming

whole vetch and vetch hulls (diets #2 and 3) was not accompanied by u

reduction in weight gain as expected. Chicks had access to no consumable item

besides pellets and water. Access to the water was unlimited. It is possible that

to counteract the dry mouth feeling caused by the presence of tarurins in the

diets, the chicks drank excess water. Unfortunately, as water intake was not

measured in this experiment, this hypothesis cannot be confirmed.

The feed intake of chicks consuming the hulled vetch diet (#4) was

significantly higher than those consuming the equivalent level of ¡glutamyl-
p-cyanoalanine (diet #6; tables 7 and 9). There was however, no significant

effect of diet on feed intake when the control diet (#L) was compared with

those consuming the control diet with additive purified toxins (#5-B). This

indicates that hulled vetch contains factors that are more attractive to chicks

than those found in sorghum alone and also that neither yglutamyl-þ

cyanoalanine nor vicine is an anti-palatability factor.

No reduction in feed intake was recorded for those chicks consuming vicine

diets (#7 and 8; Table 9). This was, however, expected as it has previously been

mentioned that chicks are relatively insensitive to vicine and convicine

compared to the laying hen (Muduuli eú ø1.,1982).

The inherently low feed intake values recorded for the control diet may be due

to one of two factors. Firstly, chicks fed the control diet had a significantly

lower starting weight than all diets except that for hulled vetch (#4; Tab\e 7).

When start weight was used as a covariate in the analysis of variance however,

it had no significant effect on total feed intake. Start weight did however have

a significant effect on the feed intake of the chicks over the second period. It is
accepted that as chicks grow older, they consume more feed. Thus chicks of a
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lower starting weight could be expected to be younger, or at a lower growth

stage, and thus to consume less feed. A second postulate is that the control diet

had been designed to contain the minimal requirements for sustenance, such

that any extra nutrients present elicit a response measured through chick

performance. This latter explanation is consistent with the results noted with
weight gain for the control diet (#1) compared with those containing purified

toxins (#5, 6, 7 and 8) i.e. no significant difference, but not with feed intake

where diets containing vicine were substantially higher than those without
(Table 7).

The symptoms recorded on the final day of the experiment may have been

caused by y-glutamyl-p-cyanoalanine. Unfortunately, although the symptoms

were shown predominantly in chicks consuming diet #s (0.4% yglutamyl-þ

cyanoalanine), they could not be verified through a subsequent later

observation due to termination of the experiment. Week-old chicks are more

sensitive to the toxins in vetch than three-week-old chicks and as such, the

latter may take a longer period of time to express symptoms associated with
vetch toxicity.

The aim of this experiment was to test separately the effects of hulls, ¡
glutamyl-p-cyanoalanine and vicine on chick performance. Hulls were found

to have a negative effect on feed intake while neither yglutarnyl-þ

cyanoalanine nor vicine had any measurable effect. Unfortunately, symptoms

presumably associated with yglutamyl-B-cyanoalanine toxicity were only

recorded on the last day of the experiment. It thus became important to
confirm these observations over a longer period of time to ensure they were

due to y-glutamyl-B-cyanoalanine alone and accordingly a second experiment

was designed and executed.
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Effects of y-glatamyl'þ-cyanoalanine on feed intake, feed conversion and
growth of meat chickens.

Introductìon

A significant decrease in feed intake due only to the seed coat of vetch was

found in the previous experiment. At the chosen vetch inclusion level, there

was no statistically significant effect of either purified T,glutamyI-þ
cyanoalanine nor vicine on three-week-old chick performance. Despite these

results however, it has been found that toxicity in week-old chicks can be

accounted for by varying levels of y-glutamyI-p-cyanoalanine (Ressler ef al.,

1963; Ressler et aL,1969; Ressler et a1.,1997).

¡GlutamyI-B-cyanoalanine is a toxin that appears to effect young chicks more

quickly and in a different manner to older, laying hens. While day-old chicks

fed vetch convulse and often die (Harper and Arscott, 1962; Arscott and

Flarper, 1963; Ressler et aI., 1963; Arscott and Harper, 1964; Ressler et ø1., 1969;

Ressler et al., 1997; A. Darwish, pers. comm.), laying hens merely show a

decrease in performance, including egg production and weight gain (Castanon

and Perez-Lan'tzac, 1990; Glatz et aI., 1992; GIatz and Hughes, r99Z; Farran et al.,

1995)- These latter experiments using older chicks were conducted over long

periods of time (>eight weeks), while chick mortality has been recorded within

one week. Thus it can be expected that three-week-old broiler chicks fed y
glutamyl-B-cyanoalanine will exhibit symptoms at a slower rate than day-old

chicks but presumably will tolerate the toxin to a lesser extent than layer hens.

The following experiment was designed to look independently at the effect of

y-glutamyl-B-cyanoalanine on commercial broiler chicks, in an attempt to

clarify the cause of the previously observed reduction in feed intake and

performance. The experiment was run for three weeks instead of one week to

increase the probability of observing a performance difference. Vicine was not

further considered, as a response to this toxin was not expected in young chicks
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(Muduuli ef al., 1982), and this was been confirmed in the previous

experiment. Vetch for the experiment had been hulled to permit a clear

discrimination of the effect of yglulamyl-þ-cyanoalanine alone without the

confounding decrease in performance due to tannins.
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Møteriøls ønd Methods

Birds, housing ønd mønøgement

Un-sexed Steggles one-day-old commercial broiler chickens (Gøllus

domesticus) were bought from commercial hatcheries. From 0-L8 days the

chicks were kept on litter under infra-red brooders and fed a commercial

starter diet. At the beginning of the experimental period 30, 18-day-old chicks

were selected and placed two birds per cage for three days adaptation. Chicks

were separated to one-per-cage after 2I days at which stage experimental diets

were fed. Cages were 260 mm wide, 400 mm high and 360 mm long and

housed in a shed with the air temperature maintained in the range 20 - 25'C

during the 2L day test period.

Experimental feeds

Experimental diets contained a maximum of 40% whole vetch or an

equivalent amount of purified ¡glutamyl-þ-cyanoalanine (Table 15).

The diets were based on the typical apparent metabolizable energy (AME) diet

(R.J. Hughes, pers. comm., Table 3) used in the previous experiment. The

metabolizable energy of the ingredients was considered to be the same as that

stated in references (Evans, 1985; Castanon and Perez-Lan'2ac,7990; Glatz et al.,

1ee2).

The diets were isocaloric and isonitrogenous containing 12.75 MI/kg DM

metabolizable energy and 1925 g/kg DM crude protein respectively. The

requirements of vitamins, minerals, calcium and phosphorus were satisfied

using supplements. Soybean oil was added to diets in order to equalize the

apparent metabolizable energy and casein levels were adjusted to equalize

protein contents.
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Experimentøl Procedure

The_ experiment was started with 30, 18-day-old chicks. After three days

adaptation, six groups were selected for the five experimental diets. The

experiment was laid out as a randomized complete block design with six

replicates. The birds were fed from 21, to 42 days with the specified

experimental diet. Five dietary treatments (six replicates; one bird/rep) were

examined. All diets were based on the control diet whose primary ingredient,

sorghum, was substituted for various vetch constituents. Diets tested are listed

below.

1,. Sorghum based diet (Control)

2. 20% hulled vetch

3. 40% hulled vetch

4. 0.4"/" pure yglutamyl-p-cyanoalanine, corresponding to the estimated toxin

in the diet with 40% vetch.

5. 0.2o/" pure yglutamyl-B-cyanoalanine, corresponding to the estimated toxin

in the diet with 20% vetch.

Due to the nature of the study and according to animal ethics requirements,

the chicks were killed by cervical dislocation and the carcasses disposed of by

burial at the end of the experiment.

The diets were cold-pelleted to ensure chicks could not select against the vetch

during feeding. Pure T glutarnyl-B-cyanoalanine was dissolved in S00 mL

reverse osmosis H2O and sprayed onto the feed mixture prior to pelleting.

water was added to all of the diets to ensure cohesion of the pellets.
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Composition of experimental diets fed to three-week-old broiler
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Table 15.
chicks.

Diet

1. 2 3 4 5

Ingredients (%) Control 20"/"
Vetch

40o/"

Vetch
0.4%
GCNl

0.2%
GCNl

Sorghum 72.30 60.70 49.30 71,.90 72.10

Casein t4.8 10.5 6.1 1.4.8 14.8

Soybean oil 8.3 4.2 8.3 8.3

Hulled vetch 20 40

p gl ut a my l- þ - cy anoa I anine 0.40 0.20

Dicalcium phosphate 2.6 2.6 2.6 2.6 2.6

Limestone 1..1 1.1 1.1 1.1, 1.1

Vitamin mix2 0.5 0.5 0.5 0.5 0.5

Sodium chloride 0.36 0.36 0.36 0.36 0.36

Choline chloride (50) 0.04 0.04 0.04 0.04 0.04

Analytical data (/kg DM)

Metabolizable energy (MI) 13.03 12.80 12.80 12.75 12.79

Crude protein (g) 200.59 L93.2 193.2 L92.2 L92.5
y - glutarny l-ft cy ano alanine

2 Supplied per kg: vitamin A 7000 IU; vitamin D3 1400 IU; vitamin E 10 IU; thiamine 1.5 mgi
tiboflavin 5 mg; nicotinic acid 10 m& pantothenic acid 5.5 mg; pyridoxine 5 mg; cyanocobalamin
7.5 rng; folic acid 1.5 mg; biotin 45 mg; menadione 2 mg; Mn 50 mg; Zn 40 mg; Co 0.01. mg; Cu 7.5
Fe 20 mg; I0.5 mg; Mo 0.5 mg; Se 0.065 mg; Butylated hydroxytoluene / Ethoxyquin 50 mg.

m8;
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Datø recording

Data was recorded on each experimental replicate of six birds. After a three day

adaptation period, feed intake and body weight was recorded. Body weight and

feed intake were measured, on individual birds, at the end of each week

during the test period. Food conversion ratio (food intake per weight gain)

was also calculated.

Feed Component Preparation

Pure ¡glutamyl-B-cyanoalanine was isolated as its crystalline ammonium salt

using the method reported in the previous section. Vetch was hulled also

using the method reported in the previous section.

Støtisticøl Analysís

The data was subjected to analysis of variance using the GENSTAT statistical

package. The assumptions of the ANOVA model were tested by plotting fitted

values against residual values. Linear contrasts were further used to

investigate the relationship between the diets, and these were analyzed in
three different sections, as contrasts to span all could not be constructed. Toxin

intake levels were calculated and subjected to analysis of variance analyses

(ANOVA) using SupeTANOVA@. Homogeneity of variance was tested using

the Bartlett's test [MI'@, SAS Institute Inc.).
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Results

Results of all of the data recorded are reported in Table 12.

Toxin content of pellets

Sorghum produces a characteristic mid-infrared peak at 2265 cm-1 and the

absorbance of this peak was fotmd to overlap the ¡glutamyl-p-cyanoalanine

peak detected at 2251cm-1. Thus, accurate quantification of the percentage y
glutamyl-p-cyanoalanine present in the pellets of each diet, could not be made

using peak areas. Despite this ambig;jty,the relative height of the peaks at

225'J. cm-"J, for each diet were used to obtain a comparative reading. Diets #3

and 4 showed twice as much -CN stretching absorbance as diets #2 and 5. Diet

#L showed no peak to 225t cm-L, but did have a peak at 2265 cm-L due to the

sorghum. Thus diets #3 and 4 have twice as much ¡glutamyl-p-cyanoalanine

as #2 and 5 as expected through inclusion levels alone. A more thorough

explanation of this phenomenon can be found in the previous section.

Suntiaøl of the chicks

Mortalities were recorded when chicks were removed from diets due to signs

of distress. According to the required Animal Ethics procedures, chicks

showing signs of moderate pain or distress were to be disposed of by cervical

dislocation. Nine chicks were destroyed in this fashion. AII (6/6) of the chicks

consuming the 40% vetch diet (#3) were destroyed on the ninth day, one chick

(7/6) consuming the 0,2"/. yglutamyl-B-cyanoalanine diet (#5) on day 12, and

two chicks (2/6) consuming the 0.4% yglutamyl-p-cyanoalanine diet (#4) at'J.4

days (Table 16). All other chicks remained on their individual diets for the

duration of the experiment. Chicks survived for the f:uII 2l days when fed the

control and 20'/" vetch diets (#1 and 2) while when fed 40%" vetch (#3), the
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Table 16. Effect of different levels of hulled vetch and equivalent levels of
purified T,glatarnyl-p-cyanoalanine on the final body weight, percentage
mortality and survival time of chicks.l

A 3 week data

89

Diet Diet # Body weight % Mortalit:f
(g) at 3 weeks

Survival
Days

Control

20% hulled vetch

40% hulled vetch

0 . 4% y- glutarryl- p - cyano alanine

0 2% y- glutarnyl- B - cyano alanine

L

2

J

4

5

1.694.50b

1,64933b

1331,.254

1681.00b

0.04

0.04

L00b

33.34

16.74

21.00b

21.00b

9.004

ß.67b

19.50b

Statistics

SEM3

LSD4

133.55

304.49

12.47

36.79 2.88

0.98

1 abc y"1rr", ¡.,
Protected LSD).

the same column with different superscripts differ significantly (P<0.05; Fisher's

2 Mortatty recorded on day chicks were removed from experiment and destroyed.3 Standard Error of Mean.4 Fisher's Protected Least Significant Difference (p<0.05).

average survival time was only nine days, two days after the final day of the

previous experiment. 100% of the chicks fed the 40o/" vetch diet (#3) died

before the end of the experiment (Table 16).

Feed Intøke

Diet had a highly significant effect on the feed intake of chicks (p<0.001) for the

first week of the experiment (Table 18). This effect was almost entirely due to

the very low feed intake of chicks fed 40% vetch (diet #3; 362 B; Tables 17 and.

20).



Table 17. Average feed intake, daily feed intake, weight gain, daily weight gairV
feed conversion tatio and toxin intake of three-week-old broiler chicks fed 20"/"

and, 4O"/" vetch and corresponding levels of ¡glutamyl-p-cyanoalanine (0.2"/" and,
O.4Y" rcspectively) for three weeks.



Control
20% Vetch

40% Vetch

0.4% GCN
0.2% GCN

Statistics

SEIvP

LSD4

Control
20% Vetch

40% Vetch

0.4% GCN

0.2% GCN

Statistics

SEM3

LSDA
abcd

74Cß

7Mc

0a

350b

600bc

Diet # Feed Intake I
(g)1

625c

635c

3624

535b

59gbc

27.39

80.73

Diet # Weight Gain

Itr (g)l

358c

343c

0a

155b

296c

46.58

137.47

Feed Intake II Feed Intake Itr
(g)1 (g)1

1

2

3

4

5

684c

637c

6a

366b

591c

60.48

178.35

Weight Gain

Total (g)

1055c

1004c

_la

5o2b

870bc

109.56

460.59

85.62

252.61,

Weight Gain

per Day
(s/daY¡

50.2c

47.9c

-0.14

24.9b

42.4c

4.87

1,4.37

Feed Intake

Total (g)

2049c

20]óc

3684

1250b

179æ

160.30

472.90

Feed

Conversion

Ratio (g:g)

7.sb

2.7b

-4034

3.4b

2.4b

lt.74
34.63

Feed Intake

per Day

k/ daY¡

97.6c

96.G

40.94

64.9b

89.7c

6.09

77.98

Toxin Intake I
(g)'

0.04

127.Obc

l44.gc

2ß.8d
1rlg.6b

7.08

20.88

Weight Gain I
(g)1

3$.8bc
373c

28.24

264.5b

311.0b

79.94

58.83

Toxin Intake

rI (g)t

0.04

254.4c

747.2b

360.3d

237.9c

20.58

60.72

Weight Gain

tr (g)'

52.03

L53.53

Toxin Intake

Total (g)

0a

403cd

M7b

500d

358c

43.40

L28.08

3ßb
288b

-2ga

834

2æb

1

2

3

4

5

Values in the same column with different superscripts differ significantly (P<0.05; Fisher's Protected LSD).
1 I, IL III - non-curnulative data for weeks 1.,2, and 3 respectively
2 I, II - cumulative data for weeks 1 and 2.
3 Standard Error of Mean.
4 Fisher's Protected Least Sienificant Difference lo<0.05).
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This diet (#3) was found to skew the results of the analyses of variance

(ANOVA). When the diets were tested for homogeneity of variances using

the Bartlett's test, variances were found to unequal due to the 40% vetch diet

(#3). As such, this diet was omitted from feed intake analysis unless stated

otherwise. When feed intake for the first week was analysed in the absence of

diet 3, there was no significant effect of diet on the feed intake of chicks (Table

1e).

Table 18. Analysis of variance of the effect of diet on the average feed intake
for the first experimental week, considering diet 3.

9T

Source of variation D.F. Mean square F value Significance

Block stratum
Diet
Residual

Total

5

4

20

29

8498

76083

450L

1.98

L6.90 ¡ßàt*

Table 19. Anal
for the first exp

ysis of variance of the effect of diet on the average feed intake
erimental weeþ not considering diet 3.

Source of variation D.F. Mean square F value Significance
'J..43

2.48 NS

Linear contrasts for feed intake (Table 20) showed that there was a significant

difference (p<0.05) in feed intake between chicks consuming the control diet

(625 g) and those consuming the 0.4% yglutamyl-B-cyanoalanine diet (535 g).

The chicks on the 40% vetch diet only consumed an average of 362 g of pellets

(Tab1e 17).

Block stratum
Diet
Residual
Total

5

3

15

23

7071

12267

4946
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Table 20. Mean square of linear contrasts between specific diets to determine
the cause of the significant differences between diets for feed intake, not
considering diet t.r

Parameter Mean

Comparison Feed Lrtake
Week I

Feed Intake
Week tr

Feed úrtake
WeekItr

Feed Intake
Total

Feed Intake
Per Dav

Control vs all other diets

0.2% GCNP vs 0.4% GCNP

Control vs0.4/" GCNP

20"/" Y etch vs 0.2"/" GCNP

Control vs0.2o/" GCNP

5725

12033

24490*

418L

2t87

105111

152100'F

303690'É'r

6256

25947

138689

188752

457961*

6t920

58660

59641,4

872641,

!9L6002**

154L33

202540

887.7

1854.g',È

3209.9,i,ß

117.8

184.6

Statistics

SEM3

LSD4

28.71

86.52

67.36 96.32 179.38 6.74

203.08 290.24 540.63 20.31.
I
2

3

*, p<0.05; **, p<0.0L; ***, p<0.001.

7- glutamyl-pcyanoalanine.
Standard Error of Mean.

4 Fisher's Protected Least Significant Difference (p<0.05).

Feed intake for the second week of the experiment was found to be

significantly affected by diet (p<0.05; Table 2L). The chicks on the control diet

had a significantly higher feed intake than those consuming 0.4% ¡glutamyl-

B-cyanoalanine (diets #1 and 4; p<0.01). A significantly higher feed intake was

also recorded for those on the 0.2% n comparison to chicks consuming 0.a% y
glutamyl-p-cyanoalanine diets (diets #4 and S; p<0.05). Chicks consumed an

average of 684 g of pellets on the control diet while only consuming 591 g and

366 g of pellets on the 0.2% and 0.4% yghftamyl-p-cyanoalanine diets

respectively (Table 17). The chicks on diet #3 (40% vetch) only consumed an

average of 6 g of pellets during this week as they were removed from their

diets on day two of the second week (day nine of the experiment).
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Table 21. Analysis of variance of the
for the second experimental weeþ not

effect of diet on the average feed intake
considering diet 3.

93

Source of variation D.F Mean square F value S ignificance
Block strptum
Diet
Residual

Total

5

3

L5

23

34751,

I19123

27227

L.28

4.38 ¡È

A statistically significant effect of the diet on feed intake was also found for the

final week of the experiment (p<0.05; Table 22). Again there was a significant

difference in feed intake between chicks consuming the control diet and those

consuming 0.4% yglutamyl-p-cyanoalanine (p<0.05; Table 20). Chicks on the

0.4% ¡glutamyl-p-cyanoalanine diet consumed less than half the amount

(47%) of those on the control diet during the final week.

Table 22. Analysis of variance of the effect of diet on the average feed intake
for the third experimental weeþ not considering diet 3.

Source of variation D.F. Mean square F value Significance
Block stratum
Diet
Residual
Total

5

3

L5

23

M736

205688

55668

0.80

3.69 ,F

Overall, the effect of each diet on feed intake was significant (p<0.05; Table 23).

There was a significant difference in feed intake between those chicks on the

0.4% ¡glutamyl-p-cyanoalanine diet and those on the control (p<0.01; Table

20). For the entire experiment the chicks on the control diet consumed the

highest amount of feed, with 2049 I eaten, while those on the 40% vetch diet

consumed only 368 g before death (Table 16). The chicks consuming tlrte 0.4%

yglutamyl-þ-cyanoalanine diet consumed only 1250 g.



Chapter 3: Common oetch and chiclæ

Table 23. Analysis of variance of the effect of diet on the average feed intake
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for the com not diet 3.

Source of variation D.F. Mean square F value Significance
Block stratum

Diet
Residual

Total

5

3

15

23

203988

818148

193073

1.06

4.24 rÈ

Feed intake per day varied significantly between the diets when analyzed in
the presence of diet 3 (40'/' vetch; p<0.05; Tabre 24). variances for this

parameter were found to be equal, so chicks consuming the 401,o vetch diet

were included in the analysis. Chicks on the control diet consumed an average

of 97.6 gof pelletsper day while those on the 0.4/o vetch diet consumed as

little as 64.9 g per day (Table 17), significantly less than the control (p<0.01;

Table 20). There was also found to be statistical significance in feed intake per

day between those chicks consuming the 0.4% yglutamyl-p-cyanoalanine diet

and those consuming the 0.2% ¡glutamyl-þ-cyanoaranine diet (g9.7 g/day;
p<0.05; Table 20). Those chicks on the 40% vetch diet consumed significantly

less per day @0.9 g/ day) than those on all other diets (results not shown).

There was no significant difference between the chicks consuming2}% vetch

and those consuming the equivalent in purified ¡glutamyl-B-cyanoalanine
(0.2%; Table 20).

Table 24. Analysis of variance of the effect of diet on the average feed intake
pef for the diet 3.

Source of variation D.F. Mean square F value Significance
Block stratum
Diet
Residual
Total

5

4

20

29

251,.6

3592.8

222.8

1.13

1,6.12 :t ¡ß ¡t

Figure 4 shows the average weekly feed intake of chicks consuming all diets. It
can be seen that there was a decrease in feed intake, for all diets except the

control, between weeks one and two, indicating chicks were not adapted to the
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diets. Between weeks two and three, there was an increase in feed intake for

t}re 20% vetch diet and the equivalent in ¡glutamyl-B-cyanoalanine, but not

for the 40% vetch diet or the equivalent in toxin for which a further decrease

in average weekly feed intake was shown.
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Figure 4. Average weekly feed intake for three week-old broiler chicks
consuming diets containing 20o/o and, 40"/o vetch (#2 and 3) and equivalent
levels of ¡glutamyl-p-cyanoalanine (#5 and 4). Vertical bars represent the
standard etror of the mean of six replicates. Diet #3 was terminated during the
second week of experimentation on ethical grounds. Diet numberJ are
explained in table 15.
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Weight gain

Similar to the differences noted in feed intake, there were significant effects of
diet on the weight gain of chicks during all weeks of the experiment.

Variances were again found to be unequal for this parameter, and as such

analysis was undertaken in the absence of diet #3 unless otherwise stated.

The ANOVAs in tables 25 and 26 show the significant effect of diet on the

average weight gain of chicks during the first week of the experiment (p<0.001

and p<0.01 respectivety). The statistical significance shown in table 25 can be

predominantly accounted for by the effect of the 40% vetch diet which at a

weight gain average of 28.2 g was more than 230 g less than the nearest diet
(diet #4 - 26a.5 g). Consequently diet #3 (40% vetch) was again removed from

the analysis of variance.

Table 25. Analysis of variance of the effect of diet on the average weight gain
for the first experimental week, considering diet 3.

96

Source of variation D.F. Mean square F value Significance
Block stratum
Diet
Residual
Total

5

4

20

29

575s

71,6633

2385

2.41,

48.90 *rÈrÈ

Table 26. Analysis of variance of the effect of diet on the average weight gain
for the first experimental weeþ not considering diet 3.

Source of variation D.F. Mean square F value Significance
Block stratum
Diet
Residual
Total

5

3

15

23

3841.

13981

2497

1,.54

5.60 ¡È ri
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Table 27, Mean square of linear contrasts between specific diets to determine
the cause of the significant differences between diets for weight gairy not
considering diet 3.1

Parameter Mean Square

Comparison

¡ 97

Weight

Gain I
Weight

Gaintr

Weight

Gain m

Weight Gain

Total

Weight

Gain per

Day

Control vs all other diets

0.2% GCNP vs 0.4"/" GCNP

Control vs 0.4"/" GCI\P

20% Vetch vs 0.2"/" GCN2

Control vs 0.2"/" GCNP

6384

6487

23941**
'1.L532*

5504

77749

97390*

202540**

1850

L9040

39434

60067

124440*

6674

1,t594

310603

406640*

916874**

53868

102305

632.6

92r.2*

19263**

87.6

183.3

Statistics

SEl\,F

LSD4

20.40

6L.59

s5.83

168.35

52.58

158.55

L22.24

368.45

5.4L

16.32
t *, p<0.05; **, p<0.01; ***, p<o.oor..
2 

T - glutamyl- þ cy ano al anine.
3 Standard Error of Mean.
4 Fisher's Protected Least Significant Difference (p<0.05).

The weight gain of those chicks consuming the 0.4% ygrutamyl-p-

cyanoalanine diet (83 S) was significantly less than that of the control chicks

(353.8 & p<0.0L; Tables 17 and 27). Interestingly, the weight gain of chicks

consuming diet 2 (20% vetch, 373 g) was significantly more than those on the

equivalent amount of toxin (0.2% ¡glutamyl-þ-cyanoalanine; p<0.05; 311.0 g;

Table 27). No other comparisons showed statistical significance during the first

experimental week.

Weight gain was also found to show statistical significance between the diets

during the second week (p<0.05; Table 28). The chicks on the 40% vetch diet

were removed from the study during this week due to animal ethics ruling

and consequently these results were omitted from the analysis. Duri:rg this

week there was a significant difference in weight gain between the chicks

consuming the 0.4% y-gIutamyI-B-cyanoalanine diet (83 g) and both those

consuming the control diet (343 g; p<0.01) and those consuming the 0.2% y
glutamyl-p-cyanoalanine diet (263 g; p<0.05; Tabre 27). The weight gain of
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those on the control diet did not differ significantly from chicks consuming

either t}re 20% vetch of 0.2% yglutamyl-p-cyanoalanine diets. The chicks on

the 40% vetch diet showed a weight gain of -26 g for this week.

Table 28. Analysis of variance of the effect of diet on

98

for the second experimental weeþ not
the average weight gain
3.diet

Source of variation D.F Mean square F value Significance
Block stratum
Diet
Residual
Total

5

3

15

23

1,.46

4.06

27241,

75984

1.8705

,F

During the third week of experimentation, the weight gain of chicks was not

significantly effected by diet (Table 29). There was however, still a statistically

significant difference in weight gain between those chicks on the control and

those on the 0.4% yglutamyl-p-cyanoalanine diet (p<0.05; Table z7). The

chicks on the control diet gained more than four times as much weight as

those on the 0.4% yglutamyl-p-cyanoalanine diet Qa3 g and 83 g respectively;

Table 17).

Table 29. Analysis of variance of the effect of diet on the average weight gain
for the third experimental weeþ not diet 3.

Source of variation D.F. Mean square F value Significance

0.70

3.L2 NS

Weight gain over the entire period was found to be significantly affected by the

diets (p<0.05; Table 30). The major factor causing this significance was the

difference in weight gain between the chicks consuming the 0.4% yglutamyl-p

cyanoalanine diet and both those on the control diet (p<0.01) and those

consuming the 0.2% yglutarnyl-p-cyanoalanine diet (p<0.05; Table 27). Chicks

Block stratum
Diet
Residual
Total

5

3

L5

23

11563

5t706

1.6587
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on the 0.4% yglutamyl-B-cyanoalanine diet gained only 502 g, less than half of

the weight gained by chicks on the control diet (1055 g), exactly half of that

gained by chicks consuming 20% vetch (1004 g) ana more than 300 g less than

those consuming 0.2% n¡grutamyl-p-cyanoalanine (870 g; Table 1z).

