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ABSTRACT

The nutritional and sensoríc properties of meat

products extended with texturized plant proteins (ree¡,

Ìvere studied by evaluating four sources of plant protein
at various leve1s. Fababean protein concentrate (reec¡,

soy protein concentrate (SpC) and pea proËeÍn concentrate
(ppc) were texturized by extrusion to evaluate the effect
of heat treatment on the biological value of the protein.
Oats r,rTere used in the form of flakes (rolled oats). A

porËion of the FBPC was extracted with ethanol:water
(00:+o), Ëo remove vicine and convicíne which are believed

to be anti-nutrítÍonal factors. Growth assays Ìvere

conducted to obtain protein effÍciency ratios (p¡n) for
the plant proteins and mixt.ures of meat plus plant
proteins incorporated into rat dÍe.ts. organoleptic

characteristÍcs of meat loaves, which contained three

levels of texturLzed plant proteins (5, 15 and Z5%),

r^7ere evaluated by fÍve trained panelists using the method

of magnitude estimatÍon.

Meat showed a better biological value than plant
proteins when fed as the only source of protein. I,,lhen

ijl.!::¡:ìrr:
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formulated meat loaves vüere the source of protein in the

assay diet, meat, supplemented with other sources of
proteins, demonstrated a superior bÍological value and

better protein utLLizatLon than the pure meaË product.

untreated fababean proved Ëo be nutritíonally a better

source of protein, while ethanol extraction improved

water absorption plus water and fat retenËion capacities.

overall performance of fababean was superior to the other

sources of proteins used Ín the study. A decrease in the

level of several amino acÍds (lysÍne, cystine, methionine,

etc.) in the heat treated samples, indicated a negative

effect of heat treatment on bÍological value of proteins.

supplementatÍon of a protein system by other sources of

proteins eliminated this effect.

There r^7ere no signÍficant differences in flavor

perceptÍon between samples, since the spíces added to the

product masked the beany (bitter) flavor of the protein

concentrates. FÍrmness of the product was affected by

the source of the plant protein and not by the level

added to the meat loaf. A símilar trend was found to be

true for chewiness, with fababean and soy concentrates

showing a high degree of chewiness. Gritti-ness r^ras found

1,.. ::: ,:
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to be high in samples which contained 15 and 25% of. plant

proteins, with óats being rated very low in grittiness.
Panelists have found the texturized fababean proteins

to be acceptable meat extenders when used at 1evels

between 5 and 25%. Generally, meat products extended

with 5 and 15% pLant proteins hTere preferred over samples

which contaÍned higher levels.
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INTRODUCTION

. Changes are taking place continuously all over the

world. ConstanË íncrease in populations and changes in

life styles bring many countries to the verge of shortage

of the most basic and essentíal foods. At the present

time, North American food protein sources are in abundance,

however, shortages may be a future food issue as it is
presently in many other countries. From estimation of

supply and demand data on a world basÍs, Ít has been

projected that there will be a deficit of 30.2 millíon

metric tons of animal protein sources by 1980 (Burrows,

Greene, Korol, Melnychyn, Pearson and Sibbald, L972).

An increase in demand and a constant or even decrease in

supply drives prices up. Ground meat, one åt tfr" cheapest

and readÍly available source of animal protein, is

reaching the $2.00 a pound mark (Anon, L979). Thís

sharp rÍse in price will eliminate one of the most

essential food iterns from the tables of many North

Americans. It has been postulated that in the next few

decades, plant proteíns wíl1 constitute up to two-thÍrds

of the worldrs high grade protein (gir¿, L974). At the
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present time, cereal grains account f.ot the major portion

of consumed plant proteins. oilseed meals and legumes

offer potential new sources of fairly high ouality protein.
An ímmediate increase in the use of soy and other

available vegetable protein concenËrates r^7as clearly
anticÍpated by the food industry as early as irgl3

(Mccleary, Lg73).' Because of the limited region adapted

to growing soybeans in canada, current interest is
focused on the use in human foods of high protein crops

adaptable to the prairíe regÍon. Fababeané (Vicia faba

minor) and field peas (pisum sativum) offer such a

potential (Evans, seitzer and Bushuk, Lgrz; youngs , rg70).

The use of texturized soy product as an extender in
ground beef was introduced to canada in 1973 without prior
notice (Vaisey, Tassos, McDonald and youngs , Lg75).

Although work has been done by many scÍentísts on the effects
of added textured plant proteins to beef (Vaisey et a1-.,

L975; seideman et. al., L977) most of it has been done on

beef patties. rn spÍte of the work done on the meat

extenders, the lack of an extensive picture still exi-sts.

studies on the nutritional aspects of the meat-plant

protein mixtures, on the effects of texturizatÍon on rat
::.

i'-;räi.r,5.iiÈ
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grorrth performance, on chemical score, limiting amino

acid, complementation, amino acid availabilíty as well

as functional properties and sensory attributes are

needed. An Ínclusive study which will enable the

industry to manufacture hÍgh-guality and palatable

products and at the same time will educate the consumer

to appreciate the benefits of the new products, will
prevent only partial acceptance or repul,sion by consumers

because of lack of product knowledge (vüoolcotË, vaisey

and McDaniel , L974).

It has been found that meat products containíng

high plant protein concentrate in the texturized form are

more acceptable than when they r^7er€) added in the form of

f lour (VaÍsey et 4_L. , Lg7 5) . During texturization of

high protein concentrates and subsequent processing of
the product, heat is introduced wlrich will affect the

amino acid composition of the proteín, plus availability
and retention (Sarwar et al. , L975).

One of the nevü protein sources on the prairÍes f.or

human consumption, is.the fababean. As a legume high in
protein, it has attracted the attention of many

scientists but there are obstacles to wide utilization

::"r:.i ì.:
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of the fababean as food. Bitter flavor is one flavor

parameter frequenLly ascribed to plant proteÍns and the

fababean is no exception (Donaldson, L9TB). Another

drawback to the more widespread use of the fababeans

stems from its toxicíty v¡trich, in certain circumstances,

can give rÍse to the disease favism (JamalÍan et al.,
L976), an acute heamolytic anaemia. I,rThether or not

texturization of hÍgh protein concentrates and chemical

removal of toxÍns or antÍ-nutritional factors from the

protein source have,adverse effects on Íts nutritional

value, has not yet been made clear.

The objectives of the present study \^7ere as follows:

1. To observe the performance of plant protein

concentrates as meat extenders by means of bioassây:

and sensory evaluatÍ_on.

2. To observe the effects of heat treatment as applied

during texturization on the ÍndÍvidual amino acids

and the protein as a whole.

3. To determÍne the changes that wÍll occur in the level

and availabÍlity of several amino acÍds as a result

of vicine removal.

r.ix.-,i ::tt:!¿:(,!
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, 4. To evaluate the nutritional value and protein

guality of several plant proteí-ns (namely:

fababean, oats, pêâ, soy) by a biological evaluation.

