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ABSTRACT

The effect of feeding high levels (40%) of heat
treated fababeans, various levels (15 and 30%) of whole and
dehulled fababeans which represented different energy levels
and methioniﬁe supplémented fababeans (25%) to laying hens
on productive performance was evaluated. Egg production was
not affected (P>0.05) by the fababean content of the diet,

A consideratibn.of both egg weight and total egg mass results
fevealéd a lower egg size4With theffébabean diets Which was
not cbrrected by héat tréatment'of fababeans but was signi-
ficantly (P<0.0l1) improved by methionine supplementation at
levels over and above the NRC (1971 and 1977) requirements
for ‘the laying hen. The extent of egg weight dépression’
was proportional to the level of whole and dehulled faba--
beans added to the diet. Feédvintake ggg se was not re-
'sponsible for fhe observed egg size depression, 1In general
" fababean diets were utilized as efficiently as control
diets. Bbdy weightﬁgain‘whicﬁ was not (P>0.05) affected in
all trials, tended to incfease-with'ihcreaseS’in“the level
'of'methionine‘in fhe’fababean containing diets. Mortaiity
was normal.

Due to the oBserved consistency of the egg weight
depressing effeét of fababeans through the production'trials;
short term (32 days in length or less) trials were conducted and
a:standard'bioassay test procedure was developéd to deter-

mine the nature of the component in fababeans that caused
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the depression in egg weight., This test procedure con-
sisfed of groups of individually caged hens, with one

group designated as the.control group and the other group(s)
as treatment., Control diets were fed to the control group
at all times.whereas fababean diets were fed to the treat-
ment group(s) during“the test periods which were separated
by a control period during which the control diet was re-
fed., Eggs were éollécted'and'egg,weight was recorded
daily. The effects of the treatments were evaluated_by
representing the data graphically and by stétistical
analysis which involved a comparison between groups of the
percent change.in egg weight during a test period in re-
lation to a preceeding control period. Energy or protein
le&el in the diet per se was shown not to be a major factor
in egg weight response. Addition of l2%-untreated or auto-
ciaved»(lleC»fdr'lo,min) fababean_protein;concéntrate to

a laying diet depressed (P<0.0l) egg weight. Fababean hulls
(10% of the diet) or fababean starch (26% of the diet) did
not (P>0.05) depress egg weight. These results ruled out
the possibility of trypsin‘inhibitors, hemagglutinins or
.condensed.tannins being involved in egg weight depression.
An ethanol-water extract of ﬁntreated of'autoclaved faba-
,béan protein concentrate depressed (P<0,01) égg weight;

The magnitude of the egg weight depressiqn was dependent

on the concentration of the causative agent. Fractionation

of the ethanol-water extract of’autoclaved fababean protein
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concentrate by lowering pH using HCl produced fractions
which did not (P>0.05) depress egg weight. On the contrary,
acetone fractionation of thetextract produced a fraction
'(supernatant—H) that depressed (P?O;O5) egg weight. Super-
natant-H was.coﬁposed of_84.09% of a very‘soluble fraction
(supernatant) and only 11.45% of a relatively insoluble
,fraction (white precipitate). Both fractions depressed

- (P<0.0l1) egg weight,vélthough the concentration of the active
-compbnentbwas higher in the white precipitaté. The white
precipitate which contained 80 to 90% total vicine was re-_"
—crystallized in water to producevcrystals which by deter-
mination of various physical properties wére identified as
vicine cfystals;vcontaining 96% vicine., Convicine was de-
tected in the residue of crystallization. It was concluded
that total vicine (vicihe + convicine) is the egg weight
depressing factor in fababeans with'vicine being the major
principle,. Chemical analysis of fababean fractions showed
‘{hét“the fabébean-fractions, hullé~and starch that did not
(P>0.05) depress egg weight contained liftle or no vicine
activity while the potency‘relative to egg weight depres-
sion of the other fractions was proportional to vicine‘

activity.
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INTRODUCTION

' Fababeans (Vicia faba) have been used as human fon

and animal feeds in a number of countries but primarily in
Europe, Middle East and Nbrth Africa, Their-use in America
has been very limifed; 'In Canada, the first commercial
production of fababeans occurred in Western Canada in 1972,1
when about 800 hectares (2,000 acres) were planted and a
further expansion was expected in the folleing years.
-.Average yields exceeding 2,200 kg/ha have been obtained'and
should ihcrease as producérs become more familiér with the
crop. The improved varieties of fababeans may well be of
- considerable potential as protein sourcés éince thelir
protein content is Zé'times higher than that of cereal‘
grains, concurrent with a much higher_percentage of lysine,
vFababeans have the further advantage of possessing the
~ability to fix atmospheric nitrogen in the:soil, thus
benefiting_the:suCCeeding cfop.
’  Thé use of fababeans as a feedstuff, however, is

:étill,limited.’ With regard to théir use in poultrf feeds,
reseérch WOfk has been conducted with growing chickens and
to a lesser extent with laying hens. 1In some laying hen
studies egg production has been shown to decrease with high
levels of fababeans in the diet. 'The most consistent
_effect'of'adding fababeéns to-laying diets, however, has.

‘been that of egg weight depression,




The objectives of these studies were to evaluate
the nutritive value of fababeans for laying hens and in
particular to study the alleged egg weight depressing effect

of fababeans, In this regard.'an'attempt was made to

‘isolate.'purify and identify the egg weight depressing

factor in fababeans.
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LITERATURE REVIEW

Types and Varieties of Fababeans

Vicia faba L. is a large seeded annual legume species

which can be classified into three types based on seed size

~and shape (Robinson 1968). Vicia faba,var. major, has a

flat seed sometimes weighing over 0.8 g and is commonly

called broad bean of windsor bean. Horse bean (Viciavfaba

var. equina) seed is of medium size, often 0.4 to 0.5 ¢

per seed and has an irregular, oval shape. Tick bean or

pigeon beanv(Vicia faba var. minor) seed is the smallest of

the three types (0.2 to 0.3 g) and of a round to oial shape.
In Canada and the United States, the common name that has

been selected for the species Vicia faba is fababeans. These

same beans are called field beans in England and silkworm
beans in parts of China. Among the new licensed varieties
of fababeans aré‘Ackerperle, Diana, Erfordia in Canada;
Maris béan and7MinQr5s tick (spring’varieties) and Throws

M.S. (winter variety) in-the United Kingdom.

Nutrient Composition of Fababeans

Improved varieties of fababeans contain about 25 to
35% protein (N x 6.25) on dry matter basis depending on the
season, condition of haturify, location, type and variety of

the bean (Eden 1968; Clarke 1970; Bhatty 1974; Marquardt

et al. 1975; and Blair 1977). -In Britain, the average

protein content was found to be 31.4% for spring beans and

26.5% for,wihter beans, with lower protein values associated
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with large seeded or early maturing varieties. The protein
content of Canadian beans appears to be slightly higher
than that of British beans (Blair 1977). The bean can be

readily separated by mechanical methods intoc hull (testa)

and cotyledon fractions. The cotyledon is about 86 to 89% g

of the bean while the hull is about 11 to 14% of the bean.
The major differences between the hull and the cotyledon are
that the former contains 45 to 54% crude fiber and 6 to 7%

crude protein, whereas the latter has 0.3% crude fiber and

36% crude protein (Marquardt et al. 1975).

| Fababeans are similar to other legumes in that they
have a relatively higher level of lysine compared to wheét.
but are low in the sulfur containing amino acids. methionihe
and cystine (Kakade 1974; and Blair 1977). The balance of
the other amino acids present in fababeans appears to be
good with a few exceptions. Arginine and aspartic acid are
" higher in fababeans than in wheat, whéreas glutamic acid
~.and proline are low (Evans et al. 1972). The sulfur amino

acids, glycine and tyrosine are lower in the cotyledon than

in the hull portion of the bean, a reverse pattern, however,
was observed with arginine and glutamic acid (Marquardt et
al., 1975). Kaldy and Kasting (1974), converted the amino

acid composition to protein scores to obtain an estimate of

protein quality and reported scores varying from 36 to 45 for
- different varieties of fababeans with an average score of 40
in comparison to an ideal proteiﬁ with a score of 100, Palmer

and Thompson (1975), reported‘chemical scores and biological
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values (B.,V.) for four varieties of Vicia faba L. to range

from 45 to 52 and 45 to 51, respectively. The protein
scored pointed out that methionine is the first limiting
amino acid in fababeans. Methionine and cystine values

reported for Vicia faba L. range from 0.54 g to 0.95 g per

16 g of N for methionine and 0.78 g to 1.37 g per 16 g of N
for cystine (Evans et al. 1972; Frolich et al. 1974; Kaldy and

Kasting 1974; and Marquardt et al. 1975). Most of the

nitrogen is present as protein and only about 4% as free

amino acids, mainly arginine and histidine.

The fat content of fababeans is only 1 to 2%
(Carpenter and Johnson 1968; Eden 1968; and Marquardt et al.
1975). MNore than 97% of the fat is contained in the coty-

ledon (Blair 1977). Linoleic acid content is reported to

be 0.7% compared to 0.4% and 0.9% in soybean meal and
bafley. respectively (Blair 1977). Fababeans contain 3 to §
4% ash and are high in phosphorus and potaésium (White 1966;
Carpenter and Johnson 1968; Eden 1968; and Marquardt et al.
1975).

The carbohydrates of fababeans were investigated

by a number of workers (Prichard et al. 1973; Bhatty 1974;
Cerning et al. 1975; and White 1966). The carbohydrate
content of fababeans varied from 51 to 66% with 28 to 42%

starch. Prichard and associates (1973), reported that the
- various carbohydrate fractions contained in winter and
‘spring béans were; an available'carbqhydrate fraction

(dextrins, water-soluble and insoluble starches and ethanol




soluble Sugérs) L6 to 48% and 30 to 42%, respectively; and
the unavailable carbohydrate fraction (lignin, cellulose,
hemicellulose and water-soluble polysaccharides) l9 to'zo%
and 22 to 37%, reépectively.  Only,smalliamounts of glucose
containing-polymers,.soluble in]dilute acid, are present in
the cotyledon asvcompared with a value of 3.6% in the hull
(Cerning et al. 1975).

. Waring ahd‘Shannon_(l969). determined the classical

metabolizable energy (M.E.) values for soybean ahd two

varieties of Vicia faba L., minor's tick and throws M.S.
using colostomised laying hens. They reported the.M.E.
values to be 2.6,12;5 and 2.4 kcal/g.for'soybean meal,
minor's tick bean and throws M.S. bean meal, respectively,
True-digeStibility éoefficients for the crude protein of 1 -
the beans were 90, 84 and 81%, respectively; the amino acid | |
digeétibility coefficients’Were‘generally close to those.of
crude protein. ‘Bdwards and Duthie (1970), reported a mean
classical M.E. value of 2.4+0.1 kcal/g and a-mean nitrogen

corrected value of 2.310.1 kcal/g by feeding eleven samples

- of throws M.S. variety of Vicia faba L. to broiler chicks.

Comparing the throws M.S. (winter beans) with maris bead

tick beans (spring beans), Edwards and Duthie (1970), found

the mean cla551cal and nltrogen corrected M.E. values to be
2.440.2 and 2.34+0.2 ﬁcal/g for the former and 2.440,1 and
2.4+40.1 kcal/g for the latter. They found no relationship

‘between soil types and M.E. values. Carpenter. and Johnson




- (1968), reported the M.E. value of the spring-sown minor's
tick beans to be 2.7 kcal/g and that of the winter-sown

throws M.S. beans to be 2.5 kcal/g at 90% dry matter.

Undesirable Constituents of Fababeans

Fababeans have been reported to contain trypsin in-
hibitors, hemagglutinins, tannins, vicine, conviciﬁe and L-
dihydroxyphenylalanine.(L-DOPA). Some of these_antinutrié
tional factors havezbeen_implicated‘in the depressed pro-
ductive performance of growing chickens fed fababeans Whiie
the antinutritional effects of others in ?oultry is not yet
known. - Literature relating to each ef these'undesirabie
constituents of fababeans is, therefore. cited in an attempt
to establish their significence in the nutritive value Qf

fababeans for laying hens.

1. Trypsin inhibitors

A humber‘of workers have reported‘thevpresence in
fababeans of trypsin inhibitors., Wilson and associates
(1972).»repprted that the panCreas‘of'female broiler chicks
fwas?enlafgedeand feed‘efficiehcy reduced when trypsin in-
hibiter:isolate'from fababeans was added to a ration con-
taining 75% autoclaved beans, and was ehlarged more when
raw beans replaced autoclaved beans. Weight gains were
'depressed'by raw beans but not by the isolate. The above
- workers also presented in vitro evidence of the.presence-
of a heat-labile inhibitor of trypsin in both the cotyledon

andftestavdf’the field been.' Marquardt and co-workers.




(1975), showed that the level of trypsin inhibitor in the

hull was at least twofold greater than in the cotyledon.
However, trypsin inhibitor in fababeans is much'less im-
portant‘than that preSént in soybean meal, since the level

~is 5 to 9 fold lower.in the fababeans as éompared to soybeans,"
Marquardt et al. (1975), presented evidence ﬁhich suggested
that the trypsin iﬁhibitor in fababeans had a relatively

insignificant effect on chick growth and efficiency of feed

utilization,. The activity of the fababean trypsin inhibitor
is destroyed by heating the bean at 110°C for 40 minutes or
at 121°C for 15 to 30 minutes (Wilson gt al. 1972; and o

Marquardt et al. 1975).

2, Hemagglutinins

| Hemagglutininsf(lectins)»are substances which have
the ability to agglutinate red.blobdvcells. ’Mar@uardt et al, -
(1975), found hemagglutinin levels to be 2,900 to 4,200 |
rabbit RBC units per gram in four cultivars of raw fababeans,

and the levels were reduced to 0 to 300 units after Ls

 'minute'autoclaving. The corre3ponding values for soybeans,
wheat and barley were 650, 50 and 5, respectively, and all
were reduced to zero by autoclaving for 15 minutes. All the

~hemagglutinin activity seemed to be concentrated in the

cotyledon portion of the bean with no activity in the hull
‘portion (Marquardt et al. 1975).
Hemagglutinins isolated from legumes have been

shown to be toxic when injected into_animals and to inhibit
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growth when added to diets. Pusztal and co-workers (1975),
observed that the growth reduction in rats associated with
the protein from the phaseolus bean could be explained by
the content of hemagglutinins, - Some workers have assoéiated
the poor growth'obser§edeith‘fababeansvto the hemagglutinin
content of the beans (Livingstone et al. 1970; wilson et al.
1972; and Marquardt et al. 1975). More recehtly studies by
“Marquardt and associates (1976), however, have demonstrated
~that hemagglutinins.in fababeahs do not_significantly affect
chick growth fafes or efficiencyvof'feed utilization. These
conclusions were based 6n fhe observation that the activity
level of the principle growth inhiiitor of fababeans follow-
- ing autoclaving at 1219¢ for 20 minutes was not markedly
reduced. Hemagglutinin activity levels in contrast, were
greatly reduced. It was also observed that the major portion
of the'growth inhibitory.activity was found in the testa
portion of the bean, a fraction that contained no hemagglu—
tinin:activity.
Although the role of hemagglutinins in.favism, a

" disease shown to resuit from eating fababeans, is not known,

-hemégglutinins are suspected as beihg one of the causative
agents, Raw uncooked beans appear to be post dahgerous
- while cooked fresh beans are less likely to produce attacks

and cooked stored beans are least hemolytic (Motulsky 1972).
’In severél experiments decreased giutathione (GSH) levels

were observed in4glucosé¥6-ph03phate dehydrogenase (G~6-PD)




déficiént red blood cells in the presence of broad bean
juice. crude aqueous extract of fababeans, saline extracts
of faba pollen and pistils and lipid soluble materials from

fababeans (Mager gt al. 1969). Sharon et al. (1972), stated

that Vicia faba contains a non-specific lectin (cell-
~agglutinating protein) that has certain sugar specificities

and the ability to agglutinate blood groups of all types.

This property might be associated with the binding of a

sugar molecule, specifically D-mannose and_D-glucosamine3on_

the éfythrocyte wall whiéh.may ihfluence fhe»fdrther‘aCtivity .
of the cell in G-6-PD deficient érythrocytes. The nature and
properties of lectins are so-vaiied and complex that little

is known about their actual function in plants and its
relationship to other aspects of bioéhemistry (Sharon et al.
1972). The possibility 0f a lectin being one of the causative

agents in favismvis not well documented.

3., Ténnins

Tannins have been classified into two grodps,

the hydrolyzable and condensed tannins. They have in common

-protein-binding_and leather-forming activities, but they
usually'differ COnsiderably>in botanical distribution, physio-

logical properties and breakdown products. Tannic acid is

typical of the.hydrolyZablé‘tannihs. It is readily hydro-
.'lysed’enzymatically or spontaneously to glucose and gallic
acid, The condensed tannins (flavolans) are polymeric

flavanoids compdsed:predominately of leucoanthocyanidin
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units linked carbon-tb-carbon from the 4 position of one unit
to the 6 or 8 position of the néxt. Typical condensed tannin
precursors are shown in Fig. 1. These do not break down
readily under physiological conditions; when treated dras-
tically, they usually produce either less soluble polymeric
phlobaphenes or flavonoid monomers, particularly catechin

and anthocyanidin as in Fig. 1 (Singleton and Kratzer 1973).
These phenolic compounds combine with proteiné reversibly by
hydrogen bonding and irreversibly by oxidation followed by
covalent condensation (Loomis and Battaide 1973).

Condensed tannins are present in some plant materials
at very high levels (Singleton and Kratzer 1965). They have
been reported to be of significance in some common feedstuffs
such as sorghum grains (Chang and Fuller 1964); and fababeans
(Marquardt et al. 1977).  Chang and Fuller (1964), found
that feeding sorghum grains with high tannin content pro-
duced a reduction in chick growth. Fuller et al. (1966),
showed that milo sorghum cdﬁtaining"ltﬁ% or more tannins
depressed. chick growth when fed at 50% of the dief. Hughes
(1973), reported that a dietary level of 0.05% tannins from
éawdust resulted in mottled yellow yolk in chicken eggs
while 0.5% tannins gave olive green yolks. Rostagno et al.
(1973), found that feeding high tannin, bird-resistant sor-
ghum gave pqorer weight gain and feed conversion than bird-
susceptible, low tannin sorghum. The addition of polyviﬁyl-

pyrolidone (PVP), a substance that binds tannins, to a diet

that contained bird-resistant sorghum improvedehick growth
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Flavan-3 - Ots  (Catechins) Flavan- 3,4 Diols
' (Leucoanthocyanidins)

Fig. 1. Typical condensed tannin precursors.
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and feed efficiency.' The addition of O.iS%'méthionine to
both bird-susceptible sorghum and bird-resistant sorghum
also resulted in a significantvimprovement in chick per=-
formance; The response was greater with the bird-resistant
compared with the bird-susceptible sorghum graiﬁ diets, al-
though feed efficiency of thé bird-resistant sorshum re-

mained poorer. Rostagno et al. (1973), reported the apparent

amino acid digéstibilities of,iow. intermediate and high
tanninﬂsorghum‘varietiesito be 74, 41 and 22%. Eggam_éhd
Christensen_(l975). feedihg increasing‘amounts‘of tanﬁins

to rats with“soybean meal as the protein source demon-
strated that tannins exerted a severe negative effect on
protein digestibility and that the availability of methio-
nine was moré.seﬁerely affected than thé availability of.thé'
total nitrogen. Astringency resulting from feeding high
tannin.sofghum grains is thought to result from_binding.of
mucosal proteins in the mouth by tannins, and additionvof‘

protein counteracts this effect. Strumeyer and Malin (1975),

isolated tannins from sorghum on LH-20 Sephadex. The
- tannins .were shown to consist of a Series of polymeric
polyphenols which upon acid hydrolysis generated cyanidin

exclusively.

 Marquardt et al. (1975), found that more than one-
half of the total chick growth inhibiting potential of the
whole fababean was associated with the hull. Bond (1976),

reported that white-flowered tannin-free varieties of




- 14 -

‘Vicia faba showed increased in vitro digestibility com-

pared to colored-flowered varieties of similar seed size,
The difference was shown to be largely due to the digest-
ibility of the organic matter of the testa in tannin-free
varieties of 56.4% compared to 17.2% in the tannin-containé
ing variéties.‘ Marquardt et al. (1977), have isolated

the chick growth depressing factor from the hull portion
of the fababean using Sephadex LH-20 column, and have

identified the active component as a condensed tannin.

This thermolabile factor, which is soluble in water and
ethanol, markedly depressed nutrient intake and reduced
‘nutrient retention, particularly protein. The net effects
were depressed rate of growth of chicks. These workers
“have also reported that the present licensed Canadian

varieties of Vicia faba minor, when grown under similar

environmental conditions, have similar condensed tannin : X
levels, An analysis of more than 20 fababean cultivars of
widely differing genetic origins and from several dif-

ferent countries indicated that condensed tannin levels

within these cultivars did not vary greatly. The above
workers, however, found three cultivars of "triple white"

broad beans (Vicia faba major) to be free from condensed

tannins. These cultivars also had a low level of poly-
~ phenolic compounds and did not contain the compoqnds which

cause the bean to darken on storage.
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4, 'Vicine, Convicine and L-DOPA

Vicine and convicine were first isolated by

Ritthausen (1881), in Vicia sativa,. These compounds were

- subsequently found in other spe01es of. Vicia including Xigié
faba (Mager et al. 1969).‘ The pyrimidine nucleoside struc-
ture was assigned to vicine and convicine by Johnson (1914),
The correct formulation of vicine as 2, 6-diamino-4,
S-dihydroxy pyrimidine; 5-(B-D-glucopyranose) and convicine
as 2, 4, 5-trihydroxy, 6- -aminopyrimidine, 5- (B -D-glucopy-
ranose) was established by Bendich and Clements (1953)
In search of the favic causative agent in fababeans,

Mager et g;. (1969), was aided by the fact that the agent
had a capaoity‘for“oxidiZing glutathione (GSH) in glucose-
é-phosphate dehydrogenase (G-6-PD) deficient red olood cells
but not in normalvcélls. bExtracts from fababeans conformed
to this criterion and some were sparingly soluble in water
and exhlblted in neutral solutlons a loss of GSH oxidizing
‘activity (Lin 1963: and'Mager et al. 1969). These fractions
5had a1tendéncy to undérgo spontaneous oxidation in air.
(Mager et al. 1969). The-pfoperties of the active fractions
appeared similar to some pyrimidine derivatives known to
occur in fabobeans in the forﬁ of aglycones of B-glycosides
* termed vicine and convicine. the former being present in
greater amountsvthah the latter (Mager et al. 1969; Higazi
and Read 1974). The_aglycones, divicine and isouramil can

'be obtained from the respective glycosides vicine and -
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convicine by mild acid hydroiysis dr by enzymaticISplitting
with s-glycosidase'as shown in Fig; 2, (Mager et al. 1969),

The aglycones are hlghly unstable in the presence of
oxygen and are almost 1nstantaneously destroyed by bo’llng.
The rate of their breakdown is most rapid at alxallne p
and falls with decreasing pH values (Mager et al. 1969). At
"room temperature the half-life is in the order of 30 to 40
minutes. The breakdown‘of the pyrimidine aglycones-is

- accelerated by traces of copper'(Cuf+) and other heavy
’-vmetals.(Mager:gz al. 1969), All the charécteristié_proper;
ties of the aglycones are abolished by substitution of the

hydroxyl group at C-5, such as that represented by the
glycosidic linkage present in vicine and conviéine‘(Mager
et al. 1969). These glycosides show none of the reducing
properties of their aglyéones. are heat stable and their
 ultraviolet'spectra are different from those of their
aglycones (Mager et al. 1969).