Table 30. Analysis of variance of the effect of diet on the average weight gain
for the not considering diet 3.

99

Source of variation D.F Mean square F value Significance
Block stratum
Diet
Residual
Total

5

3

15

23

92046

373984

89660

1.03

4.t7 ¡t

The effect of diet on weight gain per day was significant both when analysed in

the presence (p<0.001; Table 31) and absence (p<0.05; Table 32) of the 40% vetch

diet. In contrast to feed intake per day, weight gain per day had unequal

variances for diets, and consequently the 40% vetch diet (#3) was removed

from analysis. Weight gain per day for the 40% vetch diet (#3) was found to be

negative (-0.1' g/ day; Table l7). Thus much of the statistical significance seen in

table 32 is due to this diet. There was again a statistically significant difference

in weight gain between the 0.4% yglutamyl-B-cyanoalanine diet and both the

control (p<0.01) and 0.2"/o ¡glutamyl-p-cyanoalanine (p<0.05) diets (Tab\e 27).

The weight gain per day for each of these was24.9 g/day,S0.2 g/day and,42.4

g/ day respectively (Table 17). No significant difference was detected for the

weight gain between chicks on the 20% vetch diet and those on the equivalent

in purified toxin (0.2% ¡glutamyl-p-cyanoalanine).

Figure 5 shows the average weekly weight gain of alt chicks over the

experimental period. For all diets there was a decrease in weekly weight gain

between weeks one and two, as was also noted for feed intake (Figure 4).

Befween weeks two and three, weight gain increased for all diets except for the

40% vetch diet (#3) where no chicks remained during this week.
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Figure 5. Average weekly weight gain for three week-old broiler chicks
consuming diets containing 20"/" and 40% vetch (#2 and 3) and equivalent
levels of y-glutamyl-B-cyanoalanine (Diets #5 and 4). Vertical bars represent
the standard error of the mean of six replicates. Diet #3 was terminated during
the second week of experimentation on ethical grounds. Diet numbers arã
explained in table 15.

Tab
Pef

le 3L. Analysis of variance of the effect of diet on the average weight gain
day for the experimen t, considering diet 3.

Source of variation D.F. Mean square F value Significance
Block stratum
Diet
Residual
Total

5

4

20

29

1,43.1,

2650.1

142.5

1.00

18.59 .ß*åt

Table 32. Analysis of variance of the effect of diet on the average weight gain
eriment, not considering diet 3.pef day for the exp

Source of variation D.F. Mean square F value Significance
Block stratum
Diet
Residual
Total

5

3

15

23

177.6

785.5

I75.9

1.01

4.46 :t
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Feed Conaersion efficiency

Analysis of variance showed no significant effect of diet on feed conversion

efficiency (p<0.081; Table 33). Again the variances for this parameter were

found to be unequal, but even when analyzed in the presence of diet #3, no

significance was recorded (p<0.063; results not shown). The data was again

however, skewed for the 40% vetch diet which accounted for much of the

variation (Figure 6).

Table 33. Analysis of variance of the effect of diet on the feed conversion
for the eriment, not diet 3.

Source of variation D.F. Mean square F value Significance

l(

Cþ

Block stratum
Diet
Residual
Total

5

3

15

29

1.085

2.671

0.980

1,.17

2.73 NS

0
4

t2345
Diet #

Figure 6. Food Conversion efficiency (g:g) of chicks consuming five different
diets which included vetch (Diets #2 and 3) and its equivalent in yglatamyl-þ
cyanoalanine (Diets # 5 and 4). Vertical bars represent the standard error of the
mean of six replicates. Diet # represents diets as explained in table 15.
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Symptoms tf toxicity

Observations were made on the health of chicks at two daily intervals

throughout the experiment. Any differences in behaviour and morpholo W of

the birds were noted, however, these were only taken to be genuine symptoms

if shown on consecutive observation days. All observations of symptoms are

shown in table 34.

Within five days of the start of the experiment, chicks on the 4C'/o vetch diet

were unhealtþ. One chick (#5) had sloppy faeces as early as two days, while at

five days, another three of the chicks showed these symptoms and one (#23)

appeared depressed, with its head slumped on its chest and wings drooping

(Figure 7). These symptoms were subsequently found to be characteristic of the

onset of vetch toxicity in the chicks. By day seven, five of the six chicks

consuming 40% vetch showed 'depressed' symptoms by day nine all chicks on

the diet were affected and had ceased eating. These were removed from their

diet in accordance with ethical requirements.

Chicks consuming the 0.4% ¡glutamyl-p-cyanoalanine diet (#4), equivalent to

that present in thte 40% vetch diet, only started showing symptoms associated

with toxicity at the end of the first week (Table 34). By day nine, half of the

birds on this diet (#4) were unsteady on their feet, such that they sat frequently

with feet forward to prevent falling over, and were unbalanced when watking.

The muscles associated with the wings became lax and both of the wings

would droop to the ground when the chick was standing (Figure 8). This

added to the instability of the chick. Often the eyes were closed and the head

nodded forward when the chicks were stationary. Two chicks consuming this

diet were euthanased on day t4 of the experiment as they had become too

incapacitated to drink and hence were subjected to dehydration (Table 34).
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Figure 7. Chick #5 consuming the 40% vetch diet (diet #3) showing symptoms
associated with vetch toxicity. The chick is crouched with its head down and
feathers ruffled. The same symptoms were observed with chicks consuming

tlne 20"/" vetch diet (diet #2) and both the 0.4% and 0.2% ^¡glutamyl-B-
cyanoalanine diets (diets #4 and 5).



Figure 8. Chick #3 consuming the 0.4% T.gltrtamyl-p-cyanoalaníne diet (diet
#+) showing synrptoms associated _with ¡glutarnyt-B-cyanoalaníne toxicíty.
The chick is unsteady and the wings drooxr to the floôr of the cage.
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Chicks on the lower levels of ¡glutamyl-B-cyanoalanine (diets #2 and 5
containing 0.2%) took longer to show toxicify symptoms, but by day 12 were

afflicted (Table 34). The onset of these symptoms however, was not as severe

as that shown on the 0.4% yglutamyl-p-cyanoalanine diets (#3 and a). In fact,

only one bird was removed from these diets (#8; day 12). Interestingl¡ chick

#22 (diet #2) showed symptoms associated with ¡glutamyl-p-cyanoalanine

toxicity on day 12, but no fu¡ther symptoms r.¡ntil day 19 when it appeared to

have lost all sanity. This chick stopped eating preferring instead to play with

its food and toss it out of the cage into surrotmding cages, and onto the floor of

the shed. No other chicks were afflicted with these symptoms.

Table 34. Symptoms shown by given chicks over the duration of the

Chiclc 5,9,15,L9,29 29 were ¡emoved at 9 days, 8 atl?days and 21 and

L05

Diet #
Week # Symptom 1 2 3 4 5

1 Wet faeces 5,9,75
Easily startled
Crouched, head down,
feathers ruffled

23

'Droopy' wings, unsteady
on feet, sit often2

118

2 Wet faeces 22 5r9,75,
23,\9,29

6,21,29

Easily startled 3,6
Crouched, s:"d down,
feathers ruffled

20 5,9,t5,
19,23,29

21,29

'Droopy' wings,unsteady
on feet, sit oftenz

2,27 3,L6,2L,
28

Lr 8, t4,
L7,?5

3 Wet faeces 22 6,2L,29
Easily startled
Crouched, head down,
feathers ruffled

612L,2g 5

'Droopy' wings, unsteady
on feet, sit often2

2,27 3,LL,L6,
21,29

L4,L7,?S

2 Often the chicks closed their eyes.
28 at 14 days.
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The ,ífect of cumulatiae Toxin intøke on chick perþrmønce

The effect of diet on toxin intake for the first week of the experiment was

highly significant (p<0.001; Table 35). This was expected given that chicks on

the control diet consumed no toxin. Additionally, the variances for toxin

intake for each diet were unequal in the presence of diet #3. Contributing to
this difference was a significant difference in toxin intake between those

consuming 40% vetch (144.8 g) and those on the equivalent of ygrutamyl-þ

cyanoalanine (0.4%;213.8 g;Tabre r7). As expected however, those on the 0.4%

¡glutamyl-B-cyanoalanine diet consumed almost two times as much of the

toxin as those on the 0.2% yglutamyl-p-cyanoalanine diet and the 20% vetch

diet, between which there was no significant difference in toxin intake (Table

36).

Table 35. Analysis of variance of the effect of diet on the average toxin intake
for the first experimental week, diet 3.

106

Source of variation D.F Mean square F value Significance
Block stratum

Diet
Residual

Total

5

4

20

29

574.2

35786.6

300.4

7.91,

119.11. rù ,t ¡ß

Diet also had a statistically significant effect on cumulative toxin intake for the

second week of the experiment (p<0.001; Table 37). This was again mainly due

to the control chicks ingesting no toxin, but also due to the significant

difference (p<0.001; Table g6) between those on the 0.2% ygrutamyl-þ

cyanoalanine diet and those on the 0.4% yglutamyl-B-cyanoalanine diet.

Chicks consuming tlrre 40% vetch diet were removed from the experiment

during this week, and hence the data pertaining to this treatment was omitted

from the linear contrasts shown in Table 36. Contrary to the first week, the

toxin intake of chicks on the 0.4% yglutamyl-B-cyanoalanine diet was not

double that observed in t}:re 0.2"/" ¡glutamyl-p-cyanoalanine (360 g compared to
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Table 36. Mean square of linear contrasts between specific diets to determine
the cause of the significant differences between diets for cumulative toxin
intake, not considering diet 3.1

Parameter Mean Square

Comparison Toxin Intake I Cumulative Toxin Total Toxin Intake

ûrtake tr

107

Control vs all other diets

20"/" Y elc]l. v s 40"/" Vetch

0.2% GCI\P vs 0.4"/" GC\P

Control vs 0.4% GCNP

20% Vetch vs 0.2"/o GC\P

Control vs 0.27o GCNP

105984.1x " 
*

947

26639.9***

137131.3***

167.3

42999.6""*

363407***

34497**

44970***

389376*Ìr,t'

827

169694***

795313'r'È*

196659¡+**

60634

750200vrvjli

6165

384277¿r'+*

Statistics

SEM3

LSD4

7.08

20.BB

20.58

60.72

43.40

128.08

' ", p<o.osi **, p<0.01.; ***, p<o.oo1
2 

T - glutarny l- þ cy ano alaninì.
3 Standard Error of Mean.
4 Fisher's Protected Least Significant Difference (p<0.05).

25a Ð. It was however during this second week that symptoms were becoming

severe in the former chicks, resulting in a reduced intake of feed (Table 21).

There was again no statistically significant difference in toxin intake between

chicks consuming 20% vetch and those on the equivalent in toxin.

Table 37. Analysis of varian
toxin intake for the first two

ct of diet on the cumulative average
weeks, considering diet 3.

ce of the effe
experimental

Source of variation D.F. Mean square F value Significance
Block stratum

Diet
Residual
Total

5

4

20

29

3802

109301

2542

1.50

I17.97 :ß ¡1. *

Total toxin intake for the entire three weeks of the experiment was

significantly effected by the diets (p<0.001; Table 38). There was no statistical

significance in toxin intake between the chicks on the 0.2% yglutamyl-þ

cyanoalanine diet and both those consuming 20% hulled vetch and those

consuming 0.4% y-glutamyl-B-cyanoalanine (Table 36).



Chøpter 3: Common aetch and chictcs

Table 38. Analysis of variance of the effect of diet on the cumulative toxin
intake for the experiment, considering diet 3.

108

Source of variation D.F Mean square F value Significance
Block stratum
Diet
Residual
Total

5

4

20

29

137M

248559

L1302

1,.22

21,.99 ,È ,Ê ,ß

A more appropriate measure of toxin intake, is toxin intake per day and toxin

intake Per Sram body weight per day. The former value takes into account the

number of days the chicks are actually consuming the toxin while the latter

takes into account the actual size of the chick and hence its ability to
metabolize and dissipate the toxin. In this way, the effect of toxin

accumulation in the chick can be analyzed. Diet had a statistically significant

effect on both of these parameters (p<0.001; Tables 39 and 40).

Table 39. Analysis of variance of the effect of diet on the average toxin intake
per for the diet 3.

Source of variation D.F. Mean square F value Significance
Block stratum
Diet
Residual
Total

5

4

20

29

19.47

553.688

15.088

1..29

36.70 ,¡¡t*

Table 40. Analysis of variance of the effect of diet on the average
per gram body weight per day for the experiment, diet

toxin intake
3.

Source of variation D.F Mean square F value Significance
Block stratum
Diet
Residual
Total

5.4238-6

0.0006

7.1,008-6

5

4

20

29

0.764

90.6 *rßrÈ

The average toxin intake per day of chicks consuming diets containing 0.2% y
glutamyl-p-cyanoalanine, 20o/" and 40%' vetch was not significantly different

(17.95 g/ day, 19.20 g/ day and L6.35 g/ day respectively; Table 41). Those chicks
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Table 4L. Effect of diet on Toxin Intake, per Day and per g Body Weight per Day
of three-week-old chicks fed diets containing vetch and an equivalent amount
of purified 1' glutamyl-p-cyanoalanine.l
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Diet # Toxin Toxin
Intake Total Intake/Day

Toxin Írtake/Body
Weight /Day

Control

207" vetch

40% vetch

0 . 4% y- glutarnyl- B - cyanoalanine

0 .2"/" y- glutamyl-d-cyanoalanine

L

2

3

4

5

0.004

409.23cd

r47.20b

s00.07d

357.9æ

0.004

Lg.20b

16.35b

25.95c

v.ssb

0.00004

0.0777b

0.0257c

0.0234c

0.012lb

Statistics

SENß

LSD
M.33

128.08

1,.59

4.68

0.00L1

0.0032
r abcd

Fisher's
Values in the same column with different superscripts differ significantly (P<0.05;
Protected LSD).

2 Standard Error of Mean.
3 Fisher's Protected Least Significant Difference (p<0.05).

on the 0.4% yglutamyl-p-cyanoalanine diet however were shown to consume

an average of 25.95 g/day ¡glutamyl-B-cyanoalanine which was significantly

higher than all other diets.

Toxin intake per gram body weight per day (TI/BW /day) was not significantly

different between the20% vetch and 0.2"/" ¡glutamyl-B-cyanoalanine diets (#2

and 5) or between the 40% vetch and 0.4"/. ¡glutamyl-B-cyanoalanine diets (#2

and 3; Table 41). Those chicks consuming 40% vetch (#3) ingested the highest

amount of toxin/BW/day at 0.026 g/g/day, with those on 20"/" vetch or the

equivalent in toxin (#2 and 5) consuming not even half of this at 0.012

g/ g/ day. The diets containing 0.4% yglutamyl-p-cyanoalanine (#3 and 4) had a

significantly higher TI/BW/day than those consuming 0.2% yglutamyl-p

cyanoalanine (diets 2 and 5).

A significant negative regression can be seen when TI/BW/day is regressed

against the days taken to show symptoms (Figure 9; p<0.00t; 12=0.5L5). Weight

gain of the chicks over the entire experiment, and per day, was also found to
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decrease significantly with increasing TI/BW/day (results not shown). It can

be proposed from both of these observations, that at a TI/BW / day above 0.03

g/g/day, symptoms will occur almost immediately.

110
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681012141618202?
Days to Symptoms

Figure 9. Relationship between days to symptom manifestation and
TI/BW/day of chicks consuming five different diets containing vetch and the
equivalent in 7.glu tamyl- þ -cyanoalanine.
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Discussion

All of the analyses of variance were skewed by the results obtained for those

chicks consuming diet #3, the 40% vetch diet. The low feed intake observed

for these chicks was reflected in the low weight gain. Feed intake for the

control diet (#1) increased over the three weeks as is expected in growing

chicks, however after week one, feed intake for all other diets decreased (Figure

4). The chicks consuming the 20% vetch and 0.2'/" ¡glutamyl-B-cyanoalanine

diet (#2 and 5) showed a minimal increase in feed intake between week two

and three, while chicks consuming 40% vetch and the equivalent in toxin (#3

and 4) showed a further decrease. It is expected that the increase in feed intake

of chicks consuming the 0.2% yglutamyl-B-cyanoalanine diets reflects their

adaptation to these diets and thus this level of toxin. Chicks consuming the

20o/" vetch diet did not show a significantly different average daily feed intake

to those consuming the control diet. This indicates that chicks find vetch

palatable.

All chicks showed a decrease in weight gain over the second week of the

experiment, and this is thought to reflect incomplete adaptation to the separate

diets (Figure 5). All chicks gained weight in the final week. It is probable that

the increase in weight gain of chicks consuming the 0.4% yglutamyl-þ

cyanoalanine diet in the third week is due to an increased consumption of

water, as feed intake for this diet decreased during this same week. Consistent

with this postulate, half of chicks on this diet had wet faeces during this week

(3/6; Table 34) There was no significant difference between the diets for feed

conversion ratio (a measure of the conversion of feed to weight), as a decrease

in feed intake was usually accompanied by a decrease in weight gain.

All of the chicks consuming the 40% vetch diet (#3) showed symptoms earlier

than those consuming the 0.4% ¡glutamyl-B-cyanoalanine diet (#4), an

equivalent level of toxin. While those on the former vetch diet showed
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symptoms as early as two days, those consuming the purified toxin in the

sorghum based control diet did not show symptoms until day seven. The

onset of symptoms was reflected in the significant difference in both feed

intake and weight gain between the two diets, and symptoms were more

severe in the chicks consuming the 40o/o vetch diet (#3). At the onset of

symptoms, feed intake was reduced, thus reducing weight gain. As there was

an equivalent amount of yglutamyl-þ-cyanoalanine in each diet, it is probable

that there is a confounding factor involved with this more immediate decrease

in feed intake.

The possibility of a secondary factor in vetch which accelerates toxicity

symptoms has not previously been recognized. The literature reports that

when four-week-old chicks were fed 30% vetch, a mortality of 97.9o/o was

recorded with an average survival time of LL.3 days (Arscott and Harp ey 1964).

Day-old chicks on the same experiment showed 1,00% mortality with an

average survival time of L3.3 days, while those fed 40% vetch showed a

mortality of L00% and an average survival time of eight days. The results

shown in this chapter concur with these, as it was found that three-week-otd

chicks led 40% vetch show a mortality of 1,00% with an average survival time

of 9.0 days, however chicks fed an amount of purified Trglutamyl-B-

cyanoalanine equivalent to that n 40% vetch showed a mortality of only g1.g%

and an average survival time of 187 days. This clearly indicates that mortality

in chicks due to V. satiaø consumption is not due to Trglutamyl-þ
cyanoalanine alone.

When vetch is autoclaved for eight hours, Trg\utamyl-p-cyanoalanine is

effectively removed. The literature shows that chicks fed 40% autoclaved

vetch show a mortality of only 4.2% presumably due to the removal of ¡
glutamyl-p-cyanoalanine (Harper and Arscott, 1962) and the second factor

identified in the current study. There is no significant difference between feed

intake and weight gain for chicks fed 20% vetch and the equivalent amount of
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y-glutamyl-B-cyanoalanine in a control diet. Flowever, the symptoms

associated with toxicity are shown at a later stage in those chicks consuming

20/' vetch. Thus the second toxic factor which has been detected in vetch fed

at an inclusion level of 40%, must also be destroyed by autoclaving, and is not

effective at lower levels of vetch inclusion or in combination with lower

levels of y- glutamyl- p- cy anoalanine.

Most experiments carried out to determine the efficacy of vetch as a poultry

feed have used levels of vetch lower than 20"/o (Ergün et a1.,1991), or older, less

sensitive chicks (Castanon and Perez-Lanzac, 1990; Farran et al., 1995), and in

some cases/ both (GlaIz et ø1., 1992; Glatz and Hughes, 1993; Enneking,1994).

Flence, these studies have not revealed the possibility of a secondary factor

contributing to a decrease in growth performance.

Darwish (pers. comm.) has suggested that at high levels of vicine (0.423%) and

low levels of ¡glutarnyl-B-cyanoalanine (0.192%), vicine may act as an anti-

palatability factor. At higher levels of ¡glutamyl-B-cyanoalanine, low

palatability may be overlooked due to the severity of symptoms caused by this

toxin alone. Vicine levels of 1"/' have been found to have a deleterious effect

on the egg properties of laying hens (Muduuli et al., 1981) whereas at lower

concentrations no performance problems have been noted. Furthermore,

young chicks are relatively insensitive to vicine compared to the laying hen

(Muduuliet a1.,1982) and may tolerate additions of vicine to the diet of up to

2%. Diets consisting of 40% vetch used in this experiment contain

approximately 0.a% yglutamyl-B-cyanoalanine and 0.32% vicine. Hence it

might be expected that even in this diet the concentration of vicine is too low

to elicit a response similar to that reported by Muduuli (1982). Unfortunately,

without a separate experiment using relevant combinations of vicine and y

glutamyl-p-cyanoalanine, the hypothesis of vicine being a confounding factor

in vetch toxicity cannot be tested.

113



Chapter 3: Common vetch and chicks

Chicks consuming the 20% vetch (#2) diet, although showing a feed intake and

weight gain which was not significantly different from those consuming the

0.2% ¡glutamyl-B-cyanoalanine (#5) diets, showed symptoms associated with

¡glutamyl-B-cyanoalanine toxicity up to two days later. It is possible that this

delay in the onset of symptoms is due to extra amino acids being supplied by

the vetch in the diet. These extra nutrients may result in the chick being

healthier and hence less susceptible to the affects of the toxin.

All of the chicks on diets containing ¡glutamyl-p-cyanoalanine (diets #2-S),

showed corresponding toxicity symptoms, indicating that their manifestation

was due to this toxin alone. No precise threshold level of toxin above which

toxicity is inevitable was forecast in this experiment, although it was found

that an increase in TI/BW / day led to a decrease in days before symptoms were

shown as well as a decrease in weight gain The former relationship was linear

indicating that the presence of any level of ¡glutamyl-B-cyanoalanine would

result in a detrimental effect on the chicks performance.

Experiments with three-week-old chicks fed vetch should be conducted for

three weeks (e.g. experiment 2) because symptoms associated with

accumulation of ¡glutamyl-B-cyanoalanine may take this time to appear.

Chicks consuming a diet containing 0.4% yglutamyl-p-cyanoalanine showed

symptoms starting at duy seven, the time at which experiment L was

terminated. Hence the progression of these symptoms to death could not be

observed, or verified, as being caused by yglutamyl-B-cyanoalanine toxicity in

the first experiment. Chicks consuming the diets containing only 0.2% y

glutamyl-p-cyanoalanine (diets 2 and 5) however did not show symptoms

until duy L2 and hence after the first experiment ended. As all chicks

consuming ¡glutamyl-B-ø¡anoalanine, both purified and as vetch, showed

identical symptoms, it can be concluded that these are characteristic of this

toxin alone.
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General Discussion

It was calculated in the first section of this chapter that vetch, when fed at

levels of yglutamyl-p-cyanoalanine above 0.2o/o, causes mortality in week-old

chicks. Little effect was observed in diets containing less than 0.15% T

glutamyl- -cyanoalanine. Diets containing between 0.15-0.25% yghutarnyl-þ

cyanoalanine showed variable effects ranging from no symptoms to mortality.

To ensure a physiological response for the first experiment a maximal level of

20% vetch was included in the diets, equivalent to 0.2% yglutamyl-þ

cyanoalanine. This was fed to three-week old chicks in an attempt to elicit the

contribution of the individual components in vetch to its toxicity.

Unfortunately, after a one week experiment, no response was discernible. The

lack of response in three-week old chicks was assumed to be due to the chicks

having a more mafure system to cope with the toxins. Literature used to

determine this toxicity level had used week-old chicks. Hence the final

experiment was carried out over three weeks with an upper vetch inclusion

level of 40/", double that used in the first experiment and equivalent to 0.4% y
glutamyl-p-cyanoalanine, to ensure a response.

These experiments indicate that ¡glutamyl-p-cyanoalanine is the causative

agent of the reduced feed intake and change in weight observed when three

week old chicks are fed vetch. The decrease in feed intake does not appear to

be due to an anti-palatability factor, as chicks consuming a 20% vetch diet did

not show significantly different feed intake to those consuming the control,

but rather due to a loss of muscle co-ordination making it difficult for the chick

to feed. Seed coaÇ when present in the diet, reduces the feed intake of chicks

immediately and while vicine does not appear to have an effect singly, it may

compound the effect of pglutamyl-B-cyanoalanine at higher levels.

symptoms of toxicity occurring in chicks consuming 0.a% yglutamyl-þ

cyanoalanine appeared earlier than those consuming only 0.2% of the toxin.

1,15
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This indicates that yglutamyl-B-cyanoalanine accumulates in the chick until a

threshold level is reached, above which symptoms corresponding to toxicity

are manifested. It can be predicted from this, that chicks fed at lower levels of

the toxin would show symptoms if fed for a longer period of time.

Alternatively, the chicks may be able to tolerate or adapt to lower levels of the

toxin. It is not known if the chick, or gut microflora and fauna, can metabolize

and breakdown yglutamyl-p-cyanoalanine effectively, and hence if vetch will
ever be acceptable as a poultry ration.

For vetch to be used efficiently in chick rations, its constituent antinutritional

factors must be reduced. Table 42 defines the current levels of the factors in

vetch and the levels at which it is predicted that vetch may be included safely

in chick rations. Although vicine and convicine levels are currently relatively

harmless, it is important to reduce the levels of both the anti-nutritional factor

present in the hull, and ¡glutamyl-B-cyanoalanine in the cotyledons

Table 42. Predicted quality characters of vetch required for safe and productive
feeding of chicks at a 20o/" diet inclusion level.

Trait Current
Level

Level Genetic variation identified

116

Hull type

y glutamyl-p- cy ano a lanine
vicine + convicine

unknown
(tannin?) free

<0.4/&

0.5%

? (0.28-8.27 gkgr DM (CE)1)

0.33%-2.97"/e

? (0.04%-1..0L% vicine;
0.004%-0.96% convicind)

?

?

>0.9"/&

0.5%

factor X ? <current
catechin equivalent (Aletor et al., t

2 9/100 g weight/weight
3 Genetic variability in faba beans (Duc ef a1.,1988)

The factor present in the seed coat may be removed from vetch completely

through dehulling the seed prior to usage. Alternatively, reduction of tannins

in the hulls of both faba beans and peas has been achieved through plant
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breeding (Bond and Duc, 1993, and references therein), and this procedure

could be followed to reduce the unknown factor in vetch hulls.

Variation in ¡glutamyl-p-cyanoalanine has been detected tnVicia sativa and a

breeding program is in existence to lower this character (Chapter 6) (Delaere,

1996). Although it would be preferable to reduce this toxin level to 0o/", tlrre

genetic variation has not yet been detected. However, progress has been made

in reducing the level of this toxin by more than 50%.

Vicine and convicine levels in the current varieties of vetch are tolerable to

chicks. Factor X, the factor involved in compounding the effect of ¡glutamyl-

þ-cyanoalanine is not at a tolerable level in conjunction with current levels of

lglutamyl-þ-cyanoalanine. If factor X is vicine, as suggested in the current

discussion,levels of vicine must be reduced. Despite the current experiment,

prior to any low ¡glutamyL-p-cyanoalanine variety being released as suitable

for inclusion in chick rations, further experiments with chicks must be carried

out to determine the effect of this factor.

Vetch cannot currently be used as a chick feed. Despite the observed

palatabilig of the grain for chicks, even in the absence of the tannin containing

hulls, the levels of yglutarnyl-B-cyanoalanine present in vetch make it

impossible to use in the ration without a high probability of mortality. Vetch

is thus not an economic altemative to other grains, given that these may be

used at a higher proportion in the ration. Although yglutamyl-þ

cyanoalanine may be removed from the grain through various detoxification

techniques this would not be economic for poultry rations alone. The

production of a vetch with lower dietary levels (<0.40%) of yglutamyl-þ

cyanoalanine, for use in rations, would thus greatly benefit the poultry

industry.
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Chapter 4

The nutritive value of Blanchefleur vetch as a feed for pigs

Introduction

The unsuitability of vetch as a poultry feed was established in the previous

chapter. Ffowever, its suitabitity for pig feed is currently poorty defined. Due

to the low cost of this legume in comparison to peas, it is an attractive

alternative for use in pig diets. In addition, the suitability of this legume for

pigs can be used to predict the response from humans consuming vetch as a

lentil substitute (Pescovitz et al., L984; Phitlips and Tumbleson, 1986; Mock ¿ú

aL.,1997).