5. To study the effect of increasing proteín level on

the sensory perception of flavor and textural

parameters

6. To evaLuate the method of predicting proteÍn

efficíency ratio as a potentially fast and relíable
way for determination of the food guality.

::...4,ì:.',',.
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LITERATURE REVIEI/ü

Proteins and Amino AcÍd Functions

Proteins are peptÍdes of high molecular vüeight.

They are either made of amino acids alone (tholoproteÍnst),

or they may contain, in addition to theÍr peptide moiety,

a so-called prosthetic group of varíous chemical

composi-tions (theteroproteÍns t, also called tconjugated

proteínst). In the field of food and nutrítion, protein

and amino acid functions are limited to those directly

concerned with (a) dÍgestíon processes in the

gastro-intestÍnal tract (b) with anabolic, and (c) with

catabolic processes and considered both locally in various

body tissues, and more generall-y, in the living body as

a whole Ín its metabolic exchanges with the envÍronment

(Bigwood , Lg72). There are several nutritional functions

of proteÍns and amino acÍds; nitrogen balance of the body,

nitrogen and sulfur supply to the body and metabolic

processes. A major nutritÍonal aspect of amino acid

metabolism concerns the me.thod of evaluation of proteÍn

quality of foodsa.and diets. The distribution of the

amíno acid supply to the body tissues varíes with the

i.,'..r:
M -.i
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amino acid pattern and the nutritive quality of the

protein material available. The closer this pattern

happens to be to the amino acid pattern essential to

satisfy the reouirements of the body, the greater the

biological value of the protein source happens to be.

This very essential problem of determÍning biorogically
the quality of a dietar5r protein or of a diet has led to
very extensive research.

BÍological Evaluation of Dietary proteins

Protein gualÍty relates to Ëhe efficiency Ì^?-Íth wtrich

varÍous food proteins are used for synthesis and

maintenance of tissue protein. chemical methods, such as

various amÍno acid scoring pro,cedures, can give a frðtÈly

good indication of the protein value of a food (Jansen,

L978). Unfortunately, such methods ar.e of somewhat

limited value because they do not take into account

digestùbility and availability of amíno acids. There

are several methods of biologícal evaluation of protein

sources (Hartog and Pol, L972), but since rat growEh

evaluation is the standard used for :cegulatory purposes by

both the united states and canadian governments, a great

;'r""' :-1'
i.'r,tí::::.:
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I
deal of work on protein evaluation \,üas done applying this
method. EvaluatÍon of protein quality by utilizing the

Protein Efficiency Ratio (pgn) method was performed on

varÍous sources of proteins such as meat (Witaing , Lg74,

Brinkman and MacNeil, L976, MacNeir, Mast and Leach, L}TB),

nutritional values of plant proteins (sarwar, sosulski
and 8e11, L977, I,üomack, Bodwell and vaugham, Lg74), and

mixtures of meat and plant proteins (Olson, Sosulski and

christensen , L978). rn spite of the fact that the

failure of the PER assay to properly credit protei-n used

for maintenance is a serious flaw (Jansen , LgTg), it has

been used' as hTas shown, by many scientists. Results

obtained from growth rate experiments give a clear
indication of the biological value of proteins from

various sources.

Time ís another limiting factor in the pER method

for evaluation of protein cuarity. Feeding trial lasts
twenty-eight days plus five days of acclimation period,

makes the growth trial both lengthy and expensive.

several food standard proposars by the united states
Department of Agriculture and canada Department of
Agriculture, require a demonstration of adequate protein



quality, but PER is the only method that has been

accepted by the Association of OfficÍal Analytical

Chemists (eOeC , Lg75, Jansen , Lg78). Therefore, a less

expensÍve and more rapid technique is desirable..

Alsmeyer, Cunníngharn and Happich (L974) proposed an

equaËion which will assist in prediction of PER from

amino acid analysis. In-vitro methods to prddicË PER

by using enzymatic digestùbility of the proteins, had a

significantly high correl-ation with observed PER values

for forty-five dÍfferent sources of proteins (Satterlee,

Kendrick and Miller, L977, Hsu, Sutton, Banjo, Satterlee

and Kendrick , L978).

Suppl-ementary Effect on Biological Value

Limiting amíno acid is a cause f.or only partial

availabilÍty and util Lzation of the other amÍno acids in

Ëhe proteÍn. The result of partial utilizaËi-on is an

Ínefficient exploitation of available proteins. Minimizing

this effect can be done by supplementing the dÍet with

other diets rích in the specífic amÍno acid or with the

limiting amino acid itself. Supplementation of pea

proteÍn concentrate with 0.57. and 17" Dl-methíoníne or
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methíoníne hydroxy analog (¡me), proved to be a

successful method in ÍmprovÍng biological value of the

protein. The PER values hTere hígher !üÍth L% of amÍno

acÍd added to the diet than with 0.5% (xeitrr, youngs and

Mclaughlan, L977). Methionine supplementation at the

level of 0.3%, sÍgnificantly increased the pER values of

soy proteÍn fed to rats (Kapoor and Gupta, Lg75). It
has also Ímproved the values of net protein utilLzatLon
and retention. Marquardt and campbell (tgls), reported-

that chicks fed a ration containing 90% r.ababeans, grevü

signifÍcantly better when 0.24% methionine Ì^7as added to

the diet. on the other hand, it riüas establÍshed that free

methionine will enhance bítterness (Donaldson, L97g) and

will adversely affect product palatabilíty (xÍes and Fox,

L97L). sarwar et al. , (tgll ) investigated the avaÍlabílity
of amino acids Ín soybean, field pea or fababean and theÍr
blends with methionine or wheat. Availabilíty of the

sulfur amíno acids improved when diets r^rere supplemenËed

with either the methÍonine or the wheat. rt is a well
established fact that methionÍne and cystine are present

in 1ow levels in many legumes and oilseeds (soybean,

fababean, field pea, etc.) wiËh methionine the first

r _'_:fÍ:--!j'r-.:--..':'-1.9-::: : j: a'-,: ._:.:-;.1:.; : : :;: l ::::'.i-:.; ;: ; : .i:r,l;;.;:,1:,
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límiting amino acid (Bigwood, L972, Kakade , L974 and,

Blair, L977). rt is also known that proteins from animal

sources (meat, egg) contain higher levels of sulfur amino
- i.,.:ri r,

acids (Bigwood , Lg72) . The utilization of plant proteins '':":.r '

as meat extender should lessen the negaËive affect of the

methionine deficiency in plant materials.
i,r.....,:

Quality of a protein may be esËimated from its amino 1",'r',ì

acid comPosition as compared wíth the reference pattern of iitr,,,.t

amino acids. Block and MÍtchell (1946) suggested thar 
:

since all amino acids must be present at the site of pfotein 
'
ì

synthesis Ín adequate amounts for protein synthesis to 
i
l

proceed, âfl equal percentage deficit of any essential amino 
iaéid would limit proteÍn synthesis to a comparable degree. i
I

Also, they Ínvegtigated the correlation of chemÍcal 
I

Istructureandnutritiveva1ueoffoodproteinsonratsfed

seventeen proteins or food protein mixtures with egg as i,.,,,',,' : ..

the reference protéin sÍnce it !üas known to have a .,.,'.,,1'-:':_i:.'-: :

biological value closely approachÍng 100. They concluded

that, if the comparison of an ttideal protein", i.e., one

contaÍning all the essential amino acids in sufficient iïl.'.
i 
:: .:1.'. ¡ ¡,¡

amounts to meet requirements without any excess, r/üere '

known, then it should be possible. to compute the nutriËive

quality of a protein by calculating the deficit of each
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essential amino acid from Ëhe amount in.the trideal proteintt

with the rrmost limiting amino acidfr determining the

nutritive value. The lrlorld Health OrganLzation technÍcal

commÍttee for energy and proteins, adopted a nevü

provisional amíno acid scoring pattern based on the level

of indÍvÍdual amino acids needed to guarantee optimal

growth and maintenance (!üorld Health OrganLzaËion, L973).

