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ABSTRACT

Various methods of heat treatnent of faba beans

were cornpared to establish thej.r effectiveness in pronoting

improved chick growth. Mícrowave treâtment was the least

effective and autoclaving (121'' J0 ninutes) and extruding

{L52" I rvere the most effective of the various processing

methods. Extruding increased chick weight gain L6/" and

feed:gain ratLo LSlo while autoclavíng inproved chick welght

gain L7y'" and feed:gåin ratío 10ø. The noisture content of

the faba beans v¡as criticât r'rith regard to the response of

chickE fed nj.crowave irradiated as compared with rav{ faba

beans. Trypsin inhibitors, henagglutinin, other protèins

and vicine were deternined not to be responsible for the

poor utilization of faba beans. The effects of heat treat-

ment on chick response as indicated by body weight gain and

efficiency of feed utiliøatlon uere associated prinarily with

heat treatnent of the protein fraction as compared to the

starch fraction. GelatinizatÍon of the starch had no effect

on chick grolvth.

Conparing the hul1 and protein fractions de¡nonstrated

that the hul1 contained a potent inhibiting conpound respon-

sible for at least one-half of the growth inhibition of faba
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beans. Chick weight gain and feed:gain ratio were markedly

improved when birds were fed autoclaved as compared to ralú

faba beans and when the huIl content of the diet was de-

creased. the maximun improvement due to heating a diet
(zo% irutfs added) was 3I/" and 25/o for weight gain and

feed:gain ratio respectively. Decreasing the hul1 content

in the diet frorn 20 to L/o ínproved weight gain and feed:gain

ratio 20 and T% respectlvely.

Water extraction and heating of the huII sinilarily
improved chick growth response and nutrient retention. The

dried extract upon being fed to chicks reduced weÍght gain

80Ø and increased the feed:Eaín ratío 35%. Autoclavíng the

extract before being added to the diet resulted in weight

gains and feed:gain ratÍos equal to the control diets.

The inhibitor was further isolated by extractÍng

the water extract wíth 90:10 acetone :Y,rater . This concentrated

extract was dried, redissolved and applled to a Sephadex LH-20

colurnn. Elution, firstly wíth 95/" ethanol , then with 50:50

acetone:water yielded two dj.stinct peaks. The first peak

contained low nolecular weight polyphenolic conpounds while

the second peak contalned pure eondensed tannins. Upon feeding

these fractions to chicks it wâs found that nost of the growth

inhibitor was associated rith the original water extract, the

90:10 acetone:lrater extract and the tannin peak.. obtained from

the Sephadex LH-20 column. The first peak obtained from the

Sephadex LH-20 colu¡¡n decreased feed intake due to its



xii

astringent taste. Consequently weight gain was decreased

but feed:gain ratio was the same as the control diets.

Chemical characterization of the two peaks from the

Sephadex LH-20 c olur¡n shor¿ed that they were different

conpound s with different chernical and physical properties.

Using two di¡oensíona1 thin layer chronatography, the peaks

were separated into their basie components. Preliminary

studies on the nature and chemical structure of the tannins

indicat,ed they were condensed tannins as compared to hydro-

lyzable tannins and that two of the subunits Ì{ere delphinidin

and cyanidin.

The growing conditions, storage conditions and age of

the bean were shown to effect tannín levels. The average

decrease in tannÍn levels over two years in Canadian grown beans

was 3?y'0. The ¡raxinun decrease of the varieties tested

occurred in the cultivar Hertz-Freya which decre ased t 6f"

over trìro years. Local cultivars had quite sinilar levels of

tannins being approxinately t¡.O/" of the huIl . European

varieties varíed fron O to 6% of the hu1I . The varieties

Kodrin, Fidrim and Triple White from Holf,and did not contain

any measureable lannins.



INTRODIICTTON

Faba beans are a high produc j-ng, high protein legume

crop, Although they seem to have good protein quantÍty and

qualfty, they do not support chick growth as would be expected'

the poor growth response is attributed partially to the

presence of growth inhibitors in the bean.

The purposes of this studY were:

1. To determine the effect of different heat

treatments on the nutritional quality of faba beans. This

included;

a) the effect of various nethods of heating

the bean, lneluding steam pelleting, extrudingt

autoclaving and microwave iradiation.
b) the effect moisture has on the effectiveness

of some of the heat treatnents.

c ) the length of time needed to get naximum

chick growth with the best heat treatnent process.

2. To deternine in l'¡hat porti.on of the bean the

najor growth inhibitor was associated. Thls included iso-

lating the been into its basic conponents' that is' protein,

starch and huII and conparing the effect on chick growth

when these conponents are added to diets either raw or heat

treated .



3. To isolate the growth inhibitor fron the faba

bean fractÍon having the high inhibiting actlvity. This

included extracting the component and concentrating it' then

feeding it to chicks to determine its effects on growth.

t+. To identify the inhibiting conponent. This in-

cluded, separating the pure component by chemical neans and

running a nunber of chemical tests to determine the

subcomponent structure

5. To deters¡ine r¿hat effect this conponent has on

a grorving chick, This lncluded studies on protein and a¡nino

acid retention of chicks fed beans or fractions thereof

containing either the raw or heat treated inhlbitor.



LITERATURE REVTfl¡¡

Faba Bean Gross ConPosition

lhe proteín content of faba beans (N x 6.25 ) varies

from approxinately 25 - 35% on a dry natter basis depending

on the growing conditions, Iocation and variety of the bean

( 6, l-5, 18, 49). The enbryo and cotyledon represent

approximatel-y 86f" of the bean w:ith the huIl representing

lL to LLI". The huIl contains 45lo cnÅe fibre and 61" protein

( tz, 44, 49¡. The carbohydrate content of faba beans

varies fron 5I to 66/" with 28 to 42f" starch ( 6, L2,73l .-

ùn" ¡,r:.t contains approximateL¡ 791" carbohydrate nostly

as structural polysaccharides. Prichard (54) reported that

of I varieties of field beans tested, winter-sown beans

contained l+6 to t+81" available and 19 fo 2O/' unavailable

carbohydrate, while spring-sown beans contaÍned 3O to I+2/"

available and 22 t'o 3?/" unavailable carbohydrate on a dry

natter basis. The available carbohydrate consisted of

dextrÍns, water-soluble and insolubte starches and eÈhanol

soluble sugars, while the unavailabLe carbohydrate fraction

contained lignin, cellulose, hemicellulose and water-so1uble

polysaccharides. Small amounts of glucose containing poly-

mers soluble 1n dilute acid are present in the cotyledon but



increase to 3.6d/" in the huI1 (12).

Comparing field bean (Vicia faba L. ) meal as a

protein source for colostonized hens Waring (72) reported

true digestibility values of crude protein of field beans

to be 83y'" and the netabolizable energy (M.8. ) content to

be 2910 kcal per kg. This conrpares with digestibility
values of 89 and 69/" lor fish meal and neat-and bone neal

and M.E. values af 2645 kcal per kg. and 1988 kcal per kg.

respectively. Comparing eleven samples of field beans

( Throws M.S.) representing different generations, locations

and soil types Edwards and Duthie (I9) reported a nean

rtclassical M.E. valuetr of 2.40 + 0.09 kcal per gram and a

mean nitrogen corrected value oî 2.26 * 0.1 kcal per gram.

Conparing winter sown to the above spring sown samples

Edwards and Duthie obtained M.E. values for six sanples

of winter sown Throws M.S. of 2.42 t O.2O kcal per gram

for classical nean atd 2.33 kcal per gran for nitrogen

corrected (21 ). Carpenter and Johnson (11 ), based on a

single sanple of Throws M.S. beans harvested in L96?

reported a l{.8. value of 2.52 kcal- per gran, thus indicating

that growbh and harvest condltions influence metabolizable

energy values.

Plent proteins in general are deficj.ent in one or

nore ainino acids. Cereals are nainly deficÍent in lysine

while legune s and leaf proteíns are defici.ent in nethÍonine

ß51 . Faba beans though low in the sulfur ânino aclds,



methionine and cystine have twice the lysine content of

hard red sprinþ wheat (23). 0f the other amino acids arginine

and aspartic acid are high compared to wheat whereas glutamic

acid and proline are low (23). The sulfur amino acids and

glycine are lower in the cotyledon than in the hulI porti-on

of the bean while arginine and glutamic acid are lower in
the hull than the cotyledon (49). Kaldy (36) converted the

amino acid cornposition to protein scores to obtain an

estimate of protein quality. the scores he reported vari-ed

lron 36 to 45 for different varieties of faba beans with an

average of 40 in comparison to trideal proteintr with a score

of 100. Palmer and Thompson (53)reported chenical scores and

biological values foi four cultivars of Vicia faba to range

from 45 - 52 and l+5 - 5L respectively. The protein scores

verified thât methionine is the first liniting arnino acid in

faba beans. Methionine and cystine values reported for
Vicia faba L. range from 0.54 g to 0.95 E/L6 g of N for nethio-

nine and 0.?8 to 1.37 e/L6 g of N for cystine ( 23, Z+,36,

t-9) .

Faba Beans As A l-ivestock Feed

It is generally agreed that the nutritional quality

of faba beans is improved if they are first heât treated and

if díets containíng faba beans are supplemented with nethio-

ni.ne. Methionine add.itions to chick diets containíng 87/"

faba bean improved chick growth rate and feed:gaín ratio
LIO/" and 38/o respectively (45 ). Autoclaving faba beans



before being added to chick díets (85f" of diet) improved

chick growth by L6f" and feed:gain ratio by LO/" (46).

Brisson (9) reported that faba bean diets must L'e supplementecì

with anj-mal protein or ¡nethionine to heve normal growth in

chickens. Feeding raw faba beans (Vicia faba L. J 3l/"J

to poultry results in poor growth anC feed utilization

conpared to a control grain diet. Elair, Wilson and Bolton

(7) foun¿ feeding broÍlers diets containing increasing

Ievels of faba beans (Vicia faba L.) ( O, L5,3a and t*5/,)

fro¡r O-!+ and 0-8 weeks gave significant worsening in food

conversion ratio and in weíght gain. Wilson and l'ÎcNab re-

ported that autoclaving only inproved chick growth if the

sulfur anino acids were li.niting and the improvement was

possibly due to increased availability of sone amino aclds

Q6l . Kad6rvet and Clandinin (lll found that feeding up to

2O/, faba beans to chicks had no deleterious effect on growth

rate. At 35/" there was nonsignificant decrease in weight

gain and increased pancreas weight. Autoclaving increased

weight gain and decreased pancreas weight. Sharby and BeIl

(61 ) conparing soybean meal , rapeseed meal and faba beans

found faba beans gave poor growth response. Upon supplemen-

tâtion with methionine the grolvth response increased to that

of soybean neal . Autoclaving alone gave no improved response.

Ðavidson (17) reconmends no higher than I5/o faba beans be fed

in laying hen rations. At 25 to 33/" with or without methioni-ne

egg production was lowered compared to I5l" added faba beans.



Palmer and thompson (53) state thât none of the

varieties of faba beans they tested showed any evidence of

toxicity when fed to rats (tj/o crude protein diets with faba

beans as protein source ). The varieties tested included

two field beans (Vicia faba t. var minor), one horsebean

(Vicia faba L. var eouina) and one broad bean (þ!L[&

L-- ïeilla.jorl . These faba beans were subjected to imrnediate

lovr temperâture after harvesting and lrere freeze-dried to

prevent destruction of any toxins in the bean and to nininize

the growth of nicro-organisms. They, therefore, believe that

poor storage condítions giving rise to funga I and bacterial

growth may be a contributary cause of the poor nutritive
value attributed to faba beans.

Growth fnhibitors Present in Faba Beans

There are a nunber of factors that can affect Plant

p¡otein utili.zation. These include; enzyme resistânt peptldes,

tightly folded protein conformatlon, the presence of inhibitors 
'

or a deficiency of one or nore essential amino acids (35).

Trypsin Inhibitors
The presence of trypsin inhibitors in faba beans has

been reported. 't¡Iilson and McNab (78 ) presented in vitro
evidence of the presence of a heat-labile Ínhibitor of try-
psin in both cotyledon and testa of the field bean.