Vetch has been fed to pigs with variable responses up to i.0% inclusion levels

(Edwards, L988). Although Blanchefleur vetch was found to support

reasonable growth rates, Languedoc had inferior feed efficiency. Both varieties

had a similar inuioo digestible energy to peas. Flowever, in comparison to

peas/ poorer pig performance was reported suggesting there may be anti-

nutritional factors present. A contrasting report observed that when pigs

ingested common vetch as a mixture with purpre vetch (v. atropurpurea), a

number fell ill suddenly with some dying (clough, r93L). common vetch was

purported to be the causative factor. Vetch is however, currently being

successfully included in diets in private piggeries around South Australia

(Hannay, 1996; A. Rosenzweig, pers. comm.).

On the basis of his results, Edwards (1938) recommended that further research

was required to determine:

1. the digestible energy and amino acid content of each variety;

2. the reason for a different response to each variety;
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3. the effect of processing on the resultant nutritional value;

4. the response of pigs to higher inclusion levels of vetch (e.g. 30%).

This chapter describes two experiments, based on the suggestions of Edwards

(1988), to better define the role of Blanchefleur vetch in pig diets. In the first

experiment, the digestible energy and apparent ileal digestibility of amino acids

of both unProcessed and autoclaved Blanchefleur vetch was determined I n

aiao. Results from this experiment were then usedin a second experiment to

formulate the diets on an equal ileal digestible tysine to digestible energy basis,

to assess the influence of Blanchefleur vetch inclusion-level on the growth

performance of pigs.
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The apparent ileal digestibility of amino acids and energy in raw and
autoclave d Vicia satioø cv Blanchefleur

Intuoduction

Languedoc (15.1 MIlkg) and Blanchefleur (14.4 MI /kg) vetch have previously

been reported to have aninaiuo digestible energy similar to that of peas (13.F

1'4.7 W/kg, ah-dry) (Edwards,1988; Standing Committee on Agriculture, I1BT).

In order to formulate diets accurately, the digestible energy and the digestibility

of amino acids in vetch must first be determined in aiao. In this wãfr
supplementary amino acids or other energy sources can be judiciously added.

This section describes the determination of the digestible energy (DE) and

apparent ileal digestibility of amino acids (AIDAA) of both unprocessed and

autoclaved Blanchefleur vetch. Autoclaving essentially eliminates T
glutamyl-B-cyanoalanine from the grain. Thus it can be determined whether

this neurotoxin affects either DE or AIDAA.

r20
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Materials ønd Methoils

Feed ingredients

Soybean meal was sourced from the Pig and Poultry Production Institute (pppl,

Rosewortþ Campus, SARDI) and was from a bulk sample previously assessed

within the PPPI nutrition research program.

Blanchefleur vetch was obtained from Eime churinga seed, Blyth, south

Australia. A portion of this vetch was autoclaved for 1.5 hours at I2!.C (1,g6.4

kPa), and dried for one hour at LL4oC. The cycle was complete after 2.5 hours,

and left to cool to room temperature from 67.7"C. Toxin content of the

unprocessed and autoclaved vetch was analyzed when cool using Diffuse

Reflectance using Infrared Dispersive spectroscopy (DRUTDS).

Diets

Four diets were used in this experiment (the fourth was an unrelated

experiment). The composition of these diets is shown in table l-. Vetch and

soybean were the only protein sources in the diets with raw sugar and wheat

starch supplying the bulk of the dietary energy. Celite was added as an acid-

insoluble ash marker. All grains were hammer-milled prior to mixing the

diets, and the mixture of each diet was cold-press pelleted to discourage

possible selection against the vetch.

Pigs

Four Large \¡vhite male pigs from the pppl (Rosewortþ Campus, The

University of Adelaide) were selected between 35 and 40 kg to be used in this
experiment (Figure L). Pigs were allocated based on four pigs/diet. The fourth

12L
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Table L. Composition of diets (glkg, air dry)

Diet
1 2 3

Ingredient Control Whole Vetch Autoclaved
Vetch

Soybean meal
Whole Blanchefleur

Autoclaved Blanchefleur
Raw sugar

Starch

Soybean oil
Dicalcium phosphate
Salt

Mineralsand Vitaminsl
Choline chloride
Celite
Total
Estimated analysis
Crude protein (%)

230.00

300.00

400.05

15.00

30.00

2.75

1..20

1.00

20.00

1000

11.00

L4.6

390.00

300.00

240.05

15.00

30.00

2.75

1,.20

1.00

20.00

1000

11.00

1.4.5

390.00

300.00

240.05

15.00

30.00

2.75

r.20

1.00

20.00

L000

11.00

1.4.5
DE (M

Supplied per kg diet: Fe60mg; ZnI}Omg;Nh 30 mg; Cu 5 mg; I2 mg; Se 0.15mg;vitaminA 3200ru; vitamin D3 480lU;vitamin E 20 IU; thiamine 1.5 mg; riboflavin 3 nicotinic acid L4 mg;mg;
pantothenic acid 10 mg; pyridoxine 2.5 mg; cyanocobalamin 15 mg; folic acid 0.2m9; ascorbic acid
10 mg; biotin 0.1mg; menadione 2 mg (us menadione di-methyl pyrimidinol bisulphite)
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diet was for the unrelated experiment and hence is not shown. Pigs were

blocked according to weight and position in the experimental facilities.

Surgery

Prior to surgery pigs were housed individually from 25 kg liveweight. pigs

were fed a grower diet (14 }ll.l/kg,0.7 grD lysine/MJ DE) adlibitum. Water was

also suppliedadlibitum via nipple drinkers.

During surgery, pigs were fitted with a simple T-piece cannulus (by Dr. Robert

van Barneveld) approximately L50 mm anterior to the ileo-caecal valve (van

Barneveld, 1993). In contrast to the method reported in this reference, skin

barriers for use around stoma in human ileostomy patients (Stomahesive@

System 2 with 70 mm flange; Bristol-Myers Squibb, princeton, NJ, 0g543-4000

USA) were incorporated between the flange of the cannula and the skin to
promote healing of the wound and to prevent any leakage around the

cannula.

Following surgery, pigs were housed individually in solid sided pens (1.S x 2.2

m) and fed a commercial grower diet (0.7 g available lysine/M|,DE;1a.0 DElks)

for a recovery period of seven days. Water was provide adlibitum via nipple

drinkers. The area surrounding the cannulas was washed with Iovone@ daily.

F eeding

Daily feeding rates were adjusted to three times the maintenance (3-(0.5 W
DElkg*bodyweight0'7s) / diet DE). Daily rations were halved and fed twice at 12

hourly intervals. Water was providedødlibitum via nipple drinkers.
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Figure 1. Large White male pig in metabolism cage used for determining
the digestibility of amino acids and energy in taw and autoclaved vetch.
Bucket (pink) filled with ice for collection of ileal digesta from cannula is
on the left.
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Experimental housing

Pigs were placed in metabolism cages for the two day collection periods to

facilitate collection of digesta and faeces (Figure 1). Pig transfer was carried out

using a hydraulic lift under a mobile crate to minimize stress to the pigs. pigs

were allowed a 12 hour adaptation to the crates prior to digesta collection.

Sample Collection

Experimental diets were introduced over a three day period after the surgery

recovery period. Diets were fed over five days with collections of ileal digesta

made on day six and seven. Continuous eight hour collections of ileal digesta

were made by attaching plastic bags to the cannulae. Digesta were frozen

immediately to preclude any further digestion of the sample (Figure 1).

Following collection of the digesta, diets were re-allocated and the procedure

repeated until all of the pigs had received the four diets. After each collection,

samples were bulked and stored at -20"C.

During the collection period, random subsamples of the faeces discharged

during the two day period were also collected, bulked and stored at -20oC for

determination of digestible energy levels (DE).

Measurements

At the end of each collection period, samples of digesta and faeces were

thawed, subsampled, freeze-dried and ground prior to chemical analysis.

Measurements recorded on the samples were:

Diet ingredients and diets:

Acid-insoluble ash, amino acids, gross energ,y, crude protein, ash, crude fibre,

NDF, ADF, ether extract (fat), dry matter.
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Ileal digesta:

Acid-insoluble ash, amino acids, gross energy, crude protein, ash, dry matter.

Faeces:

Acid-insoluble ash, gross energy, dry matter.

All analyses were carried out at the PPPI, except the amino acid analyses which

were carried out in the Nucleic Acid and Protein Chemistry Unit, Waite

Campus, The University of Adelaide.

Statistical Analysis

The experiment was based on a 4 x 4 latin square experimental design.

Analysis was conducted using a general linear model in SAS, and treatment

means were separated by least significant difference. Outlying measurements

were assessed using the RANK procedure in SAS (SAS Institute hrc., L988),

and normal scores were computed from the ranks (Blom, 1958). No outlying

measurements were detected so all data were used in the calculations.
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Results

Detoxificøtion tf Blanchefleur

Autoclaving the Blanchefleur vetch for 1.5 hours (with -15 hours cooling)

resulted in a decrease of nearly 90% of the % yglutamyl-p-cyanoalanine. In

the untreated whole seed, there was 0.96o/" ¡glutamyl-B-cyanoalanine while

after the autoclaving this level dropped to 0.11% yglúamyl-p-cyanoalanine

Table 2). Autoclaved vetch was found to contain lower levels of cystine and

lysine than untreated vetch. Soybean meal contained considerable higher

levels of all amino acids in comparison to both treated and untreated vetch

(Table 2).

Table 2. Amino acid composition (%wlw) of soybean meal, whole and
autoclaved vetch.

Soybean Meal Whole Vetch Autoclaved
Vetch
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7-G lutam yl- B - cy ano alanine
Aspartic acid

Glutamic acid

Serine

Histidine
Glycine
Threonine
Cystine

Alanine
Arginine
Tyrosine
Valine
Methionine
Phenylalanine
Isoleucine
Leucine
Lysine

Proline

0.00

4.98

8.05

2.47

1.18

L.97

L.89

0.67

1.98

3.43

1,.72

2.23

0.65

2.30

2.Lr

3.54

2.83

2.35

0.96

2.77

3.93

1.1L

0.58

0.93

0.81

0.24

0.90

1..93

0.72

1.05

0.21,

0.93

0.94

1.62

1..43

0.93

0.11

2.82

4.18

1..L5

0.59

0.96

0.87

0.1.9

0.96

1..91

0.79

1.10

0.22

0.97

0.98

1,.71,

1.14

0.96
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Appørent digestible enerry

There was no significant difference in either ileal digestibitity of dry matter or

nitrogen between the soybean meal and vetch diets (Table 3). Additionally

there was no significant difference in the faecal digestibility of dry matter

(Table 4). A significant difference in faecal digestibility of energy however was

noted (p<0.05), with soybean meal providing significantly more energy (0.95

M]) than the two vetch samples (0.93 and 0.92}/'J; Table 4).

There was no significant difference in either the ileal or faecal diet digestible

energy (DE). This indicates that vetch, both untreated and treated, provides

the same amount of digestible energy as soybean meal (Tables 3 and 4).

Apparent ileal digestibility of indiaiduat amino acids

The apparent ileal digestibility of lysine, histidine, methionine, glutamic acid

and aspartic acid was significantly different between the vetch and soybean

diets. There were no significant differences in the apparent ileal digestibility of

the other amino acids tested (Table 3).

The apparent ileal digestibility of methionine was found to be significantly

lower in both vetch diets (0.76 and 0.66 MIlkS) than the soybean meal diet (0.g9

MI/U9; p<0.05). The apparent ileal digestibility of aspartic acid, lysine and

histidine in autoclaved vetch was significantly lower than in either the

untreated vetch or the soybean meal (p<0.05). The apparent ileal digestibility

of glutamic acid and cystine was significantly lower in the autoclaved vetch

when compared to the soybean meal (p<0.05), but was not significantly lower

than the untreated vetch.
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Table 3. Apparent ileal digestibil ity coefficients of dry matter, N and amino
acids, and gross and diet digestible energy (DE; MI/kg; atu-dry) of soybean meal
and Blanchefleur vetcþ whole and autoclaved, fed to prgs

I29

Test protein Statistics
Soybean meal Whole vetch Autoclaved vetch Diet SEM

Dry matter
N
Gross Energy

Diet DE

Amino øcids

Aspartic acid
Threonine
Serine

Glutamic acid

Glycine
Alanine
Cystine
Valine
Methionine
Isoleucine
Leucine
Tyrosine
Phenylalanine
Lysine
Histidine

0.83

0.77

0.87

13.78

0.954

0.79

0.84

0.874

0.60

0.79

0.794

0.84

0.894

0.86

0.86

0.76

0.86

0.8r4

0.894

0.87

0.83

0.76

0.86

13.90

0.834

0.70

0.76

0.85ab

0.48

0.73

0.59ab

0.78

0.76b

0.82

0.83

0.71,

0.82

0.gga

0.874

0.87

0.83

0.74

0.86

13.96

0.67b

0.65

0.72

0.81b

0.32

0.70

0.42b

0.78

0.66b

0.82

0.84

0.68

0.82

0.72b

0.80b

0.85

NS 0.022

N S 0.044

NS 0.020

NS 0.313

'rxåÊ 0.009

NS 0.050

NS 0.036
:Ê 't 0.014

N S 0.1.49

N S 0.042

'r 0.094

NS 0.032

'É 0.043

NS 0.025

N S 0.027

NS 0.067

N S 0.027
* 0.031

'È 0.0L5

N S 0.026Ar ne
NS, not significant; ***, p<0.00L; **, p<0.01.; * , p<0.05; SEM, eror of mean. Valueswithin a row with different superscripts differ significantly (p<0.05, Fisher's protected LSD)

Feed Intake

Pigs readily consumed the diets containing 39% Blanchefleur vetch. No

neurotoxic effects were observed over the seven day experimental period.
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Table 4.
(MI/kg)

Faecal digestibility of dry matter and energy and the digestible energy
of soybean meal and Blanchefleur vetch, whole and autãclaved, fedio
pigs.

Test
o eAu

Statistics
Diet

meal vetch vetch
Dry matter
Energy (MJ)

Diet DE (MI /Ug, air-dry)
Test protein DE (i|l4I/kg, air-dry)
Diet DE (MI/ke DM)

0.92

0.954

15.09

1.6.64

t5.94

17.57

0.90

0.93b

14.88

15.24

15.70

16.08

0.90

0.92b

L4.96

15.47

L5.64

16.1,8

NS
rt

NS
NS
NS
NS

0.007

0.007

0.11,4

0.398

0.121.

0.422Test DE (MIl
NS, not significant;*, p<0.05; SEM, Standa¡d error me¿m. Values a row with
superscripts differ significantly (p<0.05, Fisher's protected LSD)
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Discussion

Table 2 shows that Blanchefleur vetch, both untreated and autoclaved,

contained lower levels of all amino acids in comparison with soybean meal.

The autoclaved vetch was found to contain lower levels of cystine and lysine

than untreated vetch.

Autoclaving the vetch, while depleting the levels of yglutamyl-þ

cyanoalanine by almost 90"/", had very little effect on the apparent ileal

digestibili$ of amino acids. Furthermore, there was no effect on the digestible

energ'y/ nitrogen and dry matter.

Apparent ileal digestibility of amino acids

The apparent ileal digestibility of amino acids in untreated vetch was

essentially the same as for soybean meal. Except for methionine none were

significantly different from the AIDAA in soybean meal. As the apparent ileal

digestibility of methionine was almost L5% less than that found in soybean

meal, pig diets containing vetch should be carefully monitored to ensure an

adequate dietary supply of this amino acid.

Significant differences in the apparent ileal digestibiliy of aspartic acid, lysine

and histidine between soybean meal and untreated vetch, and autoclaved

vetch were measured. The recorded decreases were a consequence of the

autoclaving to reduce the cyanoalanine toxin. It is reasonable to suggest that

other thermally catalyzed reactions had a major effect on these apparent ileal

digestibility results.

The crude protein content for these diets was equalized at 1.f/". Although it
would have been more accurate to have dietary protein levels in excess of 1,4%
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to minimize contributions from endogenous N (Eggum, Lgzg), this was not

possible without using a very high inclusion level of the legumes.

Apparent digestible energy

There was no significant difference in apparent ileal digestibility of energy in

vetch, either treated and untreated, and soybean meal. Additionally, there was

no significant difference in nitrogen, energy or dry matter, however a

significant difference in faecal digestibility of energy was shown. There

appeared to be very little difference between the digestible energy levels at the

end of the small intestine and the hind gut, indicating that the fibre levels of

these legumes is similar (Tables 3 and 4). The digestible energy value of 14.88

MI /kg (air-dry basis) for untreated Blanchefleur vetch is similar to that

reported by Edwards (1988; La.al|l4l/kg). This value also compares favourably

with that for peas (14.2MJ/kg; Evans, 1985).

The ileal digestibility of amino acids and digestible energy of unprocessed

vetch are not significantly higher in the untreated compared to the autoclaved

vetch. This indicates that the cyanoalanine toxin, ¡glutamyl-B-cyanoalanine,
is having no measurable effect on the digestion of the diet for pigs over the

duration of the experiment. The voluntary consumption of the diets by the

pigs also implies that this toxin does not affect vetch palatability.

The apparent ileal digestibility of amino acids and digestible energy of

untreated Blanchefleur vetch, suggests it may be a useful component of pig

diets. To use this vetch confidently however, it is important to establish its

effect on pig growth performance at various inclusion levels.
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The growth response of pigs fed diets containing graded levels of Blanchefleur
vetch (whole seed) from 25 to L00 kg.

Introduction

Antinutritional factors present in vetch may have an adverse effect on pig

growth performance (Edwards, 1988). Reduced growth performance was

reported when pigs were fed diets containing vetch at a L0/" inclusion level in

place of peas. Additionally, it has been found that vetch causes severe growth

depression when fed to chicks at levels greater than 2C,/". It is not known if the

reduced growth performance in pigs is due to the cyanoalanine toxins, as in

chicks, or even the tannins present in the hull of the vetch.

\Arhile vetch commands a low price on the feed market, it may be

economically included in diets. Additional processing (e.g. heat treatment,

autoclaving etc.) to eliminate antinutritional factors is usually undesirable on

commercial grounds, however, dehulling of legumes occurs in commercial

piggeries (4. Edwards, 1997 pers. comm.). Thus in order to use vetch as an

economic and practical alternative to other legumes, the effects of its

constituent antinutritional factors on pig growth performance must be

elucidated.

The high apparent ileal digestibility of amino acids and digestible energy

indicates that vetch may be included in the pig diet at levels as high as those

used for peas. However, because of the vetch antinutritional factors, the

highest inclusion level in the formulated diets was set at 30%. The following

experiment was designed to test whether there are any adverse effects of vetch

on growth performance of pigs over a commercial growing period.
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Møteriøls ønil Methods

Feed Ingredients

Soybean meal used in the control and substituted in all other diets was sourced

from the Pig and Poultry Production Institute (ppp|.

Blanchefleur vetch was obtained from Eime Churinga seed, Blyth, south

Australia.

Wheat and barley had been previously assessed for ileal digestible amino acids

and was acquired from the PPPI nutrition research program.

Diets

Eight diets were used in this experiment. These included four grower (25 to 55

kg) diets (Table 5) and four corresponding finisher (55 to 100 kg) diets (Table 6).

Diets were offered to the pigs as a mash. Wheat and barley were used as the

energy base and soybean meal and vetch provided the majority of the amino

acids. Synthetic amino acids were added at 30'/. excess relative to lysine to

ensure an ideal amino acid balance. Starch was used as a non-protein energy

source. Lower estimates of digestibility, for equalizing the protein levels of the

soybean meal and vetch diets, were used in formulations.

Pigs

Forty Large \Âtrhite male (20) and female pigs (20) from the PPPI (University of

Adelaide) were used in this experiment (Figure 2). Pigs were selected between

13 and 18 kg and were blocked, using a randomized complete block design,

based on seven-week weight, sex, litter and position in the experimental

facilities. Pigs were allocated based on ten pigs/diet (five male and five

female).
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Table 5. Composition of experimental diets for growing pigs from 25-55 kg
air-dry basis)
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Diet
1 2 3 4

Ingredient Control L0% Vetch 20"/" yetch 30% Vetch
Soybean meal

Whole Blanchefleur vetch
Wheat
Barley

Starch

Soybean oil
Dicalcium phosphate
Salt

Minerals and Vitaminsl
Choline chloride
t-Threonine
t-Valine
t-Isoleucine
L-Phenylalanine
L-Lysine monohydrochloride
DL-Methionine
Total
Estimated analysis

Ileal Digestible Lysine/DE

220.00

0.00

150.00

400.00

L79.89

7.00

30.00

2.75

L.20

1.00

1,.71,

170.00

100.00

150.00

400.00

127.87

8.00

30.00

2.75

1.20

1.00

1.89

0.06

0.26

1.50

3.52

L.95

L000.00

L10.00

200.00

150.00

400.00

84.07

9.50

30.00

2.75

1..20

1.00

2.22

0.36

0.61

2.19

3.78

2.31,

1000.00

70.00

300.00

150.00

400.00

23.72

L0.00

30.00

2.75
'J,.20

1.00

2.26

0.30

0.61

2.25

3.45

2.46

L000.00

0.09

L.12

3.55

1..69

1000.00

0.70

14.02

0.70

L4.02

0.70

1.4.02DE
0.70

1.4.02
Supplied per kg dieh Fe 60 m& 7-.n100 mg; Mn 30 mg; Cu 5 mg; I2mg; Se 0.L5 mç vitaminA 3200

IU; vitamin D3 480 lU;vitamin E 20 IU; thiamine 1.5 mg; riboflavin 3 mg; nicotinic acid L4 mg;
pantothenic acid L0 mg; pyridoxine 2.5 mg; cyanocobalamin 15 mg; folic acid 0.2mg; ascorbic acid
10 m& biotin 0.1, mg; menadione 2 mg (as menadione di-methyl pyrimidinol bisulphite).



Chapter 4: Vetch as a feed for pigs

Table 6. Composition of experimental diets for growing pigs from 55-L00 kg
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basis)

Diet
5 6 7 8

Ingredient Control L0% Vetch 20% Vetch 30% Vetch
Soybean meal
Whole Blanchefleur vetch
Wheat
Barley

Starch

Soybean oil
Dicalcium phosphate

Salt

Minerals and Vitaminsl
Choline chloride
L-Threonine
L-Valine
L-Isoleucine
L-Phenylalanine
L-Lysine monohydrochloride
DL-Methionine
Total
Estimated analysis
Ileal Digestible Lysine/DE

180.00

0.00

100.00

600.00

77.82

5.50

30.00

2.75

1,.20

1.00

0.42

140.00

70.00

100.00

600.00

46.26

6.60

30.00

2.75

1..20

1.00

0.63

100.00

140.00

100.00

600.00

t4.31

8.00

30.00

2.75

1,.20

1.00

0.83

35.00

210.00

100.00

600.00

3.74

1L.80

30.00

2.75

1..20

1.00

t.4L

1.11

0.20

1000.00

0.55

13.6

1,.24

0.32

1000.00

0.55

13.6

1.38

0.s3

L000.00

0.55

t3.6

0.37

2.29

L.04

1,000.00

DE
0.55

13.6
Supplied per kg diet Fe 60 mç Zr.100mg; Nkr 30 mg; Cu 5 mg; I2 mg; Se 0.15 mg; vitamin A 3200

IU; vitamin D3 480 IU;vitamin E 20IrJ; thiamine 1.5 m& riboflavin 3 mg; nicotinic acid 14 mg;
pantothenic acid 10 mg; pyridoxine 2.5 mg; cyanocobalamin 15 mg; folic acid 0.2mg; ascorbic acid
10 mg; biotin 0.1m& menadione 2 mg (as menadione di-methyl pyrimidinol bisulphite).
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F eeding

When the pigs reached 20 kg, they were placed in individual pens for a pre'

experimental period during which they learned how to use feeders with lids

and to locate "bite-type" nipple drinkers. During this time they were fed a

weaner diet (0.75g available lysine/MJ DE, 14.5 M DE). Lids on the feeders

were dropped no less than two days after the pigs introduction to the pens to

ensure they were eating correctly.

As soon as the pigs reached a liveweight of 25 kg, they were allocated to a

treatment which was introduced over three feeding periods. For the first feed,

pigs were offered a mixture of 2/3 weaner pellets and 'J,/3 experimental diet,

the second feed consisted of 1./3 weaner pellets and2/3 experimental diet. The

introduction was completed when the pig was offered the full experimental

diet at the third feeding time.

Pigs were fed ad libitum for the duration of the experiment. The pigs were

offered one of the grower diets (diets 1-4, Table 5) from 25-55 kg, and from 5F

100 kg were offered the corresponding finisher diet (diets 5-8; Table 6; i.e. pigs

fed diet L during the grower phase were fed diet 5 for the finisher phase). Feed

was fully rejected once a week to ensure there was no build up of fouled feed.

Spills were collected and weighed daily where required.

Experimental housing ønd management

Pigs were housed in individual pens (0.9 x 1.5 m) for the duration of the

experiment (Figure 2). The experiment was conducted in an environmentally

controlled animal house. At the start of the experiment the optimum

temperature was within the range of 25-28C, and as the pigs entered the

higher weight range, the temperature was decreased to between 20-22"C.
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Figu_re 2. !"tS9 White rnale pig (#L1) used to determine the effect of graded
levels of Blanche.f,leur wetch on growth performance. This pig consumõd diet
2, containÍng 10% vetch.
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Water was Provided ad libitum via nipple drinkers. Pens were cleaned daily

when possible.

As pigs approached 55 kg in weight, they were weighed every day and allocated

to the corresPonding finisher diet once they had reached this target weight.

once pigs reached L00 kg, they were again weighed every day to ensure all

finished at the same weight. Pigs were fed their experimental diet until taken

to slaughter at Chapmans abattoirs, Nairne.

Døta collection

Feed was weighed in 5 kg lots into separate buckets, one per pig, and the

weight of the feed recorded each time the bucket was filled. When pigs had

reached 100 kg. At the completion of the experiment, pigs were fed only 3 kg

of feed per day, to avoid any excess weight gain.

Pigs were weighed at the beginning and end of the experiment (25 and 100 kg)

as well as weekly. From this both the food conversion ratio and food

conversion efficiency were calculated.

At slaughter, backfat measurements were performed on the carcass (p2 mm),

and the blood, kidneys, liver, fat and whole head collected.

Statisticøl Anølysis

Analysis of variance (ANOVA) was used to test for the effect of vetch

inclusion level on pig growth performance using SuperANOVArM v1.11

(Abacus Concepts, Inc. Berkeley, California). The assumptions of the ANOVA

model were tested by plotting fitted values against residual values. Fisher's

protected LSD was performed separately to the ANOVA (rather than ø

posteriori) to maximize the information provided by the data.
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Results

Suraioøl of the Pigs

No mortalities or neurotoxic effects were observed over the course of the

experiment. Two pigs, #17 and #2, experienced rectal prolapses which were

repaired during the course of the experiment. These afflictions did not affect

feed intake or weight gain of the pigs.

Aaerage Daily Feed lntøl<e

Diet did not have a significant effect on the average daily feed intake of pigs

during the grower phase (25-55 kg; Table z). only 39 pigs were used in this

analysis as pig #3, consuming the 30% vetch diet, was found to 'snout' feed

from the feeder onto the floor of its pen, and surrounding pens, as well as

through the waste slats into the effluent pit. The results for the analysis of

variance are shown in table 7.

L40

Table 7
day for

. Analysis of variance of the effect of diet on the average feed intake per
the grower phase.

Source of variation D.F. Mean F value Significance
Block stratum
Diet
Residual
Total

0.53

2.88 NS

Pigs consuming the control diet ate the largest amount of feed (L547 g/day),

while those consuming the 20/" and 30% vetch diet consumed the least (L640

and1678g/day;TableS). Those on the 20% vetch diet consumed significantly

less than those pigs consuming the control and 10"/o diet, but not the 30%

vetch diet (Table 8).