Effect of ProcessÍng Conditions on Nutritive Quality of

Plant Protein

The increase in the demand and consumpËion of plant

proteins, forced researchers and industry to study the

effects of protein concentration and texturízatLorr^.ion

nutritive value. The heat treatment irn¡olved in autoclaving

of a diet or extrusion of the protein source (Marquardt

et aL. , 1975), and oil extraction is a controversial

subjecË. Marquardt et al. , (Lg75) fed to chicks, heat

treated fababean and observed an improvement of L6% Ln

growth rates and L9% in feed/gain ratios when fababean

vüas extruded or steam autoclaved" Nitsan (tglt) on the

other hand, observed a decrease i-n growth rate among

rats fed autoclaved fababean. Bressani, Elias and Gomez
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Brenes (tg7Z), claim on the basis of e.xtensive work done

on oil extraction from cotton'seed and soybean that heat

processing causes a decrease in available amino acids in
the majority of case's, because of destruction or

inactivation. Both effects cause a deficiency of one or

more amino acids and a decrease in digestibility. The

Presence or absence of reducing sugars in the diet can

affect the degree of nutritional damage. rn the presence

of reducÍng sugars even mild heating results in reâctions

with free amino acid groups, primarily those of rysine.

I,rlhen reducing sugars are absent, however, severe conditions

are necessary to cause nutrÍtional damage, which may

result from ínternal amide formation. rsolation of

proteins from soybean meal by 0.2% sodium hydroxide,

res"ults in a decrease in availability of lysine by about

L8% (Sarwar et a_1., L975). In the same study, it was

also shown that rapeseed meal autoclaved for four hours

reduced the availability by 30%. lrromack eJ _A-L. , (L974)

have demonstrated that lysine, histidine, methionine,

threonine and tryptophan, víere affected by autoclaving at

120 c for thirty minutes. similar work was done on chick

peas (cice-r jrristinw) which are a rich source of lysine
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(6.s to 6.7%). The lysine corìtent is reduced about Lo%

when the seeds are heated in the autoclave to L2L c for
thirty and sixty minutes (Gonzarez del cueto, Martj:nez

and Frampton, L960). This study was initÍated to compare

the effects of heat on chick peas with previously noted

effects on typÍcal oleaginous seeds. The results of this
study show Ëhat the level of oil in the source of protein

has no effect on reduction of several amino acids.

Home cooking or industrial processing of foods causes

a multiËude of changes Ín appearance, taste and texture,
related to chemical modification and interaction of food

components. one of the detrimental products of protein
processing is the lysinoalanine (mf,¡, a ner^7 amino acid

formed from lysyl and cysËinyl or glycosidícally bound

seryl residues (Sternberg and Kim, Lg75). . I,üork by

VJoodard and Short (1979) described the occurrence of a

unigue histologic lesion called nephrocytomegalia, in the

kidney of rats fed an alkalÍ treated industrial grade soy

protein. They showed that there is a lower level of lysine

and cystine and approximately 0.6% lysinoalanine in the

proteÍn which contain a known toxic compound. rn contrast

to !üoodard and Short (Lg7Ð, DeGroot, Slump and Feron (Lg76)

and Chu, Pellett and Nawar (tglA) who claÍm that LAL forms
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only under alkali condÍtions; sternberg and Kim (Lg77)

conclude that LAL in the structure of heated proteins not

necessarily subjected to alkali treatment, may be a factor
to be considered Ín explaining reduction of nutritional
value by heating. The formation of LAL in proteins by

heating at pH values considerably lower than those obtaÍned

during alkali treatment, suggests the presence of LAL in
cooked foods. Although there are sígnificant findings of
LAL in heat and alkali treated proteins, it has been shown

by DeGroot, Slump, Feron and VanBeek (tOlø¡, that kídney

lesíons found in rats may be peculíar to that species,

since other species of animal, including the dog, mouse

and monkey, do not develop such lesions even with free LAL.

Although it cannot be absolutery excluded, Ít appears only
a remote possibility that IAL is a problem for man (Anon,

Ls76).

Functional Properties of plant proteins as Meat Extenders

soybean proteins are avaÍlable Ëo the food industry
in the form of flours, grits, concentrates and isolates
with respective proteÍn contents of 40 - 5o%, 707" and go%

or more (wott, L97o). Much research was done on the
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soybean proteins and their functional propertíes as a
system by itself or in a mixture with other systems

such as meat. The relatively 1ow price of texturized 
,,.,._,,soyproteinp1ustheru1ingbyUnitedStatesDepartment

of Agriculture (Food and Nutritíon service Notice zrg,
L97L), that hydrated texturized vegetable protein could ,.,, .,

i,,l.,,,r:.:'

be substituted for not more than 30% of the weight of 'r',¡¡,.''''

uncooked meat in type A School Lunch, gave great stimulus i.tt,,,.
l '':"

to the use of soy as a meat extender. ,

i

very few studies were initiated on the functional
properties of other sources of plant proteins such as

tl

fababean. rt was well established thaË soy protein 
i
i

iconcentrates have a high degree of moisture absorbance i

and hence a great hydration capacity. usual hydration 
i 

,.,

levels are ca. 2.5:L (nakosky , Lg74, Carlin , ZLprin, ',

Zabic, Kragt, Polsiri, Bowers, RaÍney, Van Duyne and i:tii,
., . t,''.Perry, L978). The dual effect of high absorption capacity 
,,',,,,.,,,

and gelation tendency of plant protein explains the role
added protein has in minimLzLng drip loss in meat products.

rn a study of heat treated systens of meat and r,, i ,, ì

ir.'.'. *
meat-plant proteins, properties measuring gelation !üere

i:i.: :i ..::

r': r: _: : :'
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shown to be highly negatively correlated with moisture

loss (Hermansson and Akesson, L975). In their study,

they investigated the effect of various temperatures
! . -' ':.

and plant proteín levels added to a meat system on the 'l--"'"'

water binding properties of, the system. The effect of

temperature on moisture loss was noticeable in the pure 
fj,.,,,,,:,,

meat system at 90 C and a decrease occurred when .,.,.tt'
:

temperatúres reached 100 - 110 C. T¡Jhen various levels of 1,,,.,'...',
] .:''' . '': .