Marquardt et al (49) reported a trypsin inhibitor content per

unit of dry eatter twofold greater in the huIl than the



cotyledcn of the faba bean (yi,c,ia faba L.-.var -¡qþo¡: ) .

I¡lilson et aL (77 ) concluded that the tr¡rpsin inhibitor does

not seem to be responsibLe for the poor utilization observed

upon feeding faba beans to chicks. An extract rich in

trypsin inhibíting activity obtained fron Vici-a faba L. and

added to a diet containing autoclâved field bean meal pro-

duced no significant effect on chick growth. Pancreas size

and food conversion efficiency, however, were reduced. No

beneficial effect on the growth of chicks was observed when

tannins were removed by ethanol extraction.

Kakade (3¿*) attributed 40% of the growth inhibiting
properties of soybeans to trypsin inhíbi,tors. Ït is known,

however, that soybeans contaín approximately 5 to 9 fold

higher concentration of trypsin inhj.bitor that faba beans

( 49, 7A). Trypsin inhibitor is therefore of greater

metabolic significance in soybeans as compared to faba beans.

Phv! ohema gglutinins

Phytohemagglutinins (Iectins), substances whích have

the ability to agglutinate red blood ceIIs, have rather high

activity in faba beans ( 40, 49). Lectins isolated from a

number of legurne s have been shown to be toxic when injected

into aninals and growth inhíbitory when incorported into

the diet. All hemagglutinin activity seems to be concentrated

in the cotyledon portion of the bean with no hemagglutinin

activíty in the hull portion. Hernnaggì-utinin activity ranged

fron a low of 3.4 x 103 for Herra and K1ein-Thuringer to a
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1
high of 5.6 x l"Ot units per gran whole bean for Erfordia with

considerable within cultivar variatlon (49).

Pusztai {55) lnaicates that the growth depression

associated wíth the protein from the Phaseolus bean Processor

is related to the hemagglutinin content. The poor nutritional

perfornance which other workers have observed on feeding raw

faba beans has not been linked conclusively to hernagglutinins

( t*L, l+9,78).

Tannins

The intake of phenols other than tryosine is generally

very low in carnivorous ani¡nals, whereas herbivores and

omnivores mây consume considerable amounts of phenol . Ac-

cording to Singleton and Kratzer (óZ) even nan nay have hlgh

consunption since red table wine contains about 1500 rng per

litre of total phenols and accounts for a annual per captia

consumption of about 150 g of trtanninrr in some societies.

Tannins are present in so¡ne plant naterials at very high

levels of IOy'" or nore of the dry wt. rc21. They nay be of

signifícance in some comqon feedstuffs such as sorghum grains

(1¿l) and rapeseed neal (13). fn nuch of the literature

there is considerable generalization in the classification

of the 
"rrb"t"rra"" 

regarded as tannins. There are two dis-

tlnctive groups, the hydrolyzable and the condensed tannins.

They have in conmon proteÍn-binding and leather-forning

activÍties, but they usually differ considerably Ín botanical

distribution, other properties, and breakdolYn products. Tannic
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acid is typical of the hydrolyzable tannins. It is readily

hydrotyzed enzymatically or hydrolyzes spontaneously to

glucose and gallic acid. The condensed tannins (flavolans)

are polymeric flavanoids composed predominantly of leucoantho-

cyanidin units linked carbon-to-carbon from the 4 position of

one unit to the ó - or I - position of the next' They do not

break down readily under physiological conditions; when

treated drastically, they usually produce either less soluble

polyneric trphlobaphenestt or flavonoid mononers, particularily

catechíns and anthocyanidins (63 )' These phenolic compound s

combíne with proteins reversibly by hydrogen bonding, and

irreversibly by oxidation followed by covalent condensatíon

ltrzl .

Chang and Fuller (14) reported that feeding sorghum

grains with high tannin content resulted in growth retârdatíon

of chicks sinilar to that caused by feeding equivalent levels

of tannic acid. Fuller et al (25) found that milo sorghun

containing l'61" ot nore of tannÍn depressed chick growth when

fed. as 5Ol" oî the diet. Vohra et aI (71 ) reported that as

little as O.5y'" tannic acid caused a depression in the growth

of chicks by reducing the netaboli'zable energy' feed intake

and nitrogen retention. Additional nethionine, choline,

betaine or ornithine dld not prevent' the growth depressing

properties of tannic acid. Hughes (32) foun¿ that a dietary

level of 0.05Ø tannins from sav{dust resulted j'n notted yellow

yolks 1n chÍcken eggs while Q.5/o tanníns gave olive green

yolks.
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Feeding high tannin bird resistant sorghun gave

poorer weight gain and feed conversion than bird susceptible

low tannin sorghum ( 58, 591 . Extracting tannins fron bírd

resistant sorghum resul-ted in significantly better chick

growth and feed conversion compared to chicks fed intact

bírd resistant sorghum diets. Extraction treatnent of the

non-resistant varieties did not significantly influence growth

rate but significantly improved feed conversion (2). Addi-

tions of methionine and,/or PVP (potyvinylpyrolidone ) inproved

chick growth and feed efficiency. Addition of D, L, -
nethionine (O.U/rl to both non-resistant sorghun and resistant

sorghurn resulted in significant improvement in chick per-

fornance. The nagnitude of the response vrå s greater with the

bÍrd resistant than v¡ith the non-resÍstant sorghum grain

diets, however, feed efficiency of the bird-resistant sorghum

renained poorer. ff tannic acid is added, methionine improves

feed:gain ratio fron both ncn-resistant and resistant varieties

but has little effect on weight gain ï,ith the non-resistant

plus tannie acíd ( I, 3). This data, therefore, seems to

indicate that there is no corelatíon between tannic acid,

weight gain and nethionine levels Ín sorghum grain. The

effects of adding tannic acid in a protein-free chick diet

O.Lflrl resulted in a 4 fold increase in endogenous a¡lino

acid excretion. The additlon of tannic acid to a low tannin

sorghun ¡.\f/"1 produced a relatively sma1l decrease in

apparent anino acid digestibílity which could be accounted
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for by the increase in endogenous amino acid excretion.

Apparent digestibilities of all the amino acids of low,

intermediate and high tannin varieties was 73, 4l and 22/o,

whereas the corresponding value for the low tannin sorghum

(59) pfus tannic acj.d was 63/", Stephenson et al (ó5)

reported that amino acid availability in sorghum hybrids

varied rnarkedly. Nelson et â1 (52) found the correlation

coefficient for tannin content in sorghun grains to amino

acid availability to be highly significant (P(0.01 ). Also

the correlation coefficient for tannin content to kilocalories
metaboLÍzable energy per gran (-O.62) and percentege of gross

energy utilized (-A.øz) vrere significant (P<0.05). Neither

endosperm color nor starch texture appeared to influence

anino acid availability or energy utilization.
Tamir and Al.umot (70) reported that tannins could be

extracted fron green and ripe carobs by extracting with hot

water and the low nolecular welght polyphenols with ethyl

acetate. The extrâcted tannins inhibited o< -any1ase, trypsln

and lipase. Polyvinylpyrrolidone addition reactivated

trypsin and lipase but not d -amy1ase. The inhibitor was

found to change the naximum reaction velocity of crystalline
trypsin and "< -amylase i"ndicating non-competitive reaction

kj-netics. Feeding green and ripe carobs to rats decreased

feed consumption, depressed grolvth, increased nitrogen

excretion and increased the activity of digestive (particu-

larly proteolytic ) enzynes in the cecu¡r (70). The decreased
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intake was found nrostly with green carobs which contain

higher anounts of low weight polyphenolic compounds (soluble

in ethyl acetate ) which possibly caused the astringent taste

of the carobs. The tannins in green and ripe carobs not

soluble in ethyl acetate did not affect intake much but

decreased rat grorith. It is thought they forn insoluble

protein tannin complexes, and therefore reduce the available

protein. Feeding increasing âmounts of tannins to rats ¡¡Íth

soybean ¡lea1 as the protein source demonstrated that tannin

exerts a severe negative effect on protein dígestibilíty (221 '
A deternination of amino acid availabll-ity did not indicate

available rnethionine to be more severely affected than the

avaitability of the total nitrogen. Available prolíne,

glycine and glutanic acid are severely reduced indicating

they nay have a specific detoxifying effect. The con-

centrations of these amino acids are hÍgh in gelatin and

it is known that tannÍns and gelatin bind strongly. There

is a significant negative correlation between the tannin

content in barley and protein digestibÍli:"y (22't. Excess

proteln ín a rat diet increases feed intake ånd nteight gain

eonpared to lovt protein diet if tannie acid is included. Ït

is thought that one of the deleterious effects of tannic

acid is on nitrogen retention, therefore excess protein would

iartially overcóne the loss of nitrogen and the only effect

would be then due to palatabí1ity. The markedly inproved

feed intake with protein supplementation may also involve
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increased palatabiJ-ity due to decreased astringency of the

tannic acid diet. Astringency is thought to result from

binding of mucosal proteins in the mouth by tannin and

addition of protein counteracts this effect.
Using 14g-1abel1ed casein and by proteolytic enzyme

assays of intestinâI contents.and pancreases it was shown

with the rat that protein from enzynatic or other endogenous

origins consti.tute a large portion of the excreted nitrogen

conpound s (27).

Meliá et al (50) isolated tannins fron lucerné and

found in trin vitrott studiàs the isolated hydrolyzable tannin

had a high inhibitory action on digestive enzy¡nes. Strumeyer

and M,alin (ó6) ísofated tannins from Leoti red sorghum and

Georgia ó15 on LH-20 Sephadex. The tannins fron both stråins

were shown to consist of a series of polymeric polyphenols

which upon acid hydrolysis generated cyanidin exclusively.

Bond (8) has shown that v'thite-flowered tannin free varieties

of Vicia faba show lncreased nin vitrott digestibility com-

pared to coloured-flowered varieties of similar seed size.

The differenee was shown to be largely due to the nean Ð

value (dÍgestibility of the organic matter) of the test'a in

tannin-free varieties of 56.4% conpared wíth l-7.2lo in tannin-

containíng varíeties.
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MATERTALS AND I\,IETHODS

Preparation of Faba Bean Fractions

Ðiana faba beans were used ín most ôf the experiments

except when various varietÍes were conpared. The beans were

fed as whole ground beans or es a component of the whole

bean. The bean was separated into its components, by

cracking the hull with a ptatetype grinder, followed by nech-

anical removal of the hulls. The dehulled faba beans (coty-

ledon) yùere separated into protein and starch fractions in a

commercial p1ant, utilizíng a process of air classification
(16).

General Bird luanagement and Diet Formulation

Ðay-o1d nale broiler or leghorn chicks were obtained

from conmercial hatcheries. They were housed for all experi-

ments, in electricalÌy-heated, thermostatically-controlled

batteries with raised wire floors. Prior to the initiatÍon
of the experinents the birds were starved for 4 hours,

weighed individually and alloeated to pens. The experinental

diets were fed ad libitun and the birds had eontlnual access

to water with constant lighting. The birds were weighed at

the termination of each experinent after a 4 hour fast. At

the ternination of particular experiments, Iiver, pancreas

and/or spleen were inr¡ediately excised, dissected free of
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fat and other material and weighed. Usually 2 to 3 birds per

pen were examined .

Ànalysis of Faba Bean Fractions and Diets Gross Conposition

Dry natter, crude protein (N x 6.251, fat (ether

extract ), crude fibre, acid detergent fibre and ash were

deter¡nined by raethods according to the Association of OfficÍaf

Agricultural- Chemists (4). The deternination of chronic

oxide was by the nethod lìtillíams (75).

Trypsin and Hernagglulinin AssaY

Extracts for trypsin inhíbitor and hemagglutinin

assays (l*9 ) were prepared by adding I g of finely ground

sample to 20 mI of 0.85Ø Na cL. the suspension was stirred

for 3O minutes at 3Oo, allowed to stand an additional 9O

minutes at 3oc, and then overnight (18 hours at 2" l. The

suspension was centrifuged at 50'000 x g for 15 ninutes and

the supernatant vra s either assayed immediately or stored at

-20o untl1 required. Prellminåry studies demonstrated that

both trypsin inhibitor and henagglutinin activities were not

altered when stored at -20o after a period of up to 1 nonth.