Both lelClne and isouramil reduce alkaline solu- -
tlons of 2 6~ dlchlorophenolldophenol,_ammonlum phospho-
molybdate-or-phosphotungstate and elicit an intense blue
~color reaction with'ammohiacél ferriec chloride solution
(Bendich and Clements’l953; and Mager et al. 1969), Soﬁe
R of the distinctive features of”diviéine and isouramil such
as their powérful’reducing-properties.'spectral-charac-

_ teristics and molecular 1nstab111ty are similar to those of

*ascorblc acid (Mager et al. 1969)
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‘Fig. 2.
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~ Incubation of human red blood cells with the agly-
‘cones. divicine and isouramil resulfed in a rapid fall in
their glutathione (GSH) level.‘ Addition of glucose pre-~
#ented the injurious action on normal erythrogytes but'not
glﬁcbse—é;phosphate dehydrogenase (G-6-PD) deficient ones
(Mager et al., 1969). The powerful capacity for oxidizing
GSH exhibited by the pyrimidine aglycones in vitro is con-
sistent with a pdssible causative role of these substances
in precipitating the favincrisis (Lin and Ling 1962; and
Mager et al. 1969). The free aglycone may arise from the
parent glycosides either in the bean or in the digestive
tract through the.hydrolytic action bfve-glucosidase (Mager
et al. 1969). The conditions present for enzymatic release
of aglycones from the glycosides, as well as the particular
instability of these aglycones might account for the puz- |
zling irregularity which characterizes the occufrence of
 favism in susée?tible individuals, irrespective of the
~ degree and frequency of their exposhre to the noxious agent
(Mager et al. 1969). |

L—dihydroxyﬁhenylalanine (L-DOPA), has recently
gained a prominent place in the treatment of Parkinson's
disease (Beutler 1970 and Longo et al. 1973). Faba-
beans are thé'majof source of large amounts of free L~DOPA,
and are the source from which L-DQPA is produced commercially
(Beutler 1970). They may contéin 0.25% of L-DOPA by ﬁeight
(Razin et al. 1968). L-DOPA and tyrdsine levels are highest
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in fababeans during tne fruitingvpefiod (0.56% and 0.044%)
and are lowest in the seed (0.075% and 0.0l%j (Longo et al.
1973). Mager et al. (1969), stated that 3, 4-dihydroxy
phenylalanine (L—DdPA),nmay be one of the‘active factors
responsiblenfor the ability of fababeans to induce hemo-
lysis in-G—é PD deficient individuals. Kosower and Kosower
(1967). found that concentrations of L-DOPA as low as 0.75
u~mole/ml of a glucose 1ncubatlon mlxture could produce
isignificant losses of_GSH'in G-6-PD deficient red cells,
Razin et al. (1968), failed to find an effect even when 10
U moles of L;DOPA were added to each ml of the reaction
~mixture. On the other hand a combination of 1 mM L-DOPA
and 0.2 mM isouramil resulted in an 80% destruction of GSH
(Mager et al. 1969). Similar results were obtained with
sodium ascorbate and isouramil (Mager et al., 1969). Mager
et g;. (l969),-suggestedvthat L-DOPA and ascorbic acid

-might act synergistically with substances such as vicine

- and conv101ne 1n the pathogene31s of favism. Beutler (1970), |

noted that alkall treated L- DOPA was much more effective as
an oxidant of GSH than native L-DOPA.

| Dopaquinone has also been suggested as being the
active hemolyfic principle in fababeans (Beutler 1970).
-Susceptibilityfto the'hemolytic effect of fababeans may
depend upon the rate of its production-by oxidation of
tyros1ne through the action of tyrosinase as shown in Fig,

3 (Beutler 1970). _L—DOPA_alone had little or no effect on
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Fig. 3. Oxidation of'tyrosine to dopaguinone.
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red cell GSH levels. The additioh of tyrosinase resulted
in the conversion of L-DOPA into a substance, presumabiy
dopaquinohe.vwhich had the capacity'te partially deplete
v-G-6-PD deficient erythrocytes of GSH (Beutler 1970).
.Beutler (1970), concluded that if dopaquinone is the active
principle in fababeen induced~hemelysis,, it may then be
possible to explain the fact that some G-6-PD deficient in-
dividuals are susceptible to favism, while others are not.
‘He suggested thatvafpoiymorphism of the.enzyme system re-'
quired for the conversion of L-DOPA to dopaquinone, the
tyrosinase system, could easily exﬁlain such individual
differences., Furthermore, the differences in response to
fababeans could also be due to differences in the rate of
metabolism and elimination of dopaqu;none formed from L-
DOPA'of the beans, or in the rate of decarboxylation}of
L-DOPA. | | |

Favism 7

~ The ferm'”favism"‘was coined in 1814 by the Italian
physician L, Mohtanq to designaie an acute hemolytic anemia
following ingestion of bread“beans (fababeahs) or inhalation

of pollen of the Vicia faba plant (Sansone et al. 1958;

and Mager et alk 1969) - Prominent symptoms of hemolytic

anemia are weakness or fatigue, vonltlng, gaundlce, and

destruction of the red blood cells (Kavoura 1954; and Besley'

'1973). The course of the disease i1s usually self-limited,
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bthe acute stage lasting 24 to 48 hours, and then followed by
| prompt spbntaneous'recovery. The hemolysis is aiso of
variabie intensity and grévity. the more severe caseS~being
_attended by hemoglobinuria and jaundice (Du 1952; and Mager.
et al. 1969). Fresh raw beans appear to be most dangero@s,v
'dry or cooked fresh beans are least hemolytic (Luisada 1941;
Mager et al. 1969: and Motulsky 1972). Epidemiological
studies in Italy revealed the seasonal incidence of fhe
disease, characterlzed by two neaks. in Aprll to May, when
_“the plant blossoms, and in July to August, when the fresh
ripe beans appear on the market (Luisada 1941; and Mager

et al. 11969) The‘therapy of treatment is usually blood
transfusion in severe cases (Crosby 1956 ; Stématoyannopoulos
et al, 1966 and Mager et al., 1969).

There appears to be a definite geographical dié—
tribution of favism. It is more prevalent in the Middle
East areas and the Mediterranean areas of Sardinia, Sicily,
~Southern Italy, Greece, Turkey,_Levant, Israel; Spain, and
Baleafic-Iélands. ‘The highest incidence has been observed
;in'Sardinia. In‘Europe,'outéide the Mediterranean coast,
Amériéa and other parts of the wOrld. cases of the disease
are rare (Crosby 1956; and Mager et al. 1969). |

Red biood cell destruction due to fababeans has
‘been attributed to enzymatic abnormalities in red cell
metabolism affecting the pentose-phosphate pathway and

alutathlone metabolism (Motulsky 1972). The most common

abnormallty is ‘glucose- 6-ohosphate dehydrogenase (G-6-PD)
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deficiency, a sex (xX) linked_genetic defect (Mager et al.
1969; and Motulsky 1972). The susceptible red blood cells
exhibit a relatively low content of reduced glutathione
(GSH) and enhanbed rate of GSH destruction on incubation:
with oxidanﬁ compounds such as primaquine, acetylphehyl—
hydrazine, dividine and isouramil (Mager et al., 1969). This
is due to the fact that G-6-PD deficiency results in an |

'inadequate supply of NADPH. NADPH is normally nroduced

- when glucose-6- phosnhate is dlverted to the pentose shunt

| pathway in the presence of NADP and G-6-PD when the body has

an excess supply of energy according to the following scheme:

Glucose-6-phosphate + NADP dehydrogenase> 6—Dh0SphO£luconate
| | : ' + NADPH + H*

6-phosphogluconate + NADP dehydrogenase> Ribose-5- Dhosnhate
+ NADDH + HY

GS-SG + NADPH + H' reductase, 2 GSH + NADP.
. The NADPH is used to cbnvert oxidized glutathione (GS-SG)
- to the reduced state (GSH) (iiener 1969). | |

' The G-6-PD deficient red blood cell is able under
normal condltlons to maintain an adequate cellular level of
GSH despite the reduced G-6-PD activity and the limited ca-
pacity of GS-SG reductase to use NADH as an alternative
hydrogen donor (Brewer et al. 1961; and Mager et al. 1969),.
This precarious metabolic equilibfium, however, breaks doWn
under the stress conditions 1mposed by an ox1dant compound
resultlng in 1rrever51ble ox1dat10n of GSH and catabolism

of GS-SG, ultimately leadlng'to‘the-destructlon.of the
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enzyme-deficient red blood cell (Beutler 1957; and Mager
‘et al. 1969). A major manifestation of the oxidant action
of the drugs both in vivo and in vitro is the formation of

methemoglobin and the appearance of Heinz bodies, which

represent a denétured product of hemoglobin destruction
resulting from oxidation of its SH-groups (Allen and Jandl
1961; and Mager et al. 1969).

| GS-SG has been shown to inhibit the activity of a

number of enzymes including G-6-PD, inorganic pyrophos-

phatase, triosphosphaté dehydrbgenase. hexokinase and
ATPase (Mager et al. 1969). Incubation of red blood cells
in the presence of acetylphenylhydrazine (APH), divicine,
isouramil and primaquine, resulted in pronounced inhibition
of glycolysis (Loehr and Waller 1961) and a progressive : é
decrease in the ATP‘level of the cells (Mager et al. 1969). |
Addition of glucose alleviated thg deleterious effects of

- drugs in normal but not in G-6-PD deficient cells.

It is estimated that G-6-PD deficiency affects

over 100 million people all over the world (Mager et al.

1969; and Motulsky 1972), but a definite ethnic distribution
is noted (Mager et al. 1969). The occurrence of favism does

not parallel the frequency of the G-6-PD deflclency trait in

different populations (Mager et al. 1969)
~ As the G-6-PD deficiency is sex-llnked. the enzyme
deficiency is fully expressed in the hemizygous (XY) male

because the mutant gene (X) is not counteracted by the
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normal gene (x). Expression in the female is uncommon as
the homozygous mutant genotype (X X) is necessary for full
expression (Mager et al. 1969). In fhe majority of affected
females with only one mutént gene (X x), the G-6-PD defi-
ciency is of partial or intermediate nature. The degrée of
susceptibility of these females is dependent upon the pro-
 port1on of G-6-PD deficient cells whlch may be from l to 90%

in a few patlents although the usual percentage is 50%

(Mager et al. 1969, and Motulsky 19/2)

Glucose-4- phosphate dehydrogenase (G-6-PD) has been
-shoWn to consist of two identical chains A and B consisting
of 420 amino acids with the only difference being the re-
piacement of asparagine by aspartic acid in the A variant 3
(Boyer et al. 1961; Yoshida et al. 1967; and Motulsky 1972). |
Several variants are possible. Kirkman et al. (1964) and
Mager gi‘g;. (1969), reported 6 variants;‘while‘Motqlsky
(1972), reported from 80 to 100, Many variants, however,
~have~only,mild or no reductioﬁ’of enzymatic éCﬁivity. there-

fore, are not sen31t1ve to fababeans or drugs (Motulsky 1972).

Others exhlblt from a severe loss to a mild loss of the
enzyme activity. The severe cases are without exposure to

a noxious agent, while the less severe cases are only sen-

sitive to a deleterious agent (Mofulsky 1972).
Most studies have been conducted on the Mediter-
~ranean (Céucasian) type B deficiency and the African (Negro)

type A deficiency (Mager et al. 1969; and Motulsky 1972).
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Whereas the Mediterranean type produces severe cases.df‘
favism, the African type prbduces milder cases or no favism
at all (Mager et al. 1969; and Motulsky 1972). The reason

- for thisfphehomenon is due to the fact that the African

type of deficiency affects mainly the older cells while the
Mediterranean type of deficiency affects all the cells

(Motulsky 1972). The genetic mutation underlying the

'Afrlcan type (A variant) G-6-PD def1c1ency entalls a struc-

tural alteration of the. enzyme molecule which does not af-

fect 1ts initial catalytic cana01ty, but enhances 1ts rate
of inactivation in the course of cell aging (Mager et al.
,1969); In this type of deficiency, young cellS:(O to 50
days), have sufficient enzyme activity for normal function
and are not affected by offending agents (Motulsky 1972).
In the Mediterranean.type of déficiency,vall cells are
defidient in the enzyme and the offending agent destroys

a much larger red blood cell population (Motulsky 1972),
However;.the degree of enzyme deficiency bears no resem-

_ blance to the degree of favism (Mager et al. 1969).

' Stamatdyannopoulos (1966), has postulated that a second
~autosomal genetic factor is involved. His theory is based

-on the fact that an overt episode may occur after many

years of exposure to Vicia faba, and subsequent re-exposure .

does not necessarily lead again to favism. Also favism
. appears to be confined to certain families and regions.

Furthermore, the occurrence of a crisis is not dosage
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deperident, and it can follow even a trivial exposure, Al-
though this second genétic factor, as G-é-PDIdeficiency.

does not necésSarily lead to favism, its influence on the

 suSceptibility ofbthe red'blodd,cells to.hemOlysis or its T

modifying effect on the absorption, detoxification or
excretion of the causative agent of favism should be consid-

.ered (Stamatoyannopoulos 1966).

Fababeans in Poultry Rations

1. Rations for growing chickens
Thé'nutritive.valae_of fababeans for chicks has been

shown to improve when the beans are dehulled, heat treated

and/or supplemented w1th methionine,

Bletner givgg; (1963), reported satisfactory results
with chicks-fed rations éontainihg,BB or 60% fababeans.
They, however, observed poor featherihg. relatively high
incidence of perosis and lack of‘yellow pigmeﬁt in the skin,
‘béak,and éhanks of birds fed the diets coﬁtainihg 60% faba-

1’beans. Blair and Bolton (1968), noted no adverse effects on

 11vewe1ght gain or feed converSLOn during the Derlod 4 to 9
weeks when broiler chicks were fed ratlons containing up to

30% fababeans. On the other hand, Blair et al., (1970),

after:feeding'broiler chicks diets containing 0, 15, 30 and
40% fababearis for 0 to 4 weeks and 0 to 8 weeks, found sig-
_nifiCantly pborer feed effiCienCies and weight gains as

the level ofvfababeans in the diet ihcréased. "Wilson and
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McNab (1972), fed broiler chicks diets containing 75% raw
and autoclaved fababeans in one trial and supplemented
these diets with methionine in another trial. They reported

that autoclaving was only beheficial when the sulfur amino

acids were limiting, and concluded that the beneficial effect

of autoclaving was due to increased amino acid availabilities,
Grey et al. (1972), fed pelleted rations eonteining Ls57
fababeahs’and.reported that birds fed the'fababean»ration
were heavier than the control birds. Edwards and Dethie’
(1973), demonstrated fhat autoclaving or infrafed radiation
of fababeans.improved the metabolizablevenergy values of
fababeans when fed to broiler chicks by 12% and 10%, re-
spectively. The'same workers also reported that dehulling
increased the metabolizable-energy of fababeans from 2,280
to 3,033 kcal/kg,»a 33% increase., This increase was much
higher than expected since the testa is abeut 13% of the
whole bean. It appeared that the hull contained a factor
that decreased nutrient utilization in the cotyledon~portion |
of the bean, ’

ﬂMerquardt‘and*Campbell (1973), found the most pro-
nounced effect of heat treatment.withvdiets of higher (85%)
fababean content compared to diets of iower (57 or 28%)
‘fababean'content;"Marquardt and Campbell (1974), determined
the productive performance of chicks fed diets (21% protein)
’contaihing 87% raw or autoclaved fababeans., They found that
B methionine supplementation of autoclaved as compared to rawe

»fababean1dietseimprdved welght gain by 10%, feed}gainjratio

E
|
|
|
i
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’by 10% and decreased pancreas'sizevby 17%. Liver size was
not affected, ‘Optimal productive performance was obtained
for birds consuming diets-containinz 0.21% added methionine.
The total dietary methionine and sulfur amino acid levels
iunder these‘cenditiens,Were O.hj% and 0.68%, respectively,
In another study, Marquardt and Campbell (1975), reported
that chicks fed a ration containihg 9O%Vfababeans grew
significantly better when 0.,24% methionine was added to the
diet; This raised the level of methionine in the diet to
0.46% and total sulfur amino ‘acid level to 0. 78m. -Marquardt
et al. (1974), also conducted-experlments to evaluate the
effects of various autoclaving times (C;'IS'or 30 min. at
121°C) on fababean utilization by chicks. All diets which
were supplemenfed with methionine contained 90% fababeans,
Autoclaved as- compared to raw fababeans SLvnlflcantly im-
proved welght zalns, feed:gain ratlos. and reduced feed
intake and pancreas SlZe. 'The 30-minute autoclaving time
‘gave greater. 1mprovements than the l5-minute autoclav1ng
“time, ‘Kadirvel and Clandlnln (1974), reported that feed;na
‘up to- 20% fababeans to br01ler chicks from 0 to 4 weeks

had no deleterious effect on growth rate and pancreas
weight, There was, however, a nOnsiznifieant decrease in
~weight gain and increase in pancreas weight when 35% raw
fababeahs were added to the diet. Raw and autoclaved faba-
beans gave poorer chick weilght ‘gains than soybean meal or
rapeseed meal, but methionine supplementation of fababeen

diets improved the growth response of chicks to that of
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soybean meal (Sharby and Bell 1974).
| The effects of various processing methods on the

productive performance of broiler chicks fed diets contain-
ing fababeans were variable (Marquardt et al. 1976) Micro-
wave treatment was the least effectlve and autoclav1ng or
extruding were the most effective of the.varlous processing
methods studied. The corresponding increases in_weight'gain
: and the improvements in feéd:gain ratios for chicks-fedvraw
as compared with processed beans were: microwave treatment
fcr'éo minutes, -1% and -44%; microwave treatment for 30 min-
utes, 6% and 1%; steam pelleting, 6% and 8%; extruding at
152°C, 16% and 18%; and autoclaving at 121°C for 20 minutes,
17% and 10%, respectively. Studies with individual faba-
bean fractions.(stafch isolaté. protein concentrate and
hulls), revealed that processing improved the utilization
of fababéans mainly through its effect Qh compénents associ-
ated with the hull and protein poitions of the bean. Pro-

 cessing of the starch fraction did not improve its utili-.
| 'zatioh by,chicks_(Marquardt'gjiglx 1976). Although-the pro-
tein and hull fractions appearéd to contain a<growth.depfes—
_sing factor, this factor was not asSociated with aAtryﬁsin
.inhibitqr.‘hemagglutinin or vicine (Marquardt et al. 1976).
The rather short autoclaving time (lS‘to.ZO‘mih;)'required
to denature trypsin inhibitor and inactivate hemagglutinin
‘as ¢omparedAwith the much longer period (30 to 40 min, )

| required to achieve optimal performance suggested that some
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other component associéted mainly'with the hull was respon-
sible for depressed utilization of fababeans by chicks
(Marquardt ét al. 1976). Vicine was.ndt destroyed by either
autoclav1ng at 121° C for 40 mlnutes or by extruding at 1520”
-whlle the performance of chicks was restored to normal
(Marquardt et al. 1976).

A chick growth depressing factor which is soluble
in acefone and water was extracted from fababean hulls by
Marquardt and associates (1976). This factor which was
isolated using Sephadex LH—ZO cdlumn was identified as 2
condensed tannin having cheﬁicalibharacteristics similar to
tannins present in sorghum grains (Strumeyer and Malin
1975; and Ward et al. 1977). Chicks fed a diet containing
" 3.9% of the purified condensed tannin as compared to those
fed avcbntrol diet had markedly reduced feed intake (69%),
negative weight gains and feed:gain rétios; and reduced dry
matter'(ZZ%), amino acid (25%) and crude fiber (175%) re-
‘tention. Fat retention, in contrast, was increased (27%)

(Marquardt et al. 1977; and Ward et al. 1977).

2, Laying:hen rations
Some studies on the use of fababeans in layine hen
rations have been reported, aithough the data is limited.
Carpenter and Johnson (1968), reported M.E. values
of 2.68 and 2.52 kcal/glfor-minor's tick bean and throws
.M.S.’bean{'respectively,:whereastaring and Shannon (1969),

obtained 2.47 and 2.39 kcal/g.for_the same varieties of
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fababeans using colostomized fowl. True digestibility co-
efficients of the two varieties of fababeans were 84% and
81% (Waring and Shannon 1969); Lanza and associates (1971),
fed rations containing up to 30% fababeans and _supplemented
with up to 0,12% methlonlne. to pullets from 26 weeks of
age. They. reportea that weight galns were reduced by 32%,
egg productlon was reduced by 12% and egg weight was re--
duced by 8%._ Vogt. (1972), observed that while 10% fababeans
in- laylng ratlons supplemented with methionine had no adverse
. effects, the use of 20% fababeans in rations for laying,hens
in floor pens resulted in decreased feed conversion effi-
clency and smaller eggs. Caged layers fed 25% fababeans
also showed poorer performance than hens fed a control
ration. Devidson (1973), found that egg production was de-
pressed with‘l5% fababeans and was improved to about that
obtained with a control ration when supplemented with 0,1%
methionine. Whether or not methionine was added, the in-
clusion of-fababeans‘at more than 15% resulted in lqwefed
egg production.  Egg weight Qas depressed when’fababeans
‘were included in the ration and the depression was only

- partly correc¢ted by methionine supplementation., Pelleting
the feed improved feed intake and egg production with the
bean'rations; ‘This worker concluded that no more than 15% -
fababeans should be used in layin:‘hen rations until more

is known about the factors ﬁhat depressed performance when

vhigher~leVelé were fed. ‘Marquardt and coworkers (1974),
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reported reduced egg production and egglweightewith_a faba-~
bean ration in a practical test involving 10,500 layers.
~In this trial hens were fed a control ration or a fababean
ration in which 25% fababeans (plus 0.15% added methionine)
'replaced-lS%,barley and 10% soybean meal in the control
retion.‘ Wilson and Teague (1974), found that 20% fababeans
in laying rations had no effect on egg prqduction or feed
‘intake but caused a significant decrease in egg.weight; In
a series of two experiments Robblee et al. (1977), fed
pullets rations cOntaining'O, 5, 10, .15. 20 and 30% faba-
beans for 336 days. The results obtained indicated that
levels up to and 1nclud1na 20% fababeans in rations sup-
‘plemented with methionine had no adverse effect on mor-
tality, rate of‘egg production, efficiency'ofvfeed conver-
sion or body weight. A level of 30% fababeans:fesulted in
increased‘mortality, and decreased egg production and feed
conversion in one experimeni but had no effect in:the other,
Egg welght was ‘decreased as the level of fababeans in the
ratlons 1ncreased There was an increase in 1nterlor'
| quallty of tne eggs  as measured by Haugh unlts as the level
of fababeans incorporated 1nto the -diets increased. 1In
contrast, SDelelC gravity of the eggs was not influenced
by dlet content of fababeans.