p1antproteins!üereadded,.âîoptima1-temperatureof

80Cwasfoundtoreducemoisture1ossbecauseofthe

ge1ationpropertiesofthep1antproteins.Ziprinand

Carlin (tglø) compared the quality of all-beef loaves with 
l

Ëhose containÍng 15% soy concentrates. They reported that j

volatile losses for all loaves vüere 7% b:ut thaË drip losses l

i

vvere L2 and 6%, respectively. Conditions that may vary

dr-rrÍng thermo-plastic extrusÍon, especially temperatrJre, ;,,.:.,,
l'.','a;i.,-

profoundly affected the nutritive value as !ûe11 as flavor, ¡.',,,,r,,

solubilíty and other functÍonal properties of Ëhe textured 
''1¡;"r':i'

soy product (Carlin et al. , L978). T?re latter group

concl-uded that the 1evel of texturÍzed soy protein had a i.,,,,,,,.,:,

i.t-.,,;¡,.,
significant effect on total cooking and drip losses plus

moisture and fat retention Ín the cooked loaves.
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Other sources of protein concentrates as meat

extenders vüere also investigated (Vaisey, Tassos, McDonald

and Youngs, L975). InclusÍon of texturÍzed fababean and

field pea protein concentrates as meat extenders in beef

patties is associated with Íncreases Ín fat and moisture

retentÍon and concomitant decreases in dríp 1oss. Lower

fat retention in textur Lzed plant proteÍn - extended vs.

flour - extended patties, indÍcates physical changes withín ,.,,,,,,,,11

j

the protein structure during texturization 
i

It would appear from this study (Vaisey et al. , Lg75) j

that texturÍzing fababean and pea, protein concentrates

improves their performance as meat extenders, and their
part in improvíng sensory characteristícs of legume-beef

blends such as: flavor, raw and cooked firmness, and

apparent juÍciness. TexturÍzing appears to bring the legume

concentrates closer to the performance of beef proteins under i::'.i..'.,;,,

cooking condítions. An Í-mprovement in Ëhe beef flavor,

soy flavor and soy aroma, is also affected significantly

by the level of soy in the loaves (Carlin et al.r 1978).
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Sensory EvaluatÍon

Texture has been defined as a composite of those

properties which arise from the structural elements of
a food and the manner ín v¡hich these regÍster with the

psychologÍcal senses (sherman, LgTo). There are three

essential elements in texture; (l) texture is a sensory

quality (2) texture stems from the structural parameters

of the food; and (3) texture is a composite of several

properties (SzczesnÍak , lg77). Since texture is so

complex, sensory evaÍuation is probably the only method

of obtainíng reliable information on the texture of a

food. The work of. Szczesníak (fSO:¡, in which a proposed

system for classification of the Ëextural characteristics
of food is the basis for most studies done recenËly in
this area. Textural characteristics r^7ere classified Ínto
mechanical and geometric qualities as those related to
moisture and fat content of food product. standard rating
scales for the sensory evaluation of the textured parameters

Tíere developed (szczesniak, Brandt and Friedman , L963a).

This work was found to have several límitations (Moskowitz

and Sídel, L97L), such as bÍaseness of judgement as a

result of the reluctance of judges to use extreme categories

. ::'. '::

r ì.: .-,
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at both ends of the scale. A method that has been found

to compensate for differences among panelists and allows

each panelist to judge a sample on his o!ün sensory

perception, is known as Magnitude EstÍmation (Moskowitz

et_al. , L97L). Each panelist judges the intensity of an

attribute in relation to a reference sample that 
;,ira,:jr,,,,,

i-llustrates this attribute. The magnÍtude estÍmation is ':1.1"¡,"'r

;.,-,..,.-.
considered a simpl-e technique to use, it requÍres little j,;r=,r,',r.,.

trainingandhasbeenshowntogivereproducib1eresu1ts-l
(MalcoLmson, Lg78). I

There is a growing interest in plant proteins as

meat extenders, and especially nevü protein sources. i

j

In light of the varÍous methods used for manufacturing 
i

and utilLzation of meat extenders, an indepth investigation 
:

I

on the effectè of processing and levels of thesenmaterials 
I

used in meat systems must be carried out. Also, a study ,,,j¡,i,l 1,,,,.,t

' ,,.ìr,.. ',,t'which will deËermine the nutritional value as lüel1 as 
=itt,.,r.,:' : .'.] :

sensory attributes of the processed food is very much

needed.



METHODOLOGY

Plant protein concentrates from several plant sources

!üere evaluated fot their properties as meat extenders.

Nutritíonal attributes, as well as sensory and functional

properties of the various extruded and non-extruded plant

proteins and their effects on meat systems were studied.

EXPERIMENTAL DESIGN

Three phases rdere planned for the study. rn the first
phase, texturLzed, plant protei-n concentrates from various

plant sources Trere added to freeze dried raw meat to

compare the effect of the plant protein source on the

Protein Efficiency Ratio (pen). Arbitrary levels of o%

and 20% and 40% of. texturized soy protein concentrate

(tsec¡, texturÍzed, untreated fababean protein concentraËe

(rurec¡, texturized treated fababean protein concentrate

(fffpC) and texturized pea proteín concentrate (fppC)

vyere used in diet preparation.

In the second phase of the study, the plant proteÍn

concentratês r^7ere the only source of protein in
preparatÍon of rat diets (table 1). Texttrized plant

2L
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Tabl-e L

Diets Prepared for the SËudy of Amíno Acid RetenËíon

Retention

Source of ProËein Form of Source

Ní-trogen free diet

Fababean protein concentrate - untreated powder form

Fababean protein concentrate - treated 1 powder form

Fababean protein concentrate - untreated Texturized

Fababean protein concentrate - treated 1 Texturized

Pea protein concentrate

Meat - ran¡T

Pea protein concenËrate

Soy protein concenËrate

Casein

Powder form

Ground

TexËr:rized

Texturized

Proteín concentrate vüas extracted with ethanol_-water

(60:40) for vicíne removal
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proteins (method of texturization in preparation of

materials) r,rTere evaluated for their nutritional

properties and the effect of severe thermal application

on their performance. In phase two, the fecal samples

\,üere collected and used to determine the nutrient protein

and individual amino acids, digestibility and retention

by the rat.

In phase three, âfl evaluation of the effect of the

protein concentrates on a finished product \47as done.

Meat loaves \,vere prepared with L5% and 25% of the meat

substituted by equal weights of texturized protein

concentrates. In the first part of this phase, the meat

loaves contaÍníng the various protein concentrates vüere

fed to rats to determine PER and nutrÍent digestibility
(retention). In the second part of this phase, protein

concentrates from fíve dÍfferent sources vüere evaluated

to determine their effect on sensory attributes. In

addition, two methods of meat loaf processing \iüere also

assessed for the most desirable product.