The trypsin inhibitor activity of faba beans and soybeans

was determined spectrophotonetrically using a modificatÍon

of Kassellrs nethod (37). ?lre principle of the assay in-

volves a measurement at 405 n¡n of the inhibition of trypsin

hydrolysis of N - c(- benzoyl - DL - arginine - p - nitroa-

nilide (BAPA). Modifications of the above assay included
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the following: incubation temperature (30"), method of

preparing trypsín inhibitor, buffer concentration, substrate

concentration and order of addition of reagents to the re-

action mixture. Trypsin inhibitor was prepared by dissolving

10 mg of trypsin in 50 ml of 0.001 N HCl - O.OI I{ Ca Q12,

lbypsin inhibitor stabilÍty is pH-dependent. Maximum sta-

bllity 1s achieved in the pH range of 3-4. The substrate

was prepared by dissolving, with constånt mixing, 100 ng BAPA

in 80-85 distilled H20. During the assay period this solu-

tion was maintained at l0o, and during storage at 3o. The

substrate was stable for 2 weeks at 3o. The assay was

carried out in I cn cuvettes in a Gilford Model 21100 re-

cording spectrophotoneter. One nillilitre of 0.2 Molar

Tris., 0.02 Molar Ca C12 (pH 8.2 at l0ol, o,2 mI . of

trypsln (40 ug) and 0.2 n1 of ínhibitor solution were added

to the cuvette and were incubated for 5 minutes at l0o. The

reactÍon was initiated by the addition af L.5 ml of substrate

(kept at 3Oo) and was followed for 4-5 minutes. Lina bean

protease inhibitor was used as a standard. A unit of in-

hibitor Ís defined as the anount of inhibitor that will
inhibit the enzynatic activity of 1 ng of active trypsÍn ín

the above assay. The hemagglutinin test was sinilar to that

reported by Liener (40) except that the erythrocytes ?rere

not treated with trypsln, incubation temperatures were more

rigorously controlled, and the cells were resuspended 10

¡¡inutes prior to being read at 620 ru!. All reagents i{ere
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kept in an ice bath prior to initiation of the reaction. The

reaction mixture was incubated at l0o for i+ hours and then

placed in ice for 30 minutes followed by incubation overnight

at, 2è . One unit of hernagglutín activity is defined as the

leve1 of test solution which cause 5Olo of the standard cell

suspension to sediment. Rabbit red blood cells were used

for. analysis.

0ther Analvsès

Vicine was deternined by the method of HÍgazi and

nead (31). The degree of gelatinization of processed faba

beans was determined as amount of naltose released after

incubation with beta-anylase (67). Amino acid analyses were

performed by the method of Moore and Stein (5f ) !,¡i th a

Becknan automatic amino acid analyzer. Ninhydrin analysis

was by the method of Rosen (57). Assays for condensed

tannins were carried out accordíng to the vanlllin-hydrochloric

acid nethod of Burns (10). lhe standard for this test ïta s

purffied fraction B from the Sephadex LH-20 colurnn (pure

condensed tannin) obtained from the faba been hul1 extract.

The absorbance of this standard was l.l fold greater than a

standard catechÍn sample obtained from Signa Ohenical Conpany.

tactate dehydrogenase assay was by the nethod of Bergneyer

et.al .(5). .Analysi.s of variance vùas conducted according to
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Snedecor (64) an¿ treatment differences

the Students-Newman-Keuls nultiple range

by Kirk (89).

were subjected to

test as outlined

Comparison of Various Heatins Methods

The heat treatments studíed were microwave irradiatj-on,

stean pelleting, extrusion, and autoclaving. The composition

of the basal diet is shown in Table I (Experiment IA)' Micro-

wave írridation (1,600 watts) of ground beans was carried out

in ? x 40 x 40 cm cardboard trays in a Raytheon Radarange oven

for either 2a or 3o minutes. the average interior temperature

of the layers of faba beans in the trays were l01o and 1070 after

the 20 and 30 minute treatnent periods respectively' Stea¡n

pelleting was carried out at 70o in a commercial pelleter

(California llTaster l{odel Pellet MiIl). Faba beans were ex-

truded at 1300 and. L52Ô (Brandy Crop Cooker, KoehrÍng)' Prior

to extrusion, ?.5/o oil was added to the ground beans' Auto-

claving of the ground beans was carríed out at 121" for 20

minutes. The beans were spread Ín porcelain trays to a depth

of 2 cm. The pelleted and ext,ruded faba beans vrere reground

prior to the initiation of the experiment.

Effect of Mo.isture Content on Microwave Irradiation

Varying anounts of water rc, !y', or I8%) were added

to ground faba beans. The faba beans were then subjected to
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microwave (1,óO0 watts ) treatnent for 0 and 2ó minutes in

7 x 4A x 4C cm cardboard trays. fngredient additions were

rnade on the basis of a lO/" moisture content in faba beans.

The basal diet is shown in Table I (Experiment IB).

Autoclaving Time on Nutritional Quality of Faba Eeans

Ground faba beans were spread to a depth of 2 cm

in porcelain trays and autoclaved at 12Io for varying periods

of time ( 0, 3, 10, 20,30 and 40 minutes). The basal diet
used in this experiment is shown in Table I (Experinrent lC).

Identification of the Ma.ior Growth
fnhibiting Fraction of the Faba Bean

- Faba bean starch and faba bean protein were auto-

claved tro 20 minutes as described above. fn additj-on,

another sample of faba bean starch was extrude d, at L326

and then ground. Prior to extrusion, LO/" soybean oil was

added to the starch fraction. The basal diet is shown in
Table 2 (Dlet l).

Experiment 1 Diets were prepared with varying

anounts of hull content (Table 2, Diet B). The percent hu1l

was calculated from the crude fíbre analysis of pure prepa-

rations of faba bean hul-ls -Jj/" crude fibre (49) and faba

bean cotyledon -I .4lo crude fibre (49) en¿ the corresponding
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TABLE 1. Formula and analyses of basal diets fed to chicks
to determine the effect of heat treetment, moj.sture level
and heating time on faba bean and its components.

fngred i ent s Experiment Experiment Experiment
1A lB lC

Faba beansl
Faba bean starch
Faba bean protein ísolate
So.vbee n o il
Calcium phosphate
Calcium carbonate
Vitamin oremix2
Minerat irenix3
Methioniile premix4

Cher¡icaI Analyses of diets5
Dry rnatter
Protein (N x 6.25)
Fat (ether extract )
Crude fiber
Ash

9r.7tO.9
2l+.C*O.2
7.8t0.1
6.?È0.2
6-1*o.I

/"

r!:,

7.r
2 .l+
1.0
1.0
0.5
0.5

/"

,?_u

2.C
2.1+
I.0
1.0
o.5
o.5

90.0
26.LtO.r
2.9!o.r
7.zt}.2
, .?to.2

f"

I,
7.6

2-O
2.L
1.0
1.0
o.5
o.5

90.5tO.6
¿4 . ¿tu .4

3 .UtO,2
8.1+0.1
5 .8f,0 .1

lCr.ltirr""" of faba beans used for ExperÍment 1A and 1C
were DÍana and for Experiment 18, Ackerperle. Proximate anqlyses
for the Diana and Ackerrerle faba beans were drv matter. 9I%
and 9Ql"z protein (N x 6.25) ?5.2/" and 281"t fat lether eitract)
O.9% and O.9/"; and crude fiber ?.9/" and 7'.8/o respectively.

2The vitar¡in mixture per kg of díet was: retinyl palmitate,
7,5OO IlJ; cholecalciferol , 1,000 fCU; ê(-tocopherol, 10 fU;
nenadione, 2.2 mg; thiamíne , 2.2 mgi riboflavin, 4.4 ng
pantothenic acid; ll}.3 mg; niacin, 33 rr^gi pyridoxine, 4.4 mg;
biotin, 0.11 mg; folic acid, 1.3 mg; choline chloride,
1,120 mg; vitamin 812 0.011 

'ng; and anti-oxidânt (Santoo-uin),
25O me.

Cont td
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3The composi*"ion of the mineral- mix (mg/kg of diet)
r¡ras: manéianese, 16 as l"'lr0; zinc, 1.,¿¡ as ZñCi iron, l.I as
FeSO¿. /H20 copper, 2.J'as CuSO¡*. lH20; and iodized
NaCl ,4,930.

4l'iethionine added per kg di,et was I .O grems.

5fn experiment 18 analysis was calculated on the basis
of 9Of" dry matter. The matter content of the diets
co4tainlng fabe -beans wi-i-h A/,, 8/" and ß,4" UZO added were
92/", 85% ãnd 78% respectivelyl Árr alet! fion experiment
IB were stored at 2Oo to preient spcilage.
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crude fibre analysis of the faba bean containing diets.

Dehulled ground faba beans (1% hulls), whole ground faba

beans (L3y'" hutls), ground faba bean hulls (58% hull plus

l+2o/o coty1edon ) and faba bean starch (l% hulls ) were each

divided into two equal parts. One part was heat treated

and the other was not. Heat treatnent consisted of spread-

ing the beans to a depth of 2 cn in porcelaín trays and

autoclaving at 121ô for 30 ninuteJ.

Experiment 2 Faba bean protein concentrate and hulls

were prepared as described above. The hulls were the same as

those used in prevíous experiments except they were fr¡rther

cleaned by means of a nechanical seed cleaner. The purity of

these.hulIs as estinated from the relative protein concen-

tration of a pure preparation of hulled and dehulled beans,

was 961o. The protein concentrate and hull fractions were

subdivided ínto two equal parts; one-half ü/a s not treated and

one-ha1f was autoclaved at l21o as described above. They were

then nixed with a basal corn.diet (Tab1e 2C and L?I¡and 7/o

water was added to increase palatåbility. fn trial I the diet

was fed as a rna sh whereas in trlal 2 the diet was peIleted.

Experiment 1 Faba bean hu11s (96Ø pure huIls) were

divided into two portions. One portion was not treated. the

other portion of the hulls was extracted with 7 voluues of
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distill-ed ?'rater per kilogram'of hull for 6 hours at 2lo with
stiring every l0 minutes. After 6 hours, the suDernetant

was passed through severel layers of cheesecloth. The extracted
hulls were rewashed several times until the filtrate was cl_ear.

These extracted hulls were spread to a thickness of I cm and

allowed to dry at lOo for 2 days. The extracted and non-

extracted hulls were subsequently divided into two groups

each; one group from each was autoclaved at 12Io for 30 minutes.

The other t¡ro groups were not treated. Four combi_nations of
raw and autoclaved feba bean hulls, either non-extracted

or extracted were incorporated into four diets (Table 4).

Experiment 2. Faba bean hu1ls were extracted following
the procedure descrj-bed above, except the hulls were

re-extracted irnmediately with a further 7 volulnes of distilled
water and the two extracts combined. The cornbined extract
was concentrated using a Ajax fnternational Corporati.on reverse

osmosis åpparatus followed by evåporation with a cyclone

evaporator and then lyophilized. The amount of sanple

extracted from the hu1ls was determined Lo be 6.4/o È 0.3.
Since the hull nakes vp I31¿ of the seed, the concentration of
the extracted material was 0.83/" of the whole seed. The

extract was divided into two equal parts, one part was un-

treated and the other part was autoclaved at 1210 for jO

ninutes. Two levels of the extract either raw or autoclaved

were incorporated into corn-soybean meal diets and were fed
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along with tv,o control diets (Table 5).

fdentification of the Growth lnhibitor

To Deternine the Effect of PVP (Polvvinvlpvrolidone ) on

Chick Growth Trial The water extract was prepared by

extracting the hulls twice with / volumes of distilled water

as d.escribed above. Soluble PVP (Sigme Chemical Company)

used in the experiment had a average molecular weight of
10,000. The basal diet used in the experiment is shown in
Table 3.

PVP Column Chromatography A Ç0 x 9.5 cm colu¡rn

was packed with insoluble PVP, The hull water extråct was

prepared as above. The colutnn v¡a s eluted with distilled
water and then with 0.2 N NaOH.