It can be concluded from the above discussion that
relatively high levels of fababeans can be fed te growing
birds with no decrease in performance'es long as the beans

’aare'heat’treated and the diets arefadequately.fermulated
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with régard.to methionine and energy contents as well as
other nutriéﬁts. The information, however, is not that
cleér_concerning the use of high.levelé (25 to 40%) of
fébabeans‘in laying hen diets, This is particularly true
‘with regafd_to'thé infiuence of fababeans on_egg'Weighf Where
a depressing effect is apparenf even af relatively low
levels of dietary fababeans.

| In laying‘hen feeding the disédvantages of fababeans
aresrelatively low metabolizable energy (M.E.) and methio-
nine conteﬁts, and the presence bf severalvahtinutritibnal
‘substances. The egg weight depression among laying hens fed
fababeans and the apparent decrease in productive perfor-
~mance of laying hens fed high levéls of.fababeans may be
associated with one or more of fhese factors.,

In an attémpt to assess the significance of dietary
énergy level on the prbductive perfofmahce of laying hens,
Brown (1964), fed diets_cbntaining'l,936y2,200, 2,310 and
2,640 kcal_M.E./kg.and:found.significant improvements in
feed conversion‘efficiencyAwhen’the energy cpntent bf_the
diet increaséd,. The diet lowest in energy content led to
a considerable reduction in total enérgy intake of the
pullets which was accompanied by a fall in production. In
‘:anothef study“whefe pullets were fed diets containing 2,574,
2,728, 2,79 and 2,948 kcal M.E./kg, tﬁe results showed
that energy level-had»no significant effect on egg production

or egg weight. These results would indicate that laying hens
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are able to adjust their ehergy and other nutrient intake
~as long as the dietary energy level is not less than 2,600
kcal M.E./kg. Practical wheat-soybean meal diets contain
approximately 2,700 kcal M.E./kg. Fababeans are reported to
contain an average of 2,400 kcal M.E./kg (Waring and Shannon
1969, and Edwards and Duthie 1970), which could léwer_the
energy content of such diets if added at high levels and
may be the cause of the.observed decreased productive per-
formance, pérticularly egg‘weight, of laying hens fed such
diets. |

A number of workers have conducted experiments in
order to establish the methionine requirement of the laying
hen., Combs (1964), indicated the methionine requirement to
be 295 mg per hen per day, while Bray (1965), estimated it
to be 233 mg per hen per day. Harms and Damron (1969), con-
cluded that the methionine requirement was between 250 to
280 mg per hen per day, provided that the diet contained a
'total of 530 mg of sulfur amino aéids. Carlson and
Guenthner (1969); fouhd no responée when diets contaihing
16% protein were supplemented with methionine; only when
the diets contained 14% protein was the need for methionine
supplementation for maximum egg production élearly demon-
strated. Calculations‘for daily nutrient intake showed %hat
17 g of protein per hen was required withoutemethionihe sup-
" plementation, whereas 15 g of methibnine-supplemented pro-
“tein was adeqﬁate for maximum egg.prbduction, egg Weight

and feed efficiency. The above workers, also indicated that
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the methionine requirement was in excess of 300 mg per day
during the first four months of production, but between 289
and 328 mg per day during the later stages of the laying
cycle. Fisher and Mdrris-(l9?0). on the other hand, esti-
mated the methionine requirement to be 275 mg per hen per
day for maximum egg yleld of pullets during the early stages
of lay. Gleaves and Dewan (1970), concluded that methio-
nine exerts a gfeater influence upon production character-
istics of laying hens than upon feed consumption per se.
The National Research Council (1971), recommends a level of
0.28% methionine and 0.25% cystine in a ration containing
2,850 keal M.E./kg.

The literature on the use of fababeans in laying
hen diets indicated that methionine supplementation of laying
diets containing fababeans is a prerequisite fdr optimal
laying hen performahce. This could be the result of the
relatively 16w (0.22%) methionine content in fababeans
(Waring and Shannon 1969; and Marquardt et al. 1975),
coupled with the fact that methionine is the first limiting
~amino acid in most practical rations fed to laying hens
(Jensen et al., 1974). The practical rations referred to by
Jensen and the rations mostly used in the establishment of -
methibﬁihe‘requirement of layingvhens are based on soybean
meal which contains 0.65% methionine (Scott et al. 1976).
It would appear, therefore, that incfeasing the level of

fababeans in diets for laying hens would make such diets
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évén more deficient in methionine. The methionine require-
ment, however, has not been established using diets con-
tainihg a relatively high level of fababeans,

There is no inforhation availlable on the specific
role of the antinutritional factors in fababeahs on the prd-
ductive performance OfAlaying hens. Trypsin inhibitors are
vzenerally known to reduce amino acid avallablllty due to
thelr ability to inhibit Droteolytlc activity., Tannins also
reduce amino acid_availability by binding protein and re-
ducing protein reténtioh. The role of vicine and related
compounds in affecting thé.nutritive value of fababeans for

poultry is not documented.
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MATERTIALS AND METHODS

INTRODUCTION

A series of experiments were conducted in an attempt
to gain-additionél knowledge regarding the influence of
fababeans on the productive performance of laying hens,.
Initial experiments were designed to evaluate thé effects
- of feeding relatively'high dietary levels of fababeans
prbcessed in a variéty of férms and to study the effeéts-gf
supplemental methionine. 'Suﬁsequent experiments wére V
designed with the aim of.obtaining information pertaining
to the most consistent antinutritional effect of feeding
fababeans to laying hens, tﬁat of egg weight depression.
The ultimate aim of this last}series of experiments was
the isolation,_purification and identification of the
factor causing egg weight.dépression.in fababeans.

Fractionation of fababeans either by dehulling, air
¢iassification or.éxtraction with various éolvents was
employed to prepare materials used in several of the

experiments.

PREPARATION OF FABABEAN.FRACTIONS
'In:thOSe-experiments where fababean hulls, starch
or protein concentrate were used the preparation of the

~various fractions was essentially as described by Craig

(1974) and Vose et al. (1976). Fababeans (Vicia faba IL.

var Diana) were cleaned and equilibriated to a moisture
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content of 8% prior to processing. The process involved
cracking of the hulls with a plate-type grinder and
Separating'of hulls from the cotyledons by air aspiration.
Thé dehuiled fababeans (cotyiedons) were ground in a pin
‘mill and the protein (less dense fraction) and sfarch (dense
fraction) were separated in an air classifier. The process
of air classification of the dehulled beans is illustrated

in Fig. 4.

| A typical fractionation started with 100 kg of
'bean flour at 31.9% protein, The first pass:through the
air,classifier-yielded 30% of a protein rich fraction at
69% protein and 70% of starch at 16.5% protein. The starch

fraction was re-ground in the pin mill and was passed

through the air classifier a second time. This process
yielded'én additional 18% of protein'COncentrate withva’
' protein content of 49,6%, The'double.paSS'system ﬁsing,the
>pin mill and air classifier yielded 48% of protein concen-

~trate with a protein level of 59 to 60% and 52% of starch:

with 4 to 6% protein.

- ROUTINE CHEMICAL AND STATISTICAL ANALYSES

- Proximate analysis of the diets and fababean

fractions was carried out by methods according to the

Association of Official Agricultural Chemists (A.0.4.C.)
(1970). Amino acid analyses were performed by the method

of Moore .and Stein (1963) with a Beckman model 119C automatic
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FLOUR 100 Kg (31.9% protein)
ST 70 Kg (6.5 % protein)
PI 30 Kg (69.0 % protein)
S .52 Kg (4.2 % protein)
PO 18 Kg (49.6% protein)
- Fig. 4. Flow sheet and yields of products produced by pin

milling and air classification of dehulled faba-

-beans, - ' y




- 41 -

amino acid analyzer., Cystine was oxidized to cysteic acid
and methionine converted to a sulfone derivative with
performic acid before hydrolysis with hydrochloric acid
according to Hirs (1967).

Analysis of variance was carried out accordine to
~ Snedecor and Cochran (1973) and.differences among treatment
means were determined using Student-Newman-Keul's multipie

range test as outlined by Kirk (1968) or where applicable

using Student's "t" test (Snedecor and Cochran 1973).

PRODUCTIVE PERFORMANCE OF LAYING HENS FED FABABEAN CON-
TAINING DIETS

EXPERIMENT 1

Influence of Heat Treatﬁent

Two trials were conducted to deterﬁine if heat g
treatment would alleviate the depressing effect of}high |
levels of fababeans in the diets of laying hens on egg
‘prodUCtion and egg‘weight.v”In'trTal”l, two hundred and

fifty-six (256) Hyline-WBS-layers were housed in community

pens equally subdivided into two cages (40 cm x 40 cm) with
a common water fount and feeder. The birds were allocated

randomly to 4 treatments at 44 weeks of age with 8 repii-

cates of 8 hens each per treatment group. Treatments
arranged in a completely randomised design consisted of a
| wheat-soybean based control dlet and 3 wheat- fababean based .

dlets in which fababeans constltuted the sole source of
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supplemental protein (Table 1). The control diet was fed

in the mash form while the fababean diets were fed either

as. mash (diet 2) or pellets (diets 3 and 4). Prior to
compounding of ingredients in diet 4, fababeans were extruded
at 132°C (306°F) in a Brady Crop Cooker, Koehring. Pellet-
ing was done at 70°C (150°F) in a commercial pelleter

(California Master Pellet Mill). All diets were supple-

mented with DL-methionine to meet the requirements of the

laying hen for methionine as listed by NRC (1971). Feed and

water were offered ad libitum throughout the 140-day experi-

mental period during which daily henQday egg production,

egg weight (obtained over 3 consecutive‘days1at the ter-

mination of each of 5, 28-day periods), feed intake, mor-

tality and ihitial and final body weight data were collected.
In trial 2, ninety-six (96) hens of each of two

strains (Shavef-288 and Dekalb) housed as described in

trial 1, were allocated randomly at 29 weeks of age to 6

- treatments with 2 replicates of 8 hens from each strain per

~treatment. The composition of experimental diets, contain-

ing raw or autdclaved'(lZIOC for 30 minutes) whole fababeans,

dehulled fababeans, fababean hulls and starch formulated +to

- be isonitrogenous and adequate in methionine is given in

Table 2, Data collection was carried out for 5, 28-day

periods as described for trial 1.
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The composition of mineral mix (mg/kg diet) wass

Table 1. Composition and Chemical Analysis of Diets
(Experiment I, Trial 1)
Diets
Ingredients 1 2 3 4
‘ % % % %
Wheat 70.2 45.6 45,6 45,6
Soybean meal 16.4 - - -
Fababeans - 40,0 40,0 40,0
Rapeseed o0il 1.0 2.0 2,0 2.0
Mineral mix* 0.5 0.5 0.5 0.5
Vitamin mix? 1.0 1.0 1.0 1.0
Others’ 10.9 10.9 10.9 10,9
Chemical Analysesu o :
Protein (N x 6.25) 18.6+0.1 17.440.2 17.3+0.0 18,740.2
Fat (ether extract) 3.1+0,0  3.6+0.0 3.8+0.0 3.5%0.0
- Ash 9,1%0.1  9,1%0.1 9.4%0.0  9.2%0.0
]

manganese,

330 as MnO; zinc, 110 as Zn0 and iodized NaCl, 9650.

2The composition of the vitamiﬁ mix per kg diet was:
retinyl galmitate (vit., A), 8260 I.U.; cholecalciferol

(vit, » 880 I.U.;

a~tocopherol (Vit. E), 248

Vit. By2, 0.01l mg; riboflavin, 8.93 mg; calcium
~pantothenate (pantothenic acid), 17.86 mg; niacin, 26.79

mg; choline chloride, 446.43 mg; DL-methionine, ‘500 mg or
~ as required to meet NRC (1971) requirements; anti-oxidant

(santoquin), 250 mg; tallow, 100 mg and wheat middlings,

8430 mg.

I.U.;

3Other ingredients included: calcium carbonate, 4.7%;
oystershell, 2,0%; dicalcium phosphate, 2.2% and dehydrated

alfalfa, 2.0%.

4Chemical analyses represent average +S.E. for duplicate

samples.




Table 2. Composition and Chemical Analysis of Diets (Experiment I, Trial 2) :
| | Dietes - E
Ingredients : 1 2 ‘j L 5 6 ;
, | o % % % _ % % %
Wheat s ; 45,6 5.6 45.6 45,6 54.3 54,3
Soybean meal ’ - - - - 19.3 19.3
Whole fababeans .~ 4o.0 - - - | - -
‘Autoclaved fababeans - 4o,o - - - -
Dehulled fababeans | - - 36.4 - - -
Autoclaved dehulled fababeans - - - : 36.4 - ~ |
Fébabeah starch - - 3.6 : - - - £
Autoclaved fababean starch - - - ; 3.6 - - y
Fababean hulls ’ - - | - - 10.0 -
Autoclaved fababean hulls ’ - - - - - 10.0
Rapeseed o0il 2.0 2,0 2.0 2.0 b0 4.0
 Mineral mix' 0.5 0.5 0.5 0.5 0.5 0.5
Vitamin mix? 1.0 1.0 1.0 1.0 ‘1.0 1.0
' Others’ 10.9 10.9 10.9 10.9 10.9 10.9
CheMical Analysesu : '
Protein (N x 6.25) 17.640,5 18.1+0.5 18.640.5 18.240.4 18.4+40.0 18.6+0.8
Fat (ether extract) © 0 3.,740.1 3.840.1 3.540.1 3.740.0 5,640.0 5.5+0.0
Crude fiber 5.320.4  5.0%0.2 2,6%¥0.2 2.,7%0.1 6.9%0.0 7.2%0.3
Ash 9.1#0.1 10.840.0 10.140.8 9.9%0.6 9,5%0.1 9.9+40.6
1,2,3,4

See footnotes 1, 2, 3 and 4 listed in Table 1.
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EXPERIMENT II

Influence of Whole and Dehulled Fababeans Fed QOver a
- 280-day Period

Six hundred and thirty (630) Shaver-288 layers
housed in community pens equally'subdivided into‘two cages’
(30 cm x 40 cm) and with a.comhon'water fount and feeder,
were alloted randomly at 34 weeks of age to 7 treatments

with 15 replicates of 6 hens each per treatment group. Thé

treatments, arranged in a dompletely randomised design
consisted of the following diets forﬁulated as shown_in
Table 3: (1) Control, (2) 15% whole fababeans, (3) 30%
whole fababeans, (4) 13.5% dehulled fababeans, (5) 27%
dehulled fababeans, (6) low energy control (diet 1 diluted
with alpha-floc to approXimate the energy contenf of diet §;
3) and (7) high energy fababean diet (diet 3 fortified with
tallow to approximate the energy content of diet 5). AAll
containedsadequate supplemehtal methionine according to

NRC (l97l).

Feed and water were provided ad libitum throughout

"the-280-day‘experimental period'during which daily hen-day
egg production, feed consumption, egg weight (obtained over

3 consecutive days at the end of each of 10, 28-day periods),

mortality and initial and final body weight data were re-.
corded. During the eighth 28-day period, five replicates
from each treatment wére selected at random for metabolizable

'ehergy (M.E.) determinations. Chromic oxide (0.2%)‘was




‘Table 3. Composition and Chemical Analysis of Diets (Experiment II)
, Diets
 Ingredients 1 2 3 . Ly 5 , 6 7
% % 7 y % % v/
Wheat 71.9 62.5 53.9 62,5 53.9 65.7 b9, 2
Soybean meal 12.0 6.4 - 6.4 - 14,2 2.2
Fishmeal 2.2 2.2 2.2 2.2 2.2 2.2 2.2
Tallow 1.5 1.5 1.5 1.5 1.5 0.5 6.0
' Whole fababeans - 15.0 30.0 . - - - 30.0
Déhulled fababeans - - - 13.5 27.0 - -
Fababean Starch - - - 1.5 - 3.0 - - _;
‘Alpha-floc - - - - - 5.0 _ &
Mineral mixt 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Vitamin mix? 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Others’ - . 10.9 10.9 10.9 10.9  10.9 10.9 10.9

Chemical Analysesu : :
Protein (N x 6.25) 17.5+0.0 17.8+0.0 17.8+0.0 17.9+0.2 17.840.0 17.340.3 17.940.1

Calcium , 3 5 3 3 3 3 3.2 3 b 3.2 3.3
Phosphorus 0.9 0.9 0.9 0.9 0.9 0.9 0.9
Corrected M.E. (kcal/kg) 2774 2739 2726 2674 2848 2639 2932
Calculated Analyses ' ' . ,
M.E. (kcal/kg) 2746 2631 2537 2708 2691 2535 2696
1,2,3,4

See footnotes 1, 2, 3 and 4 listed in Table 1.
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mixed thoroughly into a portion of each diet and this
chromic oxide containing feed was offered to previously
‘selected groups of hens. Excreta samples were collected

daily for two consecutive days after a five day accli-

matization period. The excreta samples were frozen im-
mediately after collection and then lyOphlllzed Feed and

dried excreta samples were ground to pass through a 1 mm

screen. The. two ground excreta samples from each pen were

pooled and avrepresentative~samplé was taken for chemical
analyses. The ground feed and excreta samples were assayed
for gross energy (G.E.) using a Parr Oxygen Bomb calori-

meter. The feed and excreta chromic oxide concentrations

were determined by the method of Czarnoski et al. (1961),
The nitrogen content of the samples was measured by the
procédﬁresvof the A;O.A.C. (1970). Classical M.E. values g
of the diets were determined by applicatién of the follow-
ing equation:

(Crp03/gm, feed

M.E./gm. feed = G.E./gnm. feed_ECrZOB/gm. cxorets

X G.E./gm.excretag
)

Dietary M.E. values corrected to nitrogen equilibrium were

obtainedbby application of the following equation,

Cdrrected M.E. /egmn. feed =

Classical M. E.- G. N /egm, feed- (Cr203/gm. Ised X G.N./gm, excreta;
(Cr203/gm excreta ‘ |

“where G.N., is the gross nitrogen expressed in grams.
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EXPERIMENT III

_Influence of Dietary Methionine Levels

Two hundred and sixty- four (264) Shaver 288 layers
in community pens, equally subd1v1ded into two cages (30 cm-
x 40 cm each) w1th a common water fount and feeder. were‘
allotted at random at 42 weeks of age to 4 treatments with
11 replicates (pens) of 6 birds each per-treatment group.
h.The treatments arranged in a completely randomlsed des1gn
‘con51sted of a control diet and three faoabean containing
diets supplemented with 0.05 (dlet 2), 0.14 (diet 3) and
0.23% (diet 4) DL-methionine. Thevingredient composition
and -proximate analyses of the dietS’is'given in Table 4 and
the amino acid content of the diets is shoWn in Table 3,
-Feed and water were»provided ad libitum throughout the 196-
‘day experimental period during which daily hen-day egg
production, egg weight (average weights of eggs collected
for 3 consecutive days at the end ef each of 7, 28-day
periods), feed consumption, mortallty, and initial and final
. body welght data were recorded,

- EGG WEIGHT DEPRESSING EFFECT OF FABABEANS WHEN FED TO LAYING
HENS

EXPERIMENT IV

'Influence'othietary Energy and Protein Levels

‘Two trials were conducted to determine the influence

of the two major dietary-components.eenergy-and protein on
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Table 4, Compos1tlon and Chemical Analysis of Diets
’ (Experiment III)

| Diets

Ingredients 1 2 3 4

| | % & % 7
Barley 71.1 53.9 53.8 53.7
Soybean meal . 16.9 8.0 8.0 8.0
Tallow | 1.7 2.8 2.8 2.8
Fababeans ' - 25.0 25,0 25.0
Mineral mix+ 0.5 0.5 0.5 0.5
Vitamin mix? 1.0 1.0 1.0 1.0
DL-methionine’ - . 0.1 0.2
Others” 8.8 8.8 8.8 8.8

Chemical Analyse55

. Protein (N x 6.25) 15.940.3 -15.640.3 +0, +
Fat (ether extract) 2.0+0.3  2,2%0.4  3.0%0.2  2.4%0.0
Crude fiber L.6+0.0  4.8%0, O ). +

1, 2See footnotes 1-and 2 under Table 1,

IBDL methionine was premixed in the normal laying hen :
vitamin mix before adding to the diets,

40ther 1ngred1ents 1ncluded' calcium carbonate, 4 3%
oystershell, 2.0%; dicalecium phosphate, 1.5% and
- dehydrated alfalfa, 1.,0%. :

5Chemlcal analyses represent average +S E. for
duplicate samples.
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Table 5. Amino Acid Composition of Diets
(Experiment III)

of triplicate samples.

Amino acid analyses results are bas

_ Diets
Amino acidsl' 1 2 3 4
% % % %
Arginine 0.9940,16 ~ 1.16+0.08 . 1.,14+40,08 1,05+0.15
~ Lysine 0.79+0.04  0.81+0.03  0.83+0.03  0,78+0.09
Histidine 0.36+0.02  0.37+0.02  0.37+0.02  0.35+0.02
Isoleucine 0.,64+0,01  0.65#0.03 0.66+0.04  0.61+0.0L
Leucine 1.16+0.03  1.18+0.04 1.18+0.05 1.1140.07
Methionine®  0.3540.01  0.310.01 0.4840.07  0.58+0.06
Cystine® 0.28+0.00  0.29+0.01  0,2840.00  0,34%0.00
Phenylalanine 0.74#0.02 - 0.7440.04  0,73+0.0k4 0.66+0,06
Tyrosine 0.37#0.02  0.3640.02  0.37+0,02  0,35+0,04
Threonine 0.53+0.02  0,5640.02  0.57+0.02  0.5140.03
Valine 0.78+0.03  0.7640.03  0.76+0.04  0.75+0.03
1

ed on average +S.E.