DESCRIPTION AND PREPARATION OF SA}4PLES

All plant protein concentrates \dere obtained in a

powder form. Fababeans (Variety, Diana) from the Glenlea
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Research statÍon, university of Manitoba, r^7ere dehulled,

pinmilled and air classífied. The high protein concentrate

(rgpc) was divided into two parts. one-half of the sample 
,,;,,,,,,,,,,,;

T^ras subjected to ethanol (groH) and water extraction. As

mentioned Ín Ëhe literature revÍew, vicÍne and convicine,

although not considered as toxicants, are treated as i,,,,i,,
i,.:.:.:'.:-::'

antÍ-nutritional factors. For the purpose of evaluating it:..'i,'

i,..;.1¡r.-.,.any nutritional effecË on the proteÍn efficíency ratio :: ::.:

(pgn), ethanol extractÍon vras done Ëo remove the VicÍne

and Convicíne from the FBPC sample

To,4.0kgoffababeanproteinconcentrate,g.61
i

of distilled water and L4.4 l of ETOH Ì^7ere added to reach a 
i

)

40260 l-iquid ratio. The mixture was homogenized for fÍve :

mÍnutes to ensure complete di-spersion. The well ,homogen izeð, I

I

s1urrywascentrífugedat15,000xgfortenminutesina

Sorval Superspeed RC 2-B Automatic refrigerated centrifuge. l:'r,;.,
, ' , ' 

.., , t

The precipÍtate was mixed with 81of distÍ1Led water and i,,1,,

L2 1 of ETOH for a second extraction following the same l

procedure used in the fÍrst step. I¡rlet sample was placed

in staÍnless steel trays in a blast freezer (-30 c) for i,,i', 
r'

iJii.i;:::: i::r;

twelve hours. Ethanol was evaporated from supernatant

for futher Ínvestigations . Frozen proteÍ.n concentrate
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I¡ras freeze-drí-ed ín a VIRTIS 10-145 MR-BA freeze drier.
Duration of dryi4g depended on the quantity of sample

being dried at any one time. The drÍed FBC was milled in
FITZMILL Model- M comminuting machine. Soy proteÍn

concentrate (nutri-soy) and pea protein concentrate vüere

obtaÍned from GrÍffith Laboratories in Toronto. pea

protein concentrate vüas steam treated to partíally remove

the bitter flavor which ís characteristic to field peas.

Texturization (Extrusion) of Proteín Concentrates

Textur Lzation of treated (vicine removed) fababean

concentrate, untreated fababean concentrate, pea proËein

concenËrate and soybean protein concentrate was done in
the GrÍffith Laboratories research sectioni, A given'

sample (S t<g) r,ritfr predetermined moisËure content was

placed in a stainless steel bowl. I¡,Iater was added to

bring moisture level to 23%. Mixing of ingredients \iüas

done in a Hobart blender on speed 1 for five minutes to

ensure .complete absorptÍon and distribution of moisture.

Extrusion was done ín C.I,ü. Brabender Type 2503 GBR

extruder. Sínce the speed of the feedíng scre\,.üs and the

temperature at each of the four stages are critical, the

ililt::::ì



speed and temperatures T^rere adjusted according to the

individual protein concentrate fed into the machine

(fables 2a, 2b). Extruded material was collected in

polyethylene bags for storage and future use.

Meat

Meat was purchased at a whol-esale outlet. Chuck and

shoulder cuts from A graded steers !üere deboned and all-

vÍsible fat removed. Meat was ground in a Hobart grinder

Êhrough L/2" p1-ate and frozen in alumínum trays at a

temperature of -30 C. F:r:ozen meat was freeze dried in

the VIRTIS L0-145 MR-BA freeze-mobile. Freeze

dried meat was g:cound twice through a 3/L6" plate to

ensure complete distribuËion of fat w?rich was not removed

and then stored in polyethylene bags for future use.

Preparation of Samples

Diets for each phase of the study !üere prepared

separately, prior Ëo initÍation of the phase. As previously

noted, there hTere three rat feeding tri.als to evaluate

nutritionall-y the various plant proteins. The second part ',

ofthethirdphasewasasenSoryeva1uatÍonofthep1ant

proteÍn extended meat loaf. Al-L rat diets had a basal l

26
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Table 2a

Feeding Rate Seüting for the Indivídual

Protein Concentrate

Sample RPM
l1-- : .: .:... _:.::.:

Untreated fababean proteín

TreaËed fababean proteín

Pea protein

Soy protein

150

240

L7s

1s0
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Table 2b

Temperature ín the Four Zones for the Individual

Protein Concentrate

Sample Zone 1 Zone 2 Zone 3 Zone 4

Untreated fababean proËein 90 C L50 C 160 C 180 C

Treated fababean protein 90 C 130 C 150 C L70 C

Pea protein

Soy protein

100 c 150 c 160 c 180 c

90c 130c 160c 180c
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formulation (table 3) with the varÍatÍons of the plant

proteÍn source and level. Plant proteins r,rTere added to

adjust protein level to ten percent (AOAC , Lg75).

FEEDING TRIAL 1 - NUTRITIONAI EVALUATION OF RAI/ü MEAT AND

TÐMURIZED PLANT PROTEINS

Texturized plant protein was ground in a hammer-mill

grinder fÍtted wiËh a 50-3 inch sÍeve. Raw meat, texturized

treated and untreated fababean protein, pea protein and soy

protein were anaLyzed for N, ash, fat and moisture content.

Protein (U x 6.25) vüas determÍned by the Kjeldahl method

(AOAC , Lg75). Ash, fat and moisture r^7ere determined by

the final officíal methods (RoAc, rg75). For N analysis,

300 mg of sample hTere weighed and placed with the weighing

paper in a Kieldahl flask. To the sample, 10.5 gl of

titanÍum dioxide Kjeldahl mixture and 20 ml concentrated

sulfuríc acid \dere added. samples hTere digested for one

horr. After coolÍng for twelve minutes, 50 ml of tap

water was added to dissolve salts and Ëhen an additional

240 nL of tap water riüas added. After adding 50 ml

concentrated sodium hydroxide, samples hTere distilled for
about forty minutes. Condensor tips lüere immersed. in



Salt mixture VSp : 5 - S x % ash

S:

oitI :

2
Vitamin mix -

Cellulose :

!üater :

Corn starch to make L00%

ChromÍum oxide A.4% (w/w)

1.60_ x_ 100
7N of sample

B - E_J_å_e!her ext_rjlcJl
100

100

L%

I - S_¡ J*.crude fiÞer
100

5 - S x %-mo_i_s*t-qre
100

Table 3

Basål Bioassay Dier (eOnC, L975)

30
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1 cottonseed oil was replaced by saffrower oil which
has simílar unsaturation value.