9

3

26

38

21087

1.1521.6

39883
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Table 8. Effect of diet on average feed intake per day (g/day) of pigs during the
gfower and finisher phase and over the entire experiment.

L4L

Diet Grower Phase (25-55 kS) Finisher Phase (s5-100 kS) Total (2s-100 kg)

Control

L0% vetch

20% vetch

30% vetch

ß47b

ß42b

1.6404

1676ab

3000b

2756b

24024

2519c

æ,82k'

2264ab

20984

2724ab

Statistics

SEMl

LSD
63.15

L83.98

104.51

284.13

76.20

207.17
abc Values in the same
Protected LSD.

column with different superscripts differ significantly (p<0.05); Fisher's

1 Standard Error of Mean.2 Fisher's Protected Least Significant Difference (p<0.05).

Feed intake per day was also found to be statistically significantly effected by

the diet throughout the finisher phase of the experiment (p<0.0L; Table 9). pig

#3 was again omitted from the analysis for the reasons stated on the previous

page (p 1a0).

Table 9
day for

. Analysis of variance of the effect of diet on the average feed intake per
the finisher phase.

Source of variation D.F. Mean s F value Significance
Block stratum

Diet
Residual
Total

3

26

38

145836

480928

95]-22

1..53

5.06 rt ¡è

Those pigs fed the diet containing 30% vetch consumed onty 2402 g/d,ay,

significantly less than pigs on all other diets (Table 8; Figure 3). The pigs on

the control diet consumed 3000 g/da/, almost 24"/o morc than those on the 30%

vetch diet.
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Table L0. Anal
per day for the

ysis of variance of the effect of diet on the average feed intake
entire experiment.

Source of variation D.F. Mean square F value Significance
Block stratum
Diet
Residual

Total

9

3

26

38

35535

267585

50570

0.70

5.29 rt*
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ø 3o% vetch

Grower Finisher Total
Fig_ure 3. Average daily feed intake of pigs in the grower and finisher phase
and over the entire experiment in response to four diets, three contaìning
vetch. Vertical bars represent standard error of means.

A statistically significant effect of the diet on feed intake per d"y was

accordingly found over the entire experiment (p<0.01; Table L0). Again pig #3

was excluded from the ANOVA.

Pigs consuming the control diet ate the largest amount of feed per day over the

entire experiment (2519 g/day). This was not statistically different from the

average daily feed intake of those consuming the 10% vetch diet (Table 8). The

pigs consuming the 30% vetch diet consumed the least feed/ day over the

entireperiod (2098 g/day), and although this feed intake was not significantly

different from those consuming the 20% vetch diet, it was significantly lower
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then the other two diets (Figure 3). Pigs consuming the control diet ate on

average 137 g/ day more than those on the L0% vetch diet and more than 15%

more than those on the 30% vetch diet. Feed intake over the grower period

was less than 70/o of the feed intake during the finisher period (Figure 3).

Aaerøge Daily Weight Gain

Significant effects of diet were also observed with average daily weight gain

similar to the significant effects of diet on daily average feed intake.

The analysis of variance in table LL shows the significant effect of diet on the

average daily weight gain of pigs during the grower phase (p<0.01).

Table 11. Analysis of variance of the effect of diet on the average daily weight
gain for the grower phase.

1,43

Source of variation D.F. Mean square F value Significance
Block stratum

Diet
Residual
Total

9

3

26

38

5620

40542

4337

1.30

9.35 ,ß rÊ

The weight gain of pigs consuming the 30% vetch diet avera ged 766 g/ day

while those on the control dietgainedgS4 g/day (Table 12). The average daily

weight gain for those pigs on the 30% vetch diet was significantly lower than

that of all other diets. Pigs on the control diet did not gain significantly more

weight than the pigs on the L0% vetch diet (Figure 4).
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Table 12. EfÍectof diet on average daily
and finisher phase and over the entire

weight gain (g/day) during the grower
experiment.

Diet Grower Phase (25-55 kg) Finisher Phase (55-100 kg) Total (2s-100 kg)

Control

1,0% vetch

20o/" vetch

30% vetch

934c

878h

855b

7664

g57b

89zab

934ab

8244

941b

8æb

898b

7924

Statistics

SEMl

LSP
22.32

60.67

41.53

112.92

30.40

82.66
abc Values in
Protected LSD.

the same column with different superscripts differ significantly (p<0.05); Fisher's

1 Standard Error of Mean.
2 Fisher's Protected Least Significant Difference (p<0.05).

For the finisher phase, there was no statistically significant effect of diet on

average daily weight gain (Table 13). Only pigs consuming the control diet and

the 30% vetch diet showed significantly different daily weight gains (Table 12),

with the pigs on the control diet gaining nearly LS} g/day more (-20%).

Table L3. Analysis of variance of the effect of diet on the average daily weight
gatn for the finisher phase.

Source of variation D.F. Mean uafe F value Significance
Block stratum
Diet
Residual
Total

NS

Despite the results during the finisher phase, average daily weight gain over

the entire period was significantly affected by the diet consumed (p<0.05; Table

74).

9

3

26

38

32314

27335

L5024

2.\5

1.82
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Table L4. Analysis of variance of the effect of diet on the average daily weight
gain for the entire eriod.

Source of variation D.F Mean square F value Significance
Block stratum
Diet
Residual
Total

!ß

9

3

26

38

L4693

28376

8051

1.83

3.52

Pigs consuming the control diet again gained the greatest amount of weight

QL1'g/day)over the entire period, while those consuming the 30% vetch diet

gained the least (792 g/day). The weight gain for pigs consuming the 30%

vetch diet was significantly lower than those consuming all other diets (Table

L4). Pigs consuming less than 30% vetch did not show a significantly different

average daily gain in weight to those on the control diet (Figure 4). Average

daily weight gain was higher during the finisher period than the grower phase,

but only by a maximum of L0%.

I Control

E 1o% Verch

Ð 2o% Vetch

ø 3o% vetch

Grower Finisher Total
Figure 4. Average daily weight gain of pigs in the grower and finisher phase
and over the entire experiment in response to four diets, three contaìning
vetch. Vertical bars represent standard error of means.
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Feed Conaersion RatiolFeed Conuersion Efficiency

Feed Conversion Ratio (FCR) and Feed Conversion Efficiency (FCE) are

functions of the daily feed intake and daily weight gain. FCR is computed þ
dividing the feed intake by the weight gain, thereby evaluating a measure of

the amount of feed required to gain a given amount of weight. Because FCE is

simply the inverse of this measurement, only results for the FCR will be

shown here.

During the grower phase, FCR was not significantly affected by diet (Table 15).

In fact, only the FCR for those consuming the 30% vetch diet was significantly

lower from those consuming the 20% vetch diet (Table 16). None of the other

diets had a FCR significantly different from either of these diets. Pigs

consuming the 30% vetch diet had to consume 2.2L g of diet to gain 1 g weight

while those consuming the 20% vetch diet had only to consume L.94 g of diet

to gain the same amount of weight.

Table L5. Analysis of variance of the effect of diet on the feed conversion ratio
for the grower phase.

Source of variation D.F. Mean s F value Significance

146

Block stratum
Diet
Residual
Total

9

3

26

38

0.0672

0.1300

0.0837

0.8031

1.5541 NS
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Table 16. Effect of diet on feed conversion ratio during the grower and finisher
phase and over the entire experiment..

Diet Grower Phase (25-55 kg) Finisher Phase (55-100 kg) Total (25-100 kg)

Control

1.0% vetch

20o/o vetch

30% vetch

1.98ab

2JJAb

L.944

2.21b

3.164

3.\ra

2.944

2.934

2.694

2.744

2.544

2.644
Statistics

SEMl

LSD
0.098

0.267

0.119

0.324

0.092

0.250
abc Values in
Protected LSD.

the same column with different superscripts differ significantly (p<0.05);Fisher's

1 Standard Error of Mean.
2 Fisher's Protected Least Significant Difference (p<0.0S).

No statistically significant effect of diet on the feed conversion ratio of pigs was

recorded for the finisher stage (Table 17). Concordantly, feed conversion ratio

did not differ significantly between the diets (Table 16). Similar results were

observed over the entire experiment (Tables 16 and 18).

Table 17. Analysis of variance of the effect of diet on the feed conversion ratio
for the finisher phase.

Source of variation D.F. Mean square F value Significance
Block stratum
Diet
Residual
Total

2.405t

1..2994 NS

Table L8. Analysis of variance of the effect of diet on the feed conversion ratio
for the entire period.

Source of variation D.F Mean square F value Significance

9

J

26

38

0.2978

0.1609

0.L238

Block stratum
Diet
Residual
Total

9

3

26

38

0.1188

0.1004

0.0734

1,.6172

1.3677 NS
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Backfat

The analysis of variance of the affect of the different diets on backfat thickness

was not significant (Table 19). There was an average backfat measurement of

1,4.78 mm (results not shown).

Table 19. Analysis of variance of the effect of diet on the backfat thickness.

Source of variation D.F Mean square F value Significance

148

Block stratum
Diet
Residual

Total

9

3

26

38

7.903

9.71,4

8.549

0.924

1,.136 NS
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Discussion

Average daily feed intake for pigs consuming the control diet was significantly

higher than that recorded for the 20% vetch diet during the grower phase,

however, it was not significantly higher than that for the 30% vetch diet. The

average daily feed intake for the 30% vetch diet during the finisher phase

however was significantly lower than all other diets. Average daily weight

gain was significantly lower for the 30% vetch diet than the control diet for

both the grower and finisher phases. Feed conversion ratios for the control

and vetch diets were not significantly different as the decrease in average daily

weight gain appeared to be primarily caused by a decrease in feed intake. There

was no significant effect of vetch on backfat (pz) thickness.

Tannins have been found to interact with dietary components and can reduce

the digestibility of protein and amino acids (Jansman and Longstafl lggg).

Despite these results, it has been found that there are no deleterious effects

when pigs are fed faba bean hulls at a level of 200 g/kg in the diet (Jansman

and Longstaff, 1993). As vetch hulls apparently contain approximately the

same average level of tannins as faba beans (|ansman and Longstaff, 1993;

Aletor et al., L994), and were fed at a maximum level equivalent to 27 g/kg
(vetch hulls make up 9"/" of the total seed) in this experiment, it seems

unlikely that the hull tannins are reducing the digestibility of nutrients.

When chicks were fed the purified ¡glutamyl-p-cyanoalanine (Chapter 4), no

decrease in feed intake due to anti-palatability factors was noted. hr fact, chicks

were found only to reduce their feed intake when they had become crippled

through the neurotoxic effects. To evaluate the influence of this toxin and

tannins on pig growth performance, a further feeding experiment must be

performed. As it would be nearly impossible to feed the purified toxins to the

pigs, due to the sheer mass of toxin required, whole, autoclaved and dehulled
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vetch would have to be compared. This would allow for differentiation

between the independent affects of tannins and 7-glutamyl-p-cyanoalanine.

No neurotoxic effects were observed over the maximum 15 week growth

period for pigs from 25 to 100 kg. Despite these results however, experiments

must be undertaken for longer periods of time before vetch can be

recommended as a feed for sows. Because spontaneous abortions in sows fed a

mixture of Peas and V. satiaø ssp cordatø, which also contains the

cyanoalanine toxin, have been reported (G. Hancock, 1993, pers. comm.), care

should be taken to evaluate this aspect before blanket recommendations are

made.

These experiments suggest vetch can be included in growing-pig diets at

inclusion levels of up to 20'/" if required (Tables 8 and 12). Unfortunately, the

seed of Viciø satiaa vetches (Blanchefleur, Languedoc and Cummins) are

essentially morphologically indistinguishable from the extremely unsuitable

vetches V. aillosa (Namoi) andV. benghalensis (Popany) which contain high

levels of canavanine (Enneking et a1.,1993). Although the cotyledon colour of

Blanchefleur (orange) distinguishes it from these toxic vetches, adulterated

mixtures of the whole seed are difficult to detect. In order to introduce this

palatable V . satiaa grain to the pig feeding industry, it will be important to

introduce seed testing to ensure the seed is free of toxic vetches or ensure the

crop is certified and hence free of weeds. Alternatively, new vetch varieties

with distinctive seed coat colours should be produced in breeding programs to

enable contaminated mixtures to be recognized easily. In lieu of either a
testing technique or new varieties, it will still be possible for farmers to reap

the grain and feed it in private piggeries.
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Analysis of organs and tissues of pigs fed Blanchefleur vetch for the presence
of y- glutarnyl- p- cy anoalanine and its derivatives.

lntroiluction

Acceptable growth of pigs fed Blanchefleur vetch between the weights of 25 to

100 kg was measured in the previous experiment. Although there was a

decrease in average daily weight gain, there were no symptoms of

neurotoxicity. It is tmknown however, whether Tglutamyl-p-cyanoalanine,

the toxin known to be present in the vetch, is deposited in any form in the pig

organs and tissues. Any storage of the toxins or its derivatives in the pig could

result in them being passed into the human food chain via pork and its offal.

Additionally, as pigs are frequently used as the biomedical model for the

human system, it will be possible to predict if the vetch being exported for

human consumption will have any toxic effect on its consumers.

When rats were fed purified B-cyanoalanine at 0.45% of the diet, it was found

that cystathionine was excreted in the urine (Ressler et al., 1967). This

condition is usually associated with the genetic disorder cystathionuria (Harris

et a1.,1958). There was little accumulation of cystathionine in other organs

and tissues, but B-cyanoalanine was found to be stored in the liver, muscle,

brain, urine and kidney. Negligible amounts were found in the blood. A new

comPound, yglutarnyl-B-cyanoalanylglycine, was reported to be deposited in
high concentrations in the liver, and lower levels in the muscle, brain and

blood of the rat (Ressler et al., 1967; Sasaoka et al., 1968). This tripeptide was

suggested as a possible detoxification product of þ-cyanoalanine, but it can also

be considered to be a non-functional (no SH) analogue of the key extracellular

tripeptide, glutathione.

þ-Cyanoalanine is an inhibitor of the rat liver cystathionase (Pfeffer and

Ressler, 1967). Thus the pathway converting methionine to cysteine is

inhibited at the conversion of cystathionine to cysteine such that there is a

151



Chøpter 4: Vetch as a feed for pígs

build up of cystathionine (Figure 5). Cysteine is an essential amino acid for

protein synthesis but at high levels may be toxic to cells (Griffith, ISBT; and

references therein). To prevent the toxic accumulation of cysteine, it is stored

as the ubiquitous tripeptide, glutathione. In periods of insufficient

concentrations of cysteine, glutathione may be hydrolyzed to restore cysteine

levels (Higashi et al., 1977; Tateishi et a1.,1977; Cho eú al., rggL). The tissues

from the experimental pigs were thus analyzed. for Tzg\utamyl-p-cyanoalanine,
p-cyanoalanine, lglutamyl-B-cyanoalanylglycine, cysteine, cystathionine and

glutathione to test the hypothesis that y-glutamyl-þ-cyanoalanine is converted

to both the tripeptide, '¡rglutamyl-þ-cyanoalanylglycine, and p-cyanoalanine,

and the latter inhibits cystathionase such that cystathionine levels increase and

glutathione levels decrease in pigs. A decrease in cysteine is also expected.
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MøteriøIs and Methods

Tissue collection

Samples of blood, both kidneys, the liver, fat and whole head of each pig were

collected at slaughter. Heads were transported in insulated containers, along

with other organs and tissue, to the PPPI Nutrition Unit, Rosewortþ Campus.

Heads were split open using a mortar saw, and the brains extracted along with
pieces of the cheek muscle. Organs and tissues were stored at goC until

subsampled, and then bulk samples were stored at -20"C. Kidneys and -L00 g

liver sample of pigs #3, 8 and 12 (diet #4), #26 (diet #g), #gt anð, BT (diet #2)

were snap frozen in liquid nitrogen upon removal from the pig and remained

Írozen until extraction and analysis. Due to technical difficulties, urine was

not collected.

Extraction of tissue samples

Three methods were used for tissue extraction (Ressler et aL, 1967; Anderson,

7985; Rabel et a\.,1995):

1. A sample (-100 g) was sliced off the organ and diced before placing in a

Waring blender with L0% trichloroacetic acid (protein precipitation reagent) to

a final volume of 5"/" trichloroacetic acid (100 g of sample is blended with 100

mL 10% TCA). Samples were homogenized lor 30 seconds on low and a

further 30 seconds on high. The extract was filtered on a Büchner funnel with
Whatman 54L filter Paper. Samples were analyzed, using High Voltage paper

Electrophoresis (HVPE) and High performance Liquid Chromatography

(HPLC).

2. A sample (- 1 g) was sliced off the organ and praced in a tube. An equal

volume of 1'00% methanol was added, and the material ground well. The

sample was then centrifuged at 9,000 g for three minutes and the supernatant
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retained. Extracts were stored at -80'C. Samples were centrifuged again to

remove any particulate matter and analyzed using Micellar Electrokinetic

Chromatography (MEKC) and High Performance Liquid Chromatography

(HPLC).

3. Blood samples were frozen prior to analysis to burst the red blood cells. 300

¡tL 10% trichloroacetic acid and 120 ¡tL 10 mM HCL were added to 600 ¡tL

thawed blood. Samples were mixed well and then centrifuged at 9,000 g for

three minutes. The supernatant was retained and stored at -80'C. Samples

were centrifuged again to remove any particulate matter and analyzed using

Micellar Electrokinetic Chromatography (MEKC) and High Performance

Liquid Chromatography (HPLC).

High Perþrmønce Pøper Electrophoresis (HVPE)

FryPE was performed as described by Tate (Tate, 1968; Tate, 1981). Samples

were loaded on \A/hatman no. 1, paper using glass capillaries. Electrophoresis

was carried out at 4000 V for 20 minutes in a standard buffer of L M with

respect to formic and 0.75 M with respect to acetic acid (pH 1,.75). The paper

was dried to remove perchloroethylene, and 7-glutamyl-p-cyanoalanine was

visualized by dipping the paper in 0.25% ninhydrin in acetone and heating at

65"C for l-5 minutes.

Amino acid identification was independently confirmed by electrophoresing

the samples, loaded as previously, in a standardbuffer of 95 mM borate pH9.4

for 30 minutes at 1500 V. The paper was acidified with a 0.L M formic/0.075 M

acetic acid solution (pH L.75) and stained as above.
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Micellar Electrokinetic Chromatogrøphy (MEKC)

MEKC was carried out following a modified method of Delaere (1996).

Electrophoresis was carried out using a p / ACE 2L00 system (Beckman

Instruments Inc., Fullerton, CA). The capillary cartridge contained a S0 ¡rm
internal diameter untreated fused silica capillary tube, 57 cm in length.

Detection was carried out by a ultraviolet detector set to monitor absorbance at

280+ L0 nm.

Samples were derivatized by adding 5 ltL of the sample solution to 50 pl

derivatization buffer, then adding 6 ¡L of f/" 9-fluorenylmethyl chloroformate

(FMOC) in acetonitrile. The solution was mixed and allowed to stand for one

minute at room temperature. The derivatization buffer contained Z0 mM

sodium tetraborate adjusted to pH 9.52 with 1 M sodium hydroxide, 19.5 mM
sodium dodecylsulphate, 4.5 x L0-4 M 2-deoxycytidine and 1.5 x j.0-4 M

norvaline (the latter two as internal standards).

Separation was carried out at 30oC, for 20 minutes aL 23.7 kY with positive

polarity. The column was pretreated for ten minutes with 0.1 M NaOH and

then equilibrated for three minutes with separation buffer (as for the

derivatization buffer but without the internal standards 2-deoxycytidine and

norvaline). Samples were loaded onto the column using a three second

pressure injection and run in separation buffer ror 20 minutes.

High Perþrmance Liquid Chromatography (H?LC)

Jelle Lahnstein of the Nucleic Acid and Protein Chemistry Unit, Waite

Campus kindly carried out this analysis.
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Analysis of extracts

Samples (extracted with 50% methanol) were clarified by centrifugation (14000

x g for 5 minutes) and dituted 1:25 (liver, kidney, brain and muscle) or L:5

(blood) with water. The internal standards, norvaline and sarcosine, were

added to a final concentration of 0.1 mM.

Amino acid analysis was carried out using a Hewlett-Packard Aminoeuant II
amino acid analyser consisting of an HP 1090 Series II liquid chromatograph

controlled by HP Chemstation software.

The methods used were essentially according to Blankenship et at. (I9g9). Two

significant variations to the derivatization methodology were firstly that only

o -phthalaldehyde (OPA) was used to derivatize the primary amino acids (and

other primary amines present) thus omitting the analysis of secondary amines

and secondly, the derivatization was carried out in the sample vials not in the

injector loop.

Analysis of the trineptide

Gas phase hydrolysis of the putative tripeptide, ygrutamyl-þ
cyanoalanylglycine was carried out essentially using the method of Barkholt

and fensen (1989). Analysis of the resultant amino acids was then as for the

extracts.

Electrospray Mnss Spectrometry

Mass spectral analyses were performed by Dr Yoji Hayasaka (Australian Wine

Research Institute) whose help is gratefully acknowledged. Analysis of the

putative tripeptide were undertaken using a PE Sciex API-300 with ion spray

ion source. The ion spray voltage was 5500 V and the orifice potential was 30
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V. The curtain (nitrogen) and the nebulizer (air) gases were set at 8 and 10

units respectively.

Glutathione and the putative tripeptide (-0.3 mM), in water and 50% nitrogen

respectively, were introduced into mass spectrometer by a flow injector with a

5 ttL sample loop connected to the ion spray needle by pEEK tubing. The

mobile phase (50% (v/v) acetonitrile containing 5% (v/v) acetic acid) was

delivered using a dual syringe pump at a flow rate of 5¡rl/minute.

Molecular weights of peptides were recorded by scanning the QL mass analyser

over a range of m/z 100-1000 with a mass step of 0.1 Da and dwell time of 0.5

ms under positive ion mode. Sequence analysis of the peptides was performed

by MS/MS mode where the precursor ion was selected in the Q1 mass analyser

and was passed into a collision cell filled with nitrogen gas to a pressure of 3

units. Collision energy was set to 30 V. The Q3 mass analyser was scanned

over a range of m/ z 50-350 with a mass step of 0.1 Da and dwell time of L ms.

Isolation tf the putatiae tripeptide

Liver samples were deproteinizedby homogenizatton and centrifugation with

an equal volume of methanol (Rabel et aI., L995). The supematant extract of

liver #8 (snap frozen at the abattoirs) was loaded as a L0 cm central band on

Whatman no. L paper using glass capillaries, along with standards (Orange G,

fructose and 2-deoxyadenosine) on each edge. Electrophoresis was carried out

at 4000 V for 40 minutes in a standard buffer which was 1 M with respect to

formic and 0.75 M with respect to acetic acid (pH L.75). The paper was dried to

remove perchloroethylene, and the reference standards and tripeptide were

detected first by UV25a¡¡¡ detection and dipping the guide strips n O.zS%

ninhydrin in acetone and heating at 65"C for 15 minutes. The cationic

ninhydrin positive band of tripeptide (RM66=-0.43) was removed from the

central band and eluted three times with L00 ¡tL50% methanol from the paper
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by centrifugation (14000 x g for 1 minute). The eluate was concentrated in

aacuo at 42"C and resuspended in 50 ¡tL 50% methanol. Purity of the sample

was tested using FIVPE.

Statistical Anølysis

Analysis of variance (ANOVA) was used to test for the effect of vetch

inclusion level on pig growth performance using SuperANOVArM vL.j.j.

(Abacus Concepts, Inc. Berkeley, California). The assumptions of the ANOVA

model were tested by plotting fitted values against residual values. Fisher's

protected LSD was performed separately to the ANOVA (rather than ø

posteriorl) to maximize the information provided by the data.
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Results

High Voltage Paper Electrophoresis

p-Cyanoalanine was detected, using HVPE, in the liver of all pigs that had

consumed 30% vetch diets. B-Cyanoalanine was also present in the liver of

pigs eating lower levels of vetch but was not as easily detected. It was not

detected in the liver of pigs consuming the control diet. HVPE is not a

quantitative technique, however it has been found to only detect

concentrations of p-cyanoalanine above 2 mM.

B-cyanoalanine was also detected in the kidney, but not the blood, brain or

muscle. ¡GlutamyI-B-cyanoalanine was not detected in any of the tissues or

organs. The tripeptide, yglutarnyl-B-cyanoalanylglycine was present in the

liver. Cystathionine and glutathione were difficult to discern from other

amino acids present at higher concentrations, migrating to similar positions

on the paper.

Micellar Electrokinetic Chromøtography

B-Cyanoalanine was detected in all of the organs and tissues from vetch

consuming pigs using MEKC. Cystathionine was detected in the kidney but at

very low levels. Glutathione was not detected using this technique.

Although MEKC has been successfully applied to vetch toxins in plant tissues

(Delaere, L996), its application to animal tissue proved to be non-reproducible

and was discarded in favour of traditional HPLC analysis.

High Perþrmønce Liquid Chromatography

Liver samples of pigs #7,9, 13,22,25 and 32 (diet #1) and 2, L5 and 2s (diet #3)

were initially extracted with trichloroacetic acid for MEKC analysis.
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Subsequently for the alkaline derivatization HPLC procedure, deproteination

was preferably carried out with methanol. The kidneys of pig #13 (diet #1)

were missing when collected from the abattoirs.

p-Cyanoalanine was found at trace concentrations in the muscle, and higher

concentrations in the brain, liver, blood and kidneys. Cystathionine was

detected at extremely low levels in the liver and kidneys and at slightly higher

levels in the brain. No cystathionine was found in the muscle tissue or blood.

Neither glutathione nor n¡gLutamyl-þ-cyanoalanine could be detected in any of

the samples so these were not quantified. The glutathione tripeptide

analogue, yglutamyl-þ-cyanoalanylglycine, was found at significant levels in

liver samples, of pigs fed vetch, that had been snap-frozen at the abattoirs, as

well as at lesser concentrations in other liver and blood samples. Trace

amounts were detected in the muscle. The tripeptide was not detectable in
kidney or brain samples, or any samples of pigs consuming the control diet.

Diet had a significant effect on the concentration of B-cyanoalanine detected in

the brain, kidney, blood and liver (Table 20). The highest average tissue

concentrations of p-cyanoalanine were detected in the liver and kidneys of pigs

consuming the vetch diets. This was expected as these are the organs for

detoxification and excretion of harmful compounds. Only trace amounts of p
cyanoalanine were found to be stored in the muscle and this was probably due

to blood residues rather than active storage.

The concentration of B-cyanoalanine detected in the blood, brain, kidneys and

liver of pigs was found to increase with the inclusion level of vetch in the diet

(Figure 6). The highest concentration of p-cyanoalanine found in the brain

was 318 ¡t}y4., approximately half of the concentration found in the liver and

kidney and over six times the concentration for¡nd in the muscle. The

concentration of B-cyanoalanine detected in the brain was equivalent to that in
the blood. No significant levels of p-cyanoalanine were found in organs or
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Table 20. Concentration of B-cyanoalanine in
and muscle of pigs fed vetch at inclusion levels

the blood, brairr, kidney, liver
oÍ. Oo/",10o/o,20"/o and 30"/o.

161

p-cyanoalanine (mM)

Diet Blood Brain Kidney Liver Muscle

Control

L0% Vetch

20% Vetch

30% Vetch

0.0000a

0.0æ3a

0.2329b

0.3349c

0.0620a

0.0760a

0.2882b

03176b

0.0044a

0.1520a

03440b

0.5860c

0.0268a

0.3911ab

0.641.4b

0.5429b

0.0000a

0.0000a

0.0290ab

0.0480b

Statistics

Diet
SEM1

LSD

¡ß ,1. )F

0.032

0.091

,i

0.075

0.21,6

*rTrÈ

0.068

0,189

rÈ

0.r71,

0.4L5

NS (0.06)

0.014

0.041
abc Values in
Protected LSD.

the same column with different superscripts differ significantly (p<0.05);Fisher's

1 Standard Error of Mean.
2 Fisher's Protected Least Significant Difference (p<0.05)

tissues of pigs consuming the control diet, indicating that the detection of this

compound is dependent upon the ingestion of vetch and hence yglutamyl-þ

cyanoalanine.

