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oligosporus or Lactobacillus sanfrancisco. No improvement in body weights was noted until a decrease
of 25% in supplemental methionine was instituted as in Experiment 6. The amino acid analyses
revealed increases in all essential amino acids but the largest increase was in methionine. Fermentation
with R. oligosporus also improved feed-to-gain ratios.
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ABSTRACT

Rhizopus oligosporus was treated with Seleno-L-ethionine to
produce spontaneous mutants capable of producing excess methionine.
The mutant and wild type R. oligosporus were then used to ferment
faba beans (Vicia faba), which were incorporated into diets defi-
cient in methionine. The body weights of chicks fed the mutant
R. oligosporus inoculated faba beans (MRIFB) diets did not have
improved growth over the chicks fed the wild type R. oligosporus
inoculated faba beans (RIFB), (Experiments 1 through 3). In Ex-
periments 4, 5 and 6, the faba beans were fermented with either
wild type R. oligosporus or Lactobacillus sanfrancisco. No
improvement in body weights was noted until a decrease of 25% in
supplemental methionine was instituted as in Experiment 6. The
_amino acid analyses revealed increases in all essential amino
acids but the largest increase was in methionine. TFermentation
‘with R. oligosporus also improved feed-to-gain ratios.




I. INTRODUCTION

._Protein Ealorie malnutrition contributes to the poor health and
death of many children ana adults iﬁ third world countries. High
quality pfotein is the limiting factor for an adequate diet in more
than one—half the.world, where the average consumption of protein is
approximately two-thirdé of the amount required daily for growth and
maintenance of bodily functions.

The major caloric sources of third world countfies are cereal
grains; that have 1esslthan a full complemeﬁt of amino acids thus
contributing to a low quality diet. Methionine and lysine are the
first limiting'essentiél'amino acids in legumes and cereal grains,
respectively.2 In order to obtain a high quality protein ‘diet, these
amino acids must be incorporated into‘the'basic-everyday diet of a
population. _

Fermenting foods with mutant.microorganisms such as R. oligosporus

and L. sanfrancisco which may be capable of excreting specific essen-

tial amino acid(s) is one method for improving the protein quality of

foods. Fermentation with R. oligosporus causes nutritional improve-

ments through increases in several B vitamins including vitamin B—12.3

A higher ratio of total essential to total nonessential amino acidé4
and antibiotic activity is noted in both R. oligosporus and L. sanfran-

cisco fermentations.4o’67
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Tempeh, prepared by fermenting soybeans with Rhizopus oligosporué

is a main staple food in the diets of Indonesians, and is an example
of the above mentioneq nutritional improvements created by fermenta-
tion. Although tempeh is generally prepared from soybeans, it can be
produced from other grains and legumes such as rice, wheat,‘bapley and
faba beans (Vicia faba). . |

Faba beans have an éverage crude'proteiﬁ content of 29 perceﬁt

compared to soybeans at 44 perceﬁt.5 Faba beans have an agronomic
advantage in the ﬁorth over soybeans in that tﬁey are well ‘adapted to
the cool, shortvgeasons, typical to those of Canada and Montana. The
high cost of transportation along with the increasing price of soybeans
has implicated_the need‘for alternative high proteiﬁ érops in a?eas
where soybeans cannot be produced. Although faba beans have been used
'to make tempeh, their taste and grayish appearance are unappealing to.
many people bu; incorporation into animal feed as a replacement for
soybeans has vast possibilities, especially if the methionine content
can be. improved. |

| The objecfives of this study were (1) to develop a high‘methionine

or lysine—pfoducing strain of Rhizopus oligosporus; (2) to incorporate

this organism in the tempeh process utilizing faba beans as the sub-

strate; (3) to ferment raw faba beans with Lactobacillus sanfrancisco;

and (4) to decrease the suspected antinutritional properties of the

faba beans with the fermentation process utilizing the above organisms.




II. LITERATURE REVIEW

The primary.importance of protein in the diet is not only to act
as a source of nitrogen but to provide essential amino acids which are
necessary dietary constituénts since they cannot be synthesized by an
anima;'s metaﬁolic system: Other amino acids are nonessential for they
“can be produced from nitfogen and carbon compound precursors. The
essential émino:acidsffor man include isoleucine, lysine, methionine,
threonine,-phenylalanine, tryptophan, and valine. Histidine i; re-
quired only in infancy in addition to the others.7 Ail essential
amino acids must be prévided simultaneously at the site of protein
synthesis since an intraéellulaf deficit of an essen;ial amino acid
will result in limitation of the rate of protein synthesis.6

In. third world countries, the main staples aqf the djiet are
generally cefeal g;ains or legumes which are limiting in at least one
of the essential amino acids, thereby contributing to a low quality
protein diet. Also; thé diets in third world countries are usually
" deficient in calories al&ng with low quality protein. Thus, the pro-
tein-calorie deficiency will not support édequate protein synthesis
for growth and maintenance functions in the human body. Previous
attempts to,chaﬁge food patterns has met with failure.8

High-lysine corn has been suggested as an alternative for

increasing the protein quality in a diet. This has met with limited
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success due to the decreased yield compared-td standard varieties and
acceptance problems of conventional food products derived.from the
high-lysine corn.

Sevefal methods are available for modification of a diet in order
to obtain an adequate, essential amino acid intake, such ‘as combina-
tion of cpmplemehtary plant foods, supplementation with an animal pro-
tein, and fortification of foods with syntﬁetic amino acids. The
utilization of mutant microorganisms has been rsuggested by SandsS7.as
a possible metho& for improving the balance of essential amino acids

in certain foods.

General Fermentation

Many of odr'ferménted foods originate from two principle cultures,
the Oriental and Occidental. Thg Oriental fermentations deal pfinci-
pally with the fermentation of plant products, whereas the Occidental
used primarily énimal products for ferm_entation.lO Another distinct
difference between the.two.cultures is the‘aversion of Occidental
people to "moldy" products, thus the uée of nonfilamentous fungus,
whereas in the Oriental culture much fermentation is ferformed with
filamentous fungi.

food fermentations are complex chemical transformations of
organic substances brought about by.the catalytic éction of enzymes
either native to the substance or executed by some of the thousands

of species.of microorganisms.
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In homolactic fermentation the glﬁcose molecule is degraded to
two mblecules.of 1éctic acid during glycplysis.7 This'type of fer-
mentation is common in-such products as silage, cheese, sauerkraut and
yogurt. Alcoholic fermentation differs in that glucose is converted
.into two molecules of ethanol and two molecules of carbén aioxide.7
Other so—called férmeﬁtations may not involve a true fermentative
metébolism as.described above, butlto an industrial microbiologist,
'aﬁy indiVidual miérobial process is designated a fermentation.ll

Although preservation of food products is the majof reason for
fermentation, other changes occur in conjunction with the fermentation
process which alters the original substrate organoleptically, physi-
célly and nutritionally.21 .

Color changes occur when rice is fermented with Monascus
purpureus, producing AngKak. This product is used for the deep red
color it produces in wine, fish and Chinése cheesecake. Flavor chaﬁges
are especially important in diets which contain rice and vegetables as
primary constituents. Fermented products such as shoyu (séysauce),
miso, éﬁd various other fermented accompaniments to food are used to
flavor and spice an otherwise bland diet.

Théhnutritive value of a food product can be improved by
fermentation as noted in a process developed by the Chinese.and'
IndoneSiaﬁs. Rice is inoculated with specific molds and yeasts of

Amylomyces rouxii and FEndomycopsis burtonii which transforms the rice
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into swgét—sour alcoholic pastes called tape'. These microorganisms
selectively syﬁthesize l&sine and thiamine, with the resultant thia-
mine contént increasing threefold (no figures were given indicating
the amount of lysine synthesized). This process can be applied to
cassava, a low protein root.crop, for increasing the protein content
on a-dry—sblid basis. The percentage of protein was increaéed by
six-~ to sevenfold_aflthe expense of total solids which is mainly
starch during the'fermentation of cassava with B;_oligosgorus;106
Gregory13 made use of tﬁe fermentation process by utilizing microorgan-
isms to convert drea in%o.a biologically available protein with cassava

"as the substrate., Gari, a fermented food common in Cameroon, Africa,

also utilizes cassava with Lactobacillus plantarum’ and Streptococcus

sp. as the primary bacteria found in the finished product.lé Selected
strains of_filamentous fungi were used on cottonseed meal by Plating
et 51.16 with results showing an increase in the essential amino acid
content of‘storage and residiual protein fractions. The textural and
flavor changes oécurring during the fermentation are influenced by the
presence of lipases, ﬁhosphatases and several other enzymes.15 The
amount'of_prpteolysis Which occurs in high protein foods depends upon
the type of.microorganism, length of aging, type and amount of pro-
teases present and the substrate utilized.

The acceptabilitynof fermented foods is generally higher than it

would be for the same cooked raw materials. Tempeh, for ékample, has




very little, if any, of the typical beany flavor associated with
soybeans. Ontjem, fermented peanut press cake and bongkret, fermented
coconut press cake would be virtually inedible for humaﬁ consumption
if thelfermentétion did not break déwn éome of fhe insoluble components

which include fiber and aflatoxins.19 Wang et al.,zo reported that in

the fermentation of soymilk with Lactobacillus acidophilus, the beany
flavor'typical to'soybeans was virtually eliminated and the resultant
product termed acceptable by a taste panel.

Antiobiotic activity has been isolated from various fermented

foods which include such products as ragi using the microorganism

Rhizopué orzae, sufu which is fermented with Actinomucor elegans and
tempeh which utilizes R. oligosporus. TFermented foods may possibly .
offer possibilities as natural antibacterial agents in peoples' diets

all over the world.