2 vitamin diet fortification mixture, rcN Laboratories,
Cleveland, Ohio.
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250 mL Erlenmeyer flasks containÍng 50 ml boric acid

solution. I¡ütren the leve1 of the lÍquid in the Erlenmeyer

flasks reached 200 m1, flaòks T,rere removed and titrated
with diluËe hydrochloric acÍd. Nítrogen and proteín

level-s were calculated as follows:

mgN:mlofAcidxNx14

7oN: mgN x1
sample vrt 10

% proheín : % N x 6.25

The percent nitrogen, ash, fat and moísture vüere

determined and díets r^7ere prepared. Ten diets hTere

prepared for thÍs feeding trial, utílizÍng four different
protein sources at two levels, as well as casein and meat

standard diets (rable 4). Based on the fact that a male

rat'consumes 18 - 2L grams of feed a day and Ëhat a trial
last.s twenty-eíght days, 6 kg of each dÍet !üere prepared.

In each diet, a certain 1evel of plant protein and meat
t-'.t 

,,,t -' ,t .t .

complemented it to a level of ten percent. Oil, :r:::::::

minerals, vitamins, water and starch !üere added as required

(raute ¡). Ar-i- ingredients r^iere mixed thoroughly in a 
i:,,,,,a,,,,

Hobart mixer on speed 1 for five mínutes. Chromiurn oxide i'i"".-ì,

riüas added at the level of 0.4% as a marker for the :

determÍnation of digestibility and nutrient retention. l
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Table 4

Diets for NutritionaL Evaluation - PER

and NutrÍents

A - Casein

B -Meat 
i

C - Meat + 20% Tex. fababean treated (VÍcÍne removed)

D - Meat + 40% Tex. fababean treated 
i

E - Meat + 20% Tex. fababean untreated (Vicine present) 
l

32

F - Meat + 40% Tex. fababean untreated

G - Meat + 20% Tex.. soy protein

H - Meat + 40% Tex. soy protein

I - Meat + 20% Tex. pea protein

J - Meat + 40% Tex. pea protein
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Diets vrere placed in air-tight plastíc containers in a

cool room (4 C) for future use.

sprague Dawley male rats r^7ere shipped to the 
i,,,,,.:¡,,,:,,;.laboratory at age twenty-one days and placed on an ';i.r::::: '

adaptation dÍet for seven days. During adaptation period,

feed (rat chow pelLeËs) and water !üere given 
i,¡,-.,1,i1,,..i

Twenty-four hours after arríval, fÍrst sígns of pneumonia i',:"1'':.i''.r

l;.f.'¡ 
'.: .j:i: :.: i :'

r^7ere observed and anti-biotics T^7ere prescribed. AzratreEra 
¡,¡i,..r,,,1:;..

-25(ata1eve1of5glLiter)wasdisso1vedintapwater
l

and replaced tap water in feeding bo'ttles. Medication r^7as
l

gÍven for a period of five days. During the adaptaËion i :

iperiods, twelve raËs died,and hence, a decision was made to 
i

ireduce the'number of rats from twelve to eleven per group. 
)

iontheeÍghthday,ratsI^7ereweighedandarrangedinr

e1evengrouPsaccordingtoweight.Torandomizetherats,i
: ..

a rat was taken randomly from each of the eleven groups !.'.l1f:ii.
.'.: : t;.1.

to form ten groups of eleven raËs each. Average l,tt!.,i .r-,
,.:r:;:i: 

:..: :.-: ::--::.

weight of rats in any one group on the day beginning

theassayperiod'dÍdnotexceedby15gram.saverage
'weÍght of rats í.n any other group. Upon weighing the rats, i:,,,,,':' :",,

eachratwasp1acedinanindividua1stain1esSStee1cage

(24 x L7 x L7 cm) contaÍni-ng glass feeder (S cm in diameter)
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and a glass bottle for water. Throughout the assay perÍod,

each rat was provided with an approprÍate assay diet and

water ad libjtum.

Rats e/ere weighed every seven days and weights !üere

recorded (Appendix A). Feed consumption was monitored by

means of weighing and recordÍng dÍets added to the

indivÍdual feeders (AppendÍx A). Last r,veÍghing took

place on the Ëwenty-eighth day of the assay period.

DurÍng the assay period, rats vüere under controlled

temperature,.and duration of light perÍods. By automatic

control, l-ight was on for twelve hours and then off for a

twelve hour period

Fecal samples T^7ere collected from Índividual rats by

means of nylon screens. trrlooden frames with fly type nylon

screen attached r^7ere dÍvided i-nto individual compartments,

and each compartment on the screen fitted a cage. By

placing the screens under the cages, the rat feces which

dropped through the cage floor, fell into the screened

compartment.

rn the fírst rat assây, fecal samples Ì/üere coLr-ected

for the last two weeks of the períod. samples vüere cleaned

of rat hair and feed which also fell through Ëhe cage

.. ì

i . i:::j,:: ri
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floor, ground to a very fine powder by the CRC Micro-milL

and stored in a cool room in pLastic bags

FEEDING 'TR.IAL 2 - A},ITNO ACID DIGESTIBILITY AND RETENTION ': :::.':

Effects of thermal applÍcation on the various plant

protein concentrates r^rere examíned i-n phase two of the 
i,,¡;;,r,,.i,

study. In four of the dÍets prepared for the study, the jt..'t''"';
i

sole contrÍbution to the protein content were; FBUTP, i'.;',,",',',",.,

FBTP, PP and SP ín the powder form. In the other four 
i

i

diets, the same sources of protein have been used but in 
i
i

texturized form. The remaining three diets riüere casein, 
i

N-free diet and freeze-dried raw meat as sources of protein f

(table 1). Diets vüere prepared accordÍng to the officíal 
i
i

method (eOeC, Lg75). All ingredients were míxed for five 
i
l

lminutesíntheHobartmÍxerandstoredinair-tieht

containers at^ 4 C. Rats used in the fírst trialr.Ltpotl j,-,,.i,1',,,
._.. tl

termination of experiment, hTere fed rat chow for five ,¡.,',..,',,',',.

days. From the sixth day oÊ, for a period of three weeks , "t:":::':::;':;:;

each group of eleven rats lvas fed one of the diets to be

evaluated. Feed and water r^7ere given ad libitum. Fecal ,,,,,,,,,,,.,.,,,
i r,,,.'..'..;ì,

samples were cqllected on the nylon screens from the

fourth day of the trial for the duration of two weeks.
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Feces riüere collected, cleaned from rat hair and feed,

ground to very fine powder in cRC Mícro-mill and stored

at 4 C for further investÍgation.