2Methi0nine and cystine were determined by the method of

Hirs»(l967).
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the egg weight depression caused in laying hens by feeding
fababeans, In trial 1, six hundred and seventy-two (672)
Hyline-w36 layers housed in community pens equally sub-
divided into two cages (30 cm X 40 cm) with a common water
fount and feeder, were allotted at 46 weeks bf age to 8 |
treatments with 14 replicates of 6 hens each per treatment
group. The experimental design was complefely randomised
with a 2 x b factorial arrangement. The ingredient com-
position, protein and energy levels of the diets are shown
in Table 6. The fébabean and soybean meal diefs calculated
to be isocaloric, were‘varied'in energy content by altering
the amount of soybean Qil added to the diets. No attempt
was made to equalize the protein:calorie ratios among the
diets differing in energy cohtent although the highest
energy diets were formulated to contain an adequate-ievel
of dietary protein.

Féed and water Were offered ad libitum throughout
the duration of the 32-day experimental period and feed
cdnsﬁmptioﬁ‘data Qaé collected. The weight of eggs laid
every second day was recorded. | |

| In trial 2, the same groups of hens were used sub-
’sequent to the completlon of the first trlal A similar
2 x 4 factorial arrancement was employed with the presence
and absence of fababeans in the diet as one factor and the
level of dietary protein as the other factor. The ingredient
composition, proteinvand enefgy contents of the diets used

‘are shown in Table 7. Fababean protein concentrate (FBPC)




Table 6. Composition and Chemical Analysis of Diets (Experiment IV, Trial 1)

phosphate, 2.2%,.

5Chémical énalysis results are based on single samples.

Diets
‘Ingredients 1 2 s b o 5 6 7 8
| % % % % % % % %
Barley 55.6 52,6 L9.6 bé .6 70.1 67.1 64,1 61.1
Fishmeal 4.0 ) .o 4,0 b.o k.o 4.0 h.o
Soybean meal - - - - 13.9 13.9 13.9  13.9
Fababeans 30.0  30.0  30.0  30.0 - - - -
~Soybean oil - 3.0 6.0 9.0 - 3.0 6.0 9.0
Mineral mix’ 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Vitamin mix? 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Alpha-floc) - - - - 1.6 1.6 1.6 1.6
| Othefsg 8.9 8.9 8.9 8.9 8.9 8.9 8.9 8.9
Chemical Analysis5 ' '
Protein (N x 6.25) 17.6 16.8 16.3 15.9 18.2 17.7 -17.5 17.1
vCalculated Analysis : . ,
M.E. (kcal, /kg) 2430 2620 2800 2980 2430 2620 2800 2980
l’ZSeé footnotes 1 and 2 llsted in Table 1.
3Alpha floc was from Brown and Company.
QOther 1nyred1ents includeds calcium carbonate.'4.7%; oystershell, 2.0% and dicalcium

-Zg_




- Table 7. Composition and Chemical Analysis of Diets (Experiment IV, Trial 2) ;
- L | Diets | | |
~ Ingredients 1 2 3 L 5 6 Wi 8 ;
R /s 5 % % % % % %
Barley - , 73.5  71.0  6B.5  66.0 68.0  65.5 63.0  60.5
Soybean meal 10,1  10.1  10.1  10.1 - - - - :
Fishmeal | - 2.5 5.0 7.5 - 2.5 5.0 7.5 :
Soybean o0il 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 :
Mineral mix® 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Vitamin mix? 1.0 1.0 1.0 1.0 1.0 1.0 .10 1.0
FBPCY - - - - 10,0 10.0  10.0  10.0  u
Corn Starch - . - - - 5.6 5.6 = 5.6 5.6
Others* o 8.9 8.9 8.9 8.9 8.9 8.9 8.9 8.9
Chemical Analyses5 o , |
 Protein (N x 6.25) 15.1  16.5 18.5 19.8 15,1  17.2  18.5  20.1
Calculated Analyses A | |
Protein | 4,0 154 17,0 18,4 144 15,9 17,4  18.9
M.E. (kcal /kg) 2855 2858 2860 2860 2900 2010 2910 2910
12506 footnotes 1 and 2 listed in Table 1.

3Fababean protein concentrate.

4'5See footnotes 4 and 5 listed in Table 6.
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was used to formulate the fababean diets and the varying
protein levels in the diets were obtained by altering the
content of fishmeal and barley. As in trial 1, feed and

water were offered ad libitum throughout the'32—day experi-

mental period and,égg weight was recorded on alternate

days.

EXPERIMENT V

A _Study of the Feasibility of Utilizing a 1l4-day Test Period.
A series of trials were conducted with Shaver-288

laying'hens at 42 weeks of age to monitor the effects on

- egg weight of feeding ground fababeans and fababean pfotéin

conéentrate (FBPC). The hens housed in individual cages

(30 em x 40 cm) were divided randomly into two groups of

25 hens each with one group designated as confrol group
and the other as treatmént. Cbntrol diets wére fed fo the
control group at all times whereas fababeanbcontaining teét
diets were fed to the freatméﬁt group durinz»lh-day fest

perlods which were separated by a control perlod during

 'wh1ch the control diet was re-fed. Dlets fed were as
presented in Table 8, The control.group served to monitor

the gradual change in egg weight as the hens became older

while the treatment group served to monitor any additional
changes in egg weight as a consequence of the hens being
fed the various fababean»containingbdiets. Eggs were
collected and egg weight recorded daily. Thé'effe¢ts of

--the treatments were evaluated by describingfthe egg weight




Table 8. Composition and Analysis of Diets (Experiment V)

o Diets

 Ingredients 1 2 3 n 5 6 2
f o % % wE 7% 7 %
Barley 63.7 - - 73.0 73.0 68.3 68.0
Fababeans - 84.0 79.0 - - - -
Soybéan meal 23.3 - - 4.7 - b,7 -

Fishmeal - - - 5.3 - 10.0 5.0
Soybean oil | - - 5.0 6.0 6.0 6.0 6.0
'RapeSeed oil - _ 5.0 5.0 - - - - \

- Tallow 2,0 - - - - - - "
Mineral mix> 0.5 0.5 0.5 0.5 0.5 0.5 0.5

 Vitamin mix? 1.0 1.0 1.0 1.0 1.0 1.0 1.0

FBPCY - - - - 10.0 - 10,0
Others” 9.5 9.5 9.5 9.5 9.5 9.5 9.5
Calculated Analyses y . ‘ : | :
Protein (N x 6.25) 19.3 22.7 21.3 15.0 15.0 18,1 18.2

2880 2800

M.E. (kcal/kg) 2ho0 2500 2800 2880 2860

l'ZSee.footnotés 1 and 2 listed in Table 1.

3Fababean protein concentrate.

uOther ingredients included: calcium carbonate, 4.7%; oystershell,
phosphate, 2.2% and wheat middlings 0.6%.

2.0%; dicalcium
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data graphically.

THE USE OF SHORT DURATION TEST PERIODS TO STUDY THE EGC
WEIGHT DEPRESSING EFFECT OF FABABEAN FRACTIONS AND TO
ISOLATE THE EGG WEIGHT DEPRESSING FACTOR IN FABABEANS

EXPERIMENT VI

Influence of Autoclaving Treatment on the Ego Weight
Depressing Effect of Fababean Protein Concentrate

A l4-day test procédure similar to that developed

in Experiment V was utiiized'to:determine if egngeight
depressing efféct of FBPC could be alleviéfed by heat
treatment. The alterations to the technique were that the
weight of the eggs laid during the initial control period
was used to assign hené to éontrol‘or treatment groups

such that the mean egg weight of the groups was similar.

In addition, statistical analysis of the egg weight data to
complement‘fhé graphical preéentation was used. The | |
analysis involved a comparison between groups of fhe,percent

change in egg weight during the test period in relation to

~ the preceeding control period.
: Fababean protein concentrate (FBPC), prepared by
air classification as described previously, was divided

into two parts. One half was not subjected to heat treat-

ment and was called untreated fababean protein concentrate
(UFBPC). The second half, was spread in porcelaih trays
"to a depth of 2 cm and was autoclaved at‘lZlOC for 30

minutes. The product was designated autoclaved fababean
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protein concentrate (AFBPC). Both UFBPC and AFBPC were
added to the respective‘diets at a level of 12.2%, Fish-
meal (5.3%) was added to the diet that contained

AFBPC to compensate for protein that may have been rendered
unavailable to the bird by autoclaving. The specific
protocol used in the éxperiment is outlined in Table 19 and
the composition of the diets (1, 2 and 3) is shown in ,
Table 9.

During the test period when the AFBPC containing
diet was fed to the treatment group, eggs were collected
over a three-day period. The eggs were broken out and
the yolk was separated, weighed, lyophilized and re-wéighed.
The albumen was collected, weighed, dried in an oven and re—"
weighed. The shell was washed and allowed to dry overnight
before weighing, The dried yolks from each treatment group
were pooled and samples were‘faken for total lipid deter-

minations.

EXPERIMENT VII

The Effect of Fababean Hulls on Egg Weight

The influence of feeding a diet that contained lO%
fababean hulls to laying hens on egg welght was studied
using the l4-day test procedure described in Experlment
VI. | | |

Fababean hulls wére éleéned by sieving to‘eliminate
cotyleddns.and.other contamihénts. The hulls were then

ground before'adding to the diet. The hull contalnlng dlet




Table 9. Composition and Chemical Analysis of Diets (Experiments VI, VII, VIII and IX)
o _ ‘ Diets
Ingredients 1 2 3 4 5 6 7 8 - :
= & % % /A .
Wheat © 7006 72,1 66,8 53.6  40.6 72,9  68.6  65.6 :
Fighmeal : 5.9 - 5.3 5.9 8.0 = - 5.9 5.9
Soybean meal | 7.3 - - 10.1 8.5 - 7.3 7.3
Fababean hulls - - - -10,0 - - - -
Fababean starch - - - - 26.0 - - -
Extract - - - - - - 2,0 5.0 .
Soybean oil h.o k.o b.o . 5.0 b.o k.o hio
Mineral mix' 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Vitamin mix? 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
UFBPCY - 12,2 - - - - - -
AFBPCY - - - 12,2 - - - . -
EFBPC® - - - - : 1.4 - -
Alpha-floc 0.8 0.3 0.3 - 0.5 0.3 0.8 0.8
Others®. 99 9.9 9.9 9.9 9.9 9.9 9.9 9.9
Chemical Analysis : ‘ :
Protein (N x 6.25) 7.5 17.2 19,7  17.3  17.1  12.4  17.6  17.7
1,2

.See footnotes 1 and 2 listed in Table 1.
3Untreated fababedn protein concentrate.
- ¢Autoclaved fababean protein concentrate.

5'Ext‘racted fababean protein concentrate. , ‘ - _
Other ingredients included: calcium carbonate, 4.7%; oystershell, 2.0%; dicalcium
phosphate, 2.2% and dehydrated alfalfa, 1.0%. ‘
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was fortified with soybean o0il to increase the energy
density of the diet

' Two groups of 20 Babcock laying hens each at 46
weeks of age were used. The specific regime followed in
the experiment ié given in Table 21 and the composition of

the diets (1 and 4) is shown in Table 9.

EXPERIMENT VIII

The Influence of Fababean Starch and the Effect of Ethanol-
Water Extraction of Fababean Protein Concentrate

An experiment was conducted to determine if faba-
bean starch (FBS) would cause egg weighf'depression and to
- evaluate the influence of ethanol-water extraction on the
égg weight depressing effects of FBPC utilizing the 1l4-day
test procedure described in the previous experiments,

The FBS and FBPC used in this study were obtained
as described earlier. The ethanol-water extract and EFBPC
were prepared by adding 6 volumes of ethanol and water in

the ratio of 60:40 to the FBPC (58% crude protein). The

mixture was allowed to stand for 30 minutes at 20°C and was
then'hombgenized using a Teckmar-SD45N homogenizer., The
homOgenate was centrifuged at 9,000 x g for 10 minutes in

a refrigerated Sorvall RC2-B automatic centrifuge. The

supernatant was decanted and saved. The partially ex-
- tracted FBPC was re-extracted with 5 volumes of ethanol and
water:and the first and’second supernatants were pooled and

concéntrated‘by evaporafing ethanol and a portion.of the
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water in a cyclone evaporator. The concentrated extract
and the EFBPC were then lyophilized. The yield of the
dried extract was 14% while that of the dried EFBPC was
80% of the original FBPC. The protein (N x 6.25) content

of the extract and the EFBPC was 28 and 64%, respectively.
The specific regime followed in the experiment
is given in Table 22 and the composition of the diets (1,

2,5,6 and 7) is shown in Table 9. In this experiment 3

groups (1 control and 2 treatment) each of 30 Babcock-B300
layers at 41 weeks of age were used. The two treatment
groups were fed dietsvthat contained either FBS (diet 5)
or an'ethanol-wafer extract of FBPC (diet 7) during the
first test period and diets that contained either FBPC
(diet 2) or ethanol-water extracted FBPC (diet 6), re-

spectively, during the second test period.

EXPERIMENT IX

- Further Studies with Ethanol-Water Extract of Fababean
Protein Concentrate

A bioessay. similar to the 1l4-day test procedure

described in previous experiments, was used to determine
the effect on egg welght of layer diets contalnlng varied

levels of an ethanol-water extract of FBPC.

In this study, 3 groups of 30 Shaver-288 layers
each at 26 weeks of age were involved in a 7- day test
period to monitor the effects of feedlng 2 and 5% ethanol-

‘water extract prepared from FBPC as described in Experiment
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VIII. The specific regime followed in the exXperiment
is given in Téble 23 and the composition of the diets

(diets 1, 7 and 8) is shown in Table 9.

EXPERIMENT X

The Influence of pH Fractionation on an Ethanol-water
Extract of Autoclaved Fababean Protein Concentrate

An experiment was conducted utilizing the 7-day

test procedure adapted in Experiment IX to establish the

effect of pH fractionation of an ethanol-water extract of
AFBPC on egg weight, |

The method for preparing the ethanol-water extract
was modified. Fababean profein concentrate (FBPC) was auto-
~claved at 121°C for 10 minutes. The AFBPC was then extracted

with 8 volumes of ethanol and water in the ratio of 1:1. é

The mixture was homogenized as before and was passed through
two layers of cheesecloth. The insoluble residue was dis-
carded. _The,filtrateHwasﬂallowedgtoqsxand,overnight to

permit sedimentation of particulate matter that passed

through the cheesecloth. Approximately 80% of the relatively
clear filtrate was then removed by siphoning. The remain-
ing filtrate was centrifuged at 36,000 x g for 10 minutes.,

The two supernatants were pooléd and concentrated by

evaporating the ethanol and a portion of the water in a
cyclohe evapcrator.‘ The'concentrated extract was lyophilized
and kept at -20°¢C until fractionated. The yield of the dry
extract waslio»to 11% of the original'AFBPC. -The profein




content was 29%.

The lyophilized extract of AFBPC was dissolved in
water in the ratlo of 1 g of extract to 10 ml of dlstllled
water (l 10) and the pH was adgusted to 4 using 2N HC1.

The mixture was centrifuged at 36,000 x,g for 10 minutes.
The supernatant was decanted, the pH further reduced to
3 using 2N HCl and centrifuged as before. Supernatant and

prec1p1tate fractlons were separated and saved. The pH L

}<pre01p1tate was washed with 10 volumes of water and centri-
fuged as described previously. The washings were pooled with
the pH 3 supernatant while the washed pH hvprecipitate was
pooled with the pH 3 precinitate. The pooled supernatant

was concentrated by evaporating a fraction of the water in

a cyclone evaporator. The supernatant and the precipitate

were then lyophilized. The percent dry matter and crude
protein of the soluble fraction and precipitate were 91
and 27; 98 and 33, respectively., The soluble and pre-
cipitate fractions were added to the diets at 4.6 and 0.7%

levels, respectively.

Three groups of 30 Shaver-288 hens each at 35 weekst
of age were used. The specific regime followed in the

experlment is given in Table 24 and the composxtlon of the

.dlets is shown in Table 10.
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Table 10. Composition of Diets (Experiment X)

Diet s

" Ingredients 1 ' 2 ' 3
Wheat |  70.6 69.9 66.0
Fishmeal 5.9 o 5.9 5.9
Soybean meal - 7.3 ' 7.3 7.3
_Precipitate - 0.7 -
Supernatant - - | 4.6
Soybean o0il 4,0 kLo 4.0
Mineral mixl ' 0.5 0.5 0.5
Vitamin mix® 1.0 1.0 1.0
Others3‘ 10.7 10.7 ©10.7
1,2

See footnotes 1 and 2 under Table 1.

3Other ingredients included: calcium carbonate, 4.7%; S
oystershell, 2,0%; dicalcium phosphate, 2.2%; v e
dehydrated alfalfa, 1. 0% and- alpha-floc (from Brown 5
~and Co.), 0,8%.




EXPERIMENT XI

The Influence of Acetone Fractionation on an Ethanol-water
Extract of Autoclaved Fababean Protein Concentrate

The ethanol water extract of AFBPC was further
fractionated into four fractlons using acetone. The
fractlons<were fed to laying hens using the 7-day test pro-

cedure to determine the egg welght depressing activity of

- each fractlon.

The ethanol- water extract, prepared as descrlbed
in Experlment X, was dissolved in distilled water in the
ratio of 1 g of extract to 10 ml water (1:10). The mixture
was éentrifuged at 36,000 x g for 10 minutes. This produced .
two fractions, one insoluble in water (A) and the other
soluble (B) (Fig. 5). Acetone was added to the soluble
-fractlon (B) so  that the ratlo of water to acetone was 1:1.
The mlxture was agltated for 5 minutes and then centrifuged
at 36,000 x g for 10 minutes to separate the precipitate
(C) and supernétant (D). The original water insoluble
fréction (A) was washed with 20 volumes of water and acetone
in the ratio of 1:1.5 and the insoluble fraction (E) was
saved, The washings (F) were pooled with the supernatant
D. Acetone was added to'the'pooled water-acetone soluble
' fractions (D and F) so that the;final water to acetone ratio
was 1:3. The mixture was stirred and allowed to stand for
~30 minutes. This resulted in two fractions, an insoluble
“fraction (G)>Which precipitated out; and a soluble.fraction

" (H) which was decanted and concentrated in a cyclone
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Fig. 5. Water:Acetone Fractionation Procedure

250 g of extract 2.5 1 of Water

- Homonogenized and Centrifuged
(36,000 x g for 10 minutes)

PRECIPITATE (aA) - SUPERNATANT (B).
Washed with 20 volumes Water:acetone ratio
of 1:1.5 Water:acetone _ adjusted to 1:1 ‘
and centrifuged with acetone and centrifuged
(36,000 x g for 10 minutes) (36,000 x g for 10 minutes)

| -
N | N |

- WASHED PRE- SUPERNATANT»(F) PRECIPITATE (C) SUPERNATANT (D)

CIPITATE (E)

i ’ F and D'pooled, ratio of
' water to acetone adjusted
to 1:3 with acetone
[ _

: I . | ,
PRECIPITATE (G)  SUPERNATANT (H)




_ 66 -

evaporator., The washed water insoluble fraction (E), the
1:1 water:acetone insoluble fraction (C), the 1:3 water:
acetone insoluble fraction (G) and the concentrated 1:3
water:acetone soiuble.fractibn (H) were lyophilized. The
yields of the various fractions were'5.5. 9.4, 48,1 and
31.3% of the original ethandl—wafer‘extract. respectively.

The washed water insoluble fraction (E) and the 1:1
water acetone 1nsoluble fractlon (C) were pooled and fed
as one sample. The varlous fractlons were added to the
respec~1ve diets according to their pronortlons in the
ethanol-water extract. Amino acids in the proportions and
amounts equivalent to those in the extract were premixed in
corn staréh'béforé'they Qere added to the diet.

Six groups of 20 Shaver-288 laying hens each at
26 weeks of age were ihvolved. The specific protocol
followed in the experiment is'given in Table 25 and the
‘composition of the diets is shown in Table il;

.At the end of the test period, 5 hens ffom-each
group were selected at random, killed bj cervical dis-
location and the livefs;were~immediately excised, pléced
‘in plastic bags and weighed.v The livers were then lyo-
philized, ground individually and samples of each were

taken for total lipid determination.

,,,,,,,,




3Aniiho acid mix was composed of synthetic amino acids (1.7%
extract in diet 3, premixed in corn starch (4,0%).

to those contributed by the
4l,xl’ watersacetone insoluble fraction (C) and water insoluble fraction (E).
51:3 watersacetone insoluble ‘

60ther ingredients included:
phosphate, 2.2%; soybean oil,

fraction (Gg).

calcium carbonate, 4.7%; oystershell, 2.0%; dicalcium
4.0% and dehydrated alfalfa, 1.0%. '

See footnotes 1 and 2 listed in Table 1.

Table 11. CompOSition of Diets‘(Experimeht XI)
v ‘ Diets
Ingredients 1 2 3 N 5 6
: % % % % % %
Wheat 70.6 60.4 60.4 68,9 65.0 67.0 >
Fishmeal 5.9 5.9 5.9 5.9 5.9 5.9
Soybean meal 7.3 7.3 7.3 7.3 7.3 7.3
Mineral mix' 0.5 0.5 0.5 0.5 0.5 0.5
Vitamin mix® 1.0 1.0 1.0 1.0 1.0 1.0
Amino acid mix3 ’ - 5,7 - - - - c
'Extract - » - - 11.0 - - ~ 3
1:1 Watersacetone fraction4 - - - 1.7 - - I
1:3 WateriaCetOne fraction? - - - - 5.6 -
'Supefnatant-ﬂl | - - - - - 3.6
Alpha-floc 0.8 5.3 - 0.8 0.8 0.8
Others® 13.9 13.9 13.9  13.9 13.9 13.9
1,2

) in amounts equivalent




- 68 -

EXPERIMENT XII

Isolation, Purification and Identification of the Egg
Weight Depressing Factor

 Fractionation of Suﬁernatant-ﬁ
| Prévious experiments had demonstrated that super-
natant-H, a watef—acetone soluble fraction of an ethanol-
water extract of AFBPC, contained a high acfivity of the
egg weight depressing factor. Water solubility of super-
naiant—H Qas‘uséd to further fractidna%e'this material'in.
an attempt to obtain a relatively pure fraction of the ecg
weight depressing factor for usé in feediﬁg studies,

. The solubility characteristics of supernatant-H
in water were establiéhed'at'room temperature (26°¢) using
two methods. In the first method 10, l.g samples of the
dried supernatant-H were weighed into §re-weighed centrifuge .
tubes. Varying quantities (2;>4; 8, 16 and 32 ml) of water .
were added to the various tubes in duplicate sets. . The
solutions.were vortexed every 10 minutes fof 50 minutes
'andfsubsequently centfifuged at 27,000 x ¢ for‘lo_minutes,
.The'supernafaht was decanted and the pH measured. The
supernatant was then 1yophilized. The tubes containing
the precipitates were weighed after drying in an oven at
Lu°c for 21 hours. The dried precipitates were washed
twice wifh 10 ml of acetone with centrifuging as befofe.
The'supernatanté‘wére deCaﬁted and discarded, while the

precipitates:wére;driedbat 44°C'for 40 minutes and the
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weight of dry material recorded.