Iviethods Used to Concentrate the Growth fnhibitor

Acetone-Water Fractionation of the Faba Eean

Faba bean hulls were extracted twice with 7 volumes of
distilled hrater as described above. The crude extract was

subjected to a freeze-thaü, cycl-e which denatured much of the

extracted protein. The resulting clear solution was separated

from the precipitated nateriaL by decåntation and was con-

centrated I0 fold over â period of I day by reverse osmosis.

The extract was further concent¡ated 2 fold under reduced



TABLE 3. Fornula of basal diets.

fngredients % taaea

Corn

Soybean oil meal

Ta 11ow

Calciun phosphate

Calcium carbonate

Vitamin premixl
l,îinera 1 premixl

Methionine and chromix oxide premixZ

Other ingred ient s3

l+5.0

37 .7

4.0

0.8

1.0

o.5

ð.u

IThe vitamin and mineral premj,xes were as described in
Tab1e 1.

2Methionine and chromic oxide added
and 29 respectively.

per kg di.et were 8g

3See Materials and Methods, and Results for a description
of other ingredients a{ded. The proximate analysis of tire
basal diet minus the 8% of other -ineredients waê: drv matter-
9L.1to.yç, protein (N x ó.Ç5), -23.416.1%i t^t. (ether-å"t.;¿i);
6.8rO.Lú/"i crude fiber, 2,5!O.I{,; and ash, 6.t"t}.I/".
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pressure and finall-y to drvness by lyophilization. The

dried product was stored at - lAc until requireC. The dry

faba bean hu1l water extract prepared uas di-ssolved in dis-

tilled water in the ratio of 1g of extract to 4 mls r¡rater.

The mixture was centrifuged at 50,000 x g for 20 minutes

and then re-extracted with the sê.nÌe volume of water and

recentrifuged and the extracts combined. This yielded two

fractions; one insoluble in water and the other soluble.

Acetone was added to the soluble fraction, so the final
ratio of acetone to l,rater was 75:25. This mixture was stirred

and allowed to stand 10 minutes then centrifuged as above.

The precipitate was washed wíLh 75:25 acetone-water and

recentrifuged. The supernatant solutions were conbined.

This yielded two fractions; one soluble 
-ín 75225 acetone-urater

and the other insoluble. Acetone was added to the soluble

fraction so the final acetone to tvater ratio was 90:10. The

mixture v'ra s centrifuged and re-extracted with 90:10 acetone-

weter as above and the supernatants combined. This yieJ-ded

two fractions; one soluble in 90:10 acetone-weter anC the

other insoluble. The precipitates were dried under reduced

pressure to remove the solvent and then lyophilized. The

supernatânts vùere concentråted by means of a cyclone

evaporator and then l.rrophilized. 0f the original water

extract the vrater insoluble fraction, the 75:25 acetone-

water insoluble fracti-on, the 90:10 acetone-water Ínsoluble

fraction and the 90:10 acetone-water soluble fraction
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represented LO, 27, 1ó and +5/" of the dry material

respectivel-v. The total recovery wes 98f". .{11 fractions

we:"e stores at -7Ao until reouired '

Sephadex LH-2C Chromatographv of Faba Eean Hul1 Extracts

A lyophilized water extract of faba bean hulfs was

prepared as described. The dríed extract.was dissolved in

four volumes of distilled water and allowed to'nix 30 minutes.

Nine volumes of acetone per volume of water. was added so

the final ratio of acetone to vrater was 90:10. This proce-

dure, which is a sinptication of the acetone fractionation

procedwe, yielded two fractions, a soluble and insoluble

fraction. The insolubl-e material adhered to the walls of

the container and settled to the bottom upon standing 1ó

hours at 20. The supernatant was poured off and yielded a

product eoual to tr}/" of the original weight. the material

was dried as above and stored at -7Oo until reouired.

A portion (38 e) of the !0:10 acetone-water lyophi-

lized powder was dissolved in 150 ml of 9O/" ethanol and

applied to a Sephadex LH-20 colur¡n (32 x 6.5 cm) previously

equilibrated with 95/" eLhanoL. The colunn was developed

wjth 95,4, ethanol (5,000 nrl) and then 50:50 acetone-water

(L,OOO ml). The colurnn was eluted at a flow rate of 60

ml,/hour and the eluent was monitored at 280 nn (ethanol

effluent ) and liC0 nrn (water-acetone effluent ) with. a Gilford

recording spe c trophotoneter (modeÌ 2400). The effluents

were pooled into three fractions: fraction A which gave â
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negative FeCt, test for condensed tannins (i.e. no preci-

pitate formed with 10% FeC13 solution), an intermediate

fraction eluted wíth 95% ethanol which gave a slight
precJ-pitate with FeC13, and fraction E (eluted lvith acetone-

water ) which gave a very pronounced precÍpitate with FeCl3 .

The samples were concentrated and stored es above. The

intermediate fraction was cornbíned with fraction A.

Anal-ytical Resolution of Tannin and Non-Tannin Components

A portion of fraction A and E and the 90:10 acetone-

water extract v,¡ere either fraeti-onated or refractionated on

an analytical scale so âs to assess the degree that the above

described preparative procedure was able to resolve the

acetone-r,vater extract into tannin ånd nontannin components.

This procedure v{es as described above except the LH-20

column size was reduced (ZO x Z cm) and the load facter (g

of sample applied per unit volume of column) was approxi-

mately 7 fold less. The anount of sample applied to each

column was 0.1+ g in 4 nL of 9O/" ethanol.

Chenical Characterization of Fraction A and B

An absorption spectrum in 0.2 N NaOH and 0.2 N NaCl was

determined using a double beam recording spe c trophotoneter

(Unicam SP 800). The concentration of the aoueous Fe0ll')
solution was l0/" wfv.
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Thin Layer Chromatosraph\¡ of Faba Bean HuII Fractions

Ce1lulose plates 200 x 200 mm, C.25 mm thick were

applied with the aÍd of a o-uickfit TLC assembly (l'{oaet 8CR)

using a slurry of cel-lulose powder, (ce1lulose, microcrys-

talline, Eaker TLC reagent ) and weter in the prcportions

15:80. Two solvents were employed: BAI¡/ (butan - 1 - o1 ,

acetic acid and water in the proportions l¡:1:2.2) and

EE.¡.W (butan - 1 - oI , eth.rrlnethylketone , acetic acid and

water in the proportions 2:5:L;2). The samples were

applied to the plates in 9O/" acetone solution and volumes

of from 10 to l+0 ul were used. Forced air dryíng of the

sempl-e spots was omitted to reduce danger of oxidation.

Each sarnple wa.s applied ât the corner of a plate approxi-

mately 1l mm from the botton and 30 mm from the adjacent

edge. Each plate was developed in BAW solvent until the

solvent front rvas about 10 mm from the top of the plate.

the plate h¡as then removed from the tank, allowed to dry

under a fume hood and then developed in a direction per-

pendiculer to the first in BEAI¡I solvent. After the plates

had been dried from the second developnent, they were

sprayed with ferric chloride/potassium ferrocyanide reagent

Kirb-rr et al. (38). This spray shows phenolic compounds as

blue coloured areas against a pale yelÍow background.
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RESULlS

Comparison of VarÍous Heating I'lethods

I{arouardt and CampbelL ( 4l+, 46) have demonstrated

there is a significant increase in weight gain and decrease

in feed intake and in feed:gain ratío and pancreas size

when birds are given a diet containing high levels ß5-9O/")

of autoclaved (1210 ) faba beans as compared with a diet
containing the same level of raw faba beans. SiniJ-arily,
Wilson and McNab (76) showea that autoclaving a diet
containing 75!" laba beans resulted in a benefic j-al effect
on lì.veweight gain and feed conversion efficiency.

fn the present study, different methods of heat

treâtment of faba beans were compared as to their effec-
tiveness j-n pronoting improved chick growth, (Table 6).
l{icrowave treatnent was the least effective and autoclaving

or extruding were the most effective qf the various pro-

cessing ¡rethods. The corresponding increases in weight

gain and the improvements in feed:gain ratios for chicks

fed processed faba beans as compared with raw faba beans

were: microwave treatment for 20 minutes, -L/o and -l¡/";
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microwave treatment for J0 minutes , 6,4o end L/"; sLean

pelleting, 6/" anð, 8%; extruding at 1!2", L6/" and Lí'fi and

autoc:-a'rr:.ng , I7{" and, 1Olo respectively. The various pro-

cessing rnethods which represented varyíng degrees of heat

treatment had no influence on chick liver or spleen weight

or on the vicine content of faba bean but did influence

chick pancreas size as !ve1l as the activities of trypsin

inhibitor and hemagglutini-n (Table 6 and 7). There was

a positive association between the decrease in chick pan-

creas size and the activity of trypsin inhibitor in the

processed faba beans.

Effect of Moisbure Content on }iicrowave frradiation
Data presented in Table I indicate that the

moisture content of faba beans was critical with regard to

the response of chicks fed ¡nicrowave irradiated as compared

with raw faba beans. l'ihe n expressed as â percent of the

values for the raw faba bean treatnent groups, values for

the heat treated groups at 0, 6 and IÙf" lvater, respectively,

where IOOft, IOI+/" and. LO!/" for bodyweight gain and LO2/", Ðf"

and 76,4" for pancreas size. V'lith regard to body weight gain,

water content of the faba beans had a positive effect
although no response was noted for pancreas size. Thís

increase in body weight can be probabl¡r attributed to an

incieased feed consumption by the birds in response to an

improved palability of the diet. Food consumption data,



Jó

TABLE 8. Effect of microwave treatment ãnd faba bean noisture
content on the utilization of faba beans by broiler chicks.l

Chick Growth Re sponse

trlicrowave tine
and water edded

Faæn-
Ga in

Liver Pancreas
tr'le ight l{e ight

O% waber ,
O,4" water ,
8fi water,
tq/o Naler .

!8/o water',
18% water,

0 ninut e s
26 minutes
0 minute s

26 minute s
0 ninutes

26 rninutes

478r1-o
t+77xLo
)+82tr5
499È8
t+gIt9
,r!3

c/k8

34JI
33tL
3431
36*L
34+r
34Jl

e/k8

3.34+o.r
3 J9*o.L
3.t*8f0.1
2.*Çtg .2
3.$+a.L
2.75!O.r

SUI'î{ARY OF ANATYSTS OF VARIANCE

Sour c e df Weight
Gain
l'{e an

Souare

Liver
Welght

It{ean
Square

Panc rea s
li,leight

Ilíean
Square

ft waLer

mi crowave
tine

,4o watet
x time

Error

85840 7.L2** 4.3r

78307 6.5o** r,62

32784 2.?2* 9.88

t2052 6.79

o.62 0.13

0"23 2.CO

r.t+2 0.69

r.39

¿. ¿¿

(.at

30

-P <.05

**P <.ol
lIr,itirl average weíght per bird was 1t2t0.8 SEM. The

exnerimental desiEñ "rs ã 3 lnoisture level ) x 2 (time ^of*ïõ;ã",ãn; lieãiméät) facto?iât with six replicates of five
birds each. The experiment was initiated when the birds
were 9 days of age ånd was terminated 20 days later.
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however, have not been presented due to the fact that the

noisture content of the orts was not recorded and hence

accurate datâ vrere not available.

Effect of AutoclavinE Time on the Nutritional
Qualitr¡ of Faba Beans

Date presented in Table 9 illustrate the relation

between the time interval of heat treatnent (autoclaving at

1210 ) of faba beans and the growth response of broiler

chicks, chick liver and pancreås sizes and certain components

of faba beans. The maxinum irnprovement in the nutritional
value of the faba bean as neasured by chick weight gain and

feed utilization data occurred after 3C to l+0 ¡rinutes of

heat treatnent. fn contrast, chick pancreas size and the

content in the faba bean of the potential anti-nutritional
factors, trypsin inhibitor or hemagglutinin, approached

minirnal leve1s after 10 to 20 minutes of heat treatment.