FEEDING TRAIL 3 - NUTR.ITIONAL EVALUATION OF THE FINISHED

PRODUCT

Meat loaves hiere prepared with four dÍfferent
sources of plant protein concentrate. Extruded fababean

proteÍn in the untreated and treated forms, extruded soy

proËein and extruded pea protein concentrates replaced

5%, L5% and 25% of. the meat on a w/w basis. To evaluate

the properties of oats as a meat extender, rolled oaËs

T/üere used to replace 15 and 25% oÍ. x]ne meat. A comparison

between the roll-ed oats as an elementary form of

texturization vs Ëhe extrusion, which is a more elaboraËe

method of processing and theÍ.r effects on the texture of
the finished product was done. As well, âî evaluation

of the nutritional value of the oats as a meat extender

T^ras done, in spite of the fact that it has a protein level
lower than the fababean, soy and pea protein concentrates

(fS - L9% proteín vs 63 - 70"/., 49 - 517. and 51 53%,

respectively).
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Frozen meat in the amount requíred to the preparations

of one set of samples for the sensory evaluation panel

was taken out of the f:reezer and thawed in the cool room

at 4 c for thirty-six hours. cubed meat was míxed well
wíth the rehydrated texturLzed" planË protein being sampled

and ground. To ensurê optimal distribrrtion of the plant
proteín within the meat tÍssues, the meat was ground twice

by passing it through a 7lL6'plate and then through a

3/L6tt plate. other ingredienËs (table 5) were added to
meat and mixed well for fÍve minutes in a Hobart mi-xer.

The mixture of meat, plant protein at various levels,
binder and other Íngredients T,rTere placed in a meat-loaf

pånr 23 x L2 x 6 cr, and pressed by a ham-loaf mould to
prevent air spaces within the loaves. The ham broÍler,
with its snug-fitting top, pressed the meat down and hence

eliminated air éntrapment in the loaf and manufactured a

solid product. i meat thermometer was inserted in the

center of each of the meat loaves to enable the measuring

of the internal temperature. Meat loaf pans were placed

in a pre-heated conventional electríc oven, ten inches

from the heatíng unÍt. The oven r^7as pre-heated to 190 c

(375 F) and meat loaves riüere baked to an internal

! l_:'.': ì

itit r:
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Ingredients

Table 5

Used for the Preparation of Ground

Meat Loaf

dien

Meat 2

Fat

BÍnder

Eggs

lrlater

Ketchup

750

250

B5

110 g (z

256

L28

o6

ott

Gõ

whole eggs)

oõ

o6

2

Binder used was Krispo Brand sausage Binder, Griffith
Laboratories, Toronto, containing skim mil$, bread
crumbs and spÍ-ces.

lrlhen 5, 15 or 25% of. meat was replaced by one of the
various plant protein concentrates, cuantity of meat
used Ín the mixture \,ras reduced by same levels
re spe ct ive ly .

:::r,':.i..-l'
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temperature of 7L.6 C (tOt f'). Meat loaves vüere removed

from Ëhe pans, cooled and samples vüere prepared for
sensory evaluation.

T\,vo processing methods r^7ere evaluated in preparatíon

of the plant proteÍn extended meat loaves. ssnce many

plant protein concentrates have .a distinct beany flavor,
a processing method which'wi-11 cover a large portíon of
thí-s was sought. rn the first method, the meat used for
the meat loaves !üas mÍxed with the plant protein concentrates

and was ground by the regular grinding meËhod Ëhrough a

31L6" plate. In the alternatíve method, the meat, fat,
texturized plant proteins, binder and other ingredients
(table 6) riüere comminuted to fine particles by a Hobart

model 841-65 food cutter. The Hobart model 94L45 food

(silent) cutter has a stainless steel bowl of 35 cm diameter

v¡hích rotaËes at a speed of 11 rpm and two blades on a

shaft with rotatÍon speed on L750 rpm. cubed meat, plant

proteÍn and half the quantity of the ice vüere placed in
the bowl of the sÍlent cutter and were comminuted for three

mínutes. The beef fat was added to the mÍxture and

comminuting continued for another mÍnute, after which Ëhe

rest of the ingredients were added to Ëhe rotating bowl.
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Table 6

Ingredients Used in the preparation of Meat

Loaf by rhe Food (SÍlent) Cutter

Inetredients euantitv
Meat 3000 g

Fat 1Oo0 g
1Binder 340 g

Ice L024 g,

Flavoring (ketchup) Sn e

KrÍspo Brand sausage Binder, Griffíth Laboratories,
Toronto.

i - : 1\ : fgi :, -t )f È; : Æ..,> :.+ 7 a-. . a!
l:/¡ ''\r'1 r
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rnítial temperature of the mixture vras -2 c to -1 c and

it was measured on a regular basis until it reached a

temperature of 10 c to L2 c. The emulsion was placed

in the pans and baked to an internal Ëemperattrre of
7L.6 C.

Two methods of cooking the fine emulsion r,rTere tríed
and evaluated by a panel as to Ëhe total accepËance of

the finished product. rn the first method, the emulsion

riüas baked ín a conventional electric oven. rn the second

method, the fine emuLsÍon was placed in the ham broiler,
the snug-fitting top was pushed down and secured in place

by ratchet catch at each end. The ham broilers lvere placed

on a rack in steam kettles and set at 75 c for one hundred

and thirty five minutes. Temperature was maintained constant

by a Honeywell temperature controller and a thermocouple

placed in the kettle.

SÍnce the results of the prelíminary sensory

evatruation of the products indicated that the majority of
the untraíned panelists preferred the ground meat over the

fine emulsioned product, attention was focused on Ëhe

former. The meat loaves prepared by the silent cutter
either boiled or baked, hTere preferred as cold cuts, while

ì i:i: :' 1::i:;)

i:-..::.r' :..,- .: ..,-r-...,

i:1.1":::i-.: :.I:ìr : ì-.i. _: 1..... 1:
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the ground meat loaves \^7ere preferred hot.

SENSORY EVALUATION OF THE FINISHED PRODUCT

Fifteen untrained panelists participated in the

initial stage of the sensory evaluation. The panelists,

alL of whom !üere students, graduaËe .students and staff
of the Department of Food science, T^7ere evaluating sampres

of meat loaves processed by various methods (table 7).

Total acceptabÍlity of the products vüas determined by

the nine point hedonic scale (fable 8). Each group of

five panelísts uTas evaluating four samples and each of the

samples r,üas evaluated both cold and hot. The cold cuts

I¡Iere kept in airtight containers for a period of twelve

hours at 4 C before being tested. The hot samples \iyere

heated for forty-five seconds in a Panasonic microwave

oven, prior to being served to the panelists. The samples

Irere served in 2 mm thick slices. DístÍnct preference

uTas shown toward the boiLed product served over a cold

cut and to the ground product being served hot (table 8a).

ffiúriÈ-ü
.!%--_-__.

&F ¡Í"4.i;iïilij,4
l---*-_!
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Table 7

Description of Samples Used in Selection of

Preferred Products

Method of Preparation Method of Cooking Level of Plant

s.c.

S.C.

S. C.

t:t'
s.c.

S.C.

G.M.

G.M.

S. C.

s.c.

G .M.

G.M.

- F.E.

F.E.

F. E.

F. E.

r1E'

F.E.

- R.G.

R.G .

F. E.

F. E.

R.G .

R.G .

3
H.B.

H.B.

B.

B.

H.B.

H.B.

8.6

B.

H.B.

H.B.

B.

B.

4

0

30

0

30

0

30

0

30

0

30

0

30

L

2

3

4

5

6

S. C.

F. E.

H.B.

G.M.

R.G .

B.