In the second method, samples of supernatant-H were
first extracted with 10 volumes of acetone, and the re-
-sulting supernatants were decanted while the precipitates
were dried in an oven at.44ocefof 13 hours. These dried
precipitates were then treated with water as in the first
method, v

Based on the water solubllity eharacteristice
determined”for supernatant-H, a'ffactionationbprpcedure
was developed to obtain solubie'and insoluble fractions
for further studies of the egg weightvdepressing'factor.

In thls fractlonatlon, supernatant H was dissolved in water
in the ratlo of 1 g to 8 ml (1:8) with constant stirring

for 30 minutes at room temperature,(ZéOC). The mixture

was centrifuged‘at 27,000 x g for 10 minutes. The precipitate
was re-extracted with 0.6 volume of water (based. on ofiginel
weight'of starting material) with eonstant stirring for 30
minutes and was centrifuged at 27,000 x g for 10 minutes.

It was then washed twice with 1 volume of acetone (based on
original‘Weightfef‘the starting material) with conStant‘
'stirring for 5 minutes. The relatively white precipitate
was collected follow1ng centrlfugatlon at 3,000 x g for 10
minutes. An addltlonal white pre01p1tate formed when the
two acetone soluble fractlons were allowed to stand. at 29
~for lZ hours. Thls prec1p1tate whlch was equivalent to

'only 0. 3% of the orlglnal starting materlal was harvested
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by decanting and centrifugation and was pooled with the
6riginal white precipitate before drying at 44°C for 21
hours. The two water soluble fractions were also pooled

and lyophilized. The acetone soluble fraction was evap-

-orated at room temperature and the residue waé pooled with
the water soluble fraction. The two fractions thus ob-
tained are subsequently referred to as white precipitate
(pellet) and soluble fraction (supernatant).

Routine fractionations were generally initiated

with 250 g of supernatant-H. ‘The total amount of super-
natant-H that was fractionated for the feeding trial was
1.35 kg. The amounts of the two fractions added to the §
test diefs were 0.5% white precipitate and 3.7% soluble

- fraction. The total percent of the two fractions added to
the diets (4.2) was slightly more than the concentration
(3.6%) of supernatant-H used in Experiment XI; In addition g' S
to the dieté'containing the supernatant-H fractions, a diet i
containing a mixture of synthetic amino acids similar to

the amino acid profile of supernatant-H and a diet con-

taining L-dihydroxyphenylalanine (L-DOPA) at a concentration
6 times that found in supernatant-H were fed in the 7-day

biological test trial.

Five groups of 24 Shaver-288 hens each at 32 weeks
of age were used as the‘test birds. The specific regime
used in the trial is given in Table 29 and the composition

of the diets is shown in Table 12.




Table 12, Composition of Diets (Experiment XII)

| Diets

Ingredients B 1 2 3 5

% % % % %
Wheat 70.6 68.7 70.5 70.1 66.9
Fishmeal 5.9 5.9 5.9 5.9 5.9
Soybean meal 7.3 7.3 7.3 7.3 7.3
Mineral mix' 0.5 0.5 0.5 0.5 0.5
Vitamin mix? 1.0 1.0 1.0 1.0 1.0
Amino acid mix’ _ - 1.9 - - -
1-popA® - - 0.1 - -
White precipitate. - - - 0.5
Supernatant - - - - 3.7
Others’ | .7 147 14,7 147 14,7

1125¢e footnotes 1 and 2 listed in Table 1.

vBAmino acid mix was composed of synthetic amino acids
(1.3%) in amounts equivalent to those that would be
contributed by supernatant-H if fed at 4.2% of diet,
premixed in 0.6% wheat middlings. '

qLédihydroxyphenylalanine.

50ther ingredients. included: calcium carbonate, 4.7%;
oystershell, 2,0%; dicalcium phosphate, 2.2%; soybean
0oil, 4,0%; alpha-floc, 0.8% and dehydrated alfalfa

C1.0%., _ o S
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Purification of the White Precipitate

The white precipitate which appeared fairly pure was
shown to contain a high activity of the alleged egg weight
depressihg factor. Preliminary studies were carried out to
determine the influence of temperature and pH on the
solublllty characteristics of the white precipitate in an
attempt to prepare an analytically pure egg weight depress-
ing factor. |

Thé initial}proceddre_for studying the effecf of
femperatufe on‘water solubility iﬁvolVed a series of sucQ
cessive extractions of the same white precipitate.sample,
at increasing temperatures. In the first series of ex-
tractions 0.66.g of white precipitate was added to 3 ml of
vwater but in all sﬁbsequent extractions a volume of 6 ml
was used. In all cases an excessive amount of undissolved
precipifate was preseht and to use a minimum amount of
‘sample the portion of each sample extracted at a given
temperature was added back'to‘fhe insoluble precipitate for
: fﬁrther extractions. | |

»The'éxtractions were carried out by constant
stirring for 30 minutes at a given temperature. The sus-
pensions were then allowed to settle for 5 minutes before
centrifuging at 15,000 x g for 5 minutes. 'These'latter
two‘steps were carried ouf at the same temperature as for
~the respectlve extractions except for the sample extracted

at 80°¢ in which case the max1mum centrlfuge temperature
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obtainable was 45°C. In all cases (except for the 80°
sample) the rotor of the centrifuge was pre-equilibriated
to the extraction temperature. After centrifugation the
coloriess. aqueous supernatant was diluted and the optical
'density at 280 mu reéofded. The temperature (10.5°C) and
dilutions involved weres: 4°C and 225; 20°¢ and 450; 40°¢
and 900; 80°C and 900, respectively. All extractions were
carried out in duplicate and the pH was determined to be
5 * 1. , | | | ' | :
To study the influence of pH on solubility 0.5 g =

of white precipitate was dissolved in 3 ml of water and al-
lowed to stand at room temperature (26°C) for 30 minutes
before being centrifuged at 15,000 x g for 5 minutes (at

20 to 25°C). The supernatant was‘decanted and the pH and
optical density at 280 mu (450 fold dilution) were determined.

The supernatant was recombined with the white precipitate
using a vortex and the pH of this suspension was adjusted
'over'a‘SEries‘OTfTEbdmbiﬁatidnS“With/either'O;bN HC1l or

0.5N KOH to yield four pH ranges: 2.0 to 3.0; 4.0 to 4,5;

7.5 to 8.0 and 9.5 to 10.0. The solubility was determined
for duplicate suspensions at each PH range by following the

procedure outlined above except that 20‘minutes rather than

30 mlnutes were allowed for the solublllzatlon step.
| After several prellmlnary trials, the follow1ng
procedure was adopted for the preparatlon of analytically

pure crystalline material from the white preéipitate.v
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The white precipitate was dissolved in water in the ratio
of 1 g to 20 ml. The pH was adjusted to between 9 and 10
using 3N NaOH and the suspension was heated to 8o%c, 1t
was then. stirred at 80°C for 20 mlnutes with the occasional
addltlon of NaOH so as to maintain a constant pH. The
mixture was centrifuged at 15,000 X g for 10 minutes at

45°C, the supernatant was decanted, the PH was determined

and the sample was allowed to stand overnight at 2°c which
resulted in the productlon of copious amounts of crystalline .
materlal The follow1ng day, the crystals were harvested
from the supernatant by centrifuging at 15,000 x g for 20
‘minutes. The supernatant was decanted and saved. The
crystals were washed twice with 5 volumes of cold water,

once with 3 volumes of ethanol and once>with 5 volumes of ’ %v
acefone with centrifuging after each washing. The product |
was allowed to stand at room temperature to evapofate the
volatile solvents and was then lyophilized. All su@er-

natant fractions were pooled and lyophilized.

Identification of the Egg Weight Depressing Factor
Analytically pure‘éfystals were prepared from the
white precipitate as described in the previous section.

These crystals were subjected to microscopic observation,

melting point determination,'ultraviolet‘absorption-Spectra
determinafion and column chromatograﬁhy for the identi-

fication of thefalleged Cegg weight'depressing‘facfor.




_-75,- : '

Microscopic observation of the crystalline compound
was performed under two different instruments., In the first,

the crystals which were suspended in a water solution were

mounted on slides and observed under bright-field objectives

ﬁith a Zeiss 64012 photomicroscope. Pictures of represen-
tative areas were taken at different magnificatiohs. In

the second observation the crystalline‘suspension was trans-
ferred by pasteur pipettes to an aluminum stub, allowed to
air dry and subsequently coated with 1,000 A of gold in a

Balzer Union Sputter Coater. Samples were then scanned in

‘a Cambridge Stereo Scan Mark II at 10 KV, Photographs of

representative areas were taken.
The melting point of the crystals was determined
es described by Vogel (1956). A capillary tube filled
with the finely ground crystals to a depth of 2 to 3 mm was
immersed with a thermometer attached into a bath of medicinal

paraffin. The melting point apparatus was heated with a low

vgas flame and the temperatures at which the sample commenced

to melt and at which it completely decomposed were recorded.
The absorbance spectra of the crystalline substance
were determined in a Unicam Spectrophotometer. Fifty
milligrams of the crystais were dissolved in 100 ml of
water; Dneemilliliter of this solution was diluted to 15
ml with 0, lN HCl, 0.1N NaOH or 0.1M phosphate buffer (pH
6.8) and scanned against the appropriate blank (1 ml of

water plus 14 ml of the diluting solution),
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Column chromatography of four fababean fractions
was carried dut to test the purity and determine elution
patterns of the alleged egg weight depressing factors. The

samples were analysed in the long column (0.9 x 55'cm) of

a Beckman model 119C automatic amino acid analyzer.followed
by detection of the products using ultraviolet absorptioh
at 280 mu in Isco model UA-5 absorbance monitor. The
column contained the Beckman W-1 resin which is a strong

sulfonic acid cation exchanger being a copolymer product

.of‘styrene;and divinylene., The elution bgffers used Were-
0.2N sodium citrate (pH 3.25) and 0.2N sodium citréte (pH
4.,12). The column temperature waé 50°¢, - Buffer changes
~occurred at 40 and 60 minutes, respectively, after the

initiation of the run. .

j
!
|
i
i
i
|
|
i
i

Samples of the white precipitate (25.9 mg), crystals s

obtained from the white precipitate (20.5 mg) and the non- 5
crystalline fraction (residue) (34.5 mg) were diluted to |
100 ml with 0.2N sodium citrate buffer (pH 3.25). One gram

of fababean protein concentrate was added to 10 ml of

water. One milliliter of 0.67N‘H2804 and 1 ml of 10%
~ sodium tungstate (Na, W0, .2H,0) were added to 2 ml of the

solution., (Sulfuric acid and sodium tungstate interact to

‘produce tungstic acid (H2 W0, ) which is a deproteinizing
agent) (Oser 1965). The solution was centrifuged at
25,000 x g for 20 minutes and the supernatant was decanted

‘and re—centrifuged}"Onevquarter of a milliliter of each
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sample was added to the coiumn. -The column was washed
with 0,.2N NaOH after each run. All samples were analysed
in duplicate and care was taken to dilute the samples with
buffer pH 3.25 just immediately prior to column application
to minimisé possible hydrolysis of the compounds at the low
pH. |

The ultraviolet absorbing amino acids, L-DOPA,
tyrosine and tryptophan were also chromatogramed. Buffer

changes in this case occurred at 100 minutes.

EXPERIMENT XIII

A Comparison of Chemical Analysis of Total Vicinel in | |
Various Fababean Fractions with the Observed Egg Weight g

Depressing Effects of these Fractions

A quantitative estimation of total vicine in
various fababean fractions was carried out utilizing the ‘ Eé
mefhods of Higazi and Read (1974) and Collier (1976); and | ?v
a column chromatographic method in order to compare the
‘amounts50T*Vic&neﬁin"these“fractionswwith their observed

biologically determined egg weight depressing effects,

Two samples of 100 mg each of vicine crystals
obtained as described previously were each dissolved in
10 ml of 10% trichloroacetic acid (TCA). Volumes of 0,
0.5, 1,0, 1.5, 2.0 and 3.0 ml whichvrepresented 0, 5, 10,

lAlso referred to as total ultraviolet absorbing material,
total vicine reacting material or vicine and convicine,
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15, 20 and 30 mg vicine were prepared., A vicine standard

curve was established from the average OD650 values (Higazi

and Read 1974). The above'procedure was repeated with the

white precipitate., Other fababean fractions were dissolved
in 10 ml of 10% trichloroacetic acid and OD_650 was recorded

~in order to estimate their viecine contents using the vicine

standard curve. The quantities of samples used were 27.5,

35.0 and 51.2 mg for eupernatant-H~while 1l g sample of

fababean hulls, fababean starch, untreated fababean protein

concentrate and autoclaved fababean protein cohcentrate
were used,

A method similar to that reported by Collier (1976)
‘was also used to determine v1c1ne content of various faba-
bean fractions. For the analy51s, specific weights (as
listed above) of the different fractions were dissclved‘in
10 ml of 3% (W/V) metaphosphoric acid-(HPOB). The samples
were allowed to stand for 15 minutes with constant mixing
and were then centrifdged.at 27.000 x g for 10 minutes.
Supernatants were decanted and optical ‘density at 280 mu
was determlned after dllutlng w1th 0.1N HCl

In addltlon to the two establlshed methods, a
column chromatographic procedure was developed to quanti-

~tate vicine in the'varlous fractions. In thls procedure,

.pleces of ‘paper renresentlng the convicine and vicine peaks

- on- the chromatograms established in Experiment~XII were

cut out andeweighed to determine the areas of the convicine

~and vicine peaks. The amount of vicine in the crystalline
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material was quantitatéd as follows:

Weight of area of éonvicine peak = 1,70 mg
Weight of area of vicine peak = 39.65 me

Total area of convicine + vicine peak = 41.35 ng

Percent vicine in crystalline material

il

weight of area of vicine peak x 100
welght of area of convicine + vicine peaks

9.6 —
%17§§' X 100 = 96.0

The percent vicine and total vicine (convicine + vicine) in

the various'fababean fractions were calculated using the
following procedure:
(1) Based on the above analysis, a standard sample
(20.02 mg) of crystalline material was considered
to contain 19.22 mg of vicine (20.02 x 0.96), a

‘(ii)- Amount of vicine per unit afea of the vicine peak
= §§l63 x 19.22 = 0.48 mg
(1ii) Amount of total vicine per unit area of the convicine

+ vicine peaks

Eilig x 19.22 = 0.46 me

(iv) Percent vicine in an unknown sample

= Weight of vicine peak in unknown sample x (ii) x 100
welght of unknown sample '

(v) Percent total vicine in unknown sample

~ Weight of total vicine peak in unknown sample x (iii) x 100
weight of unknown sample ‘




© - (P<0.05) utilized than was the-control”diet,fand since_no_
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RESULTS AND DISCUSSION

PRODUCTIVE PERFORMANCE OF LAYING HENS FED I ABABEAN CONTATNINC
DIETS

EXPERIMENT I

~Influence of Heat Treatment

Trial 1

Extruding and Pelleting

The.influence of heat treatment (steam pelleting or ;ig
extruding)vof fébabeans on the productive performance of ‘
laying hens fed high levels of fababeans (40% of the diet)
'is shown in Table 13. Egg production was not significantly
(P>0.05) affected by dietary treatments, although birds fed
the fababean containing diets tended to have a lower percent
hen-day production than»fhe control birdsf Stéam- pellet- |
ing or éxtrudingvdid not alléviate the effect. A consistent ‘ E
but non-significant (P>0.05) egg weightvdépression was |
observed with the diets containing fababeans irrespective

of heat treatment. Total egg mass, crams‘ner henkper day,

produced by birds fed the control dlet was s1gn1flcantly
(P<0. 05) greater than that of birds given diets containing

fababeans. Control birds produced an egg mass 11.5%

greater than that produced by hens fed fababeans The in-
clusion of 40% raw or heat treated fababeans into laying
hen dletS»dld not (P>0.05) have any influence on feed in-

take. Fababean containing diets were less efficiently




Table 13. 1Influence of Pélleting and Extruding of Fababeans on the Productive
: Performance of Laying Hens (Experiment I, Trial I) _

: B ' ’ _ - Body
Egg Egg Total Feed Feed weight
production welght ege mass intake efficiency .gain Mortality
Treatments (% hen day) (g) (g/h/d) (g/h/d) ' (g) %
Control ' ¥ B - . l
(mash) 78.3+2.4 56 .440.6 bl 241 .4 oy h+2.1 1 2.140.,04 193+15 2.3
. : [60]
Ground ' .
fababeans b ' b : _ :
(mash) 70.5+3.2 54.540.3  38.4+1.9° 93,043.0 2.4+0.06 191420 2.3
Ground-
fababeans b b
(pelleted) 71.742.2 54.840.6  39.3+1.2° 92.7+1.1 2.4+0,06 203+18 2.7
Extruded -
fababeans b ' b
92.3+1.5 2.340.03 235420 1.2

(pelleted) 72.7+1.7 54.640.6  39.7+1.0

l'Means +S.E. not followed‘by the same superscript letter within a column are sighificantly
different at P<0,05, ‘ . .
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differenceb(P>0.05) was observed amohg the fababeaﬁ diets,
it can be concluded that heat treatment had no effect on
the utilization of fababeans by laying hens. Weight gain of
birds was not significantly (P>0.05) influenced by dietary
freatments although it was higher with the extfuded and
pelleted fababean diets. Mortality which was at a iow rate
was not related to any specific diétary treatment.

- These results would indicate that the nutritive
value of fababeans for laying hens is not influenced by
the heat generated during‘pélleting or extruding. On the
‘contrary Davidson (1973), reported that pelleting fababean
diets did have a beneficial effect on laying hen performance,
however, the benefit was attributed to the improved feed:
intake. Davidson speculated that the heat generated during
the pelleting process modified some deleterious factor(s)
‘in the bean. Similarly, Marquardt et al. (1976), suggested
that pelleting fababean diets resulted in improved chick
..performance due to a.response in feed consumption. The
change in the physical form of the feed resulting in a
'greater density was put forth as the explanation for the
‘feed intake response rather than heat treatment per se.
_However, the same workers demonstrated that heat treatment
at temperatures above that generated during steam pelleting
also caused an improvement in the utilization of fabébeans
by chicks. This improve@ent‘was‘attributed to increased

- availability of nutrients as a result of the destruction

of some toxic substance(s) or 1nh1b1tor(s) naturally present

in fababeans. The résults of the present.experlment suegest
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~ that the factor(s) that depress the performance of laying
hens fed fababean containing diets are heat stable, and

independent of those that affect the performancé of chicks,

Trial 2

Autoclaving

The influence of autoclaving at 121°C for 30 minutes
- of whole fababeans, dehulled fababeaﬁs or fababean hulls
on the'productive.performance of laying hens fed diets
containihg relatively high levels of these fababean com-
ponents is summarized in Table 14, Except for egg weight,
there were no significant (P>0.05) differences among any
of the treatment meéns fof egg produgtion, total egg mass,
feed conngption, feed efficiency or body weight gain.
Egg weight although not significantly (P>0.05) affected by
heat treatment, was influenced by the'type of fababeans fed
to the laying hens. Egg weight of birds fed whole or de..
hulled fababeans was-5.6 and 6QO% (P<0.01) lower than that
of bifds fed diets containing fababean hﬁlls. Mortality |
- was normal in all diets.

Whole fababeans'contain 13% hulls (Marquardt et al.
1975), and consequéntly the hull content of the diet con-
taining 40% whole fababeahskcan be calculated to be 5%, In
this regard;'since diets containing 10% hulls were associ-
ated with a significantly higher egg weight than the whole
fababean diet, it can be,SuggeSted that fababean hulls per

8¢ are not responsible for the egg weight depressing effect




Table 14,

Influence of Autoclavin
Fababeans, Dehulled Fab

g on the Productive Performance of Laying Hens Fed Whole
abeans and Fababean Hulls (EXperiment I, Trial 2)

Egg

Total

 Mor-

Egg Feed Feed Weight
production weight egg mass intake efficiency gain tality
Treatments (% hen day) (g) (g/n/4d) (e/h/d) (g) %
Raw_whdle . 1 B : :
beans (40%)  79.5+5.9° 57.140.87 L5.443,2  106.8+5,2 2.4+0.1 65.0+25.3 1.6
Autoélavéd ;
whole beans : B ‘ ‘
(40%) : 82.8+1.7 56.64+0.47 U46,9+1,2 109.141.5 2.340.0 - 75.0440.9 4,7
'Raw dehulled = o 5 | | |
beans (40%)  82.7+3.3 57.340.6% 47.5+2.4  10k.244.2 - 2,240.1 150.0+45,2 3.7
Autoclaved
. dehulled- : . B
beans (40%)  81.443.1 56.040.4% 45,641.6 101.041.1 2.240.1 232,5+44 4 2.1
Raw ﬁulls : | A ’ X - o '
(10%) 82.5+3.6 60.5+0.3% 49.9+42.0 113.1+0.6 2.340.1 180.0+54,9 0.5
Autoclaved TR | - '
hulls (10%) 82.6+2.0 60.040.6™ 49.6+1.6 109.6+2.1 2.240.0 150.,0+45.0 1.6

lMeans 1S.E. not followed b

- ‘different at P<0,01.

¥y the same superscript letter within a column are significantly
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of whole fababeans. Thé egg weilght depressing factor,
therefore, appears to be concentrated mainly in the coty-
ledon as compared to the hull (testa) portion of the bean,
These data also confirm the results reported in trial 1 of
this experiment, that the egg weight depressing factor is

heat stable.