Furthermore, chick liver weight, faba bean vicine levels

or degree of starch gelatinization were not affected by

duration of the heat treatment period.

and

and

The faba beans were dehulled and separated into starch

protein f¡actíons by a commercial process (see l{aterials

I{ethods). A experiment was conducted to compare the
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influence of heating faba bean starch and protein either

alone or in combination on broiler chícken growthr response.

The effects of heat treatment on chick growth as indicated

by body weight gain and efficiency of feed utilization was

associated prínariì-y with heat treatment of the protein

fraction as cornpared to the starch fraction (taUte tO).

The response of chicks fed extruded and autoclaved faba

beans was similar but the degree of starch gelatinization

was very different (Tables 6 and. 7). Although in the above

mentioned experi-ment, birds fed the extruded faba bean diet
as conpared with the autoclaved faba bean diet utilized feed

more efficiently it is probable that this effect would not

have been noted if the autoclaving tine had been l0 to 40

minutes rather than 20 minutes. The results of these experi-

ments lvould suggest that the improved utilization of faba bean

following autoclaving or extrusion is not associated ü¡ith an

effect on the starch component of the bean. Also gelatini-
zation of the starch component is not a prerequisite for
improved utilization of the starch.

Experíment s were conducted to determine if the najor

portion of growth inhibitor was conce-ntrated in the protein

and/or hull fraction of the bean, In the first experirnent

three faba bean diets r^¡e re compared (},Íaterials anC Ì,Tethods

Table 2B): ground dehulled faba beans, ground v¡ho1e faba
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beans plus added hulLs either ratv or autcclaved. The

corresponding level of hulls in the diets vrere 1, 11 and

2A/" respectively (see l4aterials and l,{ethod s for cal-culation

of hull levels). Weight sain and feed:gain retio were

markedly improved when birds were fed autoclaved as compared

with raw faba beans and when the hulI content of the diet
was decreased (P(0.01 ) (Table 11 ). Feed intake was

not affected by processing (P>0.05) but was affected by

the leveI of hulls in the diets. Decreasing the hull
content in the diet fro¡n 2O/" ro lf inproved weight gain

and the feed:gain ratio a maximun of 26/" and 33% respectively,

Heat treatment of dehulled faba beans increased weight gain

by 8% and decreased feed:gain ratío by 8f". In contrast,

heat treatment of whole faba bean increased vùe ight gaín 15%

and feed : gai-,n ratio I2./o , Heating whole f aba beans plus added

hu1ls increased weight gain by 3L,4" and decreased feed : gain

ratío by 2J/". ThÍs indicates that the hulls contain a potent

inhibitor thet is responsible for approxinately one half (8/15)

of the total growth inhibitors of faba beans wou1d, therefore,

be associated with the protein fraction.
Autoclave treatment did not affect the gelatinization

of starch but completely .inactivated the trypsin inhibitor
and hemagglutinins.

In the second experinent a direct conparison of
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TAETE 11 . The effect of heat. treatment and hutl content on
growth of broil-er chicks. !

Ðiets Î¡/e isht
Gain2

Feed Feed:
Intakez Gaín2

Raw-dehuLled faba beans
Raw-who1e faba beans
Rav¡-who1e faba beans plus

raw faba bean hulls
Autoclaved-dehulled faba beans
Autoc laved -whole faba beans
Autoc laved -whole faba beans

plus autoclaved faba bean
hulls

Ðé,t8
397t4

3l+5!l*

u7a*6
456+8

4r!L2

I
8oõfl1
869!9

9Bt3
'7 01*É'
890Jr1

%otL7

9/s
r.ëlfo.oz
2.1)!a.92

2.7 t+!o .ot+

1. óP*9.61
1.9310.04

2.07!O.O5

lThere were 10 replicates of each diet with 5 birds per replicate.
The experiment was initiated when the bir<is were i* days of aEe- and
continued for 2! days. Average initial bírd weight wäs óZtOl8 Sn¡t.

2Neans È SEI!í.

SU\.TqARY OF ANALYS]S OF VARTANCE

Sourc e

l/eight Gain

df I'Gã--F-
Square

Feed ïntake

Tããñ'_F-
Square

Feed: Gain
-TGãñ-_F--
Square

Leve1 of hul
Heat treatment
Level of hu11 x

heat treatment
Eror

Ll+,573 2l**-
68,?76 1r28r'

6,g3r r1**
6a7

99753 82.g**
2 N.S

1695 N.S
LzOl+

2.o7 1e4jÏ
L.87 L75*-

o.37 35**
0.011

2
I
2

54

F*significant at p (o.or.
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heating the hull or protein on a ecual wei6rht basis was made.

The basal diet is shoun in Llateri,als and l.þthods (faUte Z ) .

Four ccmbinations of raw and/or autoclaved faba bean hulls
and protein concentrate were incorporated into four diets
(Tab1e 12). In this experiment heating the protein had no

effect on weight gain. This indicates that heating the pro-

tein fraction has little effect on Leghorn chick growth if the

protein content of the diet is already more than adequate

to support growth. A improvement in weight gain probably

would hêve been seen if the protein content of the diet
was inadeeuate or if broiler chicks were used. There was

a 3/" ímprovenent in feed:gain ratio upon heating the protein

indicating a slightly inproved utilization of the protein
fraction of the faba bean upon heat,ing. Heating the huIl
fraction improved **eight gain an averagè of I2/" and feed:

gain ratio 8f. Heating both hulls and protein had no

significant effect on weíght gain over that obtained.

with heating of the hu11 fraction alone but the feed:gain

ratio was irnproved by an additional 3% (P<0.C5). Trypsin

inhibitor and hemagglutinin activity were zero in the heated

protein dÍets, and higher in the raw protein diet. The

hull inhibitor does not seem to be a trypsin inhibitor,
henagglutinin or other protein since these are denatured with
autoclaving after 20 minutes, whereas rnaxirnum chick growth res-
ponse is not obtained until 30 to ¿|0 minutes of heating. A1so,

there is no hemagglutinin activity in the hut1 (49). The

inhibitor is not vicine, since heating does not affect it,



TABTE 12. Effect
and faba bean

of autoclaving of faba bean
hul1s on growth response in

4o

orotein concentrate
Leghorn chicks. t

Tre a tment Trial 1 Trial 2

Protein conc. IlIe ight
Gain

Feed:
Gain
Ratio

Weight
Gain

Raw

Raw

Auto c laved

Aut oc laved

ê!.n4

Raw

Autoc laved

Raw

Aut oc laved

e/e e

2.33Aa LâB
z.26lb ;1Z;+B

2.L5Èc 1364

2.o9Bd L37A

0.02 L.2

c

6482

668

?z^

73

0.8

lTh""" were 4 replicates of each diet in Trial 1, and 12
replicates in Tria1 2 wíth 10 birds per replicate in each trial .
thå triats were initj,ated when the birds were 5 days of age
ft"iã1-i-ãn¿'iria1 2j anà were continued for 9 da¡'s (lriai 1)
ând ló days (Trial 2). Average inítia1 bird weight was
45.L!O.z g SEI,{.

ZM"an" for each response criteria not sharing a comnron
suoerscript letter within a column were significantly different
at'P <O.Oi (upper case ) or P < 0.05 (lower case ).
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(Tab1e 9) and as indicated previously, the starch fraction
shows no growth inhibition when fed to growing chicks. Since

the major growth inhibiting factor is associated with the

hull fraction, further experíments cn the hul-l- fraction of
the bean were initiated ín an attempt to isolate and

identify thJ.s compound.

lwo experiments were conducted to deternine if the

grorvth inhibiting conpound was concentrated in the water

soluble or insoluble fractíon of the hull , The objective
of the first experiment was to determine if the factor
causing poor utilization of faba beans could be extracted

fronr the hulI with water and to establish the influence of
heat treåtment on the raw and water extracted hu1Is. Four

conbinations of raw end autoclaved faba bean hu1ls, either
non-extracted or extracted were incorporated into four
diets (ÎabIe 4). The results (Îab1e 13) dernonstrate that
both water extraction of hulls and autoclave treatment of
hulls has a narked influence on the nutritional propertíes

of the diets. Chicks fed autoclaved or extracted hull_s as

compared to those fed diets containing raw or non-extracted

hulls had ZL/o greater weight gâins and 5% anå )fr inproveð.

feed:gain ratios, respectively. There was also an inter-
action (P<0.01 ) between extracting and autoclave treatment

with a maximum inprovement. in weight gain of 2J$ occurrlng

with chicks fed diets containing heâted extracted
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hulls as compared to those fed diets containing raw,

non-extracted hulls. Feed utilization irnproved a maximum

of 5,4. The results would suggest that either heat treatment

or water extraction of the hull-s were equally effective in
eliminating the growth depressing factor and that each

treatment singly was alnost as effective as combined ltater

extraction and autoclave treat¡nènt.

Nutrient retention (Tab1e 13 ) increased similarily
when faba bean hul-ls were either autoclaved, extracted with

water or subjected to both treatments. The average percent

increase in nutrient retention in birds fed the three

diets containing processed hu1ls as compared to those fed

raw hulls were: ZAfi for dry matter, l7/" for protein (N x

6.25),If" for fat and 3OOf" for fibre. There was also an

interaction (P<0.01 ) in nutrient retention between

extracting and autoclave treatments.

The trypsin inhibitor and hemagglutini-n activities
of faba bean hulls were either low or zero.

fn the second experiment the water extract from

the faba bean hulls vùere concentrateC, lyophilized and fed

to Leghorn chícks. T\n¡o levels of the extract either raw or

autoclaved were incorporated into basal corn-soybean diets
and were fed along with two control diets (Table 5, 14).

Feeding the raw extract af 4,8/" of the diet significantly
(P<0.01 ) reduced weight eain ß6f"1 and feed:gain ratio
ßS/"1 in chicks compared to those fed the control diets



(?able I4). Autoclaving the extract improved weight gain

anC feed:gain ratio to the sâme values as the controls.

The corresponding decrease in weight 6:ain and feed:gain

ratio for chícks fed the diets containing 2.t+/o exLract as

compared to the control diet was l8 and 8f respectively.

Liver wei6rht decreased L9f, at the 4,8% extract level but

not at the lower level. Pancreas weights in chicks fed the

various diets were not significantly different (P>0.05).

The weight gain of the chicks fed the two control diets was

the same. The feed:gain ratio of the chicks fed the diets

containing lv.8l" add.ed. cellulose wes 5/" greater (P<0.05)

than for chicks fed the control diet containine 4.5/"

added sucrose.

fV. fdentífication of the Growth Inhibitor
ft was hypothesized that the component present in the

hul1s which caused the poor utilization ôf the faba bean

could be a compound known as tannins. The tern rrtânninsrr

covers a large variety of cor:pound s but they can generally

be divided into at l-east two large groups (Figure 1), the

hydrolyzable tannins; which are readily hydrolyzed chenically

or enzymaticalll' ¿n¿ the condensed tannins which are not

readily hydrolyzed and when exposed to acíd conditions or

hydrolysis from trphlobaphinestr , compound s with â deep reddish

color. Hydrolysis of the faba bean water extract at 121c

in 6N HCI produced a deep red compound. A number of compounds
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FIGIIRE 1.

lvoical hvdrolvzable tannin

Tvpical condensed tannin sub-conponents

Flavan-3-o1s Flavan-3, 4 disls
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are knovrn to bind tennins. Some of these compounds are nylont

PVP ( polyvinylpyrolidone ) , polyeth;'rl eneglycol s , and keratin

(l-l). A nunber of cornpounds commonly used in chromatographic

separation were shown in prelir:ninary experinents to be

unsuitable for the separation of the tannins since a dark

oxidized forn of the tannin would bínd irreversibly to the

column resins thereby preventing any further purification of

the growth inhibiting substance.