Cystathionine was at the limit of detection in every organ and tissue, its

resolution from other sample components was poor, thus reducing the

accuracy of its quantification. It was detected in the kidneys, brain and liver,

but not at all in the muscle or blood. As expected due to it role as an

intermediate in methionine synthesis, cystathionine was found in pigs

consuming the control diet. Results of this analysis are shown in table 21.
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0.8

I o% vetch

ø 1o% vetch

@ 2o% vetch

ø 3o% vetch

0.6

0.0
Blood Brain Kidney Liver Muscle

Figure 6. Concentratio,n oÍ B-cyanoalanine (mM) in blood, brain, kidney, liver
and muscle of pigs fed 0"/",10"/",20"/" and.30% vetch. Vertical bars represent
the standard errors of means of ten replicates.

Diet was found to have a significant effect on cystathione concentrations in the

brain alone. It did not effect the cystathionine concentration in the kidney or

liver. The highest average concentration of cystathionine was 185 pM in the

brain of pigs fed 30% vetch. The concentration of cystathionine in the brain

was found to increase with increasing vetch inclusion level (Figure Z).

Additionally, the concentration of cystathionine was found to increase

significantly with increasing p-cyanoalanine level in the brain (p<0.001;

12=0.33) and in the liver (p<0.001; 12=0.035). This was not however significant

in the kidneys. Freezing the samples immediately had no effect on the

cystathionine concentration of the kidney or liver samples.

Diet had no significant effect on the cystine concentration of tissues and organs

of pigs fed vetch (TabIe 22). The highest concentrations of cystine in the

kidney and liver were found in the pigs fed the control diets, while the lowest

were found in pigs fed 30% vetch. This was not true for brain and muscle.
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Table 2L. Concentration of cystathionine in the blood, brain, kidney, liver and
muscle of pigs fed vetch at inclusion levels oÍ Oo/o,10o/o,20"/o and 3O%.

Cystathionine (mM)

Diet Brain Kidney Liver

Control

t63

L0% Vetch

20% Vetch

30% Vetch

0.0200a

0.0400a

0.1314ab

0.1.66fu

0.0267ab

0.0080a

0.0440ab

0.0480b

0.1643a

0.tg7'ab

0.2534b

0.2272ab

Statistics

Diet
SEMl

LSD

NS (0.05)

0.042

0.12L

NS
0.013

0.037

NS (0.12)

0.03L

0.076
abc Values in the same column with different superscripts differ significantly (p<0.05); Fisher's
Protected LSD.
1 Standard Error of Mean.
2 Fisher's Protected Least Significant Difference (p<0.05).
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Figure 7. Concentration of cystathionine (¡rM) in brains of pigs fed 0o/o,l0o/",
20Y" and,30% vetch. Vertical bars represent the standard errors of means of L0
replicates.
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Table 22. Concentration of cystine in the
muscle of p fed vetch at inclusion levels of

blood, brain, kidney, liver and
0"/", 70"/o, 20Yr and 30"/o.

L64

Cystine (mM)

Diet Brain Kidney Liver Muscle

Control

L0% Vetch

20/" Yetch

30% Vetch

0.1164

0.1,077

0.1206

0.098

0.4733 0.8041b

0.3220 0.5æ2ab

0.3860 0.7296ab

0.3260 0.4055a

0.024ca

0.0560b

0.0360ab

0.0300ab

Statistics

Diet
SEl\41

LSDz

NS
0.015

0.043

NS
0.062

0.174

NS (0.10)

0.154

0.373

NS (0.11)

0.009

0.027
abc Values in the
Protected LSD.

same column with different superscripts differ significantly (p<0.05);Fisher's

1 Standard Error of Mean.2 Fisher's Protected Least Significant Difference (p<0.05).

Cystine could not be resolved from other sample components in blood and as

levels were low, it was not quantified. Freezing the kidney and liver samples

immediately at slaughter had no significant effect on the cystine levels.

Snap-freezing the kidneys immediately after slaughter had no significant effect

on the B-cyanoalanine, cystathionine or cystine concentration in comparison

to samples kept at 0"C. The liver samples snap-frozen at the abattoirs had

significantly lower þ-cyanoalanine and cystine concentrations than those that

were not. Arginine and cystathionine were not significantly effected by

freezing of the samples, however these levels were lower in the snap-frozen

samples. This is consistent with proteases in the liver continuing to break

down proteins to amino acids subsequent to slaughter in non-frozen samples.

The tripeptide, yglutamyl-B-cyanoalanylglycine, was found to elute near

asparagine using HPLC (Figure 8). This tripeptide was not initially quantified

due to the lack of an analytically pure reference standard, but was found to be

at higher concentrations in liver samples snap-frozen at slaughter, than in
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other liver samples (Figure 8). It was also detected in blood and muscle

samples, but not kidney or brain samples. The amount present in the muscle

is consistent with it being due to blood residues alone.

After purification of the tripeptide by preparative paper electrophoresis, a

preliminary quantitation was carried out using the mean molarity of the

constituent amino acids, glutamate, aspartate and glycine. These amino acids

in the hydrolysate provided an estimate of the molarity of the original

tripeptide for quantitation pulposes. The highest levels of the tripeptide were

found in the livers of pigs snap-frozen at slaughter, consuming the 30% vetch

diet. These snap frozen levels varied from 2 mM to almost 8 mM, while ir pig

livers kept at 0'C only values from 0 to 2.4 mM, regardless of inclusion level of

vetch in the diet, were observed. 7-Glutamyr-B-cyanoalanylglycine was not

detected in pigs consuming the control diet. þ-cyanoalanine levels were

higher in samples which were not frozen at the abattoirs that in other samples,

consistent with the rapid degradation of this tripeptide by peptidase enzymes

in the liver.

Concentrations of yglutamyl-B-cyanoalanylglycine in the blood were found to

be lower than those in unfrozen liver samples. Again, however, a great deal

of variation was detected with some samples showing levels of the tripeptide

at 0.3 mM and others 0 mM. There was no obvious correlation with vetch

inclusion level in the diet. It is probable that the levels of tripeptide in the diet

reflect the amount of vetch recently eaten and hence the conversion of y
glutamyl-p-cyanoalanine in the liver. As feed intake was measured weekly,

not daily, this hypothesis could not be confirmed. It is not known if the ¡
glutamyl-p-cyanoalanine present in the vetch is converted directly to T
glutamyl-B-cyanoalanylglycine or via þ-cyanoalanine. Accurate quantitation

of the ¡glutamyl-B-cyanoalanylglycine tripeptide must await the isolation and

preparation or slmthesis of an analytically pure reference sample.
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Figure 8. HPLC trace of the liver samples of pig #3 (snap frozen) and #29 (not
frozen) fed the 30% vetch diet, and pig #40 fed the control diet. The trace
shows the presence of y-glutanyl-B-cyanoalanylglycine û4 ) at higher levels in
the snap fuozen than the unfrozen sample. The tripeptide elutes next to
asparagine (B). Levels of B-cyanoalanine (C) are lower in the snap frozen liver.
Neither p-cyanoalanine nor y-glutamyl-B-cyanoalanylglycine are present in the
liver of pig#4O.
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Chemistry "f yglutamyl-þcyanoalanylglycine

Standard acid hydrolysis of the putative tripeptide yielded equivalent

micromolar concentrations of aspartate, glutamate and glycine. The nitrile

SrouP of p-cyanoalanine is expected to be hydrolyzed on the conditions used to

yield aspartate.

The mass spectroscopy electrospray data for glutathione (¡glutamyl-

cysteinylglycine) and the putative tripeptide (¡glutamyl-B-cyanoalanylglycine)

are shown in Figures 9 and L0 and are in accordance with the presence of the

tripeptide detected by Sasaoka et al. (1968).
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Figure 9. Electrospray mass spectrum of glutathione [M+H=308] in positive mode.
The table indicates the predicted and observed (bold) masses of fragmentation ions
for the sequence Glu-Cys-Gly.
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Figure 10. Electrospray mass spectrum of the putative tripeptide [M+H=301] in
positive mode. The table indicates the predicted and observed (bold) masses of
fragmentation ions for the sequence Glu-pcyanoalanine-Gly.
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Discussion

This is the first report of the analysis of the organs and tissues from animals

fed vetch for the presence of þ-cyanoalanine and its derivatives. Previous

studies in the same field have analyzed the organs and tissues after feeding

animals the purified toxin (Ressler et aL,1967; Sasaoka et aL,I96B).

Unlike chicks (Chapter 3) there was no physical manifestation of neurotoxic

symptoms associated with vetch toxicity in the well nourished growing pigs.

Despite this, the toxin B-cyanoalanine was found stored in all tissues and

organs analyzed. Trace amounts of cystathionine were found in the liver.

kidney and brain. ¡Glutamyl-B-cyanoalanylglycine, a metabolite of þ
cyanoalanine (Sasaoka et a1.,1968), was found in the liver, blood and muscle of

pigs fed vetch. The detection of cystathionine and ygrutamyl-þ

cyanoalanylglycine in the organs and tissues of pigs fed vetch suggests that the

cyanoalanine toxin is having an effect on methionine metabolism in the pig.

The distribution of þ-cyanoalanine and cystathionine in the organs and tissues

of pigs fed vetch was analogous to that detected in the rat (Ressler et a1.,7967).

The levels of these compounds were however, lower than that for the rat

(Table 23). Relative levels of B-cyanoalanine were consistent between both

animals, with the lowest levels found in the muscle and the highest in the

kidney. Levels of p-cyanoalanine were, however, very high in thebrain, blood

and liver of pigs. Thus it appears that although the pigs excrete high levels of

the toxin, the liver cannot detoxify large concentrations and so some is stored

in the blood and brain. It is obvious that B-cyanoalanine is not actively stored

in the muscle and it is probable that the levels measured here are due to the

blood residue alone.
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Table 23. Distribution of cystathionine and p-cyanoalanine in various tissues
of pigs fed 30% vetch (equivalent oÍ. 0.3"/" or 0.012 molal (ml Trglutanryl-þ
cyanoalanine) and rat fed 0.45"/" p-cyanoalanine (0.039 ø ) (Ressler ef ø1.,1967).

þ-Cyanoalanine (pM) Cystathionine û/M)

Tissue Pig Rat Pig Rat

171

Blood

Brain

Kidney

Liver

Muscle

<40

1,67

1460

The pigs were fed vetch at a level of 30% (corresponding to approximately 0.2%

¡glutamyl-B-cyanoalanine and 0.0L2 m) for a maximum of 1.S weeks, while

rats consumed 0.45% p-cyanoalanine (0.039 m) for approximately six weeks. p
Cyanoalanine and ¡glutamyl-p-cyanoalanine show similar toxicities on a

molar basis (Ressler et al., 1969) and thus the rat was fed a diet containing

approximately three times as much toxin on a molar basis as the pig. It would

hence be expected that the rat would deposit at least three times more of the

toxin in its organs than the pig. In fact, except for in the kidneys where this

was true, the pig stored more toxin than expected in the brain, blood and liver,

while consuming less of it in its ¡glutamyl form (Table 21). This indicates that

the pig is less effective at breaking down the toxin. The levels of

cyanoalanine in the muscle of pigs was considerably lower than that deposited

in the rat. Pigs consuming the 30% vetch diet consumed an average of 7T mg

y glutamyl- þ -cy anoalanine / kg body weight / day (results not shown).

The concentration of cystathionine detected in the organs of pigs was higher

than that detected in the rat (Table 21). This indicates that excretion of this

compound is not as efficient in the pig, as in the rat. The levels of

cystathionine were found to increase with the level of þ-cyanoalanine in the

1

12

12

7

48

227

660

640

260

335

318

586

543

48
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liver and brain, but not the kidneys. This is consistent with the kidney being

involved with the excretion of B-cyanoalanine and cystathionine rather than

as a site of methionine metabolism. The concentration of the cyanoalanine

tripeptide in the liver and blood of pigs fed vetch, was approximately

equivalent to that detected in the rat.

þCyønoalanine as an inhibitor of cystathionøse

p-Cyanoalanine is an inhibitor of cystathionase, the enzyme involved in

catalyzing the conversion of cystathionine to cysteine (Pfeffer and Ressler,

1967). Thus it would be expected that in the presence o1 B-cyanoalanine,

cystathionine levels would increase while cysteine levels would decrease

(Figure 11). As cysteine is an essential amino acid, depletion of this is

destructive to the cell. Glutathione is known as a cysteine 'sink' and as such at

low levels of cysteine, glutathione is converted to cysteine (Higashi ¿ú a1.,1977;

Tateishi et al., 1977; Ch.o et ø1., 198I). In this experiment it was found that

cystathionine in the brain and liver increased with increasing B-cyanoalanine

levels. This was not noted in the kidneys. Cystine concentrations were found

to be unaffected by increasing cystathione concentrations, although a

decreasing trend was discemible.

Metabolism tf glutathione

Glutathione could not be detected in any of the tissues or organs.

Unfortunately, unless biological samples are frozen or acidified immediately

after slaughter, glutathione is oxidized or metabolized further such that its
levels decrease (Anderson, 1985). Due to the ethical protocol of this particular

experiment, the animals were slaughtered at a commercial abattoir and as

such, the organs and tissues could not be frozen immediately. Even with liver

and kidney samples snap-frozen'immediately' after slaughter, these had been
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dead for up to one hour prior to organ removal. Hence glutathione was below

the level of detection at the time organs and tissues were analyzed.

Propargylglycine, an analogue of B-cyanoalanine in which the nitrile group is

replaced by an acetylenic group, has also been found to inhibit rat liver

cystathionase (Washtien and Abeles, r9z7). Rats injected with

propargylglycine have increased levels of cystathionine and decreased levels of

glutathione (Abeles and Walsh, 1973; Cho ef aL, 1991). This compound has

consequently been used to induce cystathionuria for experimental purposes. It

can thus be expected that inhibition of cystathionase by p-cyanoalanine would

also result in a decreased availability of glutathione. This decrease in
glutathione is thought to be due to the decrease in cellular cysteine availability.

The corresponding propargylglycine tripeptide has also been reported in rat

tissues (Ohta et a1.,1997).

Glutathione has several important roles in the mammalian system. It protects

red blood cells from oxidative damage, is involved with the transport of

amino acids, and detoxifies potentially harmful free radicals and other toxic

comPounds (Meister, 1988). Its reduction can cause cells to become more

sensitive to damaging toxins, in this case B-cyanoalanine or cystathionine.

y GI ut ømyl - ft cy an o aI anyl gly cine, ønalogue "f glutøthione
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The metabolic product of p-cyanoalanine, ¡glutamyl-p-cyanoalanylglycine, is a

structural analogue of glutathione (Sasaoka et al., 1968). This analogue may

thus cross the blood-brain barrier through the receptors designed to transport

glutathione, or may block these receptors altogether, thereby restricting the

access of glutathione to the brain. As B-cyanoalanine may be detected in the

brain of pigs consuming vetch, it is thought that the former is more probable.
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It is not known whether yglutamyl-B-cyanoalanytglycine is metabolized

directly from the ¡glutamyl-B-cyanoalanine present in the vetch, or from the

metabolite of this, B-cyanoalanine. The tripeptide has been detected in the

liver, blood and muscle of pigs fed vetch, as well as the brain, blood, muscle

and liver of rats fed B-cyanoalanine. This indicates that either p-cyanoalanine

or y-grutamyr-B-cyanoalanine is metabolized to yglutamyr-þ

cyanoalanylglycine in the liver, and is transported through the blood stream,

in this form, to the brain (Figure 11). As B-cyanoalanine was detected in the

brain, it is possible that the cyanoalanine toxins cross into the brain as the

tripeptide through glutathione channels.

þCyanoøIanine as a neurotoxin

A maximum average concentration of 318 ¡lM p-cyanoalanine was discovered

in the brain of pigs fed 30% vetch. This is well below the concentration of p
cyanoalanine found to cause a pathological response in cerebral cortical

explant cultures which was predicted to be above 2 mMç more than three times

the level detected here (Roy ef aL, 1996). Additionally, the levels of þ
cyanoalanine found in the brain of rats expressing neurotoxic symptoms were

at only 660 ¡t}l4,, substantially below this hypothetical level required for a

resPonse (Ressler et aL, L967). It is therefore unlikely that B-cyanoalanine is

affecting the brain directly, rather, the neurotoxic properties of this toxin may

be caused indirectly via one of its metabolites or through its inhibition of

methionine metabolism.
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Indirect methods by which B-cyanoalanine may be affecting the brain include

through reduced cysteine availability, reducecl glutathione concentration,

increased cystathionine concentration or even the action of the tripeptide

acting as an analogue of glutathione (Figure L1). As mentioned previously, it

is possible however, from the level of p-cyanoalanine found in the brain, that

TrglutamyI-p-cyanoalanylglycine is transported into the brain as a glutathione

analogue. This is then metabolized to B-cyanoalanine, which inhibits the

metabolism of methionine such that cystathionine levels increase and

glutathione levels decrease. As stated previously, glutathione acts to protect

the brain and other cells from the damaging effects of toxins. In this case þ
cyanoalanine is present in the brain, as well as potentially toxic levels of the

methionine metabolite, cystathionine. Either of these could cause

neurological damage. In fact, progressive neurological problems are often

observed in patients with errors in glutathione metabolism (Cooper -and

Kristal, 1997), presumably due to the toxic affects of other compounds.

Additionally, the first description of cystathionuria was made on a patient of

'imbecile mental grade' (Harris et al., 1958). Further experiments should be

undertaken feeding rats, or other experimental animals, non-toxic levels of p
cyanoalanine so symptoms due to reduced levels of glutathione may be

examined.

B-Cyanoalanine was detected in the muscle, at very low levels. These levels

are substantially below the % present in cooked vetch, and may be due to

residual blood alone. The more varied the diets of carnivores by comparison

with people consuming a staple diet of vetch as a replacement for lentils

means that any adverse affects due to vetch toxicity will first become apparent

in vegetarians. The offal of pigs fed vetch, however, has been found to contain

much higher levels of p-cyanoalanine and as such should be treated more
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carefully. In addition, the action and potency of yglutamyl-B-cyanoalanine is

currently unknown. Caution dictates that cyanoalanine toxins should not be

allowed to enter the human food chain.

Because of the known effects on the cyanoalanine toxin on sulfur metabolism,

humans should not eat vetch if they consume a diet deficient in any of the

sulphur containing amino acids. B-Cyanoalanine inhibits cystathionase such

that methionine cannot be converted to cysteine. Cysteine not only has an

essential role in protein synthesis, but its depletion is accompanied by a

reduction glutathione levels. Glutathione can protect cells against free

radicals, heavy metals and oxidative stress. Thus in the absence of this cell

protectant, the cells become more sensitive to these agents. If the diet is low in

sulphur amino acids, glutathione levels will already be low such that

symptoms associated with B-cyanoalanine toxicity will appear more quickly.
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General Discussion

Blanchefleur vetch has been proven to have a digestible amino acid content

and digestible energy that is essentially the same as soybean. When it is fed to

Pigs, they readily consume the diet, suggesting the cyanoalanine toxins present

in the vetch do not confer an anti-palatability effect. An immediate decrease

in feed intake can be noted, but it is argued that this to be more likely to be due

to the tannins present in the hulls. A significant decrease in average daily gain

was seen even at the 10% level during the growth phase (25-55 kg), but for the

finisher phase, no significant difference was reported. Overall, the growth

phase exerted and influence such that the average daily gain for pigs

consuming 30% vetch was significantly lower than those consuming the

control and lower inclusion level diets.

The feed conversion ratio was not affected by vetch inclusion level, indicating

the decrease in weight gain is associated with decreased feed intake, not

antinutritional factors. No neurotoxic effects were seen, suggesting that pigs

may be fed for up to 15 weeks on 20o/" vetch. Unfortunately those consuming

high amounts (30%) of vetch take up to two weeks longer than pigs eating the

control diet to reach the target weight.

B-Cyanoalanine found in the tissues and organs of the pigs consuming vetch

indicate that, although no symptoms were seen, the vetch is having an effect

on the methionine metabolism of pigs. \Atrhile this toxin is unlikely to be at

high enough levels to affect humans occasionally consuming the pork

products, these results could have serious repercussions for humans

consuming vetch as part of a vegetarian diet. Vetch is currently being exported

to countries where poverty and malnutrition are endemic (India, Bangladesh

etc.). If vetch becomes a staple food in these countries as a lentil substitute, it is

possible that the effects due to stored p-cyanoalanine in the brain and other

tissues and organs will be considerable. This trade should be stopped until
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such a time as vetch is no longer sold as a lentil substitute but sold as vetch, so

the population may treat the grain accordingly.
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Chapter 5

Genetic variation in the level of y-glutamyl-B-cyanoalanine in viciø

søtioø

Introduction

Genetic variation in the content of toxins and antinutritional factors in a wide

variety of legumes including Lathyrus, Lupinus and Vicia has been

characterized (Ma and Bliss, 1978; cabrera et aL, rggg; Griffiths and Ramsay,

1992; Bond and Duc, 1993, and references therein; Kollipara et a1.,1994). Many

of these factors have evolved as defence mechanisms, protecting the plant

against pests, diseases, birds or grazing animals (Bond and Smith, 19gg; wink,
L988; Bond and Duc, L993). Therefore, although improvements in the

nutritional value of these legume species can be made through plant breeding

(Bond and Smith, 7988; Bond and Duc, 1993), a sacrifice in plant performance

may occur due to the pleiotropic effects of lowering the content of

antinutritional factors or toxins.

The reduction and elimination of antinutritional factors in legumes by plant

breeding has been highly successful. Alkaloids have been reduced in lupins

(Gladstones, 7982; Gladstones, \994), tannins in peas (Bond and Duc, L993) and

faba beans (Cabrera et aI., 1,988), and it is inevitable that varieties of faba bean

low in vicine and convicine will be released soon (Duc eú a1.,1988;Ramsay and

Griffiths, 7993). Two low toxin (ODAP) varieties of Lnthyrus has been

registered in Canada (Campbell and Briggs, 1987; C. Campbell, pers. comm.).

Unfortunately, there has been little progress in the reduction of yglutamyl-B-

cyanoalanine lnVicia satiaa.

According to Vavilovs theory of variation (Vavilov, 1922), it is probable that

the genetic variation evident in antinutritional factor content in other
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legumes will be present inVícia søtiaa. A range of 0 to 6.1 mg % n vicianin, a

cyanogenic glycoside, has been reported in Viciø søtiaø ssp. nigra in accessions

of this subspecies only (Milczak, 1968). More recently, levels of yglutamyl-þ

cyanoalanine have been found to vary across the entfue Vicia satiaa aggregate

(Delaere, 1996).

In order to reduce or eliminate ¡glutamyl-B-cyanoalanine fromVicia søtiaø, it
is important to identify suitable material for a breeding program. This chapter

describes the identification of material suitable for breeding vetches with a low

level of yglutamyl-p-cyanoalanine. Additionally, areas for further collection

of low toxin Vicia satiaø lines were sought and the response of V. satiaa to

different environments examined.

181



Chapter 5: Genetic aøriøtion in yglutømyl-þcyanoalanine

Ecogeo graphy of y- glatamyl- p - cy anoal anine in Vi ci ø s øtia ø

lntuoduction

At the commencement of this study, there were no accessions of Viciø søtiaa

available with significantly lower y-glutamyl-þ-cyanoalanine levels than

Blanchefleur. To identify accessions with a substantially lower toxin level for

breeding purposes, material had to be imported from international centres.

The International Centre for Agricultural Research in the Dry Areas

(ICARDA) houses the largest collection of Vicia satiaa germplasm in the

world. The bulk of this population has been collected from West Asian areas

(30'N-40"N and 30'E-50"E) with mediterranean type climates. Ecotypes from

areas with different climates are not well represented in this collection

(Robertson et al., 1996). Other centres including the Vavilov Institute have a

more comprehensive covering of the temperate environments (Potokina,

7e97).

To take full advantage of the available germplasm resources, it is important to

have a clearly defined idea of the plant ideotype needed (Maxted et aL, IggS).

Collection efficiency may be increased if the geographic distribution, ecology

and diversity of the required plant is known. A basic knowledge of the causal

agents of this diversity allows for more efficient selection of specific accessions

from large, inadequately documented germplasm collections. If a boron

tolerant accession is required it is selected from regions of high boron,

however areas where plants have evolved superior grain quality, or other

traits of unknown selective advantage, have yet to be determined.

Recently, the ICARDA collection of Vicia satiaa species was screened in these

laboratories for variation in ¡glutamyl-B-cyanoalanine levels. These data

have been used to identify material with levels of ¡glutamyl-B-cyanoalanine
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appropriate for the production of a low toxin vetch as well as to define regions

for further collection of low toxin accessions.
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Møteriøls ønd Methods

Seed material

Vicia søtiaa material was imported from the International Centre for

Agricultural Research in Dry Areas (ICARDA), the United States Department

of Agriculture (USDA) and the Seed and Plant Improvement Institute (SPtr),

Iran. The bulk of the seed was imported from ICARDA primarily because

accessions in this collection were more closely adapted to the mediterranean

system of South Australia. 1752Vicia satiaø samples were analyzed for their ¡
glutamyl-B-cyanoalanine content. Whole seed was imported from the USDA

and lran, while ground Vicia søtiaø seed was imported from Larry Robertson,

curator of the Vicia sp. germplasmcollection based at ICARDA. This material

was kindly analyzed by Robert Asenstorfer using the Diffuse Reflectance

Infrared methodology developed by Delaere (1996).

Accessions to be used in the production of a low toxin vetch were identified

and the whole seed was imported under Australian Quarantine Inspection

Service (AQIS) guidelines. Imported seed was treated with fungicide and the

grown for one generation in a quarantined glasshouse. Plants were screened

for the Presence of viral pathogens during this generation. If the plant was

proclaimed free from disease, its progeny could be grown in unrestricted areas.

Seed imported for analysis only was kept in a restricted cabinet.

Accessions with a low toxin level were imported as whole seed, and this was

analyzed. If the imported seed still contained low levels of yglutamyl-þ

cyanoalanine, the seeds were identified following suitable taxonomic methods

(Gunn, 1970; Perrino ef al., 1984). Seeds morphologically indistinguishable

from Vicia satiaa, were then grown and characterized on the basis of the

flowering plant. Plant identification was carried out in the quarantine

glasshouse, in some cases aided by Dr David Symon, based on the

morphological traits of the plants, and also on the basis of the seed, aided by Dr
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Jennifer Gardener. The help of these two plant taxonomists cannot be

underestimated and is gratefully acknowledged. Errors which were detected in

the classification of imported seeds in the ICARDA database were subsequently

rectified in the database supplied by Dr L. Robertson of ICARDA.

Seed imported from Iran (SPII, Karaj, Iran) was analyzed, and valuable seed

was ProPagated in the quarantine glasshouse. Three accessions imported from

Iran have been added to the ICARDA database. Seed imported from the USDA

(Western Regional Plant Introduction Station, Pullman, Washington) was not

included in the database because insufficient information about its collection

origin was supplied.

Blanchefleur seed was sourced from Pea and Grain Exporters, Two Wells,

while Cummins seed was supplied by Laurence |ericho, Cummins.

Inheritance studies

High toxin accessions of Vicia satiaa identified in the first section of this

chapter were selected and crossed with low toxin accessions to facilitate the

study of the inheritance of the low toxin character. The difference in toxin

levels between the parents was maximized to ensure that segregation in the

Progeny will be easily identified. Crosses were also made between low toxin

plants from the same and different areas to test whether this characteristic is

due to the same gene(s) or different. Integration of the low toxin trait into

more domesticated lines such as Blanchefleur, Cummins and Selection 2065

(selection of Ali Abd Et Moneim) was also attempted.

F1 plants were propagated in University of California soil mix in glasshouse

conditions to produce the F2 generation. To ensure enough plants to
distinguish between the effect of one and two genes (Hanson, l9s9), -L00 F2

seeds from selected crosses were planted in the field in 1996/97. Due to failure
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of these plants, -100 seeds from selected crosses were planted in the glasshouse

during 7997. Limitations on the yield of plants at each generation and the

number of plants required for genetic studies, meant F1 seed was not analyzed.

Genetic analyses were to be performed on the F2 and F3 generations.

Seed storage conditions

All seed was stored in the dark at room temperature for the duration of the

experiment.