Tempeh

Tempeh kedele is a popular Indonesian food generally prepared
from cooked, dehulled soybeans and fermented with R. oligbsEorus.
The tempeh process is a labor intensive, low-cost village technology
approériate to Indonesia and other parts of the world wherever soy-
beans are available at an affo;dable price.22

Although soybeans are the moét common substrate for tempeh,

' ' 23,2
several legumes, and in some cases, grains have been used. ™’ 4,25
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- The fermentation broﬁess in'tempeh production is considered cémplete
when the mycelium has tightly bound the soybeans into a solid white
cake.26 The tempeh can then be sliced and fried, used in soup as a
. substitute for meat, or prepared in a variety of other ways.

Teﬁpeh is generally consumed within-24 hours after thé‘fermenta—
tion procgss-since it is a perishable product. Marinelli et ai.27
studied methods for prese;ving tempeh Qithout losing the'characperis-
tics of tempeh. The best preservation method ‘in developed countries
appeéred to bé slicing the tempeh at the end of‘fermentation, placing
the slices iﬁto boiling water for approximately five minutes and freez-
ing, following packaging in cellophane bags. Tempeh can also be stored
prior to fermentation by inoculating the preferred substrate, placing
it at minus ten degrees C, removing from cold storage when needed and
incubating for 36 to 38 hours. with the resultant product being very
satisfactory.

R. oligosporus is a.fungus characterizéd by short, unbranched
sporangiospores, showing no striation and being very irregular in shape
under any condition of'growth.28 It is an anerobe of the mucoraceous
genus Rhizopus and it achieves maximum growth at 31 degrees C.

Rhizopus spp. propagates.vegetatively b& sporangiospores, which are
mostly multinucleate.}08, Sexual reproduction of this physiologically

-dioecious and sometimes self-fertile, monoecious fungus is by gametan-

giogamy, which occurs only between plus and minus haploid mating types.
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The haploid number of chromosomes in the class of Phycomycetes to
which R, oligosporus belongs is six.108

Although R. oligosporus.has little or no amylase activity, it has
strong protease activity thaf is important in soybean tempeh, as pro-
tein rather than starch, is the principal constituent. Rhizogﬁs
cultures with amylolytic activity are not suitable as they break down
fhe starch into simple sugars which are fermented to organic acids
causing a.dafkening of thé product aﬁd an unappealing taste to
devglop.Bol Hence, only certain strains of Rhizopus are used in the
U.S.A., mainly NRRL 2710, which produces the most.acceptable product.28

While using the rennin-like enzyme produced by EL_oligosEorus in
cheesemaking,'it was discovered that‘although curd formation in the
cheese was.excellent, ﬁo acid Was‘produced due to the inability of
lactic acid bacteria to proliferate.39 The antibacterial e;fect was
an unexpected discovery as almost éll thé_known metabolic products of
Phycomycetes'are able to synthesize oniy low-molecular'weigh£ éompounds
but do not have the caéability to manufacture the complex structures

of antibiotics.lhO The antibacterial product of R. oligosporus is

especially active towards gram positive bacteria, but it also inhibits

a gram negative bacterium, Klebsiella pneumoniae, although a second
strain of this species is only slightly inhibited.39

Contamination of the tempeh by pathogénic bacteria is very

unlikely due to the antibacterial properties of the fermentation
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process and the inability of most bacteria to proliferate before
fermentation is completé.48 " When additional bacteria were added to
. the soybeans before fermentation, the resultant tempeh showed a de-
creased bacterial count, thus confirming the presence of an anti-
bacterial product from fermentation with R. oligosEorus.{*8

_ Fermenting the cooked soybean with R. oligosporus causes changes
in the intracellularvand cellular structufe thus producing a softer
bean. The éﬁility of the_gl oligosporus hyphae to penetrate into
soybean cotyledons, an average of 742 pym or about 25 percent of the
avéfage width of a soybean cotyledon, is a parfial explanation for the
rapi& physical and chemical changes during the fermentation process.35
The hyphae may soften the soybeans by mechanically pushing‘the cells
apart prior to or in conjuhction with enzymatic degradation.35

:There is a problem With flatulence associated with ingestion of
unfermented soybeans. It has been suggéstedl7 that this flatulence
may be due to the raffinose and stachyose in soybeans. This was dis-
puted by ROckland,18 who based his conclusions on-the fact that the
R. oligosporus doeé not utilize either sugar during the fermentation
process alfhough the flatulence problem is reduced. R. oligosporus is
able fo use such sugars as xylose, glucose, galactose, trehalose;'ﬂ

28,29

cellobiose, and soluble starch. The best nitrogen source for the

R. oligosporus appears ‘to be asparagine and ammonium sulfate.28
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Although the traditional purpose of fermentation in tempeh

production is to produce'a more palatable product, cﬂanges also occur
_ which alter the nutritive properties of the food. Tempeh contains
vitamin B—12,'an essential vitamin for proper fdrmation of erythro-
cytes and prevention of pernicious angmia.33 Vitamin B-12 is geﬁer—
ally limited to animal products, and is essentially devoid in plants
which caﬁ cause severe nutritional froblems for strict végetarians.

The major source of vitamin B-12 in tempeh is from the bacterium

'Klebsiella pneumonia which is present as a single predominant bacterial
species along with gi_oligésgorus'du;ing fermentation.34 The amount

of vitamin B-12 in.tempeh appears to be dependent upon the geographi-
cal location of the tempeh product thus indicating that the Klebsiella
pneumonia is an airborne organism father than inherent to the substrate
being fermented. Liem35 found that vitamin B-12 was not present in a
_pure_mold culture fermentation along witﬁ the observation that the

presence of the Klebsiella pneumonia lengthens the fermentation time

from 18 to 20 hours to 25 to 30 hours, although this was not noted by
other investigators.34’4
The effects of fermentation on essential amino acid composition
is an increase in lysine and methionine in faba bean tempeh and a rise
in the tryptophan'coﬁtent in soybean témpeh.36 It was also noted that

the total essential amino acid content for monogastrics increased by

ten percent after 24 hours. A decrease in the lysine content of
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soybean tempeh has been reported and was attributed to protein break-
down and extensive deamination of amino acids with subsequent rise in
ammonia.37 In coﬁtrast, Wang32 noticed that lysine availability in-

creased by 20 mg/g of total essential amino acids which he attributed
to the pfoteolytic enzyme sysfems attacking the protein in such' a way
that more lysine could be made available b? digestive .enzymes, pepsin
and pancregtin. ‘
Vitamin content, in addition to vitamin B-12, is‘'also altered

> Concentrations of niacin, ribo-

during the fermentation process.2
flavin, pantothenic acid, and aséorbic acid increased, indicating R.
oligosporus' ability to synthesize large amounts of the Water—soluﬁle
.vitamins with the exception of thiamine. This may be due ;o thiamine's
ability to depress the growth of Rhizopus sp. if present in sufficient
amounts.
ther chemical changes 6céur in soybeans.during the fermentation

process in the.production of tempeh including alterations in the soy-
bean lipids and increases in fiber and nitrogen-free ext'ract.l}l’44
Soybeans contain 20 to 26 percent lipid makiﬁg them important nutritive
constituents of the soybean. In a study conducted by Wagenknecht

et alL41 approximafely one~third of the neutral fat of the soybean was

hydrolyzed by the action of Rhizopus orzae lipases, liberating several

fatty acids with linoleic acid predominating. Although fatty acids

are liberated by the Rhizopus orzae, they are not utilized by the
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fungus due to the absence of an appropriate enzyme system'.41
Harris42 reported the appearance of y-linolenic acid, triglycerides,
sterol glycosides, phosphatidy éthanolamine, and phosphatidyl choline
in cassava flour as a result of R. oligoéporus fermentation.

The trypsin inhibitor activity of fermented soybeang according to
W'ang,44 is less than ten percent of the raw soybeans. ' The free fatty
"acids formed during the fermentation process appear to act as anti-
tryptic factors which may be due to the de;ergent properties of fatty
acid salts. Trypsin is extremely sensitive to oleic and linoleic
acids which are released during the fermentation process.43 The
trypsin inhibitbr activity is not actually synphesized'by the mold But
is released from a heat_resistant, inactive bound:form in the bean by .
R. oligosporus proteases. Once releasgd, the antitryptic activity is
destroyed by heat. The inhibitory action of the fatty acid on trypsin
needs further study to determine its physiological significance.

In a study-performed-by Sudarmadji,45 the free fatty acid (FFA)
content, number of bacteria and temperature all increased during the
first 30 hours of tempeh production. .The second phase (the next 30
hours) showed little or.ﬁo change in FFA content or bacterial and mold
growth although ;here was a decrease in tempefature. Upoﬁ an addi-
tional.30 hours of incubation, FFA and bacteria incfeased although at
this time the tempeh was no longer organbleptically acceptable._ It

was also found that upon frying the tempeh in coconut oil, a sharp
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reduction in FFA content occurred with a concomitant increase in the

FFA content of the frying oil.45

Growth‘Studies Utilizing Fermented Feeds

Kaozslused diets prepared from freezé-dfied tempeh or autoclaved
(unfermented grits) for protein efficiency ratio (PER) tests. Rats
fed the tempeh diets ate more, gained mére ﬁeight and had higher PERs
than the rats consuming autoclaved (unfermented) grits. Hackler
‘et a1.46 found a negative correlation between increased fermentation
time (over 24 houys) and the améunt of food consumed by the rats,
éuggesting the increased amount of ammonia produced may cause an
unpleasant taste to occur, thus causing decreased feed cénsumption.

When Aspergillus was used by Chah47 to ferment soybeans,‘chick
ﬁeas, and faba beans, it was revealed that the chicks fed the fermented
diets utilized dietary nitrogen and dry matter befte; than the éhicks
fed nonfermented diets. ~Amino acid analyses indicated the growth-
promoting effect was 1arée1y due to a greater supply of the essential
amino acids which varied according to whether faba beang, chickpeas,
or soybeans were utilized as the subétrate.