Two experiments were conducted; a chick feeding

trial and a chromatographic separation to deterrnine if PVP

a compound known to bind tannins (l¡ ) could be utilized

for purification of the growth inhibítor. In the growth

trial (Tab]e 15) the objective was to determÍne if the

growth depressing activity of the water extract of faba

beans could be altered or eli-¡:rinated by the addition to

the diet of PVP and to compare the response from this

treatment wÍth that obtained by autoclaving the water

extraèt. The preparation of the water extract is described

in l,taterials and ltlethods. The basal- diet is shown in Table

3 of lt{,aterials and lt{ethods. PVP addition to the basal diet

and heat treatment improved chick performance and there was

an interaction between level of PVP and type of extract (raw

or heated) added to the diet for weight gain (P(0.01 ) and

feed:gaín ratio (P(,0.01 ). PVP when added to the basal diet,



54

TABLE 15. Chick perforraance when fed diets contåining raw
or heated fabã bean hulI e¡tract with and without
ÞïP iporvvin¡rlpyrolidone ) . 1

Chick Performance
Treatment (additiqns lannin

to basal diets)z Levels Gain Gain I'Ieight Welght
in Diets Ratio

6{o raw extract +'2/o starch

6% raw extract +' I.5/" pvp + o.5/"
star c h

64 heated extract'+ 
2rõ/o stat ch

6fo heated extract +
L.5/" PVP + O.5/"
starch

6.5/. starch + t.51"
PVP ( control )

8/o star ch (control )

SEXr{

L.7!0.2

o. 5J0.1

0

0

0

0

s/E

7.2

3.2

¿.¿

r.8

1.8

r.7
0.1

s/ks e/ke

6.0

o.J

o.t

na

7.3

o.ö

0.2

30

3at3

Jo

39

38

1

?l2L

3l+

33

u.>

lIrriti"l average bird weight $ras 4&.6b.1gSE¡Í. fhe nunber
of birds per pen was 5, erith 4 pens per treatment. ¿see

l4aterials- and- I,iethods and Table 3 for data on prepâration of
diets. faba bean hul1 extracts and assay procedures. The
perceát protein (Nx6.25 ) * ssl,f of the diets conta5.ning raw
èxtract, raw extract plus PVP, heated extract, heated extract
+ PvP. ÉvP' and no adäitions were:. 2l .l+tri zz'oxo'Lt 22'Lxo'2t
zf.¡-ó.1 aáa zt.4+0.1 respectively. The proximate analyses of
othãr ingredients were allered in proportion to amount of PVP,
starch oi faba bean extract added to the diet. The average
percent proximate analysis i SEÌ,f of the raw extract were: dry .
matter. öz.Oto.l; protäin (Nx6.2l), 9.8Èo.r; fat (ether extract),
o.26to.Lt crude iibre, 0.0; and ash 15.7*0.1 respectively- Al1
values répresent average f SEII{ of duplicate analyses.

Cont rd
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TABLE 15 contrd.

SUIjT',:ARY OF A}IALYSTS OF VARTANCE

Source df !{eight Feed: Liver Pancreas
Gain Gain !,Ieight l'ieight

I;Ie an F l''ie an F ]tiean F l{ean F
Square Square Scuare Square

Heat
treat-;;;;- z L?a6g 3ozx" io 117** Ð r8** z L* 1,,,,.,

PVP- iårr"r r 6240 4o** 12 !6r'* 10 3 I 2 t 
;

Inter-
action 2 2t+9r L6 10 39 11 3 .O3 .06

Error 18 L56 0.25 3

*-P <0.01
*P < 0.05
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overcame 26/" of the growth inhibition of the rew extract
r,vhile autoclave tre¿tnent of the extract overceme 51r,fr of
the growth inhibition. A cornbination of heat treatment and

PVP additions to the basal diet, which provided nraximum

improvenents, overcanie 92/" of the growth depressi.ng effect
of the râw extract when cornpared to the control diet. PVP

alone in a. control diet did not affect weight gain. The

pattern of response in feed:gain ratio for chicks fed

autoclaved as compared to those fed the raw extract or

the diets with PVP additions was similar to that observed

'for weight gain. Liver size was reduced (e(0.01 when

chicks were fed an autoclaved extract as compared to a raw

extract but was not affected by PVP additions to the basal

diet. Pancreas weight r"¡a s not affected by any of the

treetrûents (P> O.05 ).

Trypsin inhíbitor and hemagglutinin activities in
the raw and autoclaved extracts r,^rere zero.

fn the second experiment a large column was packed

with insoluble PVP. A water extract of faba bean hulls was

separâted into two fractions; a soluble fraction which could

be removed after prolonged elution with v{ater ând a bound

fraction which could only be removed from the PVP by eluting
with 0.2N Na0H. Although this technique fractÍonated the

wâter extrect it was abandoned since the high pH needed to

remove the bóund fraction resulted in the production of
chemically modified compounds. The procedure did however
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dereonstrate that PVP could effectively bind afl of the

tannin conponents from a water extract of faba bean hulls.

i/. Concentration of the Growth Ïnhíbitor

The lyophilized water extrect of faba bean hu1ls

was partielly purified following acetone fractionation.

Four acetone fractions were prepared as described in

l¡¿terials and lr{ethods. They were: (1) a fraction j-nsol-

uble in lvater. The components of this fracti-on constituted

materíaI that was originally soluble in vrater (during the

original extraction procedure ) but rendered insoluble in

the drying process; (2) a fraction that was soluble in

water but insoluble Ln 75:25 acetone-water solution; (3 )

a fraction soluble ín 75:25 acetone-v{ater solution but

insoluble in 90:10 acetone-water solution, and (4) a

fraction soluble in a 90:I0 acetone-vteter solution. Each

fraction was incorporated into a basal diet (Table 1, Itlater-

ials and l'{ethods) 1n proportion to the amounts isolated front

the water extract (Tabfe 16). The results demonstrate that

nearly all of the growth j-nhibition was associated with the

diets containing the unfractionated water extract and the

90:10 acetone-water supernatant fraction. The above two

díets were the only diets that contained a significant

emount of condensed tennins. Feed:gain ratio was affected

in a rnanner siniler to that observed for weight gain.

tone -tla te r
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TABLE 16. Growth depressing effects cf certaín acetone-wa-r,er
fractions prepared., fron a wâter extract of faba bean hulls
when fed to chicks'

Chick Performance

Additions to^
basal diet¿

Level of Dietary
added Tannins

Fractíons

Vieight Feed: Gain
Gain Ratio

f"

Control diet (ba sat
+ 8Ø starch ) o

lJater extract 7

fnsoluble precipit¿te 0.8

Acetone, 75/o precípitate 2.1

Acetone, 75-90f"
precipitate I.5

Acetone, POf supernatant 4.3

SET{

f"

010.0

2.l+t1.2

0.1+0.0

0.010.0

o.02t0. o

2.8:-O.2

uoà3 l.Bc

lc 3O.7b

39â t.8c

39" 1.8-

3Lb l.gc
Lc rr.&a

E/s

1A complete randomized design involving 6 treatments with 4
replicates of birds each was employed. The experiment was
initiated when the birds were 4 days of age and was ternrinated
6 days later.

2The total additions to the basâI diet (given above ) was 8/",
The percent protein (l¡x6.25) + selt of the diéts containing added
starõh only (control); wate-r extract, insoluble precípi\ate, 7 5/o
acetone precipitate , 7 5-9Oo/" acetone precípitate , and 90% acetone
supernatãnt wère: 21 .4i0.1, 22.l-t}.2, 21.8+0.2, 2L.5tO.L,
2l.2l}.I and 2]-.)t.2. The levels of other dietary components
ïrere not affected by the additions to the basal diet. Ïhe
averase percent values for al-I diets ú SEI.Í were: dry natter
91 .5rÕ.Ij fat (ether extract), 6.6+0.1; crude fiber, 3.2+0.1;
and ash, 7.OtO.2. See lr{aterials and l{ethods for further details
on preparation of diets, preparation of the Cifferent fractions
from faba bean hull-s, and assay procedures.

31q""r," for each velue not sharing a common superscript were
different at P(0.01 .
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LH-20 Sèphadex ChromatoErephy of the Faba Eean Hul-l Extract

The objective of this experiment wes to determine if

the grow'uh inhibitor in the 90:10 acetone-water soluble

fraetion prepared frorn a water extract of hul-ls could be

further purified using LH-2C Sephadex chromatography. A

fraction soluble in 90:10 acetone-wåter wes prepared as in

I{aterials and llethods, Upon eppl-yíng this fraction to a

Sephadex LH-20 column two major fracticns were eluted,

fraction A (Iow molecular weight polyphenolics) and fraction

B (condensed tannins ). These tuo fractions plus the nater-

ia1 insoluble in 90:10 acetone-water plus the orlginal

acetone-vùater (90:10) soluble fraction (cornposed of A & B)

were incroporated into basal diets (Table l) and were fed

to Leghorn male chicks. The levels of the various frac-

tions added to the diets were proportional to the amounts

isolated from the hul1s (TåbI e L7). Chicks fed the diets

containing purified condensed tannins (fraction B) or the

90:10 acetone-water soluble material (eoncentrated tannins

containing A and B) either lost weight or grew slowly. As

a consequence, the efficiency of feed utilization was

depressed when compared to that of birds fed the control

diet,. The perforrnance of birds fed the basal diet that

contained the insotuble acetone precipitate (which probably

contained insoluble conplexed condensed tannins ) also had

reduced weight gains (25%, P<0.01 ) and feed:gain ratios
(Ztf", p<0.01 ) as compared to the contr.ol birds. Feed
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intake in this case, however, was not affected (P> 0.05).

Fraction A (from LH-20 cofumn) included in a basal diet

reduced feed intake vafues by L5/" (P< 0'05) and weight gai'ns

by 16%, (P<0.01 ). FeeC:gain ratios, in contrast were the

same as the control group (P)0.05).

Nutrient retention in chicks was elso markedly

influenced by the nature of the diet the chicks were fed

(raUte :-7). The chicks fed the diets containing the con-

densed tannins as conpared to those fed the conlrol diet

had decreased dry matter, protein (N x 6.25) and anino acid

retention. The chicks fed the diet with 3.9/" added fraction

E (pure condensed tannin separated on the Sephadex LH-20

colunnn) retained ?2/o Less dry matter' 85% Iess protein (N x

6.251, and. 27% less amino acids. In contrest, fat (ether

extract) retention increased by 2?/,. Chicks fed the acetone

insoluble form of condensed tannin, possibly a protein

tannin complex, had dry matter, protein (N x 6.25)and

amino acid retentions of 16, 3I and I3/" Less, and fat (ether

extract ) retentlon of I5/" more than those obtained with the

control birds. Amino acid, fat (crude fibre ), protein (N x

6,25) and dry astter retention in chicks fed diets

containing the 1ow molecular weight conponents (fraction A)

were either the sane or only slightly lower than the values

obtained for the bírds fed the control diet. The crude fibre

retentions were negative for alL treatment groups except

those fed the control diet. There were also differences
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in the retention of individual amino acids (P(.c.0I). The

values, for all diets, ranged fron a high of 85 -L arÈ 84.2/"

for arginine and glutamic acid to a low of ?5-6 anð' 65.2/"

respectively for proline and threonine. The average re-

tentíon of lysine and methionine, two potentially limiting

amino acids, were 79.? and 77.9/" resPectively. There was

no interaction between amino acid retention and diet at the

5/" leveL of probability indicating that condensed tannins

affected the availabilities of all amino acids to a similar

degree.

Analytical Resolution of Tannin and Non-Tannin Components

The large scale preparative isolation of condensed

tannins which was outlined in l'iaterials and liethods, yielded

two distinct fractions, A and B. The effectiveness of the

preparative colunn in resolving the Iow molecular weÍght

components (fraction A) from the higher nol-ecular weight

tannin conponents (fraction B) was demonstrated when these

fractions were subjected to rechromatography on an analytical

scale (see Materials and l"lethods). A typical chromatogram

for the separation on this låtter column of the 90:10 acetone-

water fraction, together with rechronatography of fractions

A and B (¡'ig. Z) demonstrated that fractions A and B yielded

only single peaks when re chromatographed and that the 90:10
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ecetone-water fraction could be resolved into fractions A

and B. The relative amounts of conponents A and E, as

estinated from absorbancy values and dry måtter recoveries

fror¡ the colurnn were 25'fr and ?5f" respectively.