To test the importance of storage on the resultant Trglutamyl-B-cyanoalanine

level of the seed, an accelerated storage experiment was carried out. Twelve 30

mL sample bottles containing 100 seeds each of Blanchefleur vetch, six

containing silica gel and six without were stored at -20"C,OoC, 20oC , 40"C, 60oC

and room temperature. One bottle containing silica gel and one without was

stored at each temperature. After six months, seed was ground using a UDy

Cyclone Sample Mill fitted with a 0.5 mm screen, sieved through a 2 mm sieve

to remove larger fragments and analyzed with Diffuse Reflectance Using

Infrared Dispersive Spectrometry @RUIDS).

Passport database

The database supplied by ICARDA contained information

characteristics of the collection sites. As codes

on

used

environmental

to represent

environmental features differed according to the nationality of the collecting

expedition, these were made consistent before analysis was carried out. The

codes used by Australian and ICARDA collectors as well as that employed by

Nigel Maxted were used to rectify the database. Obvious clerical errors,

including incorrect species names were either corrected, or in some cases

removed from the database (e.g. altitude of -990 m). Characteristics of the
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collection sites used in this analysis are presented in table 1. Categories not

used in the analysis included, collector names, country of origin, and species

association. All of this information, including the 7-glut amy!-B-cyanoalanine

content of all accessions screened may be accessed from Dr Larry Robertson,

ICARDA.
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Table 1.

of the Vr
Site details and characteristics of collecti
cia søtíoa samples stored in the ICARDA

on sites accompanying many
germplasm collection

Character # Categories Examples

Latitude

Longitude

Altitude

Rainfall

Site Habitat

Growth type

Status

Irrigation

Threshing type

Parent rock

Aspect

Slope

Soil Texture

Soil Depth

Soil pH

HCL Reaction

Soil Salinity

Water Relation

Vicianin

Continuous 90"N-90"S

Continuous 180"E-180"W

Continuous oo

Continuous >0 mm

Nominal 13

Nominal 3

Nominal 3

Nominal

Nominal

Nominal

Nominal

Nominal

Nominal

Continuous

Nominal

Nominal

Nominal

Nominal

Continuous

L4

>0cm

2

2

7

10

8

Forest, farmland, roadside etc.

Summer, winter, facultative.

Population, pureline, cultivar.

Dry, irrigated.

Threshed, tmthreshed.

Basalt, limestone, schist, etc.

East, west, north-west etc.

Level, steep (>30%), undulating etc.

Stones, sandy loam, clay etc.

V"ry low (<4.0) - very high (>9.0).

None - Strong.

None - High, present.

Freely-Drained, watertable, swamp etc.

4

4

6

4

>0%mg
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Statistical Anølysis

All of the data was entered into a Microsoft Excel database, and was subjected

to analysis of variance (ANOVA) and correlation analysis using the SAS

computer package IMr'@ and superANovArM (Abacus Concepts, Inc.

Berkeley, California). Maps were drawn using ArcVier¡P GIS version g.0,

Environmental Systems Research Institute, Inc. with the assistance of Dr Dirk
Enneking and Dr Clive Francis. Their help was invaluable in the use of this

computer package.
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Results

Identifuing low y-glutamyl- þ-cyanoalanine øccessions in exotic

germplasm

The mean toxin level of the availableViciasøtiaa aggregate was found to be

1.1,0% yglutamyl-B-cyanoalanine, but ranged from 0.39% to 2.97% (Table 2).

The distribution was not normal, as told by a Shapiro-wilk W Test (p<0.001),

but rather was skewed toward the high toxin end (Figurc 2).

Over 80% of the samples analyzed were of the subspecies søtiaa. The mean

toxin leveI of Vicia søtiaa ssp satioa was found to be 1.04"/", slightly lower than

that of the entire aggregate (Table 2). Again however, the distribution was not

normal, ranging from 0.39% to 2.58/" and skewed to the high toxin end (Figure

1). Vicia satiaa ssp nígrø comprised only L70 samples (-L0%) and had a toxin

mean of L.56"/", up to 50% higher than the mean toxin level of the subspecies

satioa. This distribution ranged from a low of 0.49% to ahighest toxin level of

2.97% (the highest recorded; Table 2). Once more the distribution was not

normal (p<0.001). Unfortunately the sample sizes for the subspecies

macrocarpa (19), cordøta (15) and amphicarpø (3I) were too small to be

statistically analyzed effectively, but a mean toxin level of 1,.g9% for

macrocarpø, 1'.49%" for cordata and 1.47% for amphicarpa was recorded (Table

2). Due to these reduced sample sizes, only the subspecies søtiaa and. nigra

were analyzed further.

Viciø amphicarpn, was imported as ground (milled) material from ICARDA.

This subspecies produces subterranean seed as well as above ground pods. The

seed analyzed had been harvested from seed produced above the ground and

was found to have a mean toxin level of 1,.47%. Previous analysis of both

above ground and subterranean seed ascertained that above ground seed could

have near three times as much ¡glutamyl-B-cyanoalanine as those seeds

produced underground (IFVI 2569; Table 3).
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Figure 1. Plant type of the lowest toxin Vícia søtiuø sp, søtìaø accession

analyzed, Line 28 containing}.Sg% ¡glutamyl-B-cyanoalanine. Pictured also is
Line 36, also a low toxin accession containing0.S4% ¡glutamyl-B-cyanoalanine
and a wild pea accession (Line L0).
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2

Figure 2. , The distribution or Yo ¡glutamyl-p-cyanoalanine (gltoo g
weighUweight) in 7752 Vicia søtìoø accessions sourced from the ICARDA
germplasm collection. Distribution is shown as a frequency histogram (a) and
as a quantile box plot (b) showing the skew of data to the high toxin end.

Table 2. % TrGlatamyl-p-cyanoalanine (9/100 g weighUweight) in Vìciø søtìoø
accessions according to subspecies.

ol/o utamyl-p-cyanoalanine

Vicia satiaa subspecies Mean SEM Highest Lowest Number analyzed

19L

3

o
É
É
GI

(d
o
Ê
(ú
>r
U
I

aÈ
>'
Ê
F{
(d

òo
I

\s

a

E
I

t
I

I
¡
r

b

amphicarpa

cordata

macrocørpa

nigrø

satioa

1.47 0.0723 2.46

1.49 0.1118 2.35

1.39 0.0695 1,.92

L.5L 0.0431 2.97

1.04 0.006 2.58

0.68

L.00

0.68

0.49

0.39

31,

15

19

L70

7459

Alt 1.10 0.008 2.97 0.33 1752
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Table 3. % TrGlatanyl-B-cyanoalanine (g/100 g weighUweight) in above
ground and subterranean seeds of four accessions of Viciø satioa ssp
ømphrcørpa.

192

o/o yglutamy lanine

IFVI # Above ground seed Subterranean seed

2569 1..27 0.43

2670 1.08 0.67

2671, 1,.47 0.57

2672 0.98 0.66

Accessions with high an low toxin levels were selected for future breeding

and genetic studies. The whole seed was then imported and toxin levels

verified. Toxin levels in the imported seed were generally lower than those

recorded in the imported ground seed, except for IFVI 1505, 2125,2676 and 3103

where the toxin level was found to be higher (Table 4). Seed of IFVI 3091

consisted of a mixture of both green and mottled seed coats. The different seed

types had different toxin levels, green seed with 0.88% ygrutamyl-þ

cyanoalanine and 0.59% in the mottled type. The mottled seed had the same

level of toxin as the imported ground seed (Tabte 4). Both the mottled and the

Sreen seed was found to breed truly, with mottled seed producing mottled

progeny and the green seed producing green progeny.

The ranking of toxin levels in seed of imported milled samples was different

to that of the whole samples (Table 4). While IFVI 1505 had the equal lowest

toxin level when analyzed as ground material, it had the third highest toxin

level when analyzed as whole seed. When working with large populations, it

is possible some of the seed that was sent milled was different to that imported

as whole seed.

Progeny from imported seed grown in the glasshouse generally had a higher

toxin content than the parental material. Additionally, the progeny had a
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more restricted range of toxin levels than that imported as ground material.

The overall ranking after a generation in the glasshouse however remained

essentially constant with the exception of IFVI M65, Fortunately, despite the

increase in toxin levels, most plants were still within the theoretical limits set

for high (>0.9% ygrutamyr-p-cyanoalanine) and low (<0.6% ygrutamyr-þ

cyanoalanine) toxin accessions, so they could still be used in inheritance

studies.

Check plots of the accessions IFVI 1416 (Vicia satiaa nigra),2627 and 2541 (both

Vicia satiaa ssp satiaa) were included as part of this analysis. Between nine

and 21' plots of each of these three accessions were planted within the

germplasm collection grown in single plots at ICARDA in 1995. These were

used to determine the effect of the environment on the ¡glutamyr-þ

Table 4. "\ rplytamyl-B-cyanoalanine content (g/100 g weight /weight) of
ground and whole imported separately from ICARDA, and oi the seeã once

ln uarantine in Australia.
o/" T glutamyl

IFVI Subspecies Groundl Rank Seed2 Rank Quarantind Rank
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2586

2676

2952

3091

3103

4465

L363

1505

2125

254¿

3343

354

nigra
satiaa
satioa
satiaa

satiaa
satiaa

søtiaa

satiaa
satioa
satiaa
nigra
satiaa

1..87

0.61

2.13

0.59

0.56

0.59

0.61

0.56

0.58

0.59

2.58

0.57

10

8

11

5

0.88 L1

0.68 10

1,.76 14

0.88 (green) 1.1

0.59 (mottled) 7

0.62 9

0.47 3

0.56 4

099 L3

0.6L 8

0.58 6

r.69 15

0.56 4

1,.07 8

0.98 7

1..43 11

1..11 (green) 9

0.55 (mottled) 3

0.76 5

0.95 6

0.69

1.41,

4

1,0

1

5

8

1,

4

5

12

3

SPII

Line 28

Line 36

satioa
satiaa

0.30

0.40

1

2

1

2

0.47

0.59
1 Imported as ground milled
z lmported as whole seed

seed

3 After one generation in quarantine in Australia
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cyanoalanine content of plants across the plot site. Unfortunately, the actual

plot layout was unavailable until recently for use in the analysis, however this

data is now accessible. Thus, although general trends in toxin level across the

site can be recognized, this information cannot be used confidently to predict

regions of the site where high toxin levels are expected and those where low

toxin levels are expected.

A large range in concentration of '/" y-glutamyl-p-cyanoalanine was found in
the check varieties across the plot site. The range in % yglutamyl-þ
cyanoalanine was from 0.85% to 'J,.47% for IFVI 14'1,6, 0.69% to 1.0g% ror 2627,

and 0.70"/" to 1'.\1"/" for 2541' (Table 5). The coefficient of variation indicates

that IFVI 2627 showed the most variability across the site while IFVI 1416

showed the least (Table 5). This variation in toxin level across a single site

suggests that there are either environmental microniches influencing toxin

levels or and errors in laboratory measurement. Additionally, none of these

three lines were pure seed. Thus, variation in toxin level would be expected if
the different seed tyPes were planted at different ratios within each replicate.

The effect of the environment on the 7-glutamyl-B-cyanoalanine level of Vicia

satiaa accessions is discussed in more detail in the next section.

Taxonomic misidentification of the seeds was common and furthermore, seed

was sometimes received as a mixture. Occasionally the seed imported was

different to that requested. Accessions IFVI 4s4z,g0g,2g47,2g69,2gs9,sl,TTg,

Table 5. Mean, standard deviation, coefficient of variation and standard error
of the "/" y-glutamy anoalanine levels of check varieties.

IFVI Subspecies Replicates Mean % y-glutarnyl-þ Std. Dev. Coef. Var.
cyanoalanine

Std. Error

r416

2547

2627

ntSrø

satiaa

satiaa

1.15

0.92

0.135

0.127

0.117

0.1.38

0.r71,

0.0295

0.0422

0.0424

9

21

10 0.78 0.134
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26t, 4334 and 4152 were found to contain 0% toxin when imported as the

ground, milled seed. When the corresponding whole seed was imported from

ICARDA and analyzed, tli.e n¡glutamyI-þ-cyanoalanine levels were again found

to be negligible. The grown plants were later however confirmed as Vicia

erailiø, V. Iuteø, V. hybrida and V. peregrina (Figure 3). Three accessions

imported from Iran, and found to have a toxin level of 0%, were found to be

wild pea (Pisum sp.; Figure 1-), while many other accessions imported from

this same institution were various species of Lathyrus. IFVI 303 imported

from ICARDA, was found to be a mixture of three different types of seed. One

of these seed types was identified as Vicia satiaa ssp satiua, but instead of a

toxin level of 0o/", had a toxin level of 0.7L% (Figure 3).

Inheritønce studies

Crosses undertaken for the inheritance study are summarized in table 6.

Hybridizations were carried out between plants with low and high toxin levels

(#2, L1, and 13), between plants with low toxin levels (#'J., 4,5, 6 and 7;Figwe 4),

and between different subspecies of vicia søtivø (#2,8, g, r0 and 12). Due to

space limitations, only F2 progeny of crosses #L, 4, S and 7 arc currently

podding and flowering in the glasshouse (Figure 4). Because of time

constraints, results from this experiment cannot be communicated in this

thesis.

Progeny of crosses undertaken between different subspecies of Vicia satiaa (#8,

8,9,10 and 12; Table 6) are currently being used in cytogenetic studies by Mr. ].-
C. Lepeltier. IFVI 2586 has a karyotype of only 2n=10 while all others used in

crosses/ including Blanchefleur, have a karyotype of 2n=!2. There was

minimal seed set on F1 plants of these crosses, however there were many

flowers, indicating a lack of fertility. The seed set on F2 plants is greater than

that for the ft plants.
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Figure 3. Accessions IFVI 303 and 4547, found to contain 0% yglatanyl-B-
cyanoalanine. IFVI 4547 was subsequently identified as Viciø percgrinø, while
IFVI303 consisted of a mixture of two different species; V. satiaa sp. satiaø and
V . hybrida (two seed fires). The V. søtiaa accession had a toxin level oÍ.0.71%.
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Table 6. Hybridizations carried out to determine the mode of inheritance of
low levels of ¡glutamyl ln Vicia satioa .
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# Cross % y-gluramyl-þ Reason
cyanoalanine of

parents

1 Line 28 x Line 36

2 Line 28 x SEL 2065

3 IFVI 3091(8)1 x IFVI2586

4 IFVI 3091(m)t x IFVI4t465

5 IFVI 3091(m) x IFVI 3103

6 IFVI3091(9) x IFVI aa65

7 IFVI 3103 x IFVI 4465

8 IFVI 2586 x F:VI2676

9 IFVI 2586 x IFVI 3091

L0 IFVI 2586 x IFVI 3L03

1.L ß-1172676 x IFVI 3343

t2 ßW 2952 x IFVI 2586

L3 SEL 2065 x Line 36

Geographically diverse, same or different
gene encoding low toxin.

Inheritance of low toxin character.

0.64 x0.79 ssp satiaø x nigra.

0.39 x 0.54

0.39 x 1.32

0.54x0.7L

0.54 x 0.55

0.64x0.7L

0.55 x 0.71

0.79 x 0.85

Geographically diverse.

Geographically close, sarne or different
gene encoding low toxin?

Geographically diverse.

Geographically diverse. Use with #9 and
#10 to determine if inheritance of low
toxin character is equivalent.

ssp nigra x søtiaa, geographically diverse.

0.79 x0.64 ssp nigrø x satiaa, geographically close.

0.79 x 0.55 ssp nigrø x satioa, geographically close.

0.85 x 1.32 Inheritance of medium toxin character,
geographically dose.

0.85 x 0.79 ssp satiaa x nigra.

7.32x0.54 Inheritance of low toxin character, useful
with #3 and #4.

I g - green, m - mottled mixture of green and mottled seed received as IFVI 3091 with differmt
toxin levels.

Integration of the low toxin character into the more adapted varieties of vetch,

Blanchefleur and Cummins are shown in table 7. F2 progeny of cross #1 is

currently podding and flowering in the glasshouse. Both Blanchefleur and

Cummins are white flowered varieties, while all other accessions used in

crossing studies are purple flowered. As purple is dominant to white
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Figure 4. Maternal parents and Fl progeny of two crosses (#4 and #6, Table 6)
carried out with IFVI 4465 to the determine the inheritance of the low toxin
character inViciø søtìoø. The maternal patents were selected from within the
accession IFVI 309L, one with a green seed coat and the other with a mottled
seed coat.
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Table 7. Crosses carried out to integrate the low toxin character into
domesticated varieties of Viciø satioø .

# Cross "/o y- glutarnyl-B-cyano alanine o f p arents
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1

2

3

4

5

6

7

Blanchefleur x Line 28

Blancheflew x IFYI 2676

IFVI 3091(m) x Blanchefleur

IFVI 3091(g) x Cummins

IFVI 3103 x Blanchefleur

IFVI 3103 x Blanchefleur

IFVI 2586 x Blanchefleur

0.82 x 0.39

0.82 x 0.85

0.54 x 0.82

0.64 x 0.88

0.55 x 0.82

0.55 x 0.82

0.79 x0.82

(Donnelly, L958), flower colour provides a useful indicator for the success of

crosses.

Effect of seed storage on leaels of yglutamyl-ftcyanoalanine

As Vicia satiua has always been a minor legume crop, germplasm collections

have often been neglected. Many interesting accessions of V. satioø discovered

during this project have been found to be difficult to germinate due to their

age. Hence their toxin levels cannot be verified in fresh seed. Two accessions

from the Australian Temperate Field Crops Collection (AffCC), 602i.8 and

60572 were found to have -0% yglutamyl-p-cyanoalanine when first analyzed.

60572 had not been regenerated for more than 20 years (4. Mclntyre, pers.

comm.), and could not be germinated, however 60218 was grown in the

glasshouse and crosses carried out. Unfortunately when the seed of this parent

was analyzed, a toxin level of 0.85% was recognized.

The records for ATC 60572 were well kept such that the accession could be

traced to its country of origin, Greece, and to the United States where it had

been exported in the same year it was sent to Australia. Seed of ATC 60572 was
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thus imported from both Greece (corresponding to Bi 64/Tempi; thanks to

Constantine Podimatis, Fodder Crops and Pastures Institute, Larissa, Greece)

and the United States (corresponding to Bi 64; thanks to Charles Simon,

USDA, Pullman, Washington). The seed received from each country not only

differed morphologically, but also had different Trg\utamyl-p-cyanoalanine

levels (Figure 5). Seed received from the USDA was also found to be a mixture

of different types. Seed from Larissa was found to have an average toxin level

of 0.63% while the mixture of seed from the USDA had an average toxin level

of 1'-03%. Thus none of the imported seed was found to have a toxin level

corresponding to that of ATC 60572.

To confirm that toxin level decreases over time, and that the imported seed

was not just mislabelled, two further accessions were imported from the

USDA. This seed was in its original collected form (from a collection mission

to Turkey in 1949) as well as in its most recently regenerated form (1987 /BB, n
Washington). Both accessions which had been growrr n 1g4g were found to

have a toxin content or 0% in 1995, while when grown n rggr /gg, a toxin

content of 0.64% (USDA #1731,60) and 0.45% (USDA #173158) was detected.

Unfortunately this still did not allow for discrimination between the effect of

ageing and that of the environment.

An accelerated ageing experiment was subsequently carried out to analyze the

effect of ageing alone on the resultant toxin level of seed. Seed stored at 60"C

had darkened substantially to a chocolate brown after six months, while that at

40"C had darkened slightly, but some seed remained green in these bottles. At

all temperatures lower than 40"C, no darkening was noticed.
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Figure 5. Morphological differences in seed coat colour of accession WI LL04
imported from Larissa, Greece (Tempi) and the USDA (Bi 64) corresponding to
accession 60572 of the Australian Temperate Field Crops Collection. The
accessions proved to have different plant types and 2.glutamyl-B-cyanoalanine
concentrations.
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Storage temperature had a statistically significant effect on the yglutamyl-þ

cyanoalanine in the seed (p<0.01). Seed stored for six months at 60oC had a

significantly lower toxin level than seed stored from -20"C to 40"C (Figure 6).

Seed stored at room temperature for six months did not show a significant

decrease in toxin level in comparison with the seed prior to storage (results

not shown). There was no significant effect of silica gel, and hence humidity,

on the toxin level of the seed.
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Figure 6. Effect of seed storage temperature on the ¡glutarnyl-B-cyanoalanine
levels (gl700 g weighUweight) of seed stored for six months. Vertical bars
represent the standard error of the mean of four replicates.
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Identificøtion tf regions fo, further collection tf low yglutamyl-ft

cu an o al ønine V icia s atia a

The "/' T,glutamyl-B-cyanoalanine of accessions of Vicia satiua was analyzed

with respect to their regions of collection. This involved both analyzing the

entire aggregate, consisting of the subspecies søtiaa, nigra, cordata, tnacrocørpa

and ømphicarp a, and the two subsp ecies satiaø and nigra separately. Although

1752 samples of Vicia satiaa were analyzed, a maximum of only 485 of these

could be analyzed with respect to any individual category of passport data.

Often data for an accession consisted only of one environmental characteristic

(Table L), or a combination of the latitude and longitude of the geographic

position of site of collection. Vicia søtitta ssp satiaø comprised 319 accessions

with passport data, while 1L9 were Viciø sativa ssp nígra. Figure 7 shows the

collection sites of alI Vicia satioa sp. screened which were associated with
latitude and longitude data.

A highly significant positive correlation between "/' yglutamyl-p-cyanoalanine

and latitude was observed in the Viciø søtíaa aggregate (p<0.001; Table 8).

Thus, it is expected that the toxin level of plants would increase with distance

travelled north of the equator. Unfortunately, the regression coefficient for

this is very low (?=0.042), indicating the lack of predictive success of this

regression line. The positive correlation is also noticeable in subspecies satioa

(p<0.05; ?=0.017) and nigra (p<0.00L; 12=0.12) also. There was no correlation

with longitude (Table 5).
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Figure 7. Dot distribution map of all Vicia søtioø sp. screened as part of the
ICARDA germplasm collection and associated with latitude and longitude data.
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Table 8. Correlation coefficients betweeno/o yglutamyl-p-cyanoalanine levels
of Viciø søtioø and subspecies, and four geographical charactersJ

'/. y glutarnyl- p - cy ano alanine

All ssp. satiaø ssp. ntsra

206

Longitude

Latitude

Altitude

Rainfall

0.0051

0.2051'Èrß'ß

-0.\362**

0.0291

0.0373

0.131.s',r

-0.1717""

-0.764

0.0315

0.3518',F'+

-0.0703

_2

1 *, p<0.05;**, p<0.01;***, p<o.oo1.
2 Insufficient rainfall data available for this correlation

The altitude at which the plant was collected, also correlated significantly with

"/" yglutamyl-B-cyanoalanine found in the Vicia satiaa sp. seed (p<0.01; Table

8). The correlation was negative indicating that plants established at higher

altitudes have lower toxin levels. This was also found to be true in the

subspecies satioa (p<0.01) but not nigrø. Again the regression coefficient was

found to be low, indicating that the regression line for both is not significant

(12=0.0L9 and 0.029 respectively).

The soil texture of the site from which plants wêre collected, was found to

have a significant effect on the ¡glutamyl-B-cyanoalanine level of the Vicia

søtiva aggregate (p<0.05; Table 9). Threshing (p<0.0L), habitat (p<0.05), and

water relations (p<0.05) were found to be positively correlated with % y

glutamyl-B-cyanoalanine in the subspecies satiaø. while none of these were

significant in the subspecies nigra. Although other soil and habitat

characteristics are recorded, none of these appeared to have any affect on the

toxin level of the collected plant.
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Table 9. F statistic scores for the effect of important habitat and soil
characteristics on the Y" ¡glutamyl-p-cyanoalanine of Vícìa søtíaø and
subspeciesJ

Yo yg,Iutamyl anoalanine

All ssp. satiaa ssp. nigrø

207

Plant status

Irrigation status

Threshing status

Habitat

Parent rock

Aspect

Slope

Soil texture

Soil depth

Soil pH

Water relations

1,.869

2.203

2.956

7.707

1.323

0.702

0.519

2:1,40*

0.575

0.855

0.601

0.330

0.91.6

7.070,+*

2.049*

0.852

0.911

0.756

1,.396

0.685

0.559

5.201*

0.271

1,.931

t.71,6

1,.948

1.321

0.591

0.594

t.141

0.947

0.411

0.522

' *, p<0.05; n*, p<0.01.;***, p<0.001.

Soil texture was found to positively correlated with the yglutamyl-þ

cyanoalanine levels of all plants inthe Vicia satiuø aggregate (p<0.05; Table 9).

Plants growing on loamy (L52%) and sandy /clay (L.96%) soils had the highest

toxin levels, while those found growing on claylsilt (0.54%), calcareous (0.83%)

and silty (1,.02%) soils had the lowest toxin levels. This characteristic was not

significant for either of the subspecies analyzed separately.

The habitat from which the plant was collected was positively associated with

its ¡glutamyl-B-cyanoalanine level. Plants collected from disturbed (L.35%)

and roadside (1.35%) areas were found to have the highest toxin levels while

those collected from farmland (0.74%), protected/enclosed areas (0.97%) and

traditional sites for threshing of grain (0.95%) had the lowest toxin level. The
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toxin level of the plant was also affected by the water relations of the collection

site, as well as the threshing gpe of the seed (whether threshed or

unthreshed). Seed collected from water table regions had the highest toxin

levels (1.71%), while those collected from areas freely drained had the lowest

toxin levels (1.07%). While that collected unthreshed had a mean toxin level

of '1,.04o/", and threshed seed had a mean toxin level of 1,.18%.
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Discussíon

There was a large degree of variability in the ¡glutamyl-B-cyanoalanine levels

of Vicia satioa accessions originating from diverse origins. Although 1752

accessions were screened, not one genuine V. satiaa accession with a toxin

content of 0"/o, or indeed lower than 0.36%, was discovered. This indicates that

the toxin may play an integral role in the development of the plant and/or its

flower as well as in the protection of its seed. Alternatively, the gene(s)

controlling toxin may be linked to an essential part of the genome, such that

its loss through random mutations is unlikely. Compared to other legumes,

the range of toxin in Viciø satiua was not unexpected. Flowever, such an

intensive study on the variability of toxin level in legumes has not previously

been reported.

The lowest .toxin accessions of Vicia satiaa analyzed were found to originate

from lran, Flungary and Algeria, while the highest toxin lines were discovered

in Georgia and Turkey. Vicia satioassp nigra showed the highest overalltoxin

levels followed by subspecies cordata, ømphicarpa and then macrocarpa. Viciø

satiaø ssp satiaa had the lowest mean toxin level. Hence, V. satiaa ssp satioø

was predicted to be the most suitable material for use in the production of a

low toxin vetch.

The inherently lower toxin level of Vicia satiaa ssp satiua indicates that it

would be sensible to concentrate on detecting further areas for collection of

this subspecies alone. Unfortunately however, it is not morphologically easy

to distinguish between the subspecies of Vicia søtiaa. Hence it is important to

consider the entire aggregate as well as V. søtiaa ssp satiaø alone.

The difference in mean toxin levels between different members of the

aggregate suggest evolutionary diversification of this characteristic. To date, all

evolutionary discussion of this group has been based around the karyotypic
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diversity of the subspecies (Sveshnikova, t940; Hollings and Stace, 1974;

Ladizinsky and Temkin, 1978; Hanelt and Mettin, L989, and references

therein). While subspecies ømphicarpø has 2n=!4 chromosomes, subspecies

søtiaa and macrocørpa have 2n=12 chromosomes. Subspecies nigra and

cordøta have been found to contain both 2n=12 and 2n='J,4 chromosomes. This

has led to the suggestion that there has been so called 'reductional evolution'

of the karyotypes (Hollings and Stace, 1974; Hanelt and Mettin, r9g9).

Concurrently, it has been proposed that the karyotypes have increased from

2n=10 to 2n=1'4 (Sveshnikova, L940), and also that these have both arisen from

2n=12 (Ladizinsky and Temkin, 1978).

There is no trend between the ¡glutamyl-þ-cyanoalanine level of the plant

and number of chromosomes. Those subspecies containing both the highest

and lowest toxin levels havebeen found to contain a karyotype of 2n=12 U.-C.

Lepeltier, Pers. comm.). Whether accessions of the subspecies nigra with

2n=10 chromosomes have different toxin levels to those with 2n=12

chromosomes is currently unknown.