Tﬁe general consensus among most investigators concerned with the
groﬁtﬁ-promoting effect of fermentation, is an improved PER. This may
be due to several factors including the antibacterial effect, produc—

tion of increased vitamins, improvement in the ratio essential to
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nonessential amino acids, increaged soluble protein and other factors
not yet known.

A cheap but effective method is needed to augment the essential
amino acid content 6f plant foods. Food produéts for human consump-
tion have beén fortified by addipg lysine, Either synthesized or
purified from fermentation liquors, but met with only limifed success
due té cost and less than satisfactory growth response. Mutation.bf
fermenting organisms‘to produce specific.essential amino acids~appears
to be an excellent method for increasing a limiting amino acid within
a fermented product. This method is relatively inexpensive, easily '
incorporated into existing'fefmented foods but probably does not change

1

the characteristics of a particular food.

Regulation of Amino Acid Biosynthesis

Bacteria normally régulate their amino acid biosynthesis by
producing only enough .amino acids required for growth.51 "When a
specific amino aéid is added to a medium, the bacteria will no longer
produce that amino acid unless there is a defective repressor system.
or inoperative feedback inhibition.52 Repression refers to the sit—A
uatioﬁ where an accumuiapion of aﬁ end -product causes the cessation of
synthesis of those enz&mes responsible for that end product, whereas
feedback inhibition refers to'decreased activity of those éﬁzymes

. . . .o 5
catalyzing reactions leading to a specific end product.
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In addition to releasing feedback contfols, facilitation of
_permeation of products from cells is necessarf for accumulation of
these substances. Success with this problem has been attained by
Furuya54 using limited amounts of biotin in the medium and also.by the
use of cationic surface active ageﬁts.
Aspaftate is the initial precursor for the synthesis of four

59,108 Aspartic B-semi

essential amino acids in bacteria and fungi.
aldeh&de is the point at which the pathway diverges to form either
lysine, mefhionine, threonine, or isoleucine.

In situations where severai end metabolites are derived from a
‘common precursor, operation of these regulatory mechanisms may pose a
serious problem. .The overproduction of one end metabolite may lead to
a reduction in the rate of synthesis of the common intermediate below
that needed for optimal biosynthesis of another end—metabolite.56

The primary method for mutation of yeasts, fungi and bacteria for
excretion of excess lysine has been with the analogue.S;Z—aminoethyl—
'L—cysteine (AEC), which is a compound structurally similar to lysine.
52,5759 Seleno—L;ethionine has been used by Sands et al. (unpublished
data)69 to select for sponfaneous mutants of the amino acid methionine.
Thé organism utilizes. the analogue only to find it is toxic thus re-.
sulting in the death of the organism unless they are able to manufac¥

ture inordinate amounts of the amino acid. The result is a mutant

species capable of producing enough of a specific amino acid necessary
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P. .coli.

Enzymes depicted by arrows at the numbered positions are

(1) aspartokinases I, II, and III, (2) dihydrodipicolinic acid synthetase,
(3) diaminopimelate decarboxylase, and (4) homoserine dehydrogenases I and II

Halsall, D.M.59
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for their growth with an excess excreted as the dosage of the analogue

is progressively increased.

With the use of AEC, Sands and Hankin57 mutated Lactobacillus

acidophilus and Lactobacillus bulgarius to produce strains excreting
up to 100 ppm lysine compared to less than 1 ppm 1&sine secreted by

the wild type. Lysine-excreting mutants of Lactobacillus plantarum

were inoculated into chopped maize which resulted in an 18 percent
increase of lysine over the wild type.52 Haidaris et a1.58 mutated

Saccharomyces cerevisime with AEC to produce a mutant capable of ex~

creting lysine into the culture medium. Lysine decarboxylase was uti-
lized for mutation of Pichia yeast to excrete lysine in the medium..61
Leavitt61 speculated that this phenomenon is caused by the decar-
boxylases ability t0’dep;ete the internal pool of lysine and impede
protein synthesis thus making it imperativg that the yeast make its
own lysine to survive.

Several suggestions have been made as té why microorganisms have
the ability to overexcrete amino acids. Stadtman62.attributed this

ability to a defective repressor system or inoperative feedback inhi-

bition. Gorini63 discovered that in cases of both inducible and

. repressible enzymes, mutants were isolated in which enzyme synthesis

occurred at a high rate regardless of the presence or absence in the
medium of normally inducing or repressing substances. He suggested

this occurrence was due to the lack of a holorepressor molecule or the
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site of action of the holorepressor was altered to change the affinity
for the holorepressor. Tucci64 found the pathway for the biosyntﬁesis
of lysine in yeast was feedback inhibited or repressed.by excess
lysine which caused a repression in homocitrate synthase activity.

Ha;s;llsg contended the éverproduction of lysine in mutant cells
was not due to the two regulatory enzymes'aspartokinase and dihydro-
dipicolinic acid synthetase but due to extensively modified lysine
transport systems which do not allow the mutant cells to retain fhe
lysine synthesized. In contrast, Haidaris et al.65 believgd the ex-
cess excretion of lysine was daused‘by the feedback insensitivity and'
the depression of homocifrate synthetase in the aminoadipéte pathway.
Also the excess'lysiné may be produced at the expense of other amino
acids in the same pathway.56 Although an increase in total 1§§ine was
noted when using mutant microorganisms, there may be some problems.with
the availability of the lysine. }Iermaye_r"66 found as the total 1ysin¢
content ihc;eased, the total available lysine decreasea as indicated

by decreased body weights in rats.

.Lactobacillus sanfrancisco

Lactobacillus sanfrancisco is a gram positive bacteria isolated

from the starter commonly used for preparing San Francisco Sourdough
67 Do 4 sens . : . )

bread. "It has 4 distinct requirement for maltose and survives in

harmony With.Séccharomyces exiguus, the native yeast used for




20

leavening in the sourdough bread.68 The pH of the L. sanfrancisco

substrate is in the rénge of 3.8 to 4.5 which may account.for its
incredible resistance -to contamination by other microorganisms. It
was speculated by Kline et al.67 that this bacterium may produce anti-
biqtics since the only yeast able to survive in this system were
cycloheximide resistant strains.

Mutants of L. sanfrancisco resistant to the analog AEC, and shown

Do s ' 6 .
to excrete lysine were developed by Sands et al. 9 These bacteria can
presumably be incorporated into any cereal fermentation to improve the
lysine content. It can also be used to ferment grains for improvement

70

of lysine Which hasAbeén-accomplished by Johnston et al.

Faba Beans (Vicia faba L.)

Vicia faba encompasses var. major (broad bean) and vars. equina
(field beans), although the term fava or faba begn is used as the
general terﬁ to includé all the different varieties.

Vicia faba is an annual, with strong erect stems and a tap root
with iﬁtensively branched secondafy roots.71 Its seeds are rich in

protein which are easily threshed from the pods. Vicia faba has a

~diploid (2n=12) genetic system but the wild ancestorial species is

not knOWn.7
The protein in broad beans consists of four fractions, 2S5, 7S,.

11S, and 15S components based on the sucrose density gradient
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centrifugation technique employed to isolate the components.72 The
molecular weights of 1;3 and 15S components are 31§,OOO and 599,000
respectively, with the 11S component consisting of four kinds of
acidic subunits and three kinds of basic subunits.72 (The 2S and 7S .
molecular weights were not reported.)

For centuries the faba bean has been grown in Old World countries
but until recently was not grown in any great quantity in North America.
China produces approximately 71 percent of the world's total 5.5
million hectares, although countries such as Ethiopa, Italy, Brazil,
Morocco, Spain, and Egypt.also have large hectarage.74 Farms in the
Yellowstone Valley in Montana have been raising faba beans for several
years, but the total state production of faba beans for 1979 was only
9,10073 acres, not even enough to be noted by the Montana Crop and
Livestock Reporting Service. Basically, there are two types of faba
beans. The one grown primarily for human food is about the size of a
lima bean, containing four to five seeds per pod. The field bean
varieties raised in Montana and Canada yield pea—siz; seeds with fhree
to four seeds per pod.73

As the price of soybeans and their products continues to increase
as well as the high cost of transportation, faba beans have the means
of providing a high protein crop. Not only are the faba beans Wéll
adapted to the cool, short seaéon climates of Western Canada and

Montana, but have shown yield characteristics of 2.5 to 3.5 tons per
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acre of field-bean-type faba beans. Although the yield of faba beans

v

and protein content is very good, there is the problem of very little
demand for the fabé beans in the marketplace which may be due to the
fluctuating supply, lgck of knowledge in utilization as.a feedstuff
and the growth depressant properties ﬁresent.

Methionine is the first limiting amino acid in faba beéns as with.
most legumes. A methionine sﬁppleméntation of about .24 percent76 in
faba bean diets greatly ‘enhanced the performance of pigs and chicks.

A distinct advantage to faba beans is their good lysine content making
them an excellent complement to cereal grains in which L-lysine is the
first limiting amino acid.

The nitrogen-free‘extract of faba beans is high indicating a large
amount of starch, and sugar content while the soybean has a larger
amount of crude protein, oil-and less starch and sugar.5 The 10& fat
content oflfaba bean causes lower energy values as compared to soybeans
since fat provi&es 9.1 Kcal/g compared to 4.1 Kcal/g for carbohydrafes
and 5.6 Kcal/g for protein. However, defatted soybean meal is pémmonly
used in animal feeds which is approximately equal in calories to fabg‘
beans.

A great variation of crude protein content has beeﬁ noted among
cultivars of faba beans. In research conducted by Bond,78"22 cu1tiva¥s
of faba beans were analyzed with resulting grude protein values ranging

from a low of 27 percent to a high of 33 percent on a dry matter basis;
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This compares to soybean meal which has an average crude protein
content of 43 percent.