EXPERIMENT IT

- Influence of Whole and. Dehulled Fababeans Fed Over a 280-
day Production Period

The effects of dietary‘treatments on egg production, g
egg weight, total eggkmass, feed consumption, feed efficien- |
¢y, energy intake, body weight gain and mortality are pre-
sented in Table 15, Although.egg production was similar

(P>0.05) for all treatment groups, the calculation of total

egg mass revealed a lower (P<0.05)vproduction‘by fababean
_fed hens as éompared with control hens except for those
hens which were fed the 15% whole fababean diet. This

response was caused primarily by the progressive decrease

in egg weight as the'levél’of'fababeans in the diet in-
cfeased. Egg weight of hens fed the high energy control
- diet was not s1gn1f1cantly (P>0.01) different from that of
hens fed ‘the 15% whole or dehulled. fababean dlets but was

(P<0.01) dlfferent from that of hens whlch received diets
contalnlng 30% fababeans as whole, dehulled or whole made
isocaloric'tc‘dehulled“fababéans. Egg weight of hens fed

_the low énergy’éoﬁtrol[diet was significantly (P<0.01)




Table 15.: The Productive Performance of Laying Mens Fed Whole and Dehulled Fababeans
Over a 280-day Period (Experiment II)

Epg : | Ege Total Feed Feed Energy Welght

“reatrent . . - ) production ] welght egg mass consumption efficiency intake , cain Mortaliry
(keal M.E./kg) (% hen day) (g) - (e/v/a) (e/n/d) ' (keal/n/d) ()

" Control v . (2774) 80.4+1,5% ~  62.240.3*B . 50.040.98° 108.9+1.65¢ 2.240,0% 302,244, 5% 321.1422,1
Control - low energy (2639) 81.0+1.0 62.8+0.24 50.840.6° 113.7+0.84 2,240.0% - 300.142.34 239.7417.7
1% vrole fababeans (2739) 80.3+1.5 60.7+0.43 - 148.840,8%° 107.940.85C 2.240.0% 295.742.34 275.1417.2
154 Dehulled fababeans ST (267M) 78.741.2 61.0+0.48 48.0+0,9° 104,341 2¢ 2.240.0% 279,043 275.1417.5
36¢ wrole fababeans - (2726) 79.991.2  59.9+0.4C 47.840.9°  110.4+0.6AP 2.310.0° 300.9+1,74 291.2417.8
30% Derulled fababeans . . (2848) 79.851.1 59.5+0.4C 47.540.7° 104,341,3° 2,2+0,0% 297,043,684 287.8+12.9
35% wkole fababeans - . ' .
High ererey (2932) 29.640.7 59.7+0.4¢  © 47,640.5° 103.9+1.0° 2.240,0% 304.6+3.00 278.8423.6

lMeana *S.E. not followed by the same superscript letter within a column are significantly
different at ab = P<0,05 and ABC = P<0.01
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| greater thanvthat of hens fed each of the fababean diets,
The egg weight depression was con51stent throughout the
experlment (Fig. 6).

Dietary energy content was not a causative factor
inethe apparent reduction in egg mass as a consequence of
feeding fababeans. ~Both the addition of tallow to the
whole fababean diet or the dilution of the energy content
:of'the control diet by addition of alpha-floc did not alter
(P>0.05) the response noted In fact, the hens were able
to regulate energy intake whether fababeans were present
in the diet or not as shown by the significant (P<0.01)
differences‘in feed consumption which parallel the dietary
energy contents and. the resulting constaht (P>0.05) caloric
intake of hens receiving the various diets. A notable
ekception is the low caloric intake of hens fed the diet
containing 15% dehulled fababeans. No logical expianation
is available for this discrepancy. The similar (P>0.05)
weight gain data agree with the energy intake data. Feed
efficiency was the same (P>0.05) for all treatment groups
except that hens fed 30% whole fababeans requlred more
(P<0.05) feed to produce a unit egg mass than the other
‘groups. This could be attrlbuted to the high feed intake
coupled with the reductlon in egg welght effect associated
with this dlet. Mortality wasvlow and was not related to
- any specific dietary treatment.
~In the present study, laying hens adjusted their 

feed and therefore energy intake'to compensate for the
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»— Control -Low Energy
o——o 5% Whole Faba Beans

*—= |5% Dehulled Faba Beans

o—a 30% Whole Faba Beans

t——a 30% Dehulled Faba Beans

T——o 30°|/o Whole IFoba' Bealns - HighI Energy |

4 ‘ 6 ) 8 10
PERIODS (28 DAYS)

Fig. 6. 1Influence of whole and dehulled fababeans fed over a 280-day
‘ production period on egg weight (Experiment II).
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apparent low metabolizable energy (M.E.) content of faba-
beans. It was postulated earlier (Campvell, unpublished
data) that the tendency towards decreased egg production
by hens receiving diets_containing levels of fababeans in
eicéss ofv22 to 25% might bé.related to a depreésionvih_
feed intake. The results of the present experiment, how-
ever, do not support this supposition. Furthermore, the
calculated M.E. values in this study did not agree with the
determined M.E. values (Table 3). This observation sug-
‘gests that the variation might be'felated'to the use in
the formulation of laying'hén diéts of the M.E, values
determined with growing.chickens (Campbell, unpublished
_data). |

The results of this experiment are in agreement
with those of other workers in regard +to egg weight in
that egg weight was depressed with’inéreased levels of
fababeans in laying hen diets, but differ in regard to
'ctherdparameters. ‘Egg production was not affected by the
level of fababeans in'the,diet. Oh the coﬁtrary, Davidson
(1973), found that egg'produdtion was depressed with 15%
fababeans., Feéd efficiency was not affected with high
énérgy diets:containing as high as 30% fababeans. Vogt
(1972), however, reported decreased feed efficiency,with
20% fababeans. Weightvgain-which was simiiar for all
groups in this experiment wasdreported to have been reduced

in~pullets fed 30% fababeans’frOm 26 weeks of age (Lanza
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vvgz gi. 1971). Robblee and céworkers'(197?), reported that
levéls up to and including 20% fababeans in rations for
laying hens had no adverse effect on mortality, egg pro-
duction, feed efficiency or body welght They, however,
found that a level of 30% fababeans resulted in lncreased
mortality, and decreased egg production and feed efficiency
in one of two experiments conducted.

The consistency in egg weight depression in this
exﬁeriment_and the previous experiment is an indication
‘that the egg wéight depressing effect of faBabéans might

be detected over a relatively short period of time,.

EXPERIMENT IIT

Influence of Dietary Methionine Levels

Supplementing a diet containing 25% fababeans with
0.05% DL-methionine supported as hlgh (P>0.05) a rate of
egg productlon as the control diet (Table 16). Fortifying
such a diet with 0.14 or 0.23% DL-methionine did not have
'ahy beneficial effect‘On egg production(PS0.05). Egg
~weight of the group of hens fed the fababean diet supple-
‘mented with 0.05% DL-methionine was 5% (P<O 01) lower than
that of the control Addltlonal supplementatlon (0. 14 or
0.23%) of methlonlne to the fababean diet resulted in a
51gn1f1cant (P<0.01) 1mprovement in egg welght, however,
" the a&erage egg welght was still slightly below that of

the control group. A graphical presentation of egg weight




Table 16. Effect of Methionine Supplementation to Diets Containin
. Productive Performance of Laying Hens (Experiment III)

g 25% Fababeans on the

"Egg Egg Total

Feed Feed Weight Mor-.
: . __production weight egg mass intake efficiency gain _tality
Treatments (% hen day)  (g) - (g/h/4d) (g/n/d) ' - (g) %
Control  80.3+2.4% 57.7+40.6° 46 .4+1.6  106.0+2.5 2.340.1 81.3+17.6 0.4
25% faba- : |
~ beans + 0.05% ~ o |
~methionine = 79.9+1.8 54.840.57 43.841.0  105.6+1.7 2.4+0.0 150.7+21.6 0.8
25% faba- - |
beans + 0,14% B | .
methionine  80,9+2.8 56.240.47 45,541.7  103.6+2.4 2.3+0.0° 156.8+27 .8 1.5
' 25% faba- . :
beans + 0.23% : B v _ v
methionine 79.6+2.5 - 56.040.6 44.5¢l.2 103.3+41.9 2.,340.1 _161.012#.5 1.1

lMeans +S.E. not followed by the same superscript letter within a column are significantly

different at P<0.0l.
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results for hens fed the different diets also showed a con-
sistent trend in which the control birds had the highest
average egg weight throughout the 7, 28-day periods (Fig., 7).
Total egg mass, feed intake and feed efficiency were not
significantly (P>0.05) affected by dietary treatments;_

Birds fed diets containing fababeans tended to gain more
weight, particularly as the levél of méthionine in the diet
increased, This effect was, however, not statistically

significant (P>O 05). Mortality was generally low although-

it tended to be higher w1th fababean dlets as compared with
the control dlet.

In fhis study, the dietary levels of amino acids
as determined.fromkamino acid analyses are presented in
Table 5. The percent dietary methiopine and sulfur amino
acids under these condifions were 0,35 and 0,63 in the

control diet; 0.31 and 0.60 in the fababean diet supple-

mented w1th 0. 05% DL-methionine; 0.48 and 0,.76% in the
fababean diet supplemented with 0,14% DL-methionine; and

'0.58 and 0;92% in the fababean diet supplemented with 0.23%

DL-methlonlne, respectlvely. The methionine intake, mg
per hen per day, on the various diets was: 371, 327, 497
and 599 for the control and the three DL-methionine supple-

mented fababean diets, respectively.

The results of this experiment indicate that methio-
| nine levels above the NRC (1971 and 1977) requirements can
31gn1f1cantly increase egg welght of laying hens fed faba-

bean contalnlng dlets but that thls effect is not pro-
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of laying hens fed diets containing 25% fababeans
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portional to methionine levels and that dietary methionine
levels in excess of 0.48% have no additional beneficial
effects with regard to egg weight. Other workers (Vogt,
1972; Davidson, 1973; Wilson and Teague, 1974; and Robblee
et al., 1977).'have~reported that egg weight is depressed
when fababeans are included in rations for laying hens and
that the egg weight depression is only partially corfected
by methioniné supplementation to the diet. The apparent
increaséd demand for methionine for egg weight but not for
egg produétion was also observea by Jensen et al. (1974)
using peas. The reason for the increased demand for
vmethionine to maintain a high egg welght and body'weight
of hens fed diets cdntaining fababeans is not clear. If
the action of the egg weight depressing factor is similar
to that of the growth inhibitors in réw.soybeans, it is
likely thaﬁ fababeans cause an increased secretion of
“proteolytic enzymes into the intestinal tract of the hen
. which cause increased demand for methionine for the pro-
ductibﬁ of.péncreatic enzymes, zMethionine depletion due
'fo its use as a methyl donor or for the syntheéis of
cysteine for detoxification of toxins present in fababeans
could also increase fhe demand for methionine,

"EGG_WEIGHT DEPRESSING EFFECT OF FABABEANS WHEN FED TO LAYING
HENS ‘ '

EXPERIMENT IV
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Influence of Dietary Energy and Protein Levels
- Trial 1

Energy Level

The results of this study demonstrated that energy
level significantly affected egg weight (P<0.05), feed con-
sumption (P<0.01) and weight gain (P<0.01) and that protein

source affected only egg weight (P<0.01) and feed consumption

(P<0.05) (Table 17)., Protein source had a more dramatic

_efféct on‘egg weight but a much less marked influénce on
feed consumption or body weight gain fhan dietary energy
level, |

There was no interaction (P>0.05) between energy
level and protein source for egg weight but there was a
significant (P<0.01) interactién between these factors for
feed intake and weight'gain. It can be suggested ffom
these results that the decrease in egg Weight in fababean
fed hens was independent of the énergy level in the diet.

Therefore, at any given energy level, diets that contained

fababeans yielded eggs that'weré smaller than those ob-
tained when hens were fed isocaloric diets in which soybean

meal was the major source of dietary protein. The egg

- weight depressing effect of fababeans was evident within
two weeks and persisted throughout the five-week experimen-
‘tal period (Fig. 8 ). The interaction observed for the other

two-performance criteria would suggest a different pattern




Table 17. Influence of Dietary Energy
~ (Experiment IV, Trial 1)

Level on the Eég wéieht Depressing Effeét of’Fébaheans

Means for energy levels irre-

"% p<g,0l

Fababéahs —Soybean meal spective of protein source
. Body . . » Body . ’ Body
o Egg Feed. weight Egg . Feed weight Egg Feed weight
Enerey level weipht consumption gain weight consumption gain weight consumption gain
kcal M.E./ke (e) (e/h/d) () (e) (e/h/d) () () (e/h/d) ()
24830 . 58,340.4 110.3+2.1 23.0+414.0 59.940.5 118.4+1.7 19.8+12.7 59.1 1140 214
2620 58.440.5 105.741.6 7h4.5+28.8 59.5+0.4 112,041.2 bl 14100 59.0 108.9 59,5
2800 59.5+0,4 113.1#2.2  110.5+13.8 60.9+0.4 109.3+1.6 73.5+10.3 60.2 111.2 92.0
2980 59.040.5 110.2+41.9 9, 7+20.4 60.8+0.4 108.141.6 - 107.949.3 59.9 . 109.2 101.3
Mean 58.8 109.8 75.7. 60.3 112.0 61.4
Summary of»Analysis of Variance
Egg weight ’ "Feed consumption Weight gain
Source df  mean square F mean square F mean square
Eneresy level 3 10.15 3.59% 182.85 L 2oun 36,687.43 10.,05%*
Protein source 1 61.88 21.87 %% 127.93 2.95% 5,712.00 1.56 NS
Energy level x : !
protein source 3 0.81 0.29 NS 2h7 .56 5.72%* 34,783 ,43 9.52%%
Error 104 2.83 3,31 3,652.20
* P<0.05




¥

M A RN B B \d . .

[ERE V]

‘62{5

*—+°F2600 o— —a §2600
—— F2800 — — S2800
v——v F2900 v — $2900

Fig, 8.

WEEKS

The influence of dietary energy level on the e
fababeans (Experiment IV, Trial 1).

gg weight depressing effect of




- 98 -

of response. Birdsvfed the diets that contained soybean
meal reduced feed intake as the lével of dietgry_energy
-was increased whereas similar compensatory decreases in
feed intakevdid not occur with birds fed the fababean con-
taining diets. No explanation for the body weight changes
which were higher on the fababean diets than on.the soybean
~diets is apparent.

The résﬁlts of this trial woﬁld‘indicate that an
energy def1c1ency per se is not a major factor in the egg
welght denre581on resultlng from feeding laying hens diets
contalnlng fababeans. A number of workers (Jensen et al,
1958; Menge et al. 1965 and Guenter et al, 1971). have
reported that linoleic acid is essential for optimum'egg
#eight. In the present study, linoleic acid deficiency
does not appéar to be invblved'in the egg weight depression
caused by fababeans since fababeans are higher in linoleic
acid (0;7%) than soybean meal (0.4%) (Blair 1977). Further-
‘more. soybean 0il known to:be~high in linoleic acid was
used to vary the energy dens1t1es of the. diets.
| The fallure by laying hens fed fababean diets to
adjust feed lntake in the same manner as hens fed the SOy~
bean diets cannot be explained and is contradlctory to the
findings reported in Experlment II. The effect, however,

appeared to be most pronounced for the low energy diets.




Trial 2

Protein Level

From the data presented in Table 18, it is evident
that protein source affected both egg weight and feed con-
sumption (P<0.0l) while protein level affected only feed
eonsumptioﬁ (P<0.01)., A protein level by source interaction
for egg weight and feed consumption was not detected
(P>0.05),

These results indicate that egg weight and feed
consumption were lower with laying hens fed diets that con-
tained fababean'proteinvas compared to those fed soybean
protein and that the difference occurred at all protein
levels tested. It would appeaf, therefore, that the level
of protein per se is not a major factor in thebegg weight

depressing effect‘of fababeans.

EXPERIMENT V

A Study of the Feasibility of"Utilizihg a ld-day Test Period

If'was apparent'from results obtained in previous

—eXDerlments that the egz weight depress1ng effect of faba—
beans might be detected over a short period of time. This
- experiment was undertaken to study the feasibility of
utilizing a lh-day test period to study the egg weight de-

pressing effects of whole ¢ababeans and fababean protein

" concentrate (FBPC)

The results of feeding diets contalnlng 84% and

S 79% whole fababeans to laying hens over a 14- day perlod on




Table 18.

Influence of Protein Level
(Experiment IV, Trial 2)

on the Egg Weight Depressing Effect of Fababeans

Fababean protein

Means for protein
levels irrespective

¥# P<Q,01

, concentrate Soybean meal of protein source -
Protein Egg = o Feed Egg Feed Egg Feed
level weight consumption weight consumption weight consumption
(%) (g) (g/h/d) (e) (e/h/d) T (g) (e/h/d)
14.2 61.7+0.4 . 98,6+1.9 62.140.6 103.7+1.1 61.9 101.2
15.7 61.4+0.5 97.341.9  62.6+0.4 102.5+1.8 62.0 99,9
17.2 61.04+0.4 90.9+1.5 62,1+0.4 104.7+41.3 1.6 97.8
18,7 61.5+0.5 102.6+1.0 61.8+0.5 109.6+1.7 61.7  106.1
Mean 61.4 974 62.2 1 105.1 o
summary of Analysis of Variance
o Egg weight | Feed consumption
Source af mean square F mean square F
Protein level 3 1.11 0.38 NS 208,14 6.25%#
Protein source 1 15.92 o 53R 994,89 29.87 %%
Protein level x ‘ :
protein source 3 - 1.57 0.54 NS 8.85 ‘ 0.27 NS
Error 104 2,93 33.31
% P<0.,05 '

N
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egg weight are presented in (Fig. 9). Although the birds
were allotted to groups at random, egg weight of the treat-
ment group was higher thén that df the control group during
thé first control period. However, during the first test
period, the egg weight of this group decreaéed and fell
- below that of the control group'throughout the test perioq.
In the second control period, the egg welght of the treat-
ment group increased and was higher than that}of thé cbntrol |
'grdup. It decreased and incréaSed again during the second -
test and»finai control periods, respectively, A pattern
in egg weight changes similar to that observed with whole
fababeans was noted with the diet that contained fababean
protein concentrate (FBPC) (Fig.lo). A decrease in egg
weight of the treatment group occurred during the test
period which was followed by an increase during thevéontrol
’périod. | |

These results suggest that the l4-day test period
could’ﬁe utilized to detect the egg weight depressing-effect
of fababeans‘and fababean ffactions, and that the egg
weight depression appeared to occur within 3 to 4 days‘of
feeding the treatment diets. It also required‘at least
14 days of re-feeding the control diet before the hens re-

- turned to the production of éggs of‘normal weight.
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THE USE OF SHORT DURATION TEST PERIODS TO STUDY THE _EGG
WEIGHT DEPRESSING EFFECT OF FABABEAN FRACTIONS AND TO
ISOLATE THE EGG WEIGHT DEPRESSING FACTOR 1IN FABABEANS

EXPERIMENT VI

Influence of Autoclaving Treatment on the Egg Weight
‘Depressing Effect of Fababean Protein Concentrate (FRPC)

The results of autoclaving treatment on the egg
weight depressing effect of FBPC are summarized in Table 19
and the daily egg Weight changes are presented in Fig. 11.
Both untreated fababean pfotein concentrate (UFBPC) and
autoclaved fabébean pfotein concentrate (AFBPC) depressed
egg weight significantly,(P<0.0l) as compared to the control.
UFBPC, however, depressed egg welght to a greater extent
than did the AFBPC. The patterns of egg weight depression
and return to normal were similar in both tests. Egg
weight depression commenced after 3 to 4 days of feeding
the treatment diet and the time required for egg weight to
‘return to normal levels depended 6n the extent of the
‘depression. Feed intake appeared to be lower with UFBPC
but n§t~with,AFBPC.

Thevresults of egg component énalyses are pre-
sented in Table 20. Wet yolk weight of eggs from fhe
control group was 4.5% (P<0,05) greater than that of the
treatment group which consisted of hens fed AFEPC. Other
egg components were reduced proportionately. Yolk lipid
COntént‘of eggs from the.éontrol group was 1,5% higher

-than that of_eggs from the treatment group.




~Table 19. Influence dvautoclavihg Treatment on the Egg We

Fababean Protein Concentrate (Experiment VI)

ight Depressing Effect of

‘ Feed
, Egeg weight consumption
v : _ Mean egg Percent Mean feed
Period Group Diet fed welght< change3 consumption
| | ) (e/h/4)
Control I (14 days) 1 Control 54.740.5 -— 100.7+1.6
2 Control 54.640.6 -—= 101.9+1.6
Test I (14 days) 1 Control 56.340.5 102.9+0. 5% 106.9+1.7
- 2 UFBPCH 53.4%0.5 97.8%0.6 97.9%1.3 |
: =
Control II (14 days) 1 Control 57.5+0.6 - 99.2+42.3 2
2 Control 56.?i0.5 = 101.1+1.6 |
Test II (14 days) 1 Control 58.540.6  101.7+0.kh 102.9+2,2
: 2 AFBPC5 56 .3%0.6 99.3%0.5 102,2%1.9
lNumber of hens in each group was 46,
-2Mean +S.E. were based on the average daily egg weight of 5 days per treatment during
each period. . :

3Perce‘nt change in égg weight of each group during a test period in relation to a
preceeding control period. Means for each test period not sharing a common super-
script letter are significant at P<0,001. : :

4Untreated fababean protein concentrate.

5

Autoclaved fababean protein concentrate.
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Table 20,

 Concentrate on Egg Components (Experiment VI)

Influence of Feeding Autoclaved Fababean Protein

Test

Control
group group
Number of eggs analysed 73 73
Egg weight (g) 59.,9+0.6% 57.,340.6
' Wet yolk weight (g) 17.8+0.28 17.0+0,2°
Dry yolk weight (g) 9.5+0.1 ~9.040.1
Dry yolk lipid (%) 65.840,3 64,840.1
Wet albumen weight. (g) 32.940.4 31.540.4
- Dry albumen weight (g) 4.5+0.1 4,3+0,1
Dry shell weight S5.4+0,1 5.140.1
- Percentage wet yolk 29.7 29.7
Percentage wet albumen 54,9 54,9
Percentage shell 9.0 8.9

1

Means +S.E. not followed by the same superscript letter

- within a row are significantly different at P<0.05.

i
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The results of this experimenf iﬁdicate-that the
factor in fababeans that causes egg welght depression is
associated with the protein fraction of the cotyledon and
that the factor is relatively heat stable. These results
confirm the results reported on the influénée of heat treat-
ment of fababeans on egg weight depression in Experiment I.

It is suggested that the factor responsible for egg weight

depression is not protein in nature since fababean pro-

teins are rapidly denatured when subjected to 121°¢C for

30 minutes (Marquardt et al. 1975). Therefore, protein
antinut;itional factors such as trypsin inhibitqrs or
hemagglutinins are probably not involved in égg weight
depression., Marquardt et al. (1976),'however, reported.
that vicine, a compound known to be present in fababeans
and possibly associated with'favism in humans; was not
destroyed when fababeans were autoclaved at 121°¢ for 40
mihutes or when thé beans were extruded'at‘lSZQC. Olsen
and Andersen (1978) found fhat’pyrimidinekglucosides,

vicine and convicine seemed to be associated with protein

bodies in raw'fababeans and were absent from the hull.
The:highest content of these g -glucosides was found in a

protein fraction produced by air-classification of dry

- milled fababeans (Olsen and Andersen 1978). The role of
these glucosides, if any, in egg weight depression is not
- yet clear, It would appear, however, that:egg weight

depression is mediated via a reduction in the size of the
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ovum ovulated which subsequently causes a reduction in the

welght of other fractions of the egg.