Accessions Srown at ICARDA at a single plot site and regrown in Adetaide

during the subsequent season showed a variation in toxin level. Imported

ground milled seed of IFVI 3343 had a toxin level of 2.58o/", while first

generation seed propagated Australia had only r.4g% yglutamyl-þ

cyanoalanine. A variation of as much as 45/'. The ranking of these imported

whole seed accessions however did not change substantially indicating that

this effect was purely environmental. There is obviously, a strong

relationship between environment and toxin level given that the check plots

grown across this single site, showed large variations in toxin level. This

variation is presumably due to micro-environments within the site, however

this hypothesis has not yet been examined as until recently the plot layout

plan was not available for analysis. The effect of environment on toxin level

will be discussed in more detail in the following section.
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All of the accessions showing yglutamyl-p-cyanoalanine levels of 0% were

subsequently shown to be misidentifications. When seed with negligible toxin

levels was imported and rcanalyzed, the accessions had either been

misrepresented in the first sample such that they showed toxin levels of 0.70%

and above, or were found to be species other thanVicia satiaa. In one case the

seed imported was found to be a mixture of two different species and three

different accessions. Two of these were Vicia peregrina, while the third was

Vicia søtiaa. It is essential that the identity of any V. satioa accessions

containing 0% yglutamyl-B-cyanoalanine be verified through the

morphological characteristics of the flowering plant. O.ly when the taxonomy

is confirmed and hybridization is performed with other accessions of Vicia

satiaa will it be possible to verify the identi$ of the species. As long as the

germplasm collections rely essentially upon the taxonomic expertise of the

collectors, this problem will be recurring, but the ability of the nitrile screening

assay to consistently detect these discrepancies has been of great assistance.

Stored at ICARDA are 1.695 accessions of Viciø satiaø ssp satiaa (Robertson ef

ø1., 1996). The passport data for each of these accessions is incomplete and as

such only about 400 lines could be analyzed to predict the effect of the

environment on ¡glutarnyl-p-cyanoalanine levels in the seed. There was

found to be a strong positive correlation between toxin level and latitude.

This indicates that as collection expeditions travel further north of the equator,

less low toxin accessions will be discovered.

The collection of Viciø satioa maintained at ICARDA contains seed

predominantly collected from within the West Asia and Northern Africa

(WANA) regions (Figure 7) (Robertson et al., 1996). The majority of plants

analyzed had been collected from regions between 34oN and 38oN, however

the collection covers latitudes from as far south as 29oN and as far north as

42"N. The collection based at the Vavilov hrstitute (St Petersburg) contains

seed collected from more northern regions including the Arkhangelsk,
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vologda, St Petersburg and Novgorod provinces (55'N to 65"N), as well as

southern regions joining the WANA regions (35'N to 55'N) including

Azerbaljan, Ukraine, Turkmenia, Tadjikistan and Uzbekistan (Potokina, L997).

When Delaere and Asenstorfer analyzed part of the Vavilov collection, there

were found to be 36 accessions with less than 0.05% yglutamyl-B-cyanoalanine,

and a further six with less than 0.25% yglutamyl-B-cyanoalanine (Delaere,

1996). Unfortunately, although this collection has been screened for f
glutamyl-p-cyanoalanine levels, the passport data that is available for this

collection is incomplete and ambiguous. Furthermore, because the current

study has established a decline in toxin level with age, it is a matter of concern

that there is no indication of when the seed was last grown. Complete

passport data of this collection as well as recent regeneration, would enhance

the current analysis and help with detecting areas suitable for further

germplasm collection. It would be expected however if latitude is proportional

to toxin level, as found in the current study, that the Vavilov collection of

Vicia satiaa would contain a higher mean toxin level than those stored at

ICARDA.

Additional to the correlation between latitude and toxin level, there was

found to be a negative correlation between altitude and toxin level. This

suggests that low toxin plants will be found in regions of high altitude. Low

toxin accessions of the aggregate were also found to inhabit clay/silt and

calcareous soils, as well as essentially undisturbed habitats (farmland and

protected areas) and well drained regions.

The centre of origin for Vicia satiaa lies near the origin of domestication of

agricultural animals (Vavilov, 1992b). Thus, the development of these two

could be expected to have been in parallel. ¡Glutamyl-B-cyanoalanine is

found only in the cotyledons of the seed and in the young seedling (Ressler eú

a1.,1969). This indicates thatyglutamyl-B-cyanoalanine has been selected as a

protectant against grazing animals and birds, rather than against insects or
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other diseases of the growing plant. It could thus be expected that the higher

toxin lines would be found closer to regions amenable to animal production

whereas low toxin lines would grow in regions unsuitable for animals, such as

cold and dry (desert) areas as well as those at high altitudes (as seen with Line

28). Whether this selection caused the production of the toxin in non-toxic

plants as a protectant or resulted in the toxin being lost in areas where

selection was not being carried out, is not obvious from this information.

Seed of the subterranean pods of Vicia søtiaa ssp amphicarpa contain

substantially lower levels of '¡rglutamyl-p-cyanoalanine than the above ground

pods. It may thus be proposed that high toxin levels are required in the above

ground pods to discourage consumption by grazing animals, while the

underground pods are protected from ingestion by the soil covering. Sheep

have been seen to actively dig up these pods for feed (4. Abd El Moneim, pers.

comm.), indicating that the selection for high toxin lines by animals is still in

Progress

The association between the collection site habitat and the yglutamyl-þ

cyanoalanine levels of the plants again indicates a possible evolutionary

relationship. Low toxin accessions of V. satioa ssp søtiaa were collected from

protected areas and farmlands. While the former collection site lacks selective

pressure such that low toxin accessions may pe{petuate, the latter have been

collected from a highly selective environment. It can be postulated that these

accessions arose through unconscious selection by the farmer. Vetch seed

found to be detrimental to stock and poultry rrray have been discarded, while

seed found to be inoffensive retained, such that only low toxin accessions

remained. It is possible that these accessions may also be low in tannin

content. High toxin accessions were collected from areas of frequent

disturbance such as the roadside. Whether the plant produces high level s of y
glutamyl-p-cyanoalanine in response to disruption is unknown.
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From this section it can be seen that the habitat from which a plant has been

collected significantly affects the toxin level of the seed. Whether the toxin

level is further determined by the environment in which the seed is grown is

discussed in the next section.
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Genotype x Environment interaction in three commercial varieties of Vicíø
søtiztø

Introduction

Blanchefleur, Cummins and Languedoc are currently (1997) the three

commercially available varieties of Vicia satiaa grown in South Australia.

Blanchefleur was introduced to Australia from Monþelier, France in LISS,

while Languedoc was introduced from Maison-Caree, Algeria in 1951 (Oram,

1990). Both varieties were selected by Bailey on the basis of maturity and yield

trials in Western Australia during the 1950s (Bailey, 1952; Bailey, L962; Bailey,

1965). Cummins is a white flowered selection made from the violet flowered

Languedoc (L. |ericho, pers. comm.).

Blanchefleur is best adapted to areas that receive more than 350 mm rainfall.

It has a white flower, and flowers up to two to three weeks later than

Languedoc and Cummins (Hannay, 1996). Both Languedoc and Cummins

may be grown in areas with as little as 250 mm rainfall. All of these varieties

are self pollinated and hence are predominantly homozygous, pure lines.

There is little current knowledge about the effect of the environment on the y
glutamyl-p-cyanoalanine levels in Vicia satiaø. In the previous study, it was

found that across a single experimental site at ICARDA, yglutamyl-þ

cyanoalanine levels could vary from as low as 0.85% to as high as 1,.42%.

There is however, no data for between plot site variation. It is important to

determine which environmental factors interact with the genome of Vicia

søtiaø to produce higher or lower toxin levels in the seed. This knowledge

would allow for some degree of prediction of the final ygrúamyl-þ

cyanoalanine levels of grain from specific areas. Additionally, it would enable

the accurate selection of a stable low toxin genotype of Vicia satiaa.

Genotype x environment interactions for antinutritional factors in legumes

have been well studied. ODAP levels inLathyrus satiaus have been found to
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vary depending upon water stress and the zinc, iron and salinity status of the

soil (Ramanujarn et ø1., L980; Dahiya, 1986; Siddique et ø1., 1996). vicine and

convicine levels inViciafabø are affected by the environment (Pitz et ø1.,198I),

as are trypsin and chymotrypsin inhibitors in pigeonpea (Cøjanus cajan)

(Kollipara et a1.,1994), while phytic acid levels in soybean (Glycine max) are

influenced by the phosphorus status of the soil (Raboy and Dickinson,1993). It

is thus expected that a similar genotype x environment effect will be found to

influence the concentration of 7-glutamyl-p-cyanoalanine in vetch.

In this section the response of the 7-glutamyl-p-cyanoalanine levels of

Blanchefleur, Cummins and Languedoc to different environments wilt be

discussed.
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Møteriøls ønd Methods

Fifteen sites across south eastern Australia were selected and the three

genotypes, Blanchefleur, Languedoc and Cummins, grown at these sites over

two years. Some sites were altered between the years, as were the number of

genotypes sown. Sites were chosen to correspond with a wide range of

environments.

Seed material

Seed from vetch variety trials grown over the 1994/95 season at Blyth, Clare,

Horsham (Victoria), Lameroo and Northfield was obtained from Ian pearce

and Rade Matic (SARDD. Seed from the vetch variety trials grown at Minnipa

during the same season was obtained from fim Egan (SARDI). The three

varieties were also grown in the glasshouse, planted in pots at a sowing date

corresponding to that used in field experiments.

Vetch seed from variety trials grown during the L995/96 season at the sites

Horsham (victoria), Blyth, Clare, Birchip (victoria), Keith, Lameroo, Mintaro,

Charlick, Turretfield, Willamulka and Walpeup (Victoria) were again sourced

from Ian Pearce and Rade Matic. Vetch seed received from Cressy (Tasmania)

was kindly grown by Kate Charleston (Department of Primary Industry and

Fisheries, Tasmania).

Site informøtion

Only four sites remained equivalent between the two seasons, Lameroo,

Horsham, Blyth and Clare. Available rainfall and soil data for all sites is

shown in table 10. Most data was supplied by the donors of the seed however

some of the rainfall data was sourced from the Bureau of Meteorology. No
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soil data could be obtained for Birchip, Clare, Cressy, the glasshouse, Horsham,

Walpeup, Northfield or Minnipa. Additionally soil data for Lameroo was

available for the t995/96 season alone.

Seed Analysis

Replicates of varieties collected from each trial site were split into two x 5 g

samples. Samples were ground using a UDY Cyclone Sample Mill fitted with a

0.5 mm screen (The University of Adelaide, Barley Laboratory) and sieved

through a 2 mm sieve to remove larger fragments. Each sample was analyzed

with Diffuse Reflectance Using Lrfrared Dispersive Spectrometry @RUIDS).

StatisticøI Analysis

All of the data was entered into a Microsoft Excel database, and was subjected

to analysis of variance (ANOVA) and correlation analysis using the SAS

computer package IMr@ and SuperANovArM (Abacus Concepts, Inc.

Berkeley, California).
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Table 10. Total and growing season rainfall and site soil characteristics for the
fifteen sites across south-eastern Australia at which three varieties of vetcþ -

Blanchefleur, Cummins and Languedoc were growrl over the seasons 1994195 and
L995196.



Rainfall Rainfall (GS)l P
(ppm)

K
(ppm)

Cu Zn Mn Total N % Org.C%
(ppm) (ppm) (ppm)

pH Salinity
Site

Birchip 95/96

Blyth 94/gs
Blyth 95/96

Charlick 95/96

Clare 94/95

Clare 95/96

Cressy 95/96

Glasshouse94/95

Horsham 94/gS

Horsham 95/96

Keith 95/96

Lameroo 94/gS

Lameroo 95/96

Minnipa 94/95
Mintaro 95/96

Northfield 94/95

Turretfield 95/96

Walpeup 95/96

Willamulka95/96

424.2

254.5u

359.5

379

38tr

5443

&1..3

299.2

194.5v

274

278

2W
4343

476.e

181.6

402.2

406.6

77G

361.5

128.7

787

2613

353.5

220.6

300.2

0.43

0.99

0.87

0.64

0.85

0.82

9.2

15.3

6.4L

0.78

1.12

1..4

0.L20

0.L06

0.1778

400

546

504

51

40

50

Lg*

19*

13

7.6

7.4

7

5.1

257.4

473.4

474.9

22æ

467.3

L60.2

2L8.5

36æ

439.33

345.8

396

39 293 0.08 t.29

8.4

7.7 0.1,4

26 30L 0.1.6 0.32 3.85 23 0.9s 0.090

31 688 \.M 0.43 23.6 35 t.62 0.1,47

40 669 1.51 0.4t 21,.7 22* 1,.74 6.6 0.116

L.35 8.5 0.154

6.5

8.5

6.6

32 761. 0.58 0.49 4.87
Rainfallbetween April and October

2 Rainfall between July and January
3 Rainfall data supplied by the Bureau of Meteorology

72

4 Rainfall data for September missing so average for Clare and Mintaro September rainfatl data used
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Results

Genotype )c Enaironment Internction

A statistically significant effect of the site on the % yglutamyl-p-cyanoalanine

of the three varieties was seen for the 1994/95 season (p<0.01; Table 11). There

was no significant difference between the replicates taken from each plot site

(results not shown). At Lameroo, Minnipa and Northfield, Languedoc had the

highest overall toxin level and Blanchefleur the lowest. At Blyth however,

Cummins had the highest toxin level and Languedoc the lowest while at

Clare, Blanchefleur had the highest toxin level and Cummins the lowest. The

highest overall toxin level recorded for the season, was in the variety

Blanchefleur at Clare (1.18%), while the lowest, also Blanchefleur, was at

Northfield (012%). The highest mean toxin levels were reported at Clare and

Lameroo, while the lowest were at Northfield and in the glasshouse.

Contrary to the results for the 1994/95 season, there was no statistically

significant influence of the site on "/. y-gIutamyI-p-cyanoalanine during the

7995/96 season (Table 12). There was however a statistically significant

difference between the three varieties alone (p<0.01). Languedoc showed the

highest average ¡glutamyl-B-cyanoalanine content at 0.97% followed by

Cummins at 0.95% and then Blanchefleur (0.90%). The highest toxin levels

Table LL. Analysis of variance for 7-glutamyl-p-cyanoalanine content of three
Viciø søtiztø varieties grown at seven sites in 1:gg4lg1.
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Source df Sum of Squares Mean Square F-Value Significance

Variety*Site

Variety

Site

Residual

0.1243

0.0038

0.4507

7

2

6

0.0178 3.698t rÈ lF

0.0019 0.3911, NS

0.0751

34 0.1633 0.0048

L5.64 rÊ tß ,È
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Table L2. Analysis of variance for yglutamyl-p-cyanoalanine content of three
Vicìø søtioa varieties grown at twelve sites in lggïtg6.

Source df Sum of Squares Mean Square F-Value ance

Variety*Site

Variety

Site

Residual

19 0.04838

2 0.08173

0.00255 0.4031.4 NS

0.04086 6.4693 *

NS11 0.13695 0.01245 1.977r

33 0.20845

were found in the varieties grown at Cressy and Mintaro, while those grown at

Keith, Horsham and walpeup had the lowest toxin revels.

There was no statistically significant influence of the environment (site and

year) on the yglutamyl-p-cyanoalanine level of each variety (Table 13).

Additionally, there was no statistically significant affect of the year or site on

toxin level of the three varieties. Again, however, there was statistical

significance for variety alone (p<0.01; Table 1,3), with Languedoc again having

the highest toxin level over the two years (0.98%) and Blanchefleur (0.89%) the

lowest. As expected, the ranking over the two years remained constant at all

sites except at Blyth where Cummins had the highest toxin level and

Languedoc the lowest. The year alone also was found to significantly affect the

toxin levels of the varieties, with those growrr over the 1994/9s season having

higher toxin levels than those grown in the subsequent season (p<0.01,; 0.95%

and 0.9 4"/" respectively).

There was a statistically significant effect of the site (p<0.001.) on the toxin

levels of the varieties over both seasons (Table 13). Of the four sites at which

the varieties were grown in both years, Horsham showed the lowest toxin

level in 1995/96 and Clare the highest in 1994/95. For all four sites, the toxin

level tn 1994/95 was higher than 1995/96. The lowest average toxin level

recorded for the two seasons was Northfield (0.72%) n L994/95 and the highest

was Clare in the same season (1,.L8%).
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Table L3. Analysis of variance for ¡glutamyl-p-cyanoalanine content of three
Viciø satìaø varieties grown at seven sites in 1:gg4lgï and twelve sites in
1995196.

Source df Sum of Squares Mean Square F-Value

222

Year*Variety*Site 4

Year*Variety 2

Year*Site 3

Variety"Site 22

Year 1

Variety 2

Site 1.4

Residual 67

0.0437

0.01,47

0.0259

0.1309

0.0821

0.0670

0.5377

0.37L7

0.0109

0.01,47

0.0086

0.0059

0.0821

0.0335

0.0384

0.0055

1..9702 NS

1..3245 NS

1.5541 NS

r.0722 NS

1.4.7949 ,T rß

60.366 ,ß ,ß

6.9233 ,F rt r+

Bartlett's test was applied to each group of varieties common to a year to test

for homogeneity of variances (Zar, L996). Variances were calculated based on

the "/" y-glutarnyl-B-cyanoalanine levels of each individual variety. Over

1994/95, Blanchefleur was shown to have the greatest amount of variability

and Cummins the least, while n 1995/96, Cummins was shown to have the

greatest amount of variability and Languedoc the least. The variances were

found to be equal and as such, the ANovA F test was valid.

In order to make predictions in practical situations, it is important to be able to

make numerical estimates of the y-glutamyl-B-cyanoalanine levels expected.

The Finlay and Wilkinson method of analyzing data involves calculating the

regression of the yields of the individual varieties on the mean yields of all of

the varieties (Finlay and Wilkinson, 1963) as a measure of the adaptation of

each variety. Using this method, and substituting yield for toxin level, it was

found that the regression coefficient for Blanchefleur was the largest and

Languedoc the smallest (Table 14). The high correlation coefficients indicates

that there is little deviation about the linear regression line, and as such the
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Table 14. Mean, standard error, regression and correlation of cultivar and site

mean "/o Trglatamyl- p-cy anoalanine levels (e/roo g weighUweight).

Variety Mean "/" yglutamyl-
p-cyanoalanine

Standard Error

of Mean

b r

Blanchefleur
Cummins
Languedoc

0.89

0.96

0.98

0.0150

0.0183

0.0157

1,.08***

0.92+**

0.85***

0.92

0.87

0.86
***, p<0.001

line may be used to predict the toxin level at a given site.

The regression coefficients for Blanchefleur and Cummins, both

approximately L.0, suggest that the toxin level of these varieties is stable in all

seasons at all sites (Figure 8). Languedoc has above average stability, shown by

its low regression coefficient, indicating that the toxin content of this variety is

relatively insensitive to environmental change.

Use tf enaironmental characteristics to elucidate the genotype x

enaironment interøction

The environmental characteristics of each site were used in an attempt to find

a cause for the observed environmental effect on toxin level of the varieties

(Tables 7 and 15). Soil data was incomplete for sites during tlrre 1994/95 season,

so this season was only analyzed in conjunction with the 1995/96 season for

these characters. Rainfall data was complete and so could be analyzed

separately.

There was a positive correlation between o/" total soil nitrogen and the "/" y

glutamyl-p-cyanoalanine (r=0.37; p<0.05; results not shown) of each variety

during both seasons. This statistically significant correlation between %

average toxin and o/" total soil nitrogen was also recorded for the 1995/96, this
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Figure 8. 'Regression lines, showing the relationship of the individual toxin
levels of three varieties to the site mean toxin levels.

time at a higher level (r=0.43; p<0.01). Thus as the amount of nitrogen

increases in the soil, the percentage toxin produced by the plant increases.

The three varieties were analyzed singly to detect whether different

environmental factors affected the genotypes differently (Table 15). Over the

L994/95 season, there was a statistically significant correlation between the

average toxin level of Cummins and both the total rainfall (r=0.68; p<0.0L) and

the effective rainfall for the growing season (r=0.67; p<0.0L; results not shown).

This correlation between % yglutamyl-B-cyanoalanine and rainfall was not

seen in the other two varieties.
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Table 15. Correlation coefficients between"/o y-glutamyl-p-cyanoalanine levels
of three viciø søtioø varieties and eleven site characteristics.

Both seasons 1995/96

Cummins BlanchefleurCummins BlanchefleurEnvironment

Salinity

pH

% Organic Carbon

% Total Nitrogen

Mn (ppm)

Zn (ppm)

Cu (ppm)

K (pp-)

P (pp-)

Rainfall (apr-oct)

Rainfall

0.3448

-0.4388'È

0.6476"

0.5372*

0.5739*

-0.3239

0.6282*

0.5473*

-0.3859

-0.0487

-0.1354

0.2067

0.1559

-0.1581

0.1080

0.L329

-0.0391

-0.0068

0.0025

0.1788

-0.4L89

-0.41,19

-0.0361

0.0670

-0.2408

0.t792

-0.0128

-0.0768

-0.2L39

-0.2200

-0.0398

-0.2931,

-0.2829

0.51,62

-0.3249*

0.5460

0.6257

0.7044*

-0.3552

0.6594,+

0.5475*

-0.1577

-0.4804

-0.5655

0.2573

-0.0083

0.2473

0.2120

0.2847

-0.0588

0.2993

0.3052

-0.0745

-0.2792

-0.2939

-0.0635

-0.0925

-0.0256

0.2842

0.0563

-0.1360

-0.1000

-0.1.'J.12

-0.3437

-0.L319

-0.1,495
*, p<0.05

Languedoc, during the 1995/96 season, showed a statistically significant

correlation between average toxin level and pH, % total soil nitrogery

manganese (ppm), copper (pp-) and potassium (pp-; Table 1s). when both

seasons were considered together, Languedoc showed statistically significant

correlations between average toxin level and plH, "/o organic carbon, % total soil

nitrogen, manganese (ppm), copper and potassium (pprn). Blanchefleur and

Cummins showed no statistically significant correlations between soil

characteristics and "/o y glutamyl- p -cy anoalanine levels.
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Dìscussion

The current study has shown a site effect on the ¡glut amyl-p-cyanoalanine

level of three commercially available varieties of Vicia satiaa. Atthough a

significant effect of the site on o/" ygfutamyl-B-cyanoalanine was found for the

1994/95 season, this was not obvious over the L995/96 season. In fact there was

only a statistically significant interaction of variety during this year. The year

was also found to significantly affect the toxin level of the plant.

Over the entire study, the lowest toxin level was detected in Blanchefleur

grown at Keith during the 7994/95 season. The highest toxin level recorded

was detected also during this season again in Blanchefleur but at Clare.

Cummins was found to have the least variability in toxin content over the

L994/95 season, and the highest in the 1995/96 season while Languedoc had

the lowest variability over the 1995/96 season and the highest during the

1994/95 season.

Variation caused by the environment can be due to any number of factors

including longitude and latitude of sowing, radiation, humidity and disease

(Silvey and Fiddian,7972). A significant, positive correlation between "/" total

soil nitrogen and average toxin level for the varieties in both years indicates

that there can be expected to be an increase in the toxin level of the seed as

levels of fertility increase in the soil. This correlation was found to have the

strongest effect on the toxin level of Languedoc during t]ne L99s/96 season.

The protein and amino acid level in plants increases with increasing soil

nitrogen (Mengel, 1992). ¡Glutamyl-B-cyanoalanine is a dipeptide of a non-

protein amino acid. Hence it was anticipated that there would be an the

increase in toxin level in the presence of high levels of soil nitrogen.

The toxin level in Languedoc was also seen to correlate significantly with pH,

Mn (ppm), Cu (pp*) and K (Pp-), again indicating that the fertiliry level of
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the soil is important in determining the final toxin level of the plant seed. All

correlations except for that with pH were positive. The correlation between ¡
glutamyl-B-cyanoalanine and pH was negative, indicating that the more

alkaline the pH of the trial site, the lower the resultant toxin level.

There are three possible explanations for the strong positive correlation

between the toxin level of Languedoc and soil fertility. Firstly, areas of high

fertility are advantageous not only for plants, but also lor grazine animals. It is

expected that plants under grazing pressure are selected for higher levels of

toxin. Secondly, the production of elevated toxin levels may only occur in

conditions of excess fertility or rainfall. During a season of low rainfall

(1994/95), there was also a strong positive correlation between effective rainfall

and the toxin level in Cummins vetch. It is reasonable to suggest that the

toxin in vetch is produced as a protectant against birds and grazing animals. In

stressful periods the plant may reduce production of the toxin to maintain

energy levels necessary to ensure the production of compounds important for

survival. Thus it would be expected that toxin levels in plants will be lower in

periods of stress than in more prosperous years. Furthermore, in regions of

low fertility where plants must cope with deficiencies, again toxin production

would be expected to be reduced in favour of more essential survival factors.

Despite this, it would be expected that Trglutamyl-B-cyanoalanine levels would

also be decreased in areas of micronutrient toxicity (especially manganese,

copper and potassium), to allow the plant to cope with this stress. It is most

likely however that the toxin level of the seed is affected by total grain

nitrogen. In areas of high nitrogen, grain nitrogen increases thereby increasing

the amino acid level and hence ¡glutamyl-p-cyanoalanine level of the seed.

Most sites in South Australia have alkaline soils. If the yglutamyl-þ

cyanoalanine level of vetch becomes low enough to be marketable, it is likely
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that such low toxin seed will receive a premium price in the market. Thus

areas with highly alkaline soils, such as the northem Eyre Peninsula and

Murray Mallee, will be advantaged. Unfortunately the correlation between pH

and toxin levels is only noticeable for the variety Languedoc and it is not

known if a similar correlation will be seen for untested lines.
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General Discussion

Prior to releasing a vetch variety with low '/" ^¡glutamyl-B-cyanoalanine, it is

important to determine the effect of environment on this toxin. It is probable

that the cyanoalanine toxin present in vetch arose in response to selection þ
grazing animals. Alternatively, vetch may have always contained the

cyanoalanine toxin such that low toxin accessions have evolved in the absence

of selectionby grazing animals. In the absence of the detection of a zero toxin

vetch, the second suggestion seems more reasonable.

No zero toxin vetches have been found in this study. In fact, of the nearly 1800

accessions analyzed, the lowest toxin vetch detected still contained 0.33% y
glutamyl-B-cyanoalanine. It is currently thought to be unlikely that a zero

toxin vetch exists, and as such an attempt to obtain such an accession through

strategic plant breeding should be undertaken.

Line 28 from the Seed and Plant Improvement Institute collection had the

lowest toxin level. Its ¡glutamyI-p-cyanoalanine level was 0.gg%. To lower

the toxin level of commercial varieties below 0.39"/", a further six methods

may be tried; further screening of germplasm, chemical or radiation (x-ray and

UV light) mutation of seed, crossing to produce transgressive segregants,

recurrent selection of low toxin lines, interspecific hybridization and

biotechnology. These will be discussed further in chapter 6.

Crosses have been undertaken in an attempt to lower the yglutamyl-þ

cyanoalanine content of commercially available varieties of vetch. It is

important to note that although genetic material for the breeding program was

selected on the basis of imported ground seed, when the whole seed was

acquired, the toxin level differed. Additionally, when the seed was grown for a

generation in the glasshouse, the toxin level was altered further. In some

cases the reason for these differences in toxin level was mistaken identification
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of the seed, in others. it was the effect of the environment in which the plant

was grown

Despite the environment having a significant effect on the ¡glutamyl-þ
cyanoalanine level of a plant, no interaction between the genotype and

environment was found when three separate genotypes were grown at

different sites across south eastern Australia. That is, within each separate site

and year, the ranking of each genotype according to the % yglutamyl-þ

cyanoalanine of the seed remained essentially constant. Thus selection for low

toxin genotypes should be possible in any environment and may be

undertaken within a single environment.

The areas to which vetch is targeted in South Australia are areas of high

alkalinity, low rainfall and low fertility which should produce vetch grain

with the lowest toxin levels. Areas with high rainfall and high levels of soil

fertility were found in this study to produce the highest toxin seed. If vetch is

to be sold as a feed or food grain dependent on the toxin level of the seed, the

dryland areas may play an important role in supply of the food market.