Among cultivars of faba béans,.significant différences have beén
noted ‘in regard to érude fiber levels. Rowland79 analyzed 49 cultivars
fof crude fiber levels and found the.values ranged from a high of over
nine percent tp a low of six percent with a direct correlation of faba
bgans bearing thin seed coats containing less crude fiber. In a study
performed by Mafquafdf and Evans80 it was found the cotyledon-only |
contained 1.3 to 1.8 pefcént crude fiber while the testae contained
up to 60 percent érude fibe?.

Decreased available energy ﬁay be a partial explaﬁatidn for the
poor results reéearchérslpbtained in experiments such as the study
conducted by Bhargava an&'O'Neil.5 Métabolizable energy values were
estimated to be about 2,800 Kcal/kg but the actual metébolizable
energy obtained from the chick feeding trials was 2,142 and 2,319
Kecal/kg for raw and autoclaved beans respectively. |

This same problém of using diets formulated in gross energy
‘values rather than meﬁabolizable values occurred in a study done by
Adherne81 who evaluated faba beans as a supplement for swine. 'As eéch
5 percent increment of faba beané (autoclaved or unautoclaved)‘was
:added to a diet replacing 2.8 percent gFain and 2.3 percent soymeal, a.
graduai decrease in.gain of .01 to .02 kg/day occﬁrred along with a

reduction in feed conversion efficiency. - The growth depressant factor
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in faba beans.is known to partially heat labile but no significant
improvement in growth was noted with autoélaving.81 Although
Adherne81 did no£ see any significant results from autoclaving the
faba beans for swine, several other researchers have noted marked
improvement when feeding autoclaved versus raw faba beans to chicks.
This may imply that swine are not as sensitive to the heat labile
growth depressant as chicks.

Marquardt and Campbell82 fed both raw and autoclaved.faba beans
to chicks for three weeks. During tﬁis period an increased feed
efficiency and decreased pancreas size was observed in chicks re-
ceiving the autoclaved versus the raw faba beans. This observation |
was most pronounced when the faba beans comprised 85 percent of the
total diet.. This effect was collaborated in studies done by Ward87
and Marquardt84 who.noted a 19 percent lower feed gain ratio, increased
metabolizabie energy Qalue'and improved growth response in chicks fe&
autoclaved faﬁa beans.‘ Wilson et al.87 found that autoclaving of faba
beans had a beneficial effect on live-weight gain and food conversion
inlchicks‘but postulated this may have been'due to an increase in
amino acid availability. In a subsequent study by Campbell et al.’88
it was confirmed thaf the effect of autoclaving was most ﬁronounced af

high dietary levels of faba beans. Even though isocaloric diets were

employed by Gardiner et al.,89-the feed to gain ratios among chickens
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were larger with faba beans than with sofbean ﬁeal. This indicated
the presence of growth depressant factors qnaffected by heat.

The feed value of faba béans for poultry was increased when the
testae were removed, possibly because of the lower crude fiber and the
loss of the antinutritional factors the testae were reported to
contéin.71 101arke77.sﬁggested that to best.utilize the faba bean,
it may be necessary to fractionate the beans and féed the bean hulls
to.ruminants which are eguivaient in valué to medium-quality hay and
tq'usé the cotyledons as feed for monégastric animals. Ruminants are
“better able to utilize the high'fiber containing hull and may nof be
as senéitivg to.the growth—-depressing properties of the testae;

Aithough faba beans have many excellent dualities,.they also
have cgrtain disadvanfages which have hindered their development-as a
primary food source for humans. Alpng with growth—depressiné factors
and thick huils, faba beans contain vicine which is implicated-in the.
human, ﬁemol&tic disease, favism. fhié disease is caused‘by an inher-
ited deficiency of glucose—é—phosphate dehydrogenase which £enders the
red blood‘cells susceptible to hemolysis by a number of chemical oxi-
dants, that normally pfoduce no unfavorable side effects in a normal
individual. Approximately.13 percent of Negro males, and about 1.5
perceﬁg of American Caucasians are affected by this disease.90

The use of faba béans for flour or a flour.additive has been

researched by several investigators. Hoehn et al.9l examined the
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effects of the seed coat on the color and flavor of flours milled from
faba beans. The pfimary criticisms were the gray color appearing
after cookiﬁg and a bitter, dried-pea flavor characteristic. Watson
et al.92 céﬁdﬁctea résearch on the milling of faba-bean flour. Satis-
factory resuits were obtained by first breaking low moisture beans
(nine percent moisture) into chunks about the size of wheat kernels
and milling the fractions using a standard milling proceés flow. A
75 percent flour yield was obtained which was considered adequate.
Finney et al.93 consi@ered a unique approach for the use of faba beans
for flour in which the faba beans were steeped, gefminatgd four'dayé;
hulls removea and then ground into flour. Increasiné thé‘levels of
this treated faba bean flour to 20 percent in Egyptién bélady bread-
for nutritioﬁal improvement was deemed acceptable by meﬁbers of a
‘taste panel.

Lineback and Ke94 investigated low molecular weight‘carbohydrapes
and found the féba beans studied. had an amylose.goﬁtent of 30 percent.
Soluble carbohydrates consisted of 2.5 éercent stachyose, .65 percent
raffinose, 2.3 percent verbascose, a trace of ajugose and sucrose
ranging from .2 to 5.2 percent. The low molecular weight sugars’
comprised aéproximately eight percent by weight of the bean and may
contribute to the increased browning in baked products containing
flour prepared from faﬁa beans. Due to the presence of the stachyose

and raffinose, it was recommended that not more than 20 pércent be
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added to wheat flour to minimize’the flatulence problem. Dehulled
faba bean flour can act as an excellent supplement for loaf and flat .
breads. In France it has been used as a carrier for minor ingredients
and to improve loaf color.71
Protein has been isolateé from field beans, spun into fibers and
processed to simulate méat.71 Many other uses for faba beans afe

possible with the only limitation being our imagination.

Antinutritive Properties of Faba Beans

Edvards and Duthie > utilized dehulled faba beané'in chick
studies and discovered ;he metabolizable energy value increased from
2,280 to 3,033 Kcal/kg (33 percent), more than what would be expected
if it is assumed that thg hull comprises 12 percent of the whole bean
and 50 percent crude fiber which is completely indigestiblé. These
findings concurréd with the idea that the high quantity of crude fiBer .
contained in the faba bean was not entirely responsible for péor
growth. The poor growth was caused by a growth‘dépressant existing in
the hull that when exgracte& and given to chicks on a balanced diet,
a significant reduction in growth was noted.84

Several investigators have implicated trypsin inhibitors as ome
of the factors responsible for reduced growth in monogastrics.

Legumes often contain trypsin inhibitors which, in significaﬁt amounts,

can cause pancreatic hypertrophy, and severe amino acid deficiency due
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to decreased rate and completeness of the liberation of amino acids
. . . 9
in digestion.
Compared to soybeans, the level of trypsin inhibitors in faba
beans is considerable less, ranging from 67 percent to 75 percent for

faba beans and 99 percent for soybeans (unheated).97

After 60 minutes
of heating in a boiling water bath, the trypsin inhibitor acfivity
(TIA) is reduced to 27 percent and 16 percent for soybeans, ?espec—
tivgly. Variations also exist among cultivars with some cultivars
having twenty times m;re iIA present.in the testae than other varieties
analyzed.97 Bhatty97 believes the thermostability of the TIA in faba
beéns is due to a rigid structure which is maintained by extensive
disulfide cross 1inkages; Abbey et al.98 fed rats a purified trypsin
inhibitor extfacted from faba beans. When fed at the level of TIA
contained in faba beans,.growth was not rétarded until five times this
level was fed. Eﬁen'tﬁough this compound alone was not responsible
for growth depression,'Abbey99.believed it acted synergistically with
other unknown compoﬁnds in the intact bean to cause growtﬁ-depressing
symptoms. |

Considerable research has been conducted towards iéolating the
growth-depressant factor in faba beans. Ward et al.83 performe&
studies, demonstrating the substance was not a trypsin inhibitor,

hemaglutin, vicine or some other labile protein. He concluded that

the inhibitor was not present in the starch or protein fraction so it.
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must have been .in the hull. The hull was found to contain 60 percent
tannic acid which is heat labile and water extraétablé. M’arqﬁardts4
found that the growth depressant was a molecule between 60 and 5,000
MW, a ﬁon—protein substance and not a hemiglutinin or trypsin inhibi-
tor. It was detected in both the acetone-water insolﬁbie (contains
insoluble condensed tannins) fraction and the acétone—water soluble
frac£ion that can be further divided into fractions A and B which was
determined by Sephadex LH-~20 chromatography.84 Fraction B predomi-
nated in a 3:1 ratio 6ver fraction A and contained onl& soluble con-
densed tannins that represented the majority of growth inhibiting
substances and caused reéention of éértain nutrients.84v Fraction A
is composed of low molecular weight polypheﬁolics which were resbon—
sible for reduced chick appetites. .Tﬁe insoluble form of condensed
tannin appears to be a partially reacted tannin protein complex which
had a negative effect on nutrient retention jglues but did-ﬁét affect
chick appetites. When condensed fannins were added to a chick diet,
the retention of dry matter protein (N x 6.25), amino acids and crude
fiber decreased.84 Crude fiber actually yielded negative reténtion
values due to an.increased excretion of lignin-like condgnsed tannip7’
protéin complexf This complex would be included in the analysié df.
érude fiber and would probably increase the épparent fecal crude fiber
level.8'4 Thié in contrast to apparent fat retention which was elevated

when tannins were added to the diet.
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Griffiths et al.100 used rats to demonsprate that both trypsin
and g—-amylase activity Qere significaﬁﬁly reduced in the rat's intes-
tine when they were fed diets'COntaining high levels of polyﬁhenolicsg-
indicating.that enzyme inhibition may also play a part in reducing
nutritive value. .It has been proposed that the presence of the field
bean tannins stimulates an increased pén;reatip secretion of all
digestivelenzymes, but in the gut the affinity of the tannin for
lipase is less than for either dietary protein or other digestive
enzymes.100

The inclusion of more than 20 percent faba beans in the diets of
laying hens caused a reduction in mean egg weight, alfhough the reia-
tive sizes of yolk, albumen, and‘shell'were unchanged.lOI’loz"
Davidson102 found culling losses to be higher on the bean diets .
although this same effect was not seen in experiments conducted by
Campbell et al.103 The influence of the faba beans on egg weight
appears to be directly proportional to the conceﬁtrétion of faba béansr
Also, the factor(s) causing the effect was heat stabile, and located
in the cotyledon portion'of the bean rather_thaﬁ in the hull
fraction.103

ihe purpose 6f this research was to improve faba beans for use as

a soybean substitute by alleviating some of the problems associated

with the ingestion of the beans.
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Objectives of the following eﬁperiments were:

(1) To decrease the growth-depressants present in faba beans
which include tannins and polyphenolic compound that inhibit diges-
tive enzymes and bind protein making it unavailable for use in growth
and maintenance functions.