Chemical Charac terí zatÍon of Fraction A and E Eluted from
thã Sèphadex LH-20 Colwnn

. In order to establish the nature of the comPonents

isolated from the column further chemical characteri zation

was carried out. An absorption spectrum of the two com-

ponents (Fig. 3) demonstrates thet the two fracticns had

different spectras and absorption maxima ín both acidic

and basic solutions. A series of tests were conducted to

establish the relative concentrations of condensed tannins

in the two fractions. The results of these tests which are

summarized in Table 18 demonstrated that fraction A did not

contain åny component that gave a positive condensed tannin

test vrhereas fraction B did. These tests included preci-

pitation of ferric chloride, precipitation of gelatin,

inactivation of lactate dehydrogenase activitV a1d a posi-

tive vanillin-hydrochloric acid test. fn this latter test'

the color intensity of fraction B was 1.5 fold greater than

that of the reference standard, catechin (from Signa ).

Fraction B which is of a similer degree of purity as the

condensed tannin obtained by Strurne¡'er and l"lalin (6ó) from

sorghum grain was therefore used as the new standard and

assigned a value of being 100d, condensed tannins.
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TAELE 18. Properties of fraction A and B.

Property or Test Fraction A. Fraction B

Solubility: Soluble

lnsolub I e

Amino acid content

Ferric chl-oride in H20

Gelatin

Activity of lactate
d ehydrogena se

Absorption (maxima of
distinct peaks:

in basic or neutral
soluti ons

in acidic solutions

Color of aqueous solutlons
Âcidic solution
Basic solut ion

Reversibility of color
change with pH

Two dimensional paper
c hromatography

Condensed tannín }eve1
(vanillin-HCltest)

Hzo

a1c ohol

3.o/"

green solution

no precipitate

no effect

pale yellow
deep yellow

reversibl- e

discreate spots

o/,

Heo

a1c ohol

acetone

ether

O.L/"

black precipitate
precipitated

inhibition

pale tan
reddish brown

rever sible

indiscreate band

LOO/"

350 nm
278 nn

405 nn
272 rm
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The concentration of total amino acid in fraction A

was 3.O% of the total sample. The principle amino acid was

dihydroxyphenyl alanine, I.2fi. Fraction E contained only

a trace of amino acids (0.02f") ana gave only a slightly
positive ninhydrin test.

Two dirnensionel thin layer chromatography of the

three fractions was also carried out (Fig. ln, 5, 6\. A

chromatogram of the 90:.10 acetone-v'rater soluble fraction

of the water extract of faba bean hulls is shown in

Figure l¡. Thi-s chromatogram shows sititpler phenolic com-

pounds as unshaded areas and tannin-like substances in

the cross-thatched âreas. The fact that chromatography

on Sephadex LH-20 had acconplished e clean separation

between simpler phenolics and tannins is demonstrated

by Figure 5 which shows the sirnpler phenolic coltpcunds

and Figure 6 which shows tannins, The indivídual

conponents in fraction A have not been identified except

that two or three of the spots may be phenolic amino acids,

including the amino acid, dihydroxyphenyl alanine. Pre-

liminary studies on the nature and chemical structure of

the condensed tannins (fraction B) has indicated that two

of the subunits are delphinidin and cyanidin. Tannic acid
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(gallic acid ) a constituent of the hydroyzable tannins (43 )

was not identified in any of the faba bean hull fractions
or in acid hydrolysates thereof. The amino acid compo-

sition cf fraction A and B, along with the fractj-on solu-

b1e and insoluble in 90:10 ecetone-water are shown in Table

L9. Fraction Â contains most of the anino acid with only

trace anounts, except DOPA in fraction E. I.tost of the amino

acids precipitated out of solution with the 90:10 water-

acetone insoluble fraction.

Vff. Cultívar Comparison

Although different local cultivars demonstratêd

almost identical tannin leveLs (table 20), it was suspected

that tannin levels were effected by cultivar differences,
growing conditions and the age and storage condition of the

bean. Harris et a1 (28) have shown that bagging of the

panicles at míd-anthesis reduced tannin content and the

brown color, and significantly increased dry matter diges-

tibility. The effect of age on the measurable tannins in
the bean is shown in lab1e 21 . Analyzing three cultivars
stored over three years from the same location demonstrated

that tannin levels decreased significantly upon storage.

The average decrease over a two year period was 39/o as

measured by the vanillin - hydrochlorÍc acid method (10)

of Burns. The meximum decrease of the varieties tested was

46/" for the cultivar Hertz-Freya. fn another study condensed



TAELE l-9. Amino acid analysis
Sephadex LH-20 colurnn and
fractions.

IL

of fraction A and B from
9O/o acelone soluble and insoluble

Amino Acid Fraction A Fraction E 9A,4 90%
SolubIe Insoluble

Lysine

Histi-dine

Ammonia

Arginine

Aspartic ac id

Thre o nine

Se rine

Glutamic ac id

Pr ol ine

Glyc ine

Alanine

Cyst ine

VaIine

Methionine

lsole uc i ne

Leuc ine

Tyro s ine

Phenylaa nine

ÐÐPA

TOTAL (without
amnonia )

.v¿)

.00&

o.768

0.218

0.252

0 .163

0.049

0.098

0.10ó

0.108

0.161

o.L79

0.020

o.207

o.062

0.080

0.130

L.L65

3.o25

0.004

0.001

0. c19

0.003

.o09

.002

.001

.009

.008

.002

.002

.003

.002

.003

.003

.o2t

.o75

.007

.002

V. High

0.049

0.118

0.0t+2

0.019

0.04r

4.o32

0.03 0

o.o32

o.u+2

0.006

o.o57

0.016

0 .021

o.o32

0.502

I .0t+8

0 .1có

0.045

0.565

0.816

o.055

o.L25

0.164

L.33C

o.239

o.355

o.287

0.112

0.015

0.068

o. o5o

o.o5r

0.039

2.255

6.rrz

Results in l" A.A.



TAELE 20. Condensed tannin levels of faba bean cul_tivars
grov/n 1n the same year and location.l

Cult ivar Condensed tannins
in hull t sel,:.2

Ac ker perl e

Eell-

BIue Rock

Ðiana

Erford ia

Foe c nevyj e

Herra

Kle inkornige

ltlale s

Average

(/"1

l+ .7:O.L
+

L+.3:O.I

4.3-C. r
4.6+0.1

4.1to.r
l*.0+0.1

4.2!o.L

i.zJo.r
l+ . 2*o .1

tr 3to.2

1-Analysis of each cultivar
value obtained from each of síx
Ilianitoba and Saskatchewan. The
in the sutnmer of 1972.

represent the average
separate locations in
faba beans h¡ere groh¡n

]ttean + SEtr{ of ouadruplicate sanples fron: each ofthe 6 locations.
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TAELE 21 . Effect of aae of faba beans on condensed tannin
levels in the hulld.

Culti var Year
Grcwn

Location Percent
Hul-1

Percent
Tannin -
ín Hutll

Diana

Diana

Hertz-freya

Acker pe 11e

r973

L97t+

r975

Ly/4

r975

L97t+

t975

I97l+

L97 5

tr{a nitoba

Iia nito ba

l'ianit oba

Fredrícton

Fredr ic t on

Fredri c t on

Fredri c ton

Fredric t on

Fredric t on

13 .810. r
13 .4JO .4

L2.6tO.2

L2.5ts.3

t2.2!O

13 .6!0.2

13.3+0.1

L3 .5ro.2

12 . 1t0 .3

1.?910.1

2.9?!O .Z

l.34jo.r

2 . 0610 .1

I .40t0.4

1 . gOtO .1

3 .5+to.t

2.8!*6.1

L .2OtA .5

ll,iean f SE of quadruplicete testa and duplicate condensed
tannin values.



t4

tannj-n levels i.n several cultivars of fabe beans were compared

(fa¡te ZZ). The varieties Kodrim, Fidrim and lriple V'lhite

were all found to contai.n no neasurable tannins. The seed

coats of these three 1'arieties were all white.
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ÐISCUSSTON

The advantages of faba beans as a protein crop are

inpressive. They are high yietding and well adapted to the

noister cereal growing areas of canada (23 )' The beans are

frost tolerant in spring and grow rapidly even under cool

conditions. They grolr approxinately I neter in height and

have excellent strar'¡ strength pernitting straight conblning'

They exceed the cereal crops in protein content and are much

higher 1n the essential a¡rino acid lysine. They have rela-

tlvely good netabolizàble energy values and they can be

readily dehulled which increases both netabolizable energy

and protein content. The huI1 byproduct can be fed as a

roughage to ruminant aninals with little deleterious

effeet (20),

Faba beans though high ín protein are low in the

sulfur anino acids. lhey are also low 1n ¡aetabolízable

energy coúpared to cereal crops and have antÍ-nutritional
factor (s) which decreased their utitization. The nutri-
tlonal quallty of faba beans, however, can be narkedly

lmproved by processing and by supplenent ing faba bean con-

talniúg dlets with methionine. The requirement for methi-

onine nay be heightened due to the inhibiting conponents in
faba beans. If the action of tannins in the intestinal
tract of chj.ckens is sinilar Èo gro!ùth inhibitors in soybeans
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it is likely that raw faba beans caused an increased

secretion of proteolytic enzymes into the intestinal tract
which would cause a increased demand for nethionine for the

production of pancreatic enzymes. Methionine depletion due

to its use as a r¡ethyl donor for the detoxification of the

netabolites of tannic acid, pyrocatechol and pyrogallol ,

could also increase the demand for nethionine if tannic

acld or si¡rilar hydrolyzable tannins vrere present in the

feed (5ó). TannÍc acid yields ga11íc acid and glucose upon

hydrolysis, neither of which were found upon hydrolysis of

extracted faba bean tannins followed by sepâration on

chromatographic paper. Many authors use tannic acid as a

model for all tannlns and conpare directly the results of
feedlng a high tannj.n grain or legume with feeding tannic

acid. Since the graj"n or legume nay not contaln hydro-

lyzable tanninns (Ilke t'annic acid ) but like faba beans

contain condensed tannins, this kind of comparison is very

llnlted and nÍsleading in its interpetation.
Heatlng the faba beans before they are nixed into

chick diets enhances t'heir utilization. The effect ls quj.te

dependent on the method of heating and particularily on the

noisture levels. Autoclaving and extrudlng are the nost

effective heating proc€sses for inproving the nutritional
quallty of faba beans. It has been shown that the effect of

heating is not due to increased digestibility of the starch

conponent due to its gelatinization. Autoclaving and ex-

trudlng the bean before being nfxed into a chick diet give
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slnilêr chick growth rates yet onLy extruding increases the

degree that starch is geratiniz e d ' Heating (autoclaving

1210 ) has a more pronounced effect on the utilization of

faba beans as the hull content increases. Yet the dehulled

bean shows a significant inprovenent in quality upon heating.

It, therefore, seems that at least one-ha1f of the improved nutri-

tional qualíty of the faba bean for growing chicks is associ-

ated with the destruction of factors in the cotyledon portion

of the bean. Within the cotyledon it would âppear that Èhe

growth inhibiting factor is concentrated 1n the protein as

conpared to the stareh fraction. the renaining one half of

the total growth inhibitÍng potentíal of faba beans is associ-

ated vrith the hu1l portion of the bean, a fraction which

comprises approximately Df, of the total bean.