EXPERIMENT VII

The Effect of Fababean Hulls on Egg Weight

It was shown earlier (Experiment I, trial 2) that
fababean hulls supported the production of heavier eggs as

compared to fababean cotyleddns. The present experiment

was conducted to establish the infleence of the hull portion
of fababeans on egg weight using the 14-day test procedure.
The'reeults are shown in Tabie 21 and the daily egg weight
changes during the course of the experiment are presented
in Fig. 12. The inclusion of ld% fababean hulls into a
layihg hen diet had no effect (P>0.05) on egg weight. Feed
intake was similar’for both the test and control groups.
The results of this experiment are in agreement ?f;
with those reported in Experiment I.ktrial 2, It can be |
concluded, fherefore, that the factor‘that causes egg

weight depression in fababeans is not associated with the

j hull (testa) portion of the bean. It was also observed in
Experiments I and VI, that this factor is relatively heat

'stable. The findings of Marquardt et al. (1977), that the

condensed tannins of fababeans are heat labile and con-
centrated in the hull portion rule out the possibility of
these compounds belng involved in the egg welght depress1on.

On the contrary, Tanguy et als, (197?), reported that con-




Table 21. Effect of Fababean Hulls on Egg Weight (Experiment VII)

, Feed
Egg weight consumption |
- - 1 | Mean egg  Percent Mean feed ﬁ
Period. ____Group . Diet fed welght change3 consumption
' v — (&) (e/h/d)
Control = (7 days) 1 Control = 59,540.9 e 109.1+2.3 H
‘ 2 Control 59.840.6 - 104.0+42.5 _
o ) ) !
Test (14 days) 1 Control 60.1+0.8 = 101.0+0.6 106.8+2.7

Hull 60.8+0.7  101.7%0.8 108.9%2.9

;Number of hens per group was 20,

2Means +5S.E. were based on thevaverage daily egg weight of 5 days per treatment during

each period. '

3Percen‘t change in egg weight of each group during the test period in relation to the
control period. There are no significant differences in percent egg weight changes
(P>0.05). : ’ '
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densed tannins of horse bean seeds appeared to cause a
reduction in egg weight of laying hens. ' The protein
binding property of tannins was put forward as the expla-
nation. If tannins reduced egg welght by reducing protein
retentidn, the effect would probably have been more |
dramatic with the 10% hull diet used in the current experi-

ment than with the diet used by Tanguy et al. (1977) which

~ contained an equivalent of 4% hulls., Furthermore, the

- results reported in Experiment II, trial 2 demonstrated

that protéin level per se had no influence on_the egg

weight depressing effect of fababeans., It is apparent that
a cause and effect relationship does not exist between faba-
bean tannin confent per se and the egg weight depressing , ;V
effect, but rather this relationship exist between an anti-
nutritional factor present in the cotyledph portion of the

bean and egg weight depression.

'EXPERIMENT VIII

The Influence of Fababean Starch and the Effect of Ethanol-
Water Extractipn'of Fababean Protein Concentrate

‘Feeding a diet containing 26% fababean starch (FBS)
to laying hens did not affect (P>0.05) egg weight (Table

22), 1In addition, no apparent effect on feed intake was

evident. 1In contrast, addition of 2% ethanol-water extract
prepared from autoclaved (lZlQC‘for'lO minutes) fababean
protein concentrate (AFBPC) to'arlaying:henvdiet reduced - .

egg weight significantly (P<0.01) as,comparedeith the




Table 22, The Influence of Fababean Starch ‘and the Effect of Ethanol-Water Extraction
: of Fababean Protein Concentrate on Egg Weight (Experiment VIIT) '

60.5+0.7

Feed
vEgg weight consumption
: , Mean egg Percent Mean feed
Period Group Diet fed weight change3 consumption
| | | | (g) (e/h/3d)

Control I (7 days) 1 Control 59.040.6 -——- 102.8+2,9
- 2 Control 59.1+0.6 -—= 107.0+42.9

v . 3 Control 59.640.8 -——— 103.7+4 .1
 Test I (14 days) 1 Control 61.340.6 103.9+0.5% 104,042, 2
’ 2 Starch 61.1+0.7 103.410.53 105.6+2.3
_ 3 Extract 59.040.7 99.040.9 98.9+3.2
Control II (14 days) 1 Control 61.3+0.6 - 104,5+1,5
. _ 2 Control 62,140.6 ——— 101.7+42.,1

, 3 Control - 61,540.7 C--- ' 98.842.9
Test II (14 days) 1 Contrﬂl 61.6+0.6 lOO.5iO.5A 102,1+1,7
N 2 UFBPC 59.5%0.6 96.8%0.5 94, 6%2,0

3 EFBPCS 98.4%0.5 95.0%2.9

lNumber of hens in each group was 30.

ZMeans +S.E. were based on the average daily egg weight of 8 days during each period.

Percent change in egg wei
preceeding control period
letter are significant at P<0.0l.

Means for each

Untreated fababean protein concentrate,

SExtracted fababean protein concentrate.

ght of each group during a test period in relation to a
test period not sharing a common superscript

-VCTT -




- 114 -

‘controi diet. The egg weight depression occurred after 6
days of feeding the diet containing the extract (Fig. 13).
The diet containing untreated fababean protein cohcentrate
(UFBPC) or extracted fababean protein concentrate (EFBPC)
significéntly (P<0,01) depressed egngeight.as compared to
the control diet. Egg weight of the UFBPC diet was lower
(P<0,05) than that of the EFBPC diet. Feed intake appeared
to be depressed by the extract, UFBPC and EFBPC. Despite
the lower feed intake, the methionine and lysinevintakes,
mg per hen'per day, in the diets containing these fababean;
fractions were: 356 and 820; 341 and 653; 342'ahd 637, |
respectively. | |

These results suggest that fababean starch, pre-
pared from the cotyledon portion of the bean‘contained
little or no egg weight depressing_activity. The results
also eonfirm that FBPC prepared from the cotyledon portion‘
of fhe bean causes egg weight depression and thatvthe'egg
weight depressing factor in FBPC is extractable by ethanol
‘and water although the procedure used was not.completely
effedtive'in-removing the active princi?le. Feed intake
per se does not appear to be a major causative factor since
‘birds consumed in excess of their daily recommended requlre-

ments for methionine and lysine as listed. by NRC (1977).
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EXPERIMENT IX

Further Studies with Ethanol-Water Extract of Fababean
Protein Concentrate

The results of the influehce’of feeding different

levels of ethanol-water extract of autoclaved fababean:
protein concentrate (AFBPC) over a 7-day period are shown
in Table 23 and the daily egg weight changes during the
course of the experiment are presented in Fig. 14, The

diet containing 5% extract resulted in a rapld drop in egg

welrht which was significantly (P<0. 01) greater than that
of the control diet. 1In contrast, the rate and magnitude

of decrease in egg weight was lower and not significant

(P>0.05) with the diet that contained 2% extract. Feed ' L

;
|
|
i
|
|
|
3
i
!
i
|
i
|
|

intake was lower with the extraét diets.

The resﬁlts of this experiment confirm that an
ethanol-water extract prepared from fababean protein con-
centrate (FBPC) when added to a laying hen diet depresses
egg weight and that the magnitude and rate of. depres51on

in egg welght is influenced by dietary concentratlon of

the egg weight depressing factor. The 7-day test period
- proved to be adequate for detebting the egg weight depres-

sing effect of an ethanol-water extract of FBPC when fed

at a high level.




Table 23. Further Studies on Egg Weight Dépression with Ethanol-wWater Extract of
- ’ Fababean Protein Concentrate (Experiment IX)

_ - Feed
Egg weight o consumption
' 1 Mean egg' - Percent Mean feed
Period . . Group Diet fed weight changel consumption |
| | (g) | (e/n/d)
Control (7 days) 1 Control 49.7+0.8 -—— 83.543.2 .
C : 2 Control 50.440.5 ——— 82,1+43.3
3 Control‘ 50.8i0.6 -——- 80.5i3.2 '
Test (7 days) 1 Control = 51,6+1.0 103.8+1.34 100.043.7 B
S 2 2% Extract 51.,1%0.7 lOl.hiO.lB . 94.83%3.0
3 5% Extract U48,7%0.6 95.940.8 90.8+2,3 e

lNumber of hens in each groupbwas 30.

2Méans +S.E, were based on average daily egg weight of 6 days per treatment during
each period.

IPercent change in egg weight of each group during the test period in relation to the
control period. Means not sharing a common superscript letter are significant at
P<0.01.
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EXPERIMENT X

The Influence of pH Fractionation on _an Ethanol-Water
Extract of Autoclaved Fababean Protein Concentrate

None of the fractions obtained by pH fractionation
of the extract significantly (P>0.05) depressed egg weight
(Tabie 24), although there was an apparent decrease in egg
weight of birds fed the diet containing the soluble (super-
natant) fraction (Fig. 15), Feed intake was slightly lower
with the diets containing the pH fraétions.

Since the ethanol-water extract had been shown to
significantly depress egg weight (Experiments VIII and IX),
the results éf thié experiment would suggest that pH
fractionation of‘the extract might‘have destroyed the
active component. The hydrochloric acid treatment of the
extract followed by heat treatment of the Supernatént in
a cyclone evaporator, might have altered the active compound,
This may be the case if the-B—glucosides. vicine and
convicine-ére'involved infegg weight depression. Mager
et al, (1969), reported the presence of g-glucosides,
vicine and convicine in ektracfs from fababeans and fouﬁd
‘that these glucosides were easily converted by mild acid
hydrolysis or by the enzyme g-glucosidase to their aglu-
cones, divicine and isouramil. These aglucones are highly
unstable in the présence of oxygen and are almost instan-

taneously destroyed by boiling.




Table 24, 1Influence of pH Ffactionation‘on the Egg Weight Depressing Effect of Ethanol-
Water Extract of Autoclaved Fababean Protein Concentrate (Experiment X)

‘ - Feed

Egg weight consumption
o : 1 Mean eggt | Percent Mean feed

Period Group Diet fed weight change3 consumption
| (g) (e/h/a)
Control (7 days) 1 Control 57.240.5 --- 78.743 .4
- 2 Control 57.340.9 - 85.243.2
v 3 Control 57.640.8 - 80.0+43.,0
~Test (7 days) 1 Control 56 .640.6 99.040.,5 90.543.6
. . 2 Supernatant 56,2%0.7 98,140 .4 87.5+3.4
3 Precipitate 57.1%0.7 99.140.5 88.443,0

lNumber of hens in each group was 30,

zMeans'iS.E. were based on avefage daily egg weight of 5 days per treatment during each
"period. : '

3Percen_t chahge in egg weight of each group during the test period in relation to the
. control period. There are no significant differences in percent egg weight changes
(P>0105)0 » . . \
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EXPERIMENT XTI

The Influence of Acetone Fractionation on an Ethanol-Water
Extract of Autoclaved Fababean Protein Concentrate

The results of feeding laying hens dietS'containing

fractions obtained from water-acetone fractionation of an
ethanol-water extract.of'AFBPC on egg weight and feed con-
sumption are summarized in Table 25 and the éVerage daily

- egg weight changes of each group are presented in Fig, 16.

The group of birds fed the diet that contalned ethanol-
water extract had a significantly (P<0.05) lower egg weight
than that of the groups‘of blrds fed the other'diets except f
for the group fed the diet that contained supernatant-H, v
The group fed the supernatant-H diet had a significantly

(P<0.05) lbwer_egg weight when compared to the control

group but not (P>0.05)'when compared to other treatment ,
‘groups. There were no significant differences among egg ' ?
weights of the groups fed the 1:1 water acetone 1nsoluble |
fraction, l 3 water acetone insoluble fraction, synthetlc

‘~am1no acid or control diets., Egg weight depre351on

occurred after 3 days of feeding the treatment diéts and
returned to normal after 5 days of re-feeding the control

diet. Feed 1ntake was lower for groups fed the supernatant-

h and extract diets. leer welght of birds fed the control
diet was 9% greater than that of birds fed the 1:1 water:
acetone insoluble fractlon,'supernatant -H, amino acid or
‘,extfact diefs.' The llver lipid content of tne cortrol

blrds was 337 greater than tbat of blrds fed the- sunernatant-




Téble 25. Influence of Abetoné Fractionation on the Egg Weight Depressing Effect of an
Ethanol-Water Extract of Autoclaved Fababean Protein Concentrate
(Experiment XI).

‘ Feed
Egg weight : consumption
. 1 - Mean egg - Percent Mean feed
Period ' Group Diet fed . weight change3 consumption
| | (g) (g/h/d)
~ Control (7 days) 1 ‘Control 52.740.9 ——- - 92,2424
= | ' 2 Control 52.4%0.9 ——- 91.2%3.3 |
3 Control - 52,8%0.4 —-- 88.2¥3.0 |
L Control 52.8+0.8 - 93.043.5 '
5 Control 52.4+1.1 ——— 84.743.1 H
6 Control - = 52.3%0.8 -—— © 95.944 .2 N
Test (7 days) 1 Control 52,841,2 100.241.0% 98.2+3,3 '
2 1:1 water- 51.0%1.2 97.340.9%'7 - 100.2%4,2
acetone
fraction ' b
3 1:3 water-  51.840.3  98,1+0,72° 100, 0+4 4
acetone
fraction b
b ' Supernatant— k9.8+1.0 94 . 34+1 .47 93.343.2
s Amino acids 51.4+0.8 98.1+1, 58D 95.5+4.3

Extract L7.7%0.8 91.2%1.5° 9L .1%4.9

lNumber'of hens in each group was 20 (2 hens per cage).

2Means +S.E. were based on average daily egg weight of 5 days per treatment duringbeach
period. o ' -

3Percent change in egg weight'of each group during the test period in relation to the
- control period. Means not sharing a common superscript letter are significant at
P<0,05. ’ ' . '
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Fig. 16. The influence of water:acetone fractionation

of an ethanol-water extract of autoclaved

fababean protein concentrate on egg weight -
(Experiment XI). ' :




- 125 -

H diet and 27% greater than that of birds fed the extract
diet (Table 26). ‘
| The results of this study indicate that the frac-

tions (extract and supernatant-H) that significantly de-

pressed egg welght also reduced liver weight and liver llpld
content. It was postulated from the results obtained in
Experiment VI,Vthat the egg weight-depressien is mediated
via a reduction in the size of the ovum. Since it is

generally accepted that yolk materlal is synthes1zed in the

'llver (Bell and Freeman 1971), it may be further postulated
that the egg weight depressing factor Cauees a reduction in
ovum size by aitering the synthesis in the livefvof yolk
-material.

The results of chemical‘analysis of‘the various
fractions are presented in Table 27‘ The maznltude of egg
welght depression seemed to be greater in those fractions
(extract and,supernatant-H) that contalned the highest
concentration of vicine reactive material. These fractions

also had the highest levels of L-DOPA (0.3% and 0.5%,

respectively). Supernatant-H which.significantlyedepressed

egg weight had the lowest total amino acid content. Amino

acids that were present in either the extract or super-

natant-H at levels greater than 1% were arginine, aSpartlc
acid and glutamic a01d Slnce the addltlon of a mixture of
‘synthetic amlno acids to the control diet did not 51gn1f—
icantly affect egg welght, it. may be Dostulated that the

free amino acids 1nclud;ng L-DOPA in the fababean extract 
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Table 26. Influence of Acetone Fractionation of an Ethanol- R
- Water Extract of Autoclaved Fababean Protein SR
Concentrate on Weight and Lipid Content of Livers
of Laying Hens (Experiment XI)

Diet ' Liver weight Liver lipid

| | | (2/ke) %
Control , | 30.3+2.0% 29.7+4 .3
1:1 Water:aéetone fraction 27.2jl.8 27.712.8
1:3 water:acetone fraction 29.2+1,5 22,2%43.,1 5
Supernatant-H - 27.5%1.9 19.7+41.5
Amino acids | o 27.4+2.,0 28.242,5 |

Extract | C 27.741.3 21.743.3

lMeans'j;s,.E. of 5 hens per treatment.




Table 27, Dry Matter, Protein,
_ ' Ethanol~-Water Extract

(Experiment XI)

Vicine and Amino Acid Contents in Acetone Fractions of
of Autoclaved Fababean Protein Concentrate

!
[
N
-3

1.,. . ' .
Vicine values as determi

at 650 mu.

2Means +5.E. based on duplicate samples.

1:1 Water: 1:3 Water:
Ethanol- Water insol- acetone in- acetone in-
water uble frac- soluble frac- . soluble frac- Super-
extract tion (E) tion (C) tion (@) natant-H
% 7 7 A 7
- Yield - 5.5 9.4 48.1 31.3
Dry matter _ 91.25 99.01 96.72 90.82 94 49
Protein (Ng6.2f) 28.50 Li 65 20,30 v 22,90 35.80
Vicine (0DP50)1° 0,295+0,029 0.055+0.029 0.019+0,007  0.18440,055 0.45540.051
Amino acids - 2 v ' ‘ . '
Lysine 0.67+0,04 1.24+0.02 0.75+0,00 0.82+40,00 0.1740.02
‘Histidine 0.2740.01 0.51+0,01 0.28+0.00 0.30+0.00 0.11+0.01
Arginine 5.02+40,14 2.55+0.08 4.68+0.07 8.7240.52 1.38+0,04
Aspartic acid 1.39+0,04 .2.3740.03 0.85+0,01 1.40+0.01 1.0140.03
Threonine 0.3540.02 0.7610,01 0.2540,00 0.39+0.00 - 0.1940.01
Serine 0.3840.01 0.9540.01 0.28+0.01 0.34+0.00 0.25%0,00
Glutamic acid . 2,00+0.10 3.43%0.14 1.3540.04 2.18+0,03 1.14%0.06
Proline 0.4240.00 0.90+40,02 0.1840,01 0.35+0.00 0.35+0,04
Glycine 0.63+0,03 0.91+0.02 0.374+0.00 0.68+0,00 0.40%0.00
Alanine 0.47+40,02 0.88+0,04 0.2240,00 0.49%0.00 0.28%0.01
Valine 0.3340,01 1.08+0.05 0.13+0.00 - 0.2740.00 0.22%0,02
Isoleucine 0.24+0,02 0.9240.01 0.27+0,01 ~ 0.22+40.,00 - 0.20%0,02
Leucine 0.3540.,02 1.65+0,01 0.27+40.03 - 0.3240,00 0.28%0,03
Tyrosine 0.34+0.01 0.63+0.03 0.11+0.01 0.2640,00 0.30+40,05
Phenylalanine 0.37+0,01 0.91+0.00 0.10+0,01 0.27+0,00 0.37%0,07
L-DOPA 0.26+0.00 0.04+0.01 0.05+0.01 0.09+0.,01 0.5240,01
_TOTAL 13.49 19.73 10.14 17.10 7.17

ned by the Higazi-Read (1974) method represent absorbancy units
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are not the cause of egg weight depression.
Acetone fractionation proved to be a better nethod
than pH fractionation for obtaining'a fraction of an

ethanol-water extract that significantly depressed egg

-weight.

EXPERIMENT XII

" Isolation, Purification and Identlflcatlon of the Egg Weight
Depres31ng Factor , :

Fractionation of Supernatant-H

The results of the solubility characteristics of
supernatant—H are presented in Table 28 and Fiz.ll7 Both
methods of fractlonatlon yielded the same amount of the ;
whlte pre01p1tate although the precipitate from the flrst
method appeared to be more,g:anular and lighter in color e
than-the.corresponding precipitate from the second method. - - L
The solublllty of supernatant H was diphasic (Fig. 17), in-
dlcatlng that there were two groups of components w1th

different solublllty characterlstlcs. Extrapolation of the

first part of the curve in Fig. 17 to the x axis, indicated
that the first group of components would be completely
(lOO%)bdissolved‘when 1 g of supernatant-H was added to 8

ml of water. Extrapolatlon of the second part of the curve
eto the y axis showed that supernatant H contalned 13.60%
(0.1360 g) of the white precipitate. When 1 g of super-
vnatantfHAWas‘dissolved in water, however, only_87.43%

- (0.1189/0.1360) of the white material precipitated out
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Table 28, Solubility of Supernatant-H in water
(Experiment XII)

Weight of the white

Volume of water precipitate
(ml/g sample) : (e)
2 0.2612+0.,0053%
v 0.1701+0,0010
8 0.1189+0,0038
16 | 0.0848+0,0015
32 - 0.0339+0.0028

lMe'ans *5.E. based on duplicate samples,
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Fig, 17; Solubility of supernatant-H in water
(Experiment XII).
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‘(Fig. 17 and Table 28) and, therefore, 12.57% (0. 1360~
0. 1189/0 1360) was in solution. Consequently the solublllty
of the white pre01p1tate in water was calculated to be
0.0157 g per ml (0.1257/8) or 1.57 g per 100 ml. Lin and
‘Ling (1962), reported vicine fo be only slightly'soluble in
water (1 g in 100 ml) which agrees with the value obtained
for the white precipitate.

" Based on this solubility data a ratio of 1 g of
' supernatanteH to 8 ml (1:8) of water Was adopted for the
fractionation of supernatant-H into precipitate and soluble
}fractiens forluse in a laying hen feeding trial. A summary
of the yield and chemical analyses of the whlte pre01p1tate

and the soluble fraction zre presented in Table 29 A total

of 1.35 kg of supernatant-H were fractlonated to yield 11.45%

of the white precipitate and 84.09% of the soluble fraction.
The_total-recovery‘was 95.54%. The 1.35 kg of supernatant-H
was equivalent to #.31'kg of the ethanocl-water extract or
~40,10-kg of thewAFBPCworw83‘50skg-ofadehulled fababeans.

If whole fababeans (13% hulls) are used in the fractlonatlon,
the total amount required to provide the above ylelds would
be 96.0 kg.