(2) To produce a mutant of R. oligosporus capable of excreting
biologically available methionine.

(3) To improve the amount and availability of essential aminé

acids in the faba beans by fermentation with L. sanfrancisco and R.

oligosporus.

(4) To partially replace soybeans with a certain percentage of
fermented and nonfermented faba beans and to determine if the re-

placement would have a détrimental effect on chick growth.




ITI. METHODOLOGY

One~day-old cockerel broiler chicks were used in five experiments
and one—~day-old cockerel Leghorn chicks were used in one experiment
(Exp..3). Each experiment was terminated at Zi days. -All chicks were
purchased from H & N Inc., Richmond, WA.

.Thé chicks were randomly distributed to each diet in groups of

.ten, housed in stainless steel cages with wire mesh floors and con-
tinuous incandescent light. Diets and water were provided ffee'choice.
Individual body weights of chické were recorded initiall&, at the con-
clusion of the experiment and chicks were weighed as a gfoup twice
weekly. during the course of the experiments. xn Experimént 6, all
food was weighed daily for the calculation of feed to gain ratios.

Procedure for mutation of Rhizopus oligosporus: Experiments 1

through 3 utilized mutant R. oligosporus as the microorganism for the
inoculation of faba beans. Preparation of the mutant:g; oligosporus
was as follows:

A solution of seleno-L-ethionine (SE),l/

phosphate buffer and
ethanol in a 2:3:1 mixture was mixed well -and heated in a boiling

water bath until dissolved. Onto each M—9g/plate, .2 ml of the SE

1/

='Sigma Chemical Company, Saint Louis, Missouri, 63178

2/

—' Contains 100 ml of magnesium salts which are composed of Na,HPO, ,
KHyPO,, NaCl and NH,Cl. After autoclaving 1 ml of 1.0 m mgSoy, 1 ml
of .1 M CaCly and 20 ml of 20% glucose is added to the liter of :
medium. .
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solution was spread.and allowed to dfy for 24 hours. Each R.
oligosporus culture was inoculated onto a SE plate containing 10,006
ppm SE and incubated at 31° for 24 hours. The resulting colonies
were then transferred to another plate Which.also contained 10,000
ppm of SE. This procedure was rebeatéd five times with the same level’
of SE. The colonies resulting from the mutation procedure were then
assayed for their ability to excrete excess methionine.112 In an
effort to.-obtain methifnine excreting mutants of B; oligosporus,. the
level of SE was progressively increaéed usiﬁg the above pfocedures
until a level of 75,000 ppm was attained.

Inoculum preparation: Experiments that were carried out utilized

both mutant and wild type R. oligosporus and wild type Lactobacillus

sanfrancisco. Both typés of R. oligosporus inoculum were prepared by

soaking péarléd barley 24 hours in tap water, adding 50 g of the
drained barley to a clean pint jar and adding 15 ml of water. The
jars were covered with cotton inserted between two pieces of cheese-
cloth and me£al ringé.were then. adjusted on the jars. The barley was
autoclaved 15 minutes at 15 psi, removed from the autoclave and shaken
until thg barley was broken apart. This was then allowed té cool to
room temperature (27°C); A spofe suspension was previously prépared
by aseptically adding 2 ml of'sterile Watef to an agar slant of 5;
oligosporus. The spores Qere broken loose with a sterile loop and the

contents added to each jar. The jars were then turned on their sides




34
to distribute the barley evenly aver the available surface -area. These
were incubated five days at 31°C during which time the barley became
covered with mycelium and black spores. The mixture of fermented
barley and R. oligosporus was pulvérized for one minute in a sterile
dry blender and placed in a bag with a dessicant'(calcium sulfate)
pridr to storage in the freezer at ~10°cC.

Faba bean preparation for fermentation with R. oligosporus and

L. sanfrancisco: The.following three methods were employed in an
effort to ferment raw faba beans with R. oligosporus.

Raw ground faba beans and water in-a 1:1 ratio were mixed well
together. The R. oligosporus inoculum was added to the raw faba beans
in increments of 1g/500g and 2g/500g of faba beans. The faba bean

3/

"tempeh" was incubated in Ziploc='plastic bags for 24 hours at 31°C.
The faba beané'were checked for visible mycelial growth after 24 hours
to Aetermine if the growth was complete. When growth was minimal,'
another 24 hours was allowed to elapse.

The second procedure for fermenting the faba beans was as follows:
The raw faba beans were soaked 24 hours in tap water and tﬁen.ground.

The inoculum was added at the same level as above to the wet ground

beans. Mycelial growth was checked after 24 and 48 hours.

é-/'JTDCC, The Dow Chemical Company;,Indiaﬁapolis, Indiana, 46200
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The third procedure for fermenting thé faba beans included
soaking of the faba beans for 24 hours and then boiling fgr iO minutes.
The faba beans were then drained, cooled and ground with a Waringé/
blender for 45 seconds. Inoculation of the ground.faba beans was
accomplished by first plabing the faba beans in a large contaiﬁer,
adding 1 gwild type or mutant R. oligosporus inoculum per 500 g dry -
beans, mixing well and placing the material in Ziploc plastic bags.
This mixtufé was then incubated 24 hours and dried at 165°C until 10
percent moisture was achieved. The fermented faba beans were .then
ground as above for amalgamation into diets (only cooked, fermented
faba beans were used in the R. oligosporus experiments for reasons
explained in the results section).

5/

L:_sanffancisco was grown in MRS= broth at 31°C for 24 hours

using continuous oscillation. The mixture was then separated into
plastic containers and centrifuged 10 minutes at 10,000 rpm. Ten

mililiters of phosphate buffer were added to the Li_sanfranéisco cell

pack and the cell count determined by adding .05 ml of the L. sanfran-.
cisco solution into a 5 ml tube of distilled water. A Klett meter
(measures turbity of a solution) was utilized to determine the cell

count.

4/

—' New Hartford, Connecticut, 06057
5/

='Difco Laboratories, Detroit, Michigan, 48200
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Experimental diets:. all diets in.Experiments 1 through 6
;ontained soybean meal (44% protein), cornmeal (8.8% protein) and faba
beans (29% protein) either raw, cooked or fermented. Vitamins apd
minerals were added to meet National Research Council (NRC)-require—‘

105

ments for young chicks.

Experiment 1: TFive 23% protein diets were formulated using cooked

faba beans (CFB), wild type R. oligosporus inoculated faba beans (RIFB),
aﬁd mutant R. oligosporus inoculated faba beéns (MRIFB). The faba beans
were pombined with cornmeal and soybean meal to provide.a.23% protein
diet (Table I, diet 4).

Experiment 2: Five 237 protein diets were formulated using raw

faba beans (RFB), CFB, RIFB, and MRIFB. The RFB were prepared by
grinding the whole bean in a blender as described previously before
Being incorporated into the diets.. All other diets were prepared'iﬁ
accordance to previously described methods.

Experiment 3: Nine 18% protein diets were formulated using CFB,

RIFB, MRIFB, and a corn-soy (CS) control (Table I, diet 3). Diets were
prepared as described under faba beaﬁ pféparatioﬁ methods. TheAléz
protein diets were used in place of the 23% profein diéts since the
leghorns used in ﬁhis experiment requi?ed a lower- level of protein than
broilers for growth and maintenance. The éaiculated amount of methio-
nine and cystine in the 18% protein diets was .43%. The NRC requirement

is .60% which leaves a deficit of .177Z. For the purpose of obtaining a




Table I. Compositidn of faba bean (Vicia faba) and control (corn—soy) diets .

. ‘Control Control Faba bean diet Faba bean diet
Ingredient . o . 18% protein . 23% protein 187 protein - 23% protein
, 1/ g . g/kg glkg g/kg - glkg
Faba beans™ ' ' i : ' . . .