Varieties with stable toxin levels and adapted to specific environments will
have to be bred for these areas.
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General Discussion and Future Directions

Detoxification of vetch during food preparation

Legumes are traditionally prepared for eating by soaking and boiling. As split

vetch grain is virtually indistinguishable from the red lentil, it would be expected

that this too would be prepared in this way, however, it has been shown in this

thesis that these are inefficient methods for the reduction of yglutamy!-þ

cyanoalanine, the neurotoxin present in vetch (Chapter 2). [r fact, soaking can

result in an increase of yglutamyl-p-cyanoalanine by as much as three to four

times (Ressler et aI., 1969). While boiling vetch can reduce the toxin level slightly,

if the water is retained after boiling, the net toxin level of the seed and water can

be the same or even higher than the unprocessed seed. If soaking is to be used in

the preparation of vetch, it must be carried out over several days with excess water

discarded regularly (Ressler et al., 1997). Unfortunately water is limited in many

of the countries where vetch is consumed, and as such should not be wasted.

Autoclaving (pressure cooking at I21'C) reduces the amount of toxin in the seed

Ð tp to 90'/' (Chapter 2). Unfortunately, not all of the consuming population

have access to the equipment required for this technique. If autoclaving could be

carried out on a commercially viable scale prior to the sale of grain to the

consumer, the population would have access to what would essentially be T
glutamyl-B-cyanoalanine free grain. Preliminary experiments using microwave

cooking have indicated that the toxin may be reduced by more than half after only

five minutes. This technique needs further research, but if it is successful it is
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known that industrial sized microwave ovens are available, and vetch could be

processed prior to leaving Australia and hence prior to consumption.

The problem with tannins

\¡Vhen chicks and pigs were fed diets containing vetch, it was found that the seed

coat of vetch reduced feed intake. Although pigs showed a corresponding

decrease in average weight gain (Chapter 4), chicks showed an increase in weight

gain (Chapter 3). This was thought to be due to an increased consumption of

water by chicks due to the tannins, in the seed coat, precipitating salivary proteins,

thus making the mouth dry and swallowing difficult.

Thus, for a small seeded Vicia species like Blanchefleur, the relative tannin

content is possibly currently too high for consumption by pigs or poultry.

Tannins may be reduced in the seed by either plant breeding or dehulling of the

seed prior to mixing in animal diets. This will be discussed in more detail in a

later section.

The effect of ¡glutamyl-p-cyanoalanine and vicine on animal performance

\Atrhen chicks were fed vetch they showed symptoms associated with vetch toxicity

at an earlier stage to those fed equivalent concentrations of the purified T

glutamyl-B-cyanoalanine toxin. Thus a secondary factor must be present in vetch

which adds to the effects due to ¡glutamyl-B-cyanoalanine. This factor is as yet

uncharacterized.

Darwish (pers. comm.) has proposed that vicine fed at high levels, may confound

the effects of low concentrations of yglutamyl-B-cyanoalanine. In that experiment
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chicks consuming essentially the same dietary levels of ¡glutamyl-þ-cyanoalanine

showed vastly different feed intake levels. When analyzed further, it was

revealed that lower average feed consumption was recorded for chicks consuming

diets containing higher levels of vicine (4. Darwish, pers. comm.). At higher

cyanoalanine concentrations, Darwish proposed that this vicine effect is masked

and the cyanoalanine effects become dominant.

Laying hens show decreased egg size when fed faba beans (Campbell et a1.,1980).

The factor causing this egg size depression is vicine (Muduuli et al., 7981; Olaboro

et a1.,1981.a;Olaboro et al., t98lb; Muduuli et øL, 1982), and when purified vicine

is incorporated in the diet at levels greater than 1/o, egg production and mass, yolk

weight and mass, fertility and hatchability are depressed (Muduuli ef al., 1981;

Muduuli et a1.,1982). Lr addition, vicine increases the spontaneous haemolysis of

erythrocytes and glutathione concentrations. Growth and feed intake of rats

however is unaffected when faba beans are fed at a rate of 1% vicine. Blood

glutathione concentration is increased slightly but whole blood haemoglobin is

unaffected (Collier ef aI., L978\. Little effect was also noticed when rats were

pretreated with buthionine sulfoximine (a potent inhibitor of glutathione

biosynthesis) and fed vicine at 2o/o of the diet (Yannai and Marquardt, 1985). The

oral intake of vicine by rats in these experiments may not have been high enough

to overwhelm the detoxification system and elicit a response (Chevion et a1.,1982;

Benatti et aI., 1984; Winterbourn et ø1.,1986).

Contrary to these feeding results, when vicine is injected into rats a rapid response

is elicited (Yannai and Marquardt, 1985; Arbid and Marquardt, 1986). These

animals show an increase in respiration rate, abdominal convolutions, cyanosis

and even death if the dosage is high enough (Arbid and Marquardt, 1986). Thus

rats show minimal responses to vicine and convicine when ingested, but when

injected metabolic changes and even death may be induced.
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Vicine and convicine are metabolized to divine and isouramil in the presence of

B-glucosidase in the digestive tract (Hegazy and Marquatdt,1984). These aglycones

are ðubsequently absorbed. Divicine and isouramil are highly reactive free-radical

generating compounds (Fröhlich and Marquardt, 1983; Albano et aI., 1984). [:r the

presence of oxygen, they are converted to their oxidized form, with the formation

of hydrogen peroxide (H2O2) (Chevion et ø1., 1982). The reduced aglycones are

regenerated when the oxidized forms react with reducing agents such as

glutathione (Chevion et aL, 1982; Benatti et ø1., 1984). The H2O2 molecule then

reacts with glutathione to produce water and oxygen. Four molecules of

glutathione are oxidized during this step. Glutathione is then regenerated from

its oxidized form by reacting with NADPH and H+. This futile cycle continues

until the aglycones are removed from the system (Chevion et ø1., 1982; Benatti ¿ú

aI., 1984). If the hydrogen peroxide and free radicals are not neutralized, cellular

damage ensues, including haemolysis (Muduuli et al,, 1981,; Yannai and

Marquardt, L985). Figure L shows the reactions involved in this cycle.

This thesis has reported an increase in cystathionine levels due to the presence of

B-cyanoalanine in pigs fed vetch (Figure 2). p-Cyanoalanine inhibits cystathionase

and thus the synthesis of cysteine from methionine (Pfeffer and Ressler, L967).

Flence, there is an increase in the level of cystathionine. Cysteine is an integral

component of protein s¡mthesis and thus levels of glutathione, a 'sink' for

cysteine, are reduced to maintain cysteine levels (Higashi et al., 1977; Tateishi ef

a|.,1977; Cho ¿ú aL.,1981).
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autooxidation of RHZ B, nonenz5rmatic reduction of R using two molecules of
GSH; C, GSH reductase, regenetating two molecules of GSH; D, superoxide
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cyanoalanine inhibits the enzyme cystathionase which catalyzes the conversion of
cystathionine to cysteine (*). Hence it is expected that a build up of cystathionine
will occur in the presence of. p-cyanoalanine and a concomitant decrease in
glutathione to replenish cysteine supplíes.

It is not known what the combined effect of þ-cyanoalanine and either of the

aglycones, divicine and isouramil, would have on glutathione levels or indeed

the animal. The aglycone metabolite of vicine, divicine, causes an induction in

glutathione synthesis in red blood cells when injected into rats (Arbid and

Marquardt, 1986). Thus, in the presence of both B-cyanoalanine and divicine, it

would be expected that glutathione levels would decrease. In fact, there would be

additional competition for glutathione from the need for cysteine in protein

synthesis, as well as for the oxidation of LJgO2. In the absence of glutathione, not

only would cysteine become lacking, but free radicals (OH' and 1O2) would be

produced from HzOz causing serious damage to the cells (Figure L) (Marquardt,

1e89).

As B-cyanoalanine is expected to indirectly reduce glutathione levels in the cell, it

is expected to cause a similar response to that recognized with buthionine

sulfoximine in the presence of vicine or its aglycones. Rats injected with divicine
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during treatment with buthionine sulfoximine showed depressed growth, a drop

in blood glutathione levels, an increase in spleen and adrenal weight, and at high

doses of divicine, severe cyanosis followed by mortality (Yannai and Marquardt,

1985). Thus glutathione metabolism inhibitors accentuate the affect of the

pyrimidine glycosides, vicine and convicine.

Rats fed vetch show some growth depression and mortality at high inclusion

levels (Ressler et al., 1969), while monkeys show hyperactivity and "a definite

syndrome unmistakably indicating a disturbance of the nervous system"

(Anderson et al., 1925). Chicks in this thesis, as well as other reports, showed

nervous symptoms, dispirited chirping, weakness in the legs and wings,

convulsions and death (Ressler et ø1., 1963; Ressler et aI., 7969; A. Darwish, pers.

comm.). None of these symptoms correspond to those expected from vicine

toxicity. In fact, Darwish reported no significant effect of vetch on red blood cell

counts, haemoglobin concentration or haematocrit. Thus vicine is not the factor

in vetch responsible for the major neurotoxic effects on rats and chicks.

It can be hypothesized from this argument that the effect of p-cyanoalanine and

vicine is synergistic. That is, they work together to produce the symptoms

associated with vetch toxicity which is greater than either toxin by itself.

Unfortunately the neurological effect of the cyanoalanine toxin cannot be

discussed with reference to vicine, as the presence of this compound or its
associated aglycones has not been reported in the brain or nervous system. It is

likely however that the neurological effect of the cyanoalanine is brought about by

a reduced level of glutathione. A decrease in glutathione in the brain increases its

sensitivity to free radicals and other toxic compounds (Meister, L988; Cooper and

Kristal, 1997), such that defective function of the brain usually results.
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To test the hypothesis of the synergistic effect of B-cyanoalanine and vicine,

further experiments must be carried out. Rats have been found to be relatively

insensitive to orally administered glycosides (Yannai and Marquardt, 1985).

Flowever, when fed high levels of vetch, mortality has ensued (Ressler eú al.,

1969). Laying hens are sensitive to the effect of vicine and convicine, but have a

less severe response to vetch in comparison to young chicks. Chicks show a

reduced response to vicine and convicine. Thus to assay for a synergistic effect of

B-cyanoalanine and vicine, rats should be used as the preferred experimental

animal as laying hens are relatively insensitive to the effects of vetch, while

chicks are too susceptible. Rats could be fed vetch, ot a combination of both

purified y-gIutamyl-B-cyanoalanine and vicine, and the organs and blood analyzed

for the glutathione level and blood parameters (haemoglobin content, red blood

cell count etc.). Additionally,by using a small animal such as a rat, the organs or

even the whole animal may be snap-frozen at slaughter such that difficulties

associated with the delays in analyzing glutathione concentrations in abattoir

slaughtered animals may be overcome.

¡Glutamyl-p-cyanoalanylglycine, a metabolite of ¡glutamyl-þ-cyanoalanine

Coincident with the presence of p-cyanoalanine in the organs and tissues of pigs

fed vetch, was the tripeptide, y-glutamyl-B-cyanoalanylglycine, in the liver

(Ressler ef ø1., 1967; Sasaoka ef 41., 1968). This tripeptide is an analogue of

glutathione. The level of this compound was substantially greater in organs

frozen immediately after slaughter in comparison to those frozen later after

slaughter at the abattoirs. Thus it is hypothesized that this compound is rapidly

broken down in the animal.
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The tripeptide has been found in the brains of rats fed and injected purified ¡
glutamyl-p-cyanoalanine. This compound was not detectable in the brain of

abattoir slaughtered pigs fed vetch, however the inevitable delay in freezing

abattoir slaughtered samples means this negative result for pig brains is of

questionable significance. As this tripeptide is a close analogue of glutathione

(Sasaoka et a1.,1968), it is to be expected that it would also traverse the blood-brain

barrier in this form and later is cleaved to the B-cyanoalanine observed in the pig

brain. It is not known whether this breakdown occurred while the animal was

alive, or after slaughter. Higher levels of cystathionine, presumably caused by an

inhibition of cystathionase by þ-cyanoalanine, were detected in the brain of pigs

fed vetch than any other organ analyzed. This suggests that some ftee þ
cyanoalanine is present in the brain of pigs fed vetch prior to slaughter.

The increased levels of cystathionine in the brain has lead to the hypothesis that

glutathione levels would be decreased to maintain the cysteine pool

concentrations. As stated previously, reduction in levels of glutathione cause the

brain to become more susceptible to the presence of toxins, and hence p
cyanoalanine, or even cystathionine.

The mechanism for the conversion of dietary ¡glutamyl-p-cyanoalanine to T

glutamyl-B-cyanoalanylglycine and its subsequent transport into the brain is

currently unknown. ¡Glutamyt-p-cyanoalanine may first be cleaved to þ
cyanoalanine and subsequently converted to ¡glutamyl-p-cyanoalanylglycine, or

may be independently metabolized to both B-cyanoalanine and ¡glutamyl-þ
cyanoalanylglycine. This conversion and subsequent passage of the tripeptide and

B-cyanoalanine into the brain could be followed feeding rats radio-labelled

isotopes of y glutarnyl- B-cy anoalanine.
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When þ-cyanoalanine is added in aitro to cerebral cortex cells at concentrations

below L mM, no changes are observed (Roy et a1.,1996). Above 2 mM, however, a

pathological response generally associated with that of an excitotoxin was noticed.

Interestingly, it was found that rats exhibiting neurotoxic symptoms associated

with vetch toxicity had only 660 ¡t}ld B-cyanoalanine present in the brain. Thus it

may be assumed that a secondary factor is causing the observed neurological effect.

It is not know whether the secondary factor is the tripeptide, a reduction in

concentration of glutathione, increased levels of cystathionine, decreased levels of

cysteine or a combination of all. This could be easily verified through additions of

different combinations of the tripeptide and a glutathione metabolism inhibitor to

cell cultures.

Vetch as a human food

Pigs consuming a 30"/" vetch diet showed a significantly lower feed intake and

average daily weight gain over L5 weeks compared to those pigs consuming diets

without vetch, however no neurotoxicity was observed. B-Cyanoalanine

however, was detected in the liver, kidney, brain, muscle and blood of pigs fed

vetch at inclusion levels even as low as \0o/", and the presence of cystathionine in

the brain and liver indicates that this is effecting methionine metabolism. As pigs

are a biomedical model for humans (Pescovitz ef al., L984; Phillips and

Tumbleson, 1986; Mock et ø1.,1997), it seems that the currentsale of vetch to third

world countries is thus fraught with danger. The vegetarian populace to which

vetch is being sold as a cheap substitute for lentils is currently mostly unaware of

its toxicity. In most areas where the legume is consumed, excess water is

unavailable so it is cooked in minimal water, and often, if it is to be eaten as a

dhal, the water is also consumed. Hence a high level of yglutamyl-þ
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cyanoalanine is consumed. As shown with pigs in this thesis, it is to be expected

that B-cyanoalanine will also accumulate in the tissues and organs of humans

consuming this as part of their staple diet.

The pigs fed experimentally in this thesis received rations supplemented with

amino acids such that an excess were available. The highest dosage of pglutamyl-

p-cyanoalanine that the pigs received was 71, mg/kg body weight/day (Chapter 4)

for L5 weeks. This is equivalent to approximately 4.26 g/ day for a 60 kg human or

7.Lg/dayfora100kghuman. At current toxin levels in vetch, this equates to an

intake o1 426 g or 7\0 g of unprocessed grain per day. Although these are

unrealistically high consumption levels for humans, populations to whom vetch

is being sold as a staple diet substitute are protein-deficient (Patwardhan, 1962;

Bhat and Raghuram, 1992; Tate and Enneking, L992) and additionally have

essentially vegetarian diets based on pulses alone. Methionine is a limiting

amino acid in nearly all legumes (Patwardhan, 1962), and as such it would be

expected that the effect of yglutamyl-B-cyanoalanine on glutathione and cysteine

levels would be accentuated in these populations. Thus even at a much lower

intake as part of the diet this toxin would cumulatively affect methionine

metabolism, and may cause neurological problems, especially if it is not easily

detoxified and accumulates in the brain.

In search of a low toxin vetch

Pigs were found to tolerate vetch at inclusion levels of 30"/", however a decrease in

average daily weight gain compared to pigs consuming a control diet was noted

(Chapter 4). However, pigs may be fed vetch at inclusion levels of 20% without

any detrimental effects. Analysis of the data indicated that the decrease in daily

weight gain may have been primarily due to the tannins in the seed coat,
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however the fact that B-cyanoalanine detected in organs and tissues as well as the

methionine metabolite cystathionine at higher than normal levels suggests that y

glutamyl-B-cyanoalanine is also affecting methionine metabolism which is a

known constraint to weight gain for animals fed legumes. As pigs are a

biomedical model for humans (Pescovitz et aI., 1984; Phillips and Tumbleson,

L986; Mock et aI., 1997), these results may be extrapolated to predict that vetch

would have similar effects on humans. By contrast, chicks could not tolerate

vetch at inclusion levels even of 20"/" and this was found to be primarily due to ¡
glutamyl-p-cyanoalanine. At current toxin levels (-1,.0% yglutamyl-þ

cyanoalanine), it was predicted that vetch even at a 10% inclusion level would

still be too high for chicks (Chapter 3). To find a safe and stable market for vetch

other than the pig industry it has become obvious that a variety of vetch with

lower ¡glutamyl-B-cyanoalanine and tannins must be produced, especially if this

market is to ultimately expand for human consumption. The easiest and cheapest

way to achieve this aim is through plant breeding. Genetic variation to

accomplish these objectives tnVicia søtiaø has been detected for tannins, but not

¡glutamyl-p-cyanoalanine.

It will be possible to reduce the tannin content of vetch varieties to levels close to

0%. Concurrent with this reduction in tannin level, it would be expected that the

seed coat colour of reduced-tannin varieties of V . sativø would be paler than the

current varieties. This change in seed coat colour alone would enable the pig

feed-industry to easily differentiate between these relatively safe vetches for

growing pigs and the highly toxic canavanine containing vetches Namoi (V.

aillosø) and Popany (V. benghalensls). Seed coat colours of V. søtiaa ranging from

pale green through to deep brown were observed during work with vetch

introductions.
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The lowest concentration of ^¡gbúamyI-p-cyanoalanine found so far in the

ICARDA Vicia søtiaa sp. germplasm collection was 0.36o/". This, although less

than half that of the current varieties, is still too high for economic inclusion in

chick rations. It is important to reduce this toxin level further.

Six methods can be suggested to be useful in reducing the toxin level in vetch

further. These include screening more accessions of vetch, mutation of seed,

inter-crossing low toxin accessions and screening for transgressive segregants,

recurrent selection, interspecific crossing and the use of biotechnology techniques.

Screeníng of other collections

During the screening of the ICARDA collection for low toxin accessions, t752

Vicia satiaa sp. samples were analyzed. The lowest level of yglutamyl-þ

cyanoalanine detected was 0.36"/o, approximately 40% of that in current

commercial varieties. Sengbusch, in his search for a low alkaloid lupin, tested

1,,500,000 accessions before five alkaloid free lines were detected (Sengbusch, 1931;

Sengbusch,1934; Gladstones,1982). If only one plant in every 300,000 accessions is

low toxin, it would be expected that many more accessions of V . søtiaa will need

to be screened before a suitable low toxin accession is discovered using this

method.

According to passport information, there are a further 300 accessions of Vicia

søtiaø sp. in the ICARDA collection that have not been analyzed. Other

collections that may be approached for germplasm material include the Vavilov

Institute of Plant Industry and other institutes within the former USS& the

Australian Temperate Field Crops Collection and the United States Department of

Agriculture. Collection expeditions, are continually in progress so more
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accessions become available in each germplasm collection every year (G. Auricht,

pers. comm.). Unfortunately, the ¡glutamyl-B-cyanoalanine concentration of

stored seed has been found to decrease over time and as such it is important that

all seed analyzed has been propagated within the last year.

Mutøtion breeiling

Mutating vetch seed using either chemical or x-ray agents may result in the

creation of a low toxin plant. The frequency of mutations expected after mutation

(both chemical and radiation) is from one in every t0-2 for chromosomal

aberrations to every 10-6 for point mutations in dominant genes. Thus if one

million vetch seeds (equivalent to -100 kÐ are treated, at least one useful

mutation may be detected.

Chemical mutation has been used successfully in the production of low alkaloid

lupins (Gladstones, 1994), and is currently being trialled in the production of a low

yglutamyl-s-ethenyl cysteine accession of narbon bean (Vicia nørbonensls; G.

Castlemanr p€rs. comm.). Additionally, both gamma irradiation and chemical

mutation (ethylmethanesulphonate, EMS) were found to equally beneficial in the

induction of Lathyrus søtiaus lines with low neurotoxin content (Nerkar, L972).

Unfortunately mutation techniques are ultimately limited by the efficiency of the

screening technique. The millions of treated seed must be planted and then

screened to detect the useful mutant(s). During mutagenesis other characteristics

of the plant are detrimentally altered, so backcrossing might be required to

remove these traits prior to release of a variety.
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Hybridizøtion of lout toxin lines

Two other techniques to be used for the production of a low toxin vetch involve

the hybridization of known low toxin accessions. Progeny from these crosses

would be screened for even lower toxin segregants. Low toxin parental material

from diverse origins can be crossed to enhance the probability of the low toxin

character being conditioned by separate genes, thus maximizing the likelihood of

transgressive segregants with toxin levels lower than either of the parents. This

technique has proved successful in the development of linolarM, a low linolenic

acid flax type (Green, L986). Mutationally derived low linolenic acid accessions

(Green and Marshall, 1984), were crossed and recombination of the mutant genes

resulted in progeny with lower linolenic acid content than both parents. Two low

linolenic acid flax varieties have since been released in Canada (Dribnenki and

Green, 1995; Dribnenkí et ø1.,1996) and in Australia cultivars Eyre and Wallaga (4.

Barr, pers. comm.).

Simple recurrent selection relies on the trait of interest being conditioned by

many genes of small effect. A recurrent selection breeding program aims to

accumulate these genes into progeny through many cycles of crossing and

selection (Allard, 1960). Thus the lowest toxin level produced is not limited by the

genotype of a single plant, but the favourable combination of genes from many

different plants. The large continuum in the distribution of y-glutamyl-þ

cyanoalanine content of the accessions assayed in chapter 5 (Chapter 5; Figure 1)

indicates that many genes may contribute to the control of the final toxin level of

V. satiaa. Flence, it is expected that recurrent selection could ultimately be used

successfully to produce a low toxin plant.

To instigate a recurrent selection breeding program for the production of a low

toxin vetch, several low toxin accessions from diverse origins would be crossed.
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Progeny from these crosses would be tested and those with a toxin level lower

than the parental material would be maintained and intercrossed while those

with a higher toxin level would be discarded. Additional cycles of selection and

intercrossing can be carried out until a suitable toxin level is reached.

Recurrent selection and its associated methods have been used throughout the

history of plant breeding, from the improvement of oil content in maize kernels

in 1950 (Sprague and Brimhall, 1950), to the reduction of potyunsaturated fatty

acids in soybean in 1981 (Wilson et a1.,1981). Again however, for both of these

techniques, large populations must be screened at each separated cycle of selection

and hence a more efficient method of detection of y-glutamyl-B-cyanoalanine is

required.

Interspecific crosses

T}ae Vicia genus contains many species which do not contain ,¡g\utamyI-þ

cyanoalanine. These include Vicia erailia, pannonicø and narbonensis.

Unfortunately, many of these contain other antinutritional factors such as

canavanine and ¡glutamyl-S-ethenylcysteine (Bell and Tirimanna, 1965;

Enneking, 1994). In crosses with I/. satiaa, it would be hoped that ¡glutamyl-þ
cyanoalanine would be eliminated through chromosomal recombination and that

other deleterious antinutritional factors would not be gained. Flowever, this

approach is limited by the success frequency of the interspecific crossing technique

and the stability and fertility of the progeny.

The use of interspecific crossing should reduce the requirement for a more

efficient screening technique for Trglutamyl-p-cyanoalanine. Crosses have not

been successful between separate Viciø species to date (Donnetly and Clark, 1962),
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but crosses between subspecies are relatively easily achieved and are recorded in

chapter 5. Unfortunately all members of tlire Vicia satiaø aggregate contain ¡
glutamyl- p-cyanoalanine (Chapter 5) and as such this toxin will not be eliminated

through these crossings.

Fertile offspring are rare in interspecific crosses however, embryo culture can

increase the number of successful crosses (Chrispeels and Sadava, L994). These

offspring can be screened within the first cycles of selection to detect those in

which y-glutamyl-B-cyanoalanine has been eliminated. Due to the limited success

rate, few progeny will have to be analyzed. Again however, backcrossing to

remove detrimental traits conditioned by donor parents and to restore fertility

may have to be carried out. This again will ultimately result in the need for a

more efficient screening technique.

Biotechnology

The main procedures associated with the use of biotechnology in plant breeding

are molecular mapping and plant transformation. To date little work has been

undertaken to characterize t}ire Viciø søtiaø genome. The development of a

genetic map based on molecular markers will enable the position of the gene(s)

involved with toxicity to be located. Additionally it will also allow for the

development of a simple screening technique, such as the use of PCR markers, for

toxicity, so selection may be carried out on the genotype rather than the phenotype

of the plant. This is especially relevant as the current screening technique relies

on the milling of seed to a flour, essentially destructive and time consuming as

the plant must have set seed before analysis can be carried out. Marker-assisted

selection can be undertaken on the immature plant material. If the gene for

toxicity were located, this could be nullified through the use of antisense RNA or
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other such techniques. Alternatively, a gene encoding an enzyme for the

breakdown of y-gIutamyI-B-cyanoalanine could be added to the plant genome

through transformation such that the storage of this toxin in the seed does not

occur

Problems with screening large populøtions for yglutømyl- p-cy øno ølønine

The current screening method used in these laboratories for the detection and

quantification of y-glutamyl-þ-cyanoalanine is DRUIDS. Preparation of samples

for this technique involves grinding and sieving the sample to remove any larger

fragments and to produce a fine flour. Detection of the toxin in the flour takes

approximately two minutes (Delaere, 1996). In all, it is estimated that from

harvest of the seed it takes five minutes to know its toxin level. Thus, to screen

100,000 seeds would take 500,000 minutes, equivalent to approximately 1.042 days

or nearly four working years. Until the throughput time of the assay for y

glutamyl-B-cyanoalanine concentration of vetch seed is reduced, the screening of

large populations will continue to be a severe constraint on progress.

Screening. of more material and mutating seed are inherently inefficient

techniques for the detection of a low toxin vetch, as the current screening

technique for the detection of 7-glutamyl-B-cyanoalanine is too time consuming to

use with large (>100,000) populations. Crossing low toxin accessions to enhance

the probability of low toxin transgressive segregants and to undertake recurrent

selection are the two methods currently being used in the breeding program for

the production of a low toxin vetch. The success of interspecific crossing is reliant

upon the fertili$ of the progeny and this is often rare. A mixture of two of the
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techniques, mutation and transgressive segregation, have already been used

successfully in the production of linolarM (Green, 1986; Dribnenki and Green,

1995; Dribnenki et ø1., 1,996). Molecular techniques could be used in the search for

a low toxin vetch however these are not currently being utilized in this program.

To improve selection procedures, a robotic method of screening would be ideal.

Genotype x enaironment interaction

Irr chapter 6, it was shown that there are no interactions between genotype and

environment. The observed variation in toxin level was assignable to the major

effects of site, year and variety, alone. Ranking between separate sites remained

constant so the selection for low toxin genotypes in the future can be confidently

carried out in any one environment. This will minimize the amount of material

that must be screened and thus increase efficiency.

Increased ¡glutamyl-B-cyanoalanine concentrations of the seed were correlated

with increased soil nitrogen content. This is probably due to an increase in grain

nitrogen and hence free amino acid content. As ¡glutarnyl-þ-cyanoalanine is the

dipeptide of a non-protein amino acid, it is reasonable to assume that the level of

this too will increase in areas of high soil nitrogen. To test this hypothesis, grain

can be analyzed for both total nitrogen and protein content by near infra-red

reflectance spectrophotometry, the Kjeldahl method or Dumas combustion (4.

Barr, pers. comm.), to look for a correlation between these and toxin content.
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In summary, the combination of a well adapted vetch containing reduced

concentrations of y-glutamyl-B-cyanoalanine and tannins with an easily

recognized shape or seed colour to distinguish it from Namoi and Popany would

be of great benefit to South Australia. This would enable the opening of new

markets for the grain so that this rotational crop could be cultivated for direct

economic gain rather than just boost nitrogen levels in the subsequent wheat

croP.
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