Analysis for nitrogen revealed that the white pre-
cipitate had abmuch higher nitrogen content (14.82%) relative
to the soluble fraction (4.68%). An examination of +the amino
a01d composition (Table 30) demonstrated that the amino acid

contents of the white prec1p1tate and the soluble fractlon

were 1. 28 and 6.80%, respectively, which were much lower
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Table 29. Chemical Analyses of the White Precipitate and
Soluble Fractions of Supernatant-H
(Experiment XII)

White Soluble

Supernatant~H precipitate fraction
- Chemical analysis , ‘% o % ' %
viela?® 100,000,001 11.4540,00  84.09+0.00
Dry matter v 93;6319.15 93.53+0.03 94.08+0.01
Nitrogen 5.6740.23  14,82+0,06 4.68+0.05
vieine (00°99)3  5.03340.003 0.111#0.015  0.027+0,00k

Amount of vicine® 100.0040.00 36.60+1.00 63.85:0;55

IMeans +S.E, based on duplicate samples,
2Amount of_supernatant-H'fractionated was 1.35 kg. §

3Vicine values as determined“by the Higazi-Read-(l974)
method represent absorbancy units at 650 mu, ,

gAmount ofAvicine_ég each fraction was célculated by 4
multiplying the 0D®50 values per gram sample by the total
weight of each sample. :
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Table 30. Amino Acid Composition of the White Precipitate
and Soluble Fraction (Experiment XII)

Soluble fraction White precipitate

Glutamic acid

 1.148+0,020

Amino acids® % %
Lysine 0.117+0.0022 0.027+0.004
Histidine 0.,091+0,000 0.01740,000
Arginine 1.402+0,026 0.140+0,008
Aspartic acid 0.982+0,009 0.207+0,009
Threonine 0.200£0.003 0.031+0,004
‘Serine 0.210+40,005 0.074+0,002

0.134+0,021

Proline 0.388+0.,015 0.146+0.004
Glycine 0.383+0.007 0.140+0.003
Alanine 0.259+0,007 0.046+0,001
Valine 0.240+40,005 0.0554+0,006
Isoleucine 0.20140,001 0.080+0.,009
Leucine 0.246+0,006 0.06140,007
Tyrosine 0.243+0,009 0.067+0.002
Phenylalanine 0.340+0,010 0.056+0.,004
L-DOPA 0.351+0.034 B
Total 6.801 1.281

lAmmonia, cystine and me

analyses,

“Means +S.E. were based on duplicate samples,

thionine were not included in the
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than the protein contents when calculated according to the
acceptéd formula of 6.25 x N, The high nitrégen content in
these two fractiéns, particularly the white precipitate
-must,'therefore, be associated with.compounds other than
- proteins or amino acids. Bendich and Clements (1953) es-
tablished the structure of vicine as 2, 6-diamino-4, 5-
dihydroxy pyrimidine, 5-(B-D-glucopyfanose) and that of
convicine as 2, 4, 5-trihydroxy, 6-aminopyrimidine,
N 5 (8-D-glucopyranose). Theyconfribution‘of these compounds
~ to the nitrogen content 6f the fractions codld~account for.
the apparent discreﬁaﬁcy between amino acid and nitrogen
contents. Furthermore, the results of viciﬁe determinations
indicated that the concentration of vicine incfeased by .
236% in the white precipitate relative to superﬁafant-H
and decreased by 18% in the soluble fractidn. The total
amount of vicine in the soluble fraction, however, was 75%
more than in the white precipitate (Table 29).

| Results of the feeding trial indicate that amino
acids or L-DOPA, did not (P>0.05) depress'egg'weight_
V(Table 31). ‘Ih contfést. the white precipitate and the.
soiublé‘fraction (superﬁatant),significantly (P<0.01)
depressed egg weight; The pattern of egg weight depression
and return to normal was typical of that caused by FBPC,
ethanol-water extracts 6f'FBPC and supernatant-H (Fig. 18).
Feed intake was normal. |

' The results of this experiment together with those

of Experiment XI confirm that amino acids including L-DOPA




‘Table 31. Influence of the White Precipitate and Soluble
and L-DOPA on Egg Weight (Experiment’XII) ‘

Fractions of Supernatant-H,

v . Feed
Ege weight consumption
, 1 X Mean egg Percent Mean feed
Period Group™ Diet fed weight change consumption
T | - R (g) (g/h/d)*
Control (7 days) 1 Control 57.240,9 —-- 107.3+41.8
g - o 2 Control 57.2+0.8 - 103.5+2.4
3 Control 57.130.5 ——— 108.0%1.5
b Control 56.74+1,1 - 100,944 .4
5 Control 56.7%1.2 — 102.1%4,2
Test (7 days) 1 Amino acids 58.4+0,8 102.1+0.64 115.4+42.2
2 White pre-  54.6%0.8 95.5+1.2 109.342.0
cipitate A
3. L-DOPA '58,740.7 102.840.6% 110,241.9
L Control 56.7%0.5 100.0%1.7 114 473 .6
5 Soluble . 54,6%0.7 96.3%1.3B 107.2%3.5
fraction ’

lNumber of hens per group was 24,

Means #S.E. were based on the average daily egg
each period, o B

weight of 5 days per treatment during

°3Pércent change in egg Weight'of‘each group during the test period in relation to the
control period. Means not sharing a common superscript letter are significant at

P<0.01. ‘

- G€T -
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Fig. 18. 1Influence of white precipita‘te and soluble fractions of super-
natant-H and L-DOPA on egg weight (Experiment XIT). ’
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are not the principle cause of egg weight depression but
appear to implicate the aglucones, vicine and convicine as
the major egg weight depressing factors. Additional in-

formation, however, is required in order to more accurately

identify the egg weight depress1ng factor and to quantitate
the levels of this factor in fababean fractlons, partlcularly

the white prec1p1tate.

Purification of the White Precipitate

The solubility characteristics of the white precipi-
tate at different temperatures are shown in Table 32. Solu-
bility increased appnoximately 16 fold as the tempefafure
was raised from 4°C to 80°¢C. The solubility cheracteristics ; _
in optical density units at differentva values are presented |
in Table 33. Starting from a pH of 6 for the saturated
suspension of the white precipitate, and decreasing to a pH
of between 2 and 3 increased absorbancy only 1.4 fold., On
the other. hand 1ncreas1ng the pH from 6 to between 9 and 10

increased absorbancyIB fold. = The yield of crystals of the

egg weight depressing factor was increased from 2l,5 to
46, 5% by (1) washing with minimal volumes of cold water
(2) maintaining a high pH and tempeérature for longer periods

of time and (3) repeating each centrifugation step tovcollect

 the crystals that were decanted with the washing solution.
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Influence of Temperature on the

Table 32, .
Solubility of the White Precipitate
(Experiment XII) :

Temperature;QC ‘ ’ OD280

4 0.41+0,06T
20 1.8040.02
40 2.30+40,06
80 6.63+0.,46

lMeans +S.E. based on duplicate samples,

i
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Table 33. Influence of pH on the Solubility i
of the White Precipitate (Experi- :

ment XII)
pH ' v OD28O
~2.6620.050 0.70+0,01
%,08+0,09 o 0.66+0,02 |
6.28+0.05 . 0.5040.02
7.74+0.09 0.53+0.01
9.37+0.02 1.58+0.05 | -

 Means +S.E. based on duplicate samples.
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Identification of the Egg Weight Depressing Factor

In the previous study, the aglucones, vicine and
convicine as components of thé white precipitate were impli-
cated in egg weight depression. Physical properties of
crystals obtained from the white precipitate were studied
to further verify that the major component was, ih fact,
vicine and/or convicine.

Pictures of the crystalline compound taken at dif-

.ferent magnifications with a Zelss photomicroscope are shown

in Fig. 19. Two types of crystals were observed, colorlesso
needle crystals and colorless prismatic crystals, the former
crystals being more abundaﬁt than the latter. Iin and Ling
(1962), reported that under the microscope, vicine showed
uniform, colorless needle crystals and its aglycone, di-
vioine, showed colorless prismatic crystals which stained f
brown when aged. A photogfaph taken under a Cambridge Stereo
Scan Mark II 1s shown in Fig. 20.

The‘melting and decomposition values were 241-243,

242-24 and 242-2440C (uncorr.). -These values are the same

‘as- the melting points of vicine listed by Bendich and
Clements (1953), |

The ultraviolet absorption,spectra of the crystal-

| llne compound in acid, neutral and alkaline solutlons are
presented in Fig. 21. The calculated extlnctlon coefficients
of the compound are summarised in Table 34, assuming molecu-
lar welghts to be 304 (v1c1ne) or 322 (vicine plus one

- molecule of water) (Bendlch and Clements 1953). The com-




(b)
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Fig. 19. ¢ine crystals in a water suspension. The pictures were
_ ken with bright-field objectives on a Zeiss photomicro-
% ; pe at 10-fold magnification (a): 63-fold magnification ;

b) and 160-fold magnification (e).
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Fig. 20.
Vicine crystals. Picture taken with a Cambridge Stereo

Scan Mark II at 750-fold magnification.
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Fig. 21,. Ultraviolet absorption spectra of the

crystalline compound in acid, neutral
- and alkaline solutions (Experiment XII).
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Table 34. Ultraviolet Absorption Spectra (Experiment XII)

12?225 | gt
Medium : mu v 304 ' 322
0.1N HCl 276 max  15737.1#140.1%  16668.8148.4
0.1N Phosphate 276 max  13448,9+0.0 14245.210.0
oH 6.8 | : |
250 min 3852.6+23.4  L080.7+24,8
235 max ~ 4506.4+23.4 4773 .1+24,7
231 min 41483 ,0+0,0 4748 . 4+0.0
0.1N NaOH 269 max 9993.32747.1 10584, 9+791 .4
| 248 min 4282, 2+k .7 4535,7+4,9
235 max 5136 .7+46.7 5440, 9+49,5

230 min 5122,8+4,7 . 5426,145.0

lMolar absorption coefficient, calculated using the equation

E = (Maron and. Prutton 1958) where, A is the wavelength
Cl
of Iight, C is the concentration of the solution and 1 is

the cuvette length (1 cm), assuming a molecular weight of
304 for vicine and a molecular weight of 322 for vicine.
plus one molecule of water (Bendich and Clements 1953).

2Means iS.E,,based on dupliCate samples.
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pound showed maximum absorption spectra at 274 mu in acidic
solution. 276 mu in neutral and 269 mu in alkaline solution
and ninimum at 250 mu and 248 mu in neutral and alkaline
solutions, respectively. The ultraviolet absorption spectra
of the crystalline compound are identical to those of vicine
reported by Bendich and Clements (1953).

The elution profiles of the white precipitate.
crystals, residue of crystallization and AFBPC are illus-
trated in Fig. 22, Studies with a blank sample that con-
tained the diluting buffer yielded.tWotpeaks that correspon-
ded with the last two peaks shown with each chromatogram,
These results would suggest that the two peaks arose due to
the interaction of the NaCH solution and the column eluting
- buffers and that they do not represent the absorbency of
compounds applied to the column. The elution pattern of the
crystals indicated a smaller peak which was eluted between
20 to 30 minutes after the sample was applied to the column
and a major peak which was eluted between 20 to 40 minutes
after the first buffer change. The white precibitate and
- the residue had patterns which were similar to that of the
crystals except that the first peak was greater in the
residue than in the crystals while the second peak was
greater in the crystals than in the residue. -The white pre-
cipitatewhad”peaks which were intermediate between those of
the crystals and the residue. Autoclaved fababean protein
concentrate (AFBPC) ylelded three peaks, two of which

corresponded to those of the crystals. whlte preclpltate and
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Pure Vicine Crystals
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Pig. 22, Elution profiles of components of the crystalline
material, white precipitate, residue, AFBPC and
the ultraviolet absorbing amino acids

- (Experiment XII).
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residue, while the additional peak was eluted prior to the
first peak in the crystals, white precipitate and residue,
The elution of concentrated preparations of the ultraviolet

~absorbing amino acids, L-DOPA, tyrosine and tryptophan

yielded two peaks, the first being L-DOPA and the second,
tyrosine. Tryptophan was not-detected. -None of these ultra-

violet absorbing amino acids had elution profiles that

corresponded with those observed with the fractions isolated

from fababeans. The two peaks observed with the crystals,

‘white precipitate, residue or AFBPC and the L-DOPA peak,
correspond with the elufion profiles of convicine, vicine
and L-DOPA reported by Engel (1975).

The results of this study suggest that the whife E’
precipitate which contained only 1% amino acids was composed .
of two major compounds: one (convicine) appeared to be
present in smaller amounté and could not be purified as it
all remained in solution (residue of crysfallization),
rand a second compound which was present in large amounts, -

reached a saturation point and formed crystals, which ‘be-

- .cause of their phy31cal propertles were identified as vicine.
The results 1nd1cate that the actlve egg weight depressing

factor is either vicine or convicine or possibly a com-

bination of the two.
| The mode of action of the aglucones vicine and con-
,v101ne in cau31ng egg weight depre351on is not clear but

may be similar to the etiology of favism 1n humans. The
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consumption of fababeans has been associated with favism in
humans. All attacks of the hemolytic anaemia have been
limited geographically to families having low levels of

glucose-f-phosphate dehydrogenase (G-6-PD) in their red

blood cells. A number of workers (Mager et al. 1969) and
Belsey, l973)lhave demonstrated that haemolytic anaemia can
be initiated in individuals having a low G—6-PD'level by
drugs or other_comppunds including the aglucones, vicine and

convicine which oxidize‘reduced'glutathione (GSH) to oxidized

glutathione (GS-SG) in erythrocytes. Reduced glutathione
(GSH)'has a proteétive effect §n the red cell membranes and
the reduction of GS-SG to 2 GSH requires reduced nicotinamide
adenine dinucleotide phosphate (NADPH) produced enzymatically
by G-6-PD in the‘pentose phosphate»pathway,‘.NADPH produced .
in the pentose phosphate shunt is also used for the con-
.densation of_MalonleCoA units during the synthesis of fatty
acids. This effect may be related to the egg weight de-
pression in laying‘hens fed fababean containing diets.

Preliminary studies have indicated that egg weight'deprés4

sion is mediated via a decrease in yolk size which is pri--
marily‘lipid:and that the level of liver lipid was depressed,
It may, thérefofe, be hypothesised that vicine and con-

vicine reduce egg weight by producing divicine and isouramil

which either oxidize NADPH to NADP or inhibit the synthesis
. and/or activity of certain dehydrogenases, The net effect

~is a reduction in the[amOunt_of}NADPH‘available'fbrgthe
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synthesis of lipid for deposition in the ovum, which is re-
flected in egg weight depression. Since other components

of the egg are added in proportion to the size of the yolk
during egg formation a total reduction in egg size results.,

Palafability does not appear to be the cause of |
reduced egg weight in hens fed fababeans, but rather a
reduction in egg weight leads to a reduction in feed intake.
This argument is supported by the finding that laying hens
are able to consume more feed to compensate for the low
nutrient contenf-of the diet irrespective of whether faba-
beans are present in the diet or not.‘ Farthermore, hens
fed fababean diets gained more weight indicating the con-
sumption‘qf'excess amounts of nutrients.‘

If the proposed mode of action of vicine and con-
vicine is.correct. then the etidlogy of favism in humans
andvégg weight depression in laying hens may have a common
metabolic basis. Sturkie,(l976)..stated that‘birds may con-
stitute'moreﬂsuitable modelé than rats forbstudying.the
carbon pathway of fatty acid synthesis énd‘the’regulatibn

of lipogenesis in humans.
EXPERIMENT XIII

A _Comparison of Chemical Analysis of Total Vicine in Various
Fababean Fractions with the Observed Ege Weight Depressing
Effect of these Fractions

The total vicine (vicine + convicine) or total ultra-
violet absorbing material in various fababean fractions as

- éstimated by the Higazi-Read and Collier methods or by a
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column chromatographic method developed during this_studyvis
shown in Table 35, The results of the three assay methods
were consistent. ,The<hull-and starch fractions, the frac-
tions that did not depress egg weight (Experiments I, VII
and VIII) had very little or zero total vicine content.
These findings are in agreement with those recently re-
ported by Olsen and ‘Anderson (1978). The AFBPC had total
vicine levels that were on average 25% lower than. those
present in the UFBPC The egg weight depressing act1v1ty

of the AFBPC was also shown to be less than thaf of UFBPC .

(Experiment VI). The concentration of total vicine reacting

material increased with the potency of egg weight depression

and the total amount of vicine (vicine + convicine)‘in the
white precipitate was approximately 80 to 90%. The vicine
content alone could only be estimated by the column _
‘,éhromategraphicemethodkwhich indicated that the white pre-
cipitate contaihed approximately 70% vicine. while the crys-
talline material obtained from the white precipitate con-
tained 96% vicine. It was"conéluded in Experiment XII,
that the egg weight depfeSsing factor is either vicine or
convicine or possibly a combination of the two, Since the}
white precipitate which significantly depressed egg weight
contained 70p vicine alone, it . can be arzued that vicine
is the maJor egg welght depressing factor. |

The results of chemical analysis indicate that egg

welght depression bioassay can be effective in screening




Table 35. Quaﬁtitative Estimation of Vicine in Various Fababean Fractions
o o (Experiment XIIX) :

Analysis method
280

 Fababean fractions HigaZifRéad Collier OD Column chromatography
. | % Total vicine = % Total vicine - % vicine % Total vicine

Hulls -~ 0.02+0,00% - RE— -

Starch 0.00+0.00 -—— o - =

aFBPC® 0.94+0.,07 1.08+0.09 0.43+0.03 0.85+0,08

UFBPC’ | 1.21+40,07 1.68+0.02 0.63+0.10 1.03+40.09 .L »
Extract of AFBRC | p— | - 9.58+0.29 13.9340.19 k‘*"‘
E}c_tract_ of UFBPC -—- - - 10.'841_0.19 14,99+40,18 @
" Supernatant-H ,16.33i1.46 | 20.85+0.35 -15.8440.78 21.94+0.33 §
White precipitate 80.27i0.27 : 85.25+1.05 69.3943.62 88.44+5,32 _§
‘Residue - B S | — 11.2740.62 17.59+1.55 | |
Crystals | | ©100.0040.00 100,00+0.00 96.00+0.35  100.00+0.00

‘lMeans +S.E. based on duplicate samples.
2Autoclaved fababean proteln concentrate,

'3Untreated fababean protein concentrate.v




- 152 -

fababean fractions or varieties that contain vicine or
vicine + convicine. The column chromatographic method
developed in this. study appears to be reliable since it

gave total vicine values that were consistent with those

‘of two established methods.
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SUMMARY AND CONCLUSIONS

Studies were conducted to‘establish the effect of
heat treatment, various levels of whole and dehulled faba-
beans and methionine supplementation on the productive
performance of laying hens fed diets containing fababeans.
Heat treatment (pelleting, extruding or autoclaving) of
fababeans had no beneficial effect_on the productive per-
formance observed with laying hens.. Laying'hens adjusted
their feed and, therefore, energy iritake tovcdmpensate for
the low M.E. content of diets that contained high levels of
fababeans. Increasing the level of methionine in a diet
containing 25% fababeans above that recommended by NRC
(1971 and 1977) 1ncreased egg weight, but did not completely
allev1ate the egg weight depress10n. The increased methio-
nine requirement for egg weight but not for egg production
led to the postulation that methioniﬁe may have some role
in the detoxification of the egg weight depressing factor,

Additional experimehts were conducted to'stddy fhe
veffect of dietary_energy and protein le#els on egg weight
over a ehort time period (32 days).' The results of these
»studles lndlcated that egg weight depres31on could be"
detected over even a shorter time period and that energy
- or protein level per se did not have a major effeCt on the
‘egg welight depressing potential of fababeans, 4 lﬁ—day
test procedure which was later modified to a 7-day test

‘procedure. was, therefore,_developed to study the egg weight
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‘depfessing effects of fababean fractions. Using this pro-
cedure, it was confirmed that the egg weight depressing
factor is relatively heat stabie, concentrated in the
protein rich fraction of the cotyledon, and,virtuellyvabsent
from the hull and starch fractions of the bean. Trypsin
inhibitors, hemagglutinins and tannins which are either heat
labile or located in the hull fraction of the bean are,
therefore, not inyolved in egg weight depression.

An ethénol-water extract of untreated fababean pro-
tein concentrate (UFBPC). significantly (P<0.0l)vdepressed
egg weight ihdicating that fhe egg weight depressing factor
was extractable in an ethanol-water mixture. Fufther'studies
with the extract showed that the magnitude and rate of egg
weight depress¢on was dependent on the concentration of the
causative principle. Attempts were made to fractionate an
ethanol-water extract prepared from autoclaved fababean
protein concentrate (AFBPC) iﬂ order to eoncentfete and
possibly‘isolate the egg weight depressing factor, Frac-
tioﬁation ueing'hydrochloric acid to lower pH produced two
fractlons none of which- depressed (P>0.05) egg welght
Slnce the extract had been shown to depress egg weight, it
was concluded that ‘HCl treatment 1nact1vated the active com-
- ponent. Acetone fractionation of the extract yielded four
fractions, one of which (supernatapt-H) significantly
(P<0.05) depressed egg weight. Supernatant-H was further

'fractienatedeafter studying its eolubility characteristics

{
i
i
i
i
i
1
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" in water, into a white precipitate.and a soluble fraction
(supernatant). Both these fractions significantly (P<0.01)
- depressed egg weight. The egg weight depréssing activity,
 howe§er, was more concentrated in the white precipitate
which represented only 11.43% of the original amount of
supernatant-H fractionated.  The solubility-characteristiés
of the white precipitate at different temperatures and pH
values were studied in order to purify this fraction by

re- crystalllzatlon. Varlous physical properties of the

crystals obtained were found to be identical to those of
vicine. A second compound, convicine, was shown to be
present malnly in the supernatant (residue) of cerystalli-
zation. It was concluded, therefore, that the egg weight ' .g
depressing factor is vicine or more likely a combination_of E
vvicine and convicine with vicine being.the major'principlo;
Quantltatlve estimation of total v101ne (v101ne +

conv101ne) in the various fababean fractlons 1nd1cated

- that the fababean fractions (hulls and starch) that'dld ndt

‘depress egg weight contalned llttle or no vicine act1v1ty.

_ On the contrary, the potency of egg welght depression in-
creased with increases in the v1c1ne content of the frac-

tions. The mode of action of vicine and convicine in egg

weight depression was postulated to ‘have a similar chemical

-~ basis to etiology of favism in humans.
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Conclusions

In general fababeans may be added to laying diets as
fhe major source of.protein,without_advérsely affect-

ing egg production. However, egg weilght depression

results., The egg weight depression can be considered

an ecohomic disadvantage to producers, but could be
an advantage in certain situations where the pro-
duction of medium size eggs with superior shell
quality is required.for'most_of thé.production cycle.
Heat treatment of fababeans does nbt'alleviate thé
egg welght depressing effect of the beané.-
Methionine supplementation to fababean containing
diets at levels above NRC (1971) requirements signi-
ficantly improves egg welght and tends to cause
obesity in laying hens.

Laying hens are able to adjusf their feed intake to
compensate for the low energy content of the diet
irrespective of whether fababeans are preSént in the
diet or’hot. |

Energy and/or protein level in the diet does not
influence the egg weigﬁt response to faﬁabean feeding,
The egg weight depressing effect of fababeans ¢hich
can be detected within 3 to 4 days is associated with
the protein rich fraction of the cotyledon but is

absent in'the'huller_starch fractions of the bean.
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Ethanol-water extracts of untreated or aufoclaved

(121°C for 10 min) fababean protein concentrate

‘depress egg weight.

Fractionation of the ethanol-water extracts using
acetone, followed by crystallization out of the
supernatant through re-crystallization with water

leads to the production of crystalline vicine which

- 1s the major egg weight depressing factor in faba-

beans,
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