(fermented or unfermented) = - 265.0° 510.0
Soymeal (44% protein) o '300.0 440.0, 150.0 . 150.0
Cornmeal (8 8% protein) . 600.0 460.0 480.0 240.0
0112/ ‘ - 60.0 60.0 55.0 55.0
Limestone &/ 1300 3.0 © . 13.0 13.0
Dicalcium phosphatei/' ©18.0 18.0 18.0 18.0
Vitamin.and mineral mixé/ 3.5 3.5 3.5 3.5 3
Sodium chloride 5.0 5.0 5.0 5.0
Choline chloride (70%)§/- 2.0 2.0 2.0 2.0
D-L methioninezj 3.16 1.68 -4.9 4.4
Lysineg/ 3.9 ‘

/
l-Blue Rock V1c1a Huntley, Montana

2/,

A 1:1 mixture of cornoil (Ma7ola) and . soybean oil (Crisco)
§/Prov1des 4,42 g calcium/kg

_E/Provides 33.3 g phosphorus and 3.96 g calcium/kg

éjSuper Poultry Mix, Billings, MT, containing (per kg of diet) Vitamin A, 6,746 USP.uniEs;

D3, 2,409 IC units; E, .963 IU; (in mg) Bjp, .005; nicotinic acid, 19; D-pantothenate, 5;
r1boflav1n 3.85; choline chloride, 240.91; bisulfite complex, 1. 93 dl-methionine, 435;
manganese oxide, 52.5; iodine, 1.05; iron sulfate, 17.5; copper oxide, 1.75; zinc oxide, 23. 8

-gl;ziig/Sigma:Chemical Company, St. Louis, Missouri

AN S o o
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growth curve, 25%, 50%, 75% and 100% of the .17% DL methionine deficit
was added to each of the RIFB diets.

Experiment 4: Four 18% protein diets and four 23% protein diets

were formulated using RFB, CFB, RIFB and CS control (Table I, diets 3
and 4). The faba beans were prepared as previously described. The
237% adequate protein diet was prepared in accordénce to NRC protein
standards for broilers anﬁ the 187% protein diet was used to put the
chicks under the stress situation of inadequ&tg protein.

Experiment 5: ' Three 187 protein and three 23% protéin diets were

formulated using RFB, L:;sanfranciscqlinoculated faba beans (LSFBj and
incubated but uninoculated raw faba beans (UIRFB),(Table I, diets 3

and 4). TheUIRFB*weré prepared using the ground RFB and adding water
in a 1:1 ratio. The LSFB utilized the same procedure except a solution

of L. sanfrancisco with a cell count of 2.8 x 10—7 was adde& to the

distilled water before mixing with the faba beans.

Experiment 6: Twelve 18% and twelve 23% protein diets were

formulated using RFB, autoclaved faba beans (AFB), RIFB, LSFB, UIRFB
and CS. All diets were prepared as previously desc;ibed except auto-
claving was used in place of cooking. The beans were autoclaved for
20 minutes at 15 psi. The added D-L methionine and L-lysine in the
faba beéean diets was decreased by 25% to allow for additional methio-

nine and lysine produced during the fermentation process. No lysine
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was added to the 237 protein diets since it was already adequate in
lysine content.

éhemical analysis: Diets in Experiments 4 through 6 were analyzed
for crude proteiﬁ using the Kjeldahl method (N x 6.25), (Tables IV,
VII, and X). Samplés of the raw and treated faba béans were analyzed
for amino acid contentéj.using the procedures of Speckman et‘al.107
Proximate analysis was performed on all faba bean samples from
Experiment 6;

Statistical analysis: Data were‘subjected to a one—Way élassifi—
cation analyses of variance. Significant differences between body

' X 10
weight values were evaluated using Student's t test. 8

é-/AAA Laboratory, 6206 89£h Avenue Southeast, Mercer Island, WA 9804b




IV. RESULTS AND DISCUSSION

When raw, ground féba beans were.fermented'with gl;oligosporus,
very little growth occurred after 24 hours. The inoculated faba beans'
were allowed to incubate another 24 hours to encourage myceliél growth
but none occurred. Even when the raw faba beans were soaked 24 hours,
ground and allowed to incubate 24 hours and 48 hours, only minimal
mycelial growth was apparent. The cookedvfaba beans inoculated with
R. oligoégorug had excellent mycelial growth aftér 24 hours, thus,
this method was utilized for preparing the B:_oligoégorué inoculated
. faba beaﬁs.

Experiments 1, 2 and 3. The results of Experiments 1 and 2 are

presented in Table II and the results of Experiment 3 are shown in
Table III. NWo substantiai differénces in body weights were obtained
when chicks were fed the mutant R. 6iigbsgorus inoculated,faﬁa beaqs.
(MRIfB) diets versus R. oligoégorus inoculated faba.béans (RIFB)-,
diets. -éooking of the faba beans did nét demoﬁstrate an improvement
in tﬁe rate of growth in chicksyfed diets containing cooked faba beans
" (CFB) compared with raw faba beans (RFB). Supplementing the RIFBdiets
with .043% methionine and .085% methionine increased the body weights
of chicks 31% and 627%, respectively. Supplementation of the diets

. with methiopine over .085% did not greatly improveé the body weights of

chicks. The chicks fed the corn-soybean meal diet (CS) in Experiment




Table II.

Beginning and ending body weights of chicks fed either raw faba beans (RFB),

cooked faba. beans (CFB), Rhizopus oligosporus inoculated faba beans (RIFB), or mutant

R. oligosporus inoculated faba beans (MRIFB) diets, experiments 1 and 2

Experiment 1
Body weight Body weight

Treatment Start End Treatment Start End

—————— g——-v-\—-v—— — e e v e e L N
CFB - met 179 % 14.2 252.2 35.52/ RFB  + met  90.3 5.2 316.8 + 31.5
CFB + metéj 185.4 + 15.1 421.9 % 41.0 CFB  + met 92.1 + 14.0 343.7 * 49.4
RIFB - met 182 + 16.5' 279.8 £ 32.8 RIFB - met 85.8 8.2 138.6 * 19.8
RIFB + met 175.7 * 22.6 399.1 * 34.5 RIFB + met 85.3 9.4 321.8 + 33.2-
MRIFB - met 225 * 23.0 306.8 * 40.9 MRIFB 85.0 7.7 153.4 + 25.6

- met

l'-/Devoid of extraneous DL~methionine (met).

2/

—'Mean * SD.

3/

~'Meets NRC guidelines for methionine requirement.

I8

o
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Table IITI. Beginning and ending body weights of chicks fed either
cooked faba beans (CFB), Rhizopus oligosporus inoculated faba beans
(RIFB), mutant R. oligosporus inoculated faba beans (MRIFB), or
corn-soy (CS) control diet, experiment 3

Body weight

Treatment Start End

. - - - - - == g~ — - - - - -
CFB . + 100% met req’ . . 32.8 £ 1.8 92,5+ 9.6
CFB - metZ 33.4 = 1.6 49.6 £ 5.5
RIFB - met ' 34.4 + 2.6 49.6 + 4.3
RIFB + 25% met req’ | 34,2 + 2.5 74.7 + 9.6
RIFB + 50% met req 34.8 + 2.7 90.6 + 8.7
RIFB + 75% met req - 34.2 + 1.9 : .87.4 * 6.5
RIFB + 100% met req ' 34.0 = 2.3 1 94.8 £ 6.6
MRIFB - met 33.9 £ 1.8 : 49.8 *+ 4.1
CS (187 protein) 34.8 + 2.0 - 96.2 + 9.0
l-/DL--methione (met) was added £o the CFB diet to bring methioniné

level up to NRC requirements (req).
ngo additional DL-methionine was added to the diets.
3/'I.‘he RIFB diets contained .Q%43% (25/), .085% (50%), .139% (75%) and
.172% (100%) of methlonlne ) _
3 did not have improved body.weights over chicks fed the 50% to 100%
subplemented methionine faba bean diets. This is in agreeﬁent with

Marquardt et al.82 who revealed that no decreases in body weight

occurred when faba beans were added up to. 25% of the total diet.
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The chicks fed the RFB diets performed as Qell as the chicks fed
the RIFB diets. The beneficial effects tﬁat fermentation is known to
cause such as improved PER and growth25 were not observed. This may
- possibly be due to one or more factors such as loss'of water soluble
vitamins and carbohydrateé during the cooking process.

In Experiment 3, chicks that were given 50% of the requirements
for added methionine had almost equal body weights to thosé of chicks
given 75% and 1007 of the amount of methionine needed.to meet NRC
requi?ements. This seems to indicate that the R. oligosporus synthe-
sized a portion of the methionine requireq for the chicks growth
during the fermentation process. Decreases in body weight may occur
when methionine is added above chick requirements due to a methionine
toxicity mechanism and competition among amino acids for absorption
sites..l09 The toxicity mechanism is proposed to be a build ﬁp of
homocysteine in plasma and tissues during the synthesis of cysteine
from methionine.110 The chicks body weights did not decline with
additional methionineiadded to the diets which may-indicate that
methionine toxicity did not occur.

In Experiments 1 throﬁgh 3, no beneficial effects were seen when
fermenting the faba beans with mutant or wild type R. oligosporus

: . . . 25,47
contrary to the observations of several other investigators >

when
in regard to the wild type. When the MRIFB diets were fed to chicks,

growth was not improved over the chicks fed the RIFB diets. It was
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then decided to forego further chick experiments with the mutant R.
oligosporus until the mutation processes resulted in higher methionine
' 111

levels as determined by microbial assay.

Experiment 4. When the amino acid content of the RFBs was

compared to the RIFB, a 207 increase in essential amino aéid (EAA)
content was noted (Table IV). Especially noteworthy was the 307 .
increase in the methionine content of the RIFB over the RFB. The
lysine increased 97 and total EAAs improyed 20% compared to a 7%
increase in total nonéssential émino acidé.

The analysis of.variance (Table V) indicated a‘différence (P< .05)
among ;he varying treatﬁents of the faba beans. It wés détermined by

108 that the chicks on the CFB diet had (P <.05) lower

Student's t test
body weights than chicks on_the RIFB; ;nd RFB as indicated by the body
weights in Table VI.

drowth response was the same for each treatment of the faba beans
whether it was 23% or 18% protein as indicated by the lack of a signif-
icant protein source x protein level interaction (Table V)..