The biological utÍlization of protein depends upon

factors such as protein content' protein quality and protein

digestibílity. These factors are influenced by aloino acid

content, the presence of enzyne resistant peptides and

enzyme-inhibiting substancesr and the structural features

and anino acid sequence of proteins (35). I'aba bean protein

quantity and quality seen to be adequate for growing chicks

if the dlets are supplemented with the essential amino acid

nethionine. It, therefore r seems líkely that the inproved

nutritive value obtained wlth feeding heated dehulled faba

beans is due to improved protein digestibility. This in-

proved digestÍbilíty may be due to a increased arsíno acid

avallability. Kakade (35) states that nprotein hydroJ-ysis

rJ,
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is considerably affected by its tertiary structurett. Any

change in this structure through denaturing agents such as

heat which would expose enzyme- susceptible bonds would result

in an increased rate of protein hydrolysis. Faba beans and

soybeans react sinilarÍIy to heating in that the prot'ein

retention is increased probably due to increased digestibi-

lity. Studies done on soybean digestibility may be relevant

to faba bean dlgestibility. ft has been shown (69) wftfr

so1r6".rr" that heating 5.nproves the digestibility Zjy'o, and

this increase takes place beyond the duodenun. Using 14g

labelled casein (68) it has been shown that most of the.

difference in digestion occurs in the jejunurn and ileun and

the undigested protein is of dietary origin. Glick (26-27)

on the other hand, feedlng tannic acid to chícks and using

14c l.b"u"d casein, reported that nost of the increased

proteln excreted was of endogenous origin. This study was

not extensive. There was much variability in the results'

therefore the concluslons nay not be valid. Also the authors

enployed tannic acid as a standard rather than condensed

tsnnins.

the presence of known growth lnhibiting substances

Ín the faba bean protein has been shown ( t+8, \9, ?81 . It
is knovrn that the cotyledon contains trypsin inhiblting

conpounds and henagglutinins. Trypsin inhibitors inhibít
trypsin production causing a lnereased secretion of trypsin

as well as decreased protein dlgestfon. Hernagglutini"ns are

substances which are thought to co¡abine with the gut vrall
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lining ¿nd al-ter the absorption of certein components across

the ceIl waIls. Since it has been shov,rn that maximum growth

in chicks occurs after lC minutes of autoclaving and these

components are cornpletely inactivated after 10 and 20 ¡irinutes

of autoclaving it seens unl-ikeIy thet they are responsible for
any growth inhibition ín the protein fraction of the faba

bean. The protein portion of the bean may also contain tannin

coÌnponents whose inactivation upon heating is resposible for
the improved nutritional quality of the protein. Thís is
difficult to determine since the protein interferes with
most tannin deterninations.

The positive effect upon chick grovlth with heating of
faba bean protein isolate before being added to a diet seems

to be quite dependent on protein level in the diet and on the

breed of the experimental chick. Heating the protein did not

increase growth and only improved feed:gain ratio 3% when the

chj.cks used in the experirnent vrere male Leghorns and the pro-

tein levels were above adequête. I'{uc h lerger differences
in weight gain and feed efficiency were observed when

broiler chicks were fed heated dehulled bean as compered to

raw dehulled bean. These differences were much greater,
probably since broiler chicks were used and protein levels
grere not excessive. Since broiler chicks groïr åt approxi-

rnately twice the rate of Leghorns in the first weeks of l_ife,
any inprovement in rate of digestion of the protein would be

nagnified in regard to weight gaÍn and to a less extent with
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feed efficiency, with the broiler compared to the Leghorn

chick,

'/icine, a conpound known to be present in faba beans

and possibly associetêd with favisn in hurnans, is not

destroyed when faba beans are autoclaved for 4C rninutes or

when the beans are extruded 152ö. Therefore, vicine

destruction is not a factor responsible for improved

utilization of faba beans due to heat treatnnent.

Chicks fed dehulled as compared to whole faba beans

have markedly i.mproved weight gain and reduced feed:gai-n

ratios. fncreasing the level of hulls in the diet has the

opposite effect. Heating the faba bean diets which had added

faba bean hulls had a much greâter 
. 
improvement cn chick growth

and feed efficiency than heating a dehulled. faba bean fraction.
Extracting the hu1ls with water before being added to a basal

diet gives sinrilar results as heat treatment of the hul-ls in
regard to chick growth response. A co¡rbinâtion of extraction
and heating, however, doesnrt significantly improve chÍck

growth response above that obtained vrith either treåtnent

singJ-y. The resuLts of feeding trial-s with dried water

extracts obtained fro¡r faba bean hulls were consistent with

the above observations. The incorporation of the v,rater extract
into a basal chick diet resulted in dramatic decreases in
weight gains and efficiency of feed utilízation. The resul-ts

suggested that the hu1l portion of faba beans, which accounts

for approximetely 5Cf" of the total grol,rth inhibiting potential
in faba beans, conteins a inhibitor th¿t is water extractabfe,
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heat labile and is bound b;,i PVP. Heat tr:eatj-ng the water

extrect before being added to the basaL diet or the addition

of PVP ( polyvinylp¡rrolidone ) to the diet decreases the growth

retarciing effect and a conrbination of the two eliminates

most of the inhibition. Heat treetment of the extrect

doesntt overcome all the inhibiting effect. This is probably

due to either insufficient protein in the extract for the

bÍnding of the tannin inhibitor or vith a high concentration

of inhibitor it takes longer for all the inhibitor to
inactj.vate. Prolonged heating lvould have shown a greater

effect on chick growth response. PVP is a compound which

is known to bind condensed tanníns (l+2). ln an Itin vitrorr

study using PVP as the packing material in a chiomatography

column aLl of the condensed tannins were renoved from a water

extract of the hulls. Therefore the reâson that the PVP

didnrt completely alleviate the poor Eirolvth response upon

feeding the water extract is probably due to the low level

added in the diet.
Acetone fraetionation was determined to be a good

method for the concentration and purification of the tannins

from the water extract of .the faba bean hulls. Most of the

growth inhibiti-ng tannin components were soluble in 90%

acetone , !O/o water. The âcetonê fractionatíon procedure was

pårticularily effective in that it not only increased the

concentration of the inhibitor but also elininated a readily
oxidizable component from the extract which interfered with

any subsequent purification steps. Elution on a Sephadex
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LH-20 chromatography column similar to the method used by

Struyrne,ver and l.ialin (ó6 ) separated the !O: lC acetone-water

soluble fraction into two further fractions. The first peak

eluted wilh 95% ethenol contained 1ow molecular weight poly-

phenolic substance and some amino acids. The second peak

eluted wíLh 5C/" acetone contained relatively pu:re condensed

tannins .

Upon feeding these fractions to Leghorn chicks in
a basal diet ít was found that most of the inhibition of
growth was associated with the originaL water extract, the

Ç0:10 acetone soluble fraction and the second fract j-on off
the LH-20 frection (fraction B). The first LH-20 fraction
also depressed growth in chicks but to a much smaller degree,

This effect may be associated with the astringent taste of

this fraction since feed intake was reduced but there was

no decrease in feed efficiency. îhis fraction may contåin

compounds which are sinilar to ethyl acetate so1uble,

astringent phenolic compounds reported to be present in
carobs (69). Chicks fed the fraction not soluble in the

90:10 also had reduced weight gains. However, i-n contrast

with the effects observed for fraction B, feed intake levels
r'rere the same as the control birds but efficiency of feed

utilization was depressed. Fraction B, when incorporated into
a diet and fed to chicks reduced both feed intâke and feed

efficiency which resulted in markedl¡r reduced weight gains.

The decreased efficiencies of feed utilization are
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the result of decreased nutrient retentions. Nutrient

retentions were similer for fraction E and fcr the insoluble

fraction (not soluble in 90:10 acetone-r¡,ater but originalll'
soluble in water) but d.iffered frorn the non-tannin fraction
(A). The insotuble fraction ís thought to be made up of a

tannin-protein compl-ex which though insolubl-e in 9A/" acetone

still is a reactive inhibitor, possibly due to the presence

of free protein binding sites. The tannin containing frac-
tions reduced dry matter, protei-n, amino acid and crude fibre
(negative val-ues ) and elevated fat retention in chicks. The

non-tannin fraction (A) had no effect on nutrient retention
compared to a control diet. The negative fibre retention
value s obtained when tannins -vr-er e íncorporated into a basal

diet indicate that chicks fed these diets were excreti-ng a
greater content of crude fibre than they were consuming.

Studies on the nature of the fibre fraction in the excreta

of birds fed a basal diet and a basaL diet plus added tannins

denonstrated that the portion of the lignin as compared to

cellulose $/as much higher in those bírds fed the latter diet.
These observations and the fact that tannins will interact
!,rith certain proteins lo form highly stable conplexes (2p,

30, 76l- would suggest that an additional apparent fibre compo-

nent is found in the ga strointe st inaL tract of chicks fed

condensed tannins and that this component, which is probably

a tånnin-protein complex comprises part of the fibre fraction.
As a result the apparent fibre content is elevated.
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Feeding tannins l-eads to 1ow energy conversion, low

digestibility of organic material and excretion of high

levels of nit,orgen (l+2). Non-specific bindíng probabl-y

accounts for a high inhibitor effect of free tannins on

digestive enzymes. Part of the high nitrogen excreti-on may

be endogenous enzyme protein sini-lar to the resul-ts of
Glick and Joslyn (27). Most of the undigested protein

excreted from chicks fed raw hulled faba beans is probably

of dietary origin similar to results reported for the

feeding of raw soybean (68).

Schingoether (60) has reported con:pound s of less than

J,000 molecular weight and probably mostty between 1,500 to 800

molecular weight cause possibLV 6Of" of the growth inhibítion
of raw soybean. these compounds seem to have similar pro-

perties to the toxic constituents in faba beans since both

seen to prevent the absorption of protein in the intestinal
tract. Heated and raw soybeans have similar digestion
patterns in the duode.num but net åbsorption beyond the

duodenum is 2A/, lower for raw soybean fed chicks compared to
heated 

"oyb""., 
fed chicks. This may be si¡ni1ar to the

absorption of proteins in the chick when raw whole faba beans

are fed. ït is knoi'rn thât tannins can combine with protein

reversibly by hydrogen binding or irreversÍb1y by oxidation

of the phenols to quinones followed by covalent condensation

ånd poLymerization (42). They can therefore form strong bonds

with any protein and form relatively insoluble, indigestible
c omplexe s .
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There are two connon tannin phenolics known, conCensed

tênnj,ns and hydrolyzable tannins. The flavanoid type or con-

denseC tannin contains phenolic hl'droxyl €iroups as reactive

h.rrdroxyl groups elso contain carboxyl reactive groups. The

binding of tennins consists largely of hydrogen bonC for-
mation between the phenollc hydroxyl group of the tannÍn and

the carbon¡rl groups of the protein peptide bonds with the bond

between the oxygen of the carbonJ¡I group and the tannin

supplyíng the hydrogen molecule (lr2). Condensed tannin

Ínhibition of trypsin, d. -am]¡lase and lipase was deternined

and it was found to change V*.* of crystalline trypsin and

ot-anylase indicating non-competitive reaction kínetics (70).

ft has been reported that certain amino acj-ds na¡relu proline,

glycine and glutaroic acid have specific detoxifying effects on

tannins due to selective bíndin6r of these amino acids (13 ).

This does not agree with the present data that all amino

acid retentions were a6Sgected to a similar degree by faba

bean tannins.

The faba beans tested contained only condensed tannins.

The condensed tannins and the corresponding low ¡nolecular

weight conponents obtained from the acetone-w¿ter soluble

chronatography were partially characterized. The identÍty

of the descrete compound s of fraction A were not established

except that two components were phenolic a¡nino acids, one

which was dehydroxyphenyl alanine and the other tyrosine.



The identity of sone of the components of the faba bean

tennin (fraction B) were investigated. It is known that

chemical treetment will convert structurel units of condensed

tannin molecules into red-purple colored anthocyanidin pig-

ments. In the case of faba bean tannins, four pigments have

been ísolated and two of these have been iCentified as being

delphinidin ( 3, 5, 7, 3r, 4r Hexahydroxyflavylium chl-oride)

and cyanidin ( 3, 3t, l+t, 5, 7 -Pentahydroxyflavylium ) .

Purified condensed tannins do noN contain any anino acids

which would suggest that its structure has not been modified

because of an interaction with protein. It has been demon-

strated that galJ-ic acid which is a product of the hydro-

lyzable tennins is not present in the faba bean tannins.

The properties of faba bean condensed tannins as obtained

in this study are similer in many respects to those reported

by Strumeyer and Malin (6ó).

Cultivar and the length of tinìe the faba bean has

been stored have an effect on the amount of measureable

tannin material present. Prolonged storage of the bean

assocÍated with ripening and darkeni.ng of the bean markedly

decreases the araount of rneasureabLe tannins. 0f the cultivars
tested in this study at least three had no measureable

tannin levels. These varieties were white flowered and light
seeded and yielded a non colored water extract. They were

sÍmilar in properties to those reported by Eond (8) which

lrre re shovùn rrin vitro?r studies to be more highly digestible
than the high tannin dark colored varieties.

87
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