Analysis of the CFB diets indicated a 31% crude prqtein value
compared to 29.7%.for RFB and 34.5% for RIFB all adjusted to dry
matter basis. The chicks fed 18% protein faba bean diets had highér

body weights (P <.05) than the chicks on the 23% protein diets regard-

less of the treatment.
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Table IV. Amino acid analysisl/ comparing essential amino acids of
raw faba beans (RFB), and R. oligosporus inoculated faba beans (RIFB),
experiment 4 , : : .

Increase after

Amino acid RFB RIFB __Inoculation

o S e e e e oo -
Alanine ' . .953 1.440 _ 33.8
Histidine ' .623 .737 ) 15.5
Isoleucine . .877 1.180 25.7
Leucine ’ 1.720 2.120 18.9
Lysine ' 1.420 1.560 9.0
Methionine .218 .312 o 30.1
Phenylalanine .910 1.060 14.0
Threonine .909 1.080 - . 15.8
Valine 1.030 1.310 21.4

Total essential .

amino acids assayed 8.660 10.800 19.8

Total nonessential - .

amino acids assayed 13.70 o 14,70 _ 6.8

Total 22.40 25.50 12.1

Protein, as fed 27.60 ' 32.40 14.8
Protein, dry matter basis 29.70 34,50 - "13.9

1/

="Calculated using amino acid residue molecular .weight.
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Table V. Analysis of variance comparing the body weights of
chicks fed raw faba beans (RFB), cooked faba beans (CFB), and
R. oligosporus inoculated faba beans (RIFB) diets, experiment &4

Source of variation 'd.f. Sum of squares . Mean square
Among treatments 2 3494 1747 .0%
Between protein levelé- 1 1302 1302.6*
Interaction '2 2667 1333.0
Residual 6 1114 185;6
Fp < .05




47

Table VI. Body weights of chickens fed either Rhizopus oligosporus
inoculated faba beans (RIFB), raw faba beans (RFB), or cooked faba
-beans (CFB) at an 18% .or 23% protein level with a corn-soy (CS)
diet as a control, experiment 4 ' '

. Body Weighpl7
Treatment Protein level Start End

g —_— - - g - o
RFB 18 39.5 + 2.7 530,90 £ 41.2
RFB 23 38.5 £ 2.5 - 509.8 * 46.4
CFB 18 78.5 % 2.3 499.8 * 34.3%
CFB 23 | 39.6 % 3.2 480.1 * 42.5%
RIFB - 18 40.6 * 3.6 540.6 * 46.9
RIFB ' 23 39.8 £ 4.0 . 518.6 * 47.2
cs - 18 40.9 + 1.9 504.0 * 44.9%
cs 23 40.1 = 2.7 . 454.0 % 45.7

1/

='Each value is the mean of duplicate treatments * S.D.

%
P <.05

-
Hoas

The chicks fed the 18% protein CS (control diet) also had

higher body weights (P < .05) than the chicks fed 23% CS diets.
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The.amino acid analysis performéd in this experiment showed
increased quantities of methionine and.lysine due to R. oiigosporus '
inoculation. This was also noted when.soyBeans were used as the sub-~
strate by Kao et al.4 although the methionine content was not as great
as.in this study. The essenfial amino acid content increased 107 in a
study reported by Robinson et al.3 compared to a 207 increase in.this
experiment. This ma? be'explained by Chah's47 findings which showed
thé quantity and kind of essential amino acids produced depended upon
the substrate utilized. The substrate difference may account for the
larger values associated with the faba beans since soybeans were u;ed
by Kao.4

The inclusion of the CFB was to determine if an increased meta-
bolizable enefgy value and an improved growth response'occurred from

83,84,85 indicated that autoclaving had a

cqoking. Several studies
beneficial effect on live-weight gain and it was speculated that cook-
ing may produce these same effects. The';educed growth of chicks fed
"CFB diets was not expected since Kjeldahl's analysis indicated a
larger crude protein value for the CFB over the RFB. The reduced_‘
growth of chicks fed CFB ﬁay be due to a loss of nutrients which
leached into the water such as the water-soluble vitamins and a de-
crease in the carbohydrate content of the faba bean and loss_of water-
soluble amino acids. Autoclaving instead of cooking in water may have

a

alléviated these problems. To minimize the problem of nutrient loss,
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the faba beans could have been cooked in és little water as possible

but when this was done by-Marquardt84 it was found thatla‘greater

'portion of the polyphenolics were still contained in the faba beans '

rather than being decanted with the water. These polyphenolic com--

pounds have been found to inhibit the enzyme activity of fungal and

rumen micfobial cellulase in addition to trypsin, a—amylaéé’aﬁd
1ipase;100 |

_ Although the chicﬁs,fed RIFB dia not gain significantly betfef
than-chicks fed RFB, fhis may be.&ue to the loss of nutrients during
the céoking process. The nutrient content of the faba beans subse-
quently improﬁed as ipdicated by the improyed‘body weights of chicks
fed RIfB over CFB. R. olig&spofus is abie‘to synthesize somé of the
water soluble vitamins which inélude Vitamiﬁ C, niacin, riboflavin,
and;pantothenic acid, in.addition to improving the total aminp acid
content.

Chah47 féﬁﬂd that the beneficial effects of ferﬁentation with
soybeans were more proﬁounced at lower protein 1eve1; (15% and 17%)
but this was not found in this study. This may be dué to.the fact
that the diets were'already adequate in all amino acids, whereas in

Chah's47

study, the chicks on low protein diets were not supplemented
with any additional amino acids.

When the body weights of the.chicks fed the CS diets were compared

to the body weighfs of the chicks fed the faba bean diets, it was
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noted that the chicks on the 187% CS diet grew better (P <.05) than
the chicks on the 23% protein CS diet. This was not indicative of the

normal response chicks usually have to the C3 diet.

Experiment 5. Amino acid analysis (Table VII) depicted a 24%

improvement in methionine content and a 13% improvement in the lysine

content of L. sanfrancisco inoculated faba beans (LSFB) over the RFB.

The essential amino acid content of ‘the LSFB showed a 12% improvement
while the uniqocﬁlated, incubated:raw faba beans (UIRFB) had a 10% in-
crease. The total noneésential amino acid content als§ improved with
LSFB showing a 9% increase over that of the RFB.

Analysis of‘variance (Table VIII) of faba bean treatments demon-—
strated that there were no differences (P > .05) betweeﬁ the individ-
ual treatments or between the 187 and 237% protein levels.

As in Experiment 4, the chicks on the CS, 187 protein diet had
higher mean body weights than the chiéks on the a&equate, CS control

(23% protein) diets (Table IX).




Table VII. Amino acid analysis comparing essential amino acids of raw faba beans (RFB),
uninoculated, incubated raw faba beans (UIRFB), and L. sanfrancisco inoculated faba beans-

(LSFB), experiment 5

Increase after

Increase after

29.7

Amino acid RFB LSFB inoculation UIRFB inoculation
e e e e e e = - = - D o= = e m m m m =T e e - — -
Alanine .953 1.120 14.90 1.09 12.6
Histidine .623 .733. 15.00 701 | 11.1
Isoleucine .877 .020 14,00 03 -14.9
 Leucine | .720 1.970 12.70 96 12.1
Lysine 420 1.620 12.30 50 5.3
Methionine .218 .287 24.00 .240 9.2
Phenylalanine .910 1.010 10.00 1.02 10.8
Threonine .909 1.030 11.70 1.00 9.1
Valine 1.030 1.170 12.00 1.08 _4.6
Total essential . . ‘
amino acids assayed - 8.660 9.960 13.10 9.62 10.0
Total nonessential . :
amino acids assayed 13.740 15.040 8.64 14.48 - 5.1
Total 22.400 25.000° 10.40 24,10 7.0
Protein, as fed 27.6 31.0 11.00° 31.40., ©12.1
Protein, dry matter basis 32.2 7.80 32.70 9.2

18
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Table VIII. Analysis of variance comparing the body weights of chicks
fed Lactobacillus sanfrancisco inoculated faba beans (LSFB) and unin-
oculated, incubated raw faba beans (UIRFB) diets, experiment 5

Source of variation d.f. Sum of squares Mean square
Am&ng treatmeﬁts 1 | 364.5 364.5
Between protein levels 1 : ' 338.0 338.0
Interaction : 1 144.5 ' 144.5

Residual ' g 1675.0 418.8
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Table IX.  Body weights of chickens fed either Lactobacillus
sanfrancisco inoculated faba beans (LSFB) or uninoculated,
incubated raw faba beans (UIRFB), at an 187 or 23% proteln level
with corn-soy (CS) diet as a control, experiment 5

Body Welghtl/

Treatment Protein level : Start End
P
UIRFB .18, | 55.4 % 4.3 594.9 ¥ 51.4
UIRFB - 23 54,6 * 3.8 573.5 % 54,15
LSFB | 18 55.4 * 5.3 599.9 £ 56.6
LSFB 23 57.9 % 4.2 595.7 % 40.1
cs - , 55.6 + 7.1 624.1 % 62.9
. CS 23 61.6 = 6.3 541.7 + 35.9
1/

~'Fach value is the mean of duplicate treatments * S.D.
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. No éfowth improvement was noted at the higher level bf protein
which méy indicate that the increased amino acids generated with the
fermentation process were not utilized. This may have occurred be-
cause an adequate essential amino acid content was already present in
the diet.and competition among amino acids for intestional absorption
siteg could have cgused less than optimal utilization of the .amino
acids generated Auring fermentation. The amino acids with larger non-
polar side chéins such as methionine, isoleucine, valine are absorbed
* the mosf rapidly.llo_'lt'has also been shown that methionine signifi-
cantly inﬁibits the absorption of leucine and glutamic acid.log' The
increase& amount of methionine produced.during the fermentatioﬁ pro-
cess may have decreased the absofption of othef amino acids thué
impeding protein synthesis. In contrast £o Experiment 4, the body
weights of chicks on 23% LSFB diets did not fall below the chicks
éiveﬁ 18% LSFB Qiets.evén though thg 23% protein diets contained 51%
faba beans versus 217 faba beans for the 18% protein diets. The
phenolic content which is partially condensed tannins, may have de- °
Ereased in fhe faba beans during the fermentation process which may
beha partial explanation fqr the above result.lOO Again, the chickens
on 187 control diets (CS) ﬁad iﬁproved bodf'weights over the chicks o -
the 237 CS diets which may be.attributed';o the t?ypéin inhibitor in

soybeans.
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Although the LSFB diets did not support growth better tﬂan-the
UIRFB dietsg this may be relaﬁed to the pH factor. The lowered pH
values associated with both the UIRFB and LSFB may have servéd to
destroy.or at ‘least bartially inactiyate the growth depréssant sub-
stances préSent in the faba beans during fermentation. 'The pH of tﬁe
LSFB was’3.8 compared to 4.2 in the UIRFB while the original pH was
6.1. This.is in contrast to RIFB which had an initial.pH of 7.6 and.
an ending pH of 8.1. The lower pH value of the URIFB could indicate.
the~presence of endogénous bacteria on the faba beans.which may produce
enéymeé'responsible for decreasing the growth depressant factor,106

improvement of amino acid content, or both events could have occurred

to decrease the growth inhibiting properties . of the faba beans.
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Experiment 6. Proximate analysis (Table X) of the faba beans
revealed that the crude prétein content of RIFB was highest whereas
the RFB had the lowest crude protein value. Crude fiber, acid deter-
gent fiber and ngutral detergent fiber levels were lqwest'in the LSFB
and UIRFB while the RIFB had highest crude fiber content. The nitro-
gen—-free extract Wés the greatest in the LSFB and UiRFB.

Analysis of variance indicated differences (P <.05) among -treat-
ments of faba beans and between protein levels (Table XI). The
chickens on the 23% protein diets had consistently better body weights
than the chickens consuming the 187% protein diets except in the case
of the chicks on the RI¥B diets where the chicks body weights were
almost equal. The.chicks reacted the same to the faba bean treatment
whether the diet was 187% or 23% as indicated by the lack of signifi-
cant interaction (Table Xf). It was determined by the Newman—Kuel112 '
comparison method that the chicks fed the RIFB diets and the CS dietsA
had body weights that were different (P <.05) from chicks on the re-
maining treated faba bean.diets (Table XII). .No differences‘(P< .05)
in regard to mean body Weighfs were encountered between chicks fed RIFB
diets and the CS diets.

The chicks consuming the CS and RIFB diets had the lowest feed to
gain ratio which waé determined by the Newman-Kuel method to be differ-

ent (P <.05) in comparison to the chicks fed RFB, AFB, UIRFB and LSFB

diets (Table XIII).




Table X. Proximate analysis and fiber content.of raw faba beans (RFB), autoclaved faba beans
(AFB), R. oligosporus inoculated faba beans (RIFB), L. sanfrancisco inoculated faba beans
(LSFB), and uninoculated, incubated raw faba beans (UIRFB), experiment 6

Dry . - ther - Crude

Sample matter Protein Ash extract fiber NFEl/ NDFg/ ADFQ/
' B . - - - - e e G omom e m e mmmm— — - — - oo - - - -
RFB 91.5 28.6 4.0 .8 7.9 50.2 26.5 12.6
AFB 93.3 28.2 4.0 1.3 8.4 51.4 26.7 13.6
RIFB 94.9 - 31.1 4.1 .9 8.5 50.3 27.5 13.2
LSFB . 96.1 30.2 4.1 1.2 6.8 53,8 19.4 10.4
UIRFB 96.2 30.8 4.1 . 1.2 7.3 52.8 22,7 11.7

1/

=~ Nitrogen—-free extract

2/

— Neutral detergent fiber

3/

- T Acid detergeﬂt'fiber
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Table XI. Analysis of variance comparing the body weights of chicks
among treatments— between 18% and 23% protein levels and the inter-
action between faba bean treatments and protein level, experiment 6

Source d.f. Sum of»squarés Mean square
Among treatments ' 5 6804 1361.0%
Between protein levels . 1 907.7 907.7%
Interaction , .5 379.4 . 379.4
Residual 12 2665 o 221.1
.

P < .05

1/

Raw faba beans (RFB)

R. oligosporus inoculated faba beans (RIFB)
Uninoculated, incubated raw faba beans (UIRFB)
L. sanfrancisco inoculated faba beans (LSFB)
Autoclaved faba beans (AFB)

Corn-soy control (CS)
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Table XII. Beginning and ending body weights of chicks fed
either raw faba beans (RFB), autoclaved faba beans (AFB),

R. -oligosporus inoculated faba beans:(RIFB), uninoculated, incu-
bated raw faba beans (UIRFB), L. sanfrancisco inoculated faba
beans (LSFB), or corn-soy (CS) diets, experiment 6

. Body Weighti/
Treatment . Protein level Start End

A - —-=- g - - - -

RFB 18 36.7 499.7
RFB - 23 36.7 506.5
AFB - 18 37.4 471.0
AFB 23 37.0 518.0
RIFB ' 18 36.8 ' 524.5%
RIFB 23 37.7 518.7%
UIRFB 18 36.4 491.2
UIRFB 23 - 36.4 495.3
LSFB 18 36.9 485.8
LSFB 23 36.4 495.7
cs 18 36.7 526.3%
cs 23 37.0 546.5"

*p < .05

1/

="Each value is the mean of duplicate treatments
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" Table XIII. Feed to gain ratios of chicks fed raw faba beans
(RFB), autoclaved fabd beans (AFB), R. oligosporus inoculated
faba beans (RIFB), uninoculated, incubated raw f£aba beans (UIRFB),

L. sanfrancisco inoculated faba beans (LSFB), or corn-soy (CS)

diets, experiment 6

Treatmeht - Protgin level 7 Feed to gain ratiol/
RFB 18 1.28%
REFB . .23 1.37

AFB 18 1.28
AFB ' .23 1.26
RIFB 18 1.20%
RIFB .23 1.16%
UIRFB ' 18 1.27
UIRFB 23 1.28
LSFB : 18 1.25
LSFB o 23 1.27
cs - 18 1.22
cs : . 23 1.17%

" < .05

1/

~'Fach value is the mean of duplicate treatments
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As in Experiment 4, the crude prdfein value for RIFB was elevated
which can probably be attributed to the production of amino acids by -
R. oligpsgorus. The crudg fiber value in the RIFB versus the RFB was
higher which cofrelates with Van Burenaslll findings. The rise in
crude fiber is probably not actually inc%eased except on a percentage
basis of the sample since the NFE is decreased. Ihe LIFB and UIRFB
had lower crude fiber values which may indicate that the lactic acid

producing bacteria may have the ability to break down a limited amount

- of crude fiber.

The improved body weights ana feed-to-gain ratios in chicks fed
RIFB versus the other diets, excluding CS, exeﬁplifies the beneficial
effects of fermentation. These include increased availability of amino
acids due to protease’activity, antibiotic activity which is known to
stimulate growth40 and incréased vitamin content. |

Previous amino acid analyses indicated that L. sanfrancisco has

a decreased ability in comparison to R. oligosporus to synthesize amino

acids. This may be partial explanation for the lower body weights

observed in the chicks fed LSFB diets. .




V. SUMMARY

The férmentation of faba beans with R. olisogporus or L.

sanfrancisco was implemented in an effort to improvelthe nutritional
value of faba beans as a partial replacement for soybeans in poultry
feed. |

Expefiments 1 through 3 were conducted using R. oligosporus which:
had been mutated in aptiéipation of a methionine excreting mutant.l
The studies undertaﬁen indicated that R. oligosporus ﬁas not able to
excrete biologically available methionine as indicated by the chicks'’
low body weights. This implied that the methods ﬁsed fér the mutation
of the fungi wereAnot.éffective. An alternate method for acqﬁiring
methionine excretion in fungi is warranted, if a methionine excreting
.mutant of R, oligosporus is to be found. One me;hod may .be the
genetié manipulatioh.of the R. oligosgorﬁs;

When faba beans were fermented with wild type R. oligosporus, it
was found that a 30% increase in methioniné and a 9% improvement in
lysine content occurred in conjﬁnction_with an improved essential to
nonesséntial amino acid ratio, This indicates the ability of R.
oligosporus to synthesize essential amino acids. Beneficial effects
on éhick body weights from R. oligosporus fermentation were not appar-
“ent until supplementary methionine was decreaséd by 257%. Chiéks fed
the RIFB die;s.had élmost'equal body weights and feed-to-gain ratios

as chicks fed the CS diet.
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An increase in methionine of 247 and a 12% increase in lysine was

noted after inoculation of raw faba beans with L. sanfrancisco. The

essential to nonessential amino acid ratio was improved but not to the

extent of the R. oligosporus inoculated faba beans which probably ac-

counted for the lower body weights of chicks fed LIFB in Experiment 6.

The inoculation Qf faba beans with L. sanfrancisco may servé'to
deérease'crude fiBer content and increase NFE.

When faba beans (fermented or unfermented) were added to chick
diets above fhe 25% level, growth of the chicks was reduced'ﬁhich
indicates growth depressing'factors unaffected by hea; or fermentation,

with the exception of the RIFB diets in Experiment 6.

!
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GUIDE TO ABBREVIATIONS

Cooked faba beans

Raw faba beans - " : _—

‘Mutant Rhizopus oligosparus inoculated faba beans ——————-

Rhizopus oligosporus inoculated faba beans -

Lactobacillus inoculated faba beans

Incubated but uninoculated raw faba beans --

Autoclaved faba beans -

Corn-Soy =--

CFB
RFB
MRIF3B
RIFB
LSFB

UIRFB

CSs
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