Sílent Cutter
Fíne EmulsÍon

Ham-Boiler

Ground MeaË

Regular Grínd

Baking
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Table

Questionnaire for

8

Hedonic Scale

Taste the fol-lowing samples and check how much you like
or dislike each one.

Code,No. Code No. Code No._ Code No.

Like Extremely

Like very much

Like Moderately

Like Slightly

Neither Like nor DÍslike

DÍslike Slightly

DÍslíke Moderately

Dislike Very Much

DislÍke Extremely
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Pre ference

Table 8a

of Sample Being Processed

Various Methods

s. c.

S.C.

G.M.

Product
thod of Preparation

F.E. H.B.

F.E. B.

R.G. B.

No. of Panelists
Preferred Cold

No. of Panelists
Preferred HoË

11

13

4

4

2

11
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Panel Traíning and parameter SelecËíon

A seven member paner consÍsting of graduate students
and staff members of the DeparËment of Food science, lyas

selected to participate in the study on the basis of theír
interest in the project and availabílÍty to perform as

panelÍsts. rhe first two sessions !üere conducted in a

conference room at a large table to promoËe group

discussion. The other two sessions !üere conducted in a

sensory panel lab to familiaríze the panelists ï^rith proper
work habits during the sessions. Four training sessions

r^rere held to acquaint panelists with the method of
magnÍtude estimatÍon and to establish and clarify suitable
parameters and defÍnitions to be used ín evaluating the
samples.

During the first two training sessÍons, panerists lvere

asked to rate a set of standards and definitions chosen

from Ëhe literatr¡re for appropríateness (rable 9). some

of the definÍtions rô7ere adapted. from szczesniak (1963).

Panelists vüere presented with a list of definiËions
(table 9), a set of standards and a ballot. After
completÍng the evaluatÍon, the results !üere discussed as

a group.

i''ri.::'
'.jii:.j
L::..i :
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Table 9i

Definitions chosen to be used for Evaluating samples

The sensation of a beany (bitter)
throat during chewing and swallowing

Juiciness: The amount of moisture in the mouth after
seven chews between the molar teeth on a L.2 cm cube of
sample.

EiTmness (Touehness\: The force required to compress a
L.2 cm cube of sample between the molar teeth.

chewiness: chewÍng wiúh a unÍform force at a uniform rate
and_counting the number of chews to prepare the sample for
swallowing.

Mouthcoat: Mouth or throat coating - degree of film
perceÍved in the mouth or throat afËer swal1_owíng.

GFÍttiness: ExÍ.stence of partÍ-cles relatively harder than
the surrounding medíum.

spiciness: The sensation of spicÍness in the mouth orthroat during chewing and swallowÍng. LÍst in order ofintensitf from 1ow to high.

Totrrl A-ccsptabili,ty: Rate the sampl-e as to the degree ofacceptability. (!üould you Like to consume this prõduct
f:cequently, not so often, or not at aLL?)

!'lavor (Hay - Bearì
taste ín Ëhe mouth
of the sample.
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For Ëhe remaining two sessions, e>çerimental samples

\^7ere evaluated using the method of magnÍ-tude est.imation.

Panelists T/üere presented with a revised ballot and wÍth

samples containing varíous levels of soybean and fababean

protein concenËrates. After each sessíon, discussion of

the resulËs took place. As a result of the four sessions, 
i

two of the panelÍsts showed inability to detect the beany

(bitter) flavor Ín the samples and resulËs of only five

of the panelists participated vüere compíled and computed.

The number of parameters to be evaluated was

increased from six to eÍght' since parameters given

initially !üere not specific. enough Ín regard to some

attributes. Table 10 shows the initial six parameters and

the final eight after some changes.

Preparation of Samples for Sensory TesËing

There r^7ere five sources of plant proËeÍn used as

meat extenders at three different levels (lable 11).

Meat loaves contaíníng the various levels of pl-ant materÍal

hTere prepared several hours prÍor to each of the sessions j:.:j-,,i:,

and placed covered on a counter-top to cool. The crust 
iì*Ì!.it:i'::j

ofthemeat1oavesvüaSremovedtopreventvariations
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Changes in

Table 10

Parameters DurÍng TraÍning Sessions

Flavor (Hay - Beany) _ -> Flavor (Hay - Beany)
---:\ spiciness

Juicines Juiciness

Firmness (Tenderness) 

----> 

Firmness (Toughness)

Chewiness Chewiness

Mouthfee 1 Mouthcoat

Grót tíne s s

Total AcceptabÍlity

----> 

Total AcceptabiliËy
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Tbe Sources of

of

Table 11

Pl-ant ProteÍn and Level
I

ApplícatÍon

Fababean - treated (Ethanol_
extracted) protein concentrate

Fababean - r¡ntreated protein
concentrafe

Soybean - proteÍn concentrate

Oats - rolled flake

Pea - protein concentrate

Meat

5, 15, 25

5, 15, 25

5, 15, 25

5, 15, 25

5, 15, 25

0

l. ri. 
r:' 'i:i

I. ::.!.- i

| :'. .,

i.:r'1 .::
l:j: 

j r:
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between pieces obtained from the same sample. The meat

loaves hiere cut into 1.2 cm cubes on the Hobart meat slicer

and five cubes of each sample r,rrere placed in coded 3.5

ounce water cups (Lil-y tto. 450).

A standard procedure for preparing samples r,üas

established during the trainÍng session and was followed

throughoutithe study. since samples vTere cooled, each of

the trays contaÍning four coded cups trTas placed in a

Panasoníc mícrowave oven and samples Tiüere warmed for

thirËy-five seconds.

Sensory Testing

Eight texture and flavor parameters r,vere assessed

f.or a total- of twenty samples, usÍng the definitions

developed during the trainíng period. In each of the

three replications, panelÍsts received a total of twenty

bamples. For the evaluation of the eight parameters,

each sample consisted of five cube s L.2 "*3 and each set

of samples consisËed of four samples presented to the

panelists i.n a randomized order (table L2).

All panel sessÍons !üere held in an air-conditioned,

relatively sound-proof sensory þane1 room. Each panelist

r':.: .1

llj;;:'r-1:l



Table 12

Randomized Ordering for Three Replications Used for the Sensory Evaluation

SamÞle - PanelÍsË 1 Panelist 2 Panelist 3 Panelist 4 panelist 5

Rep 1 soy
OaË
Faba-T
Pea
Faba-U

Faba-T
Pea
Þoy
Faba-U
Oat

Pea
Faba-U
Oat
soy
Faba-T

Rep 2

3, 4, 2, 1
41 3, 2r 1
1, 3, 4r, 2
2, L, 4, 3
3, 2, L, 4

Rep 3

4r 3, 1, 2
1, 3, 2, 4
21 1, 3, 4
4, L, 21 3
1, 2, 41 3

4, 21 1
3, 2, 1
L, 4, 2
2, L, 3
3, 4, 2

1 - 0% plant proteÍn
2 5% plant protein
3 - L5% p1-anË protein
4 - 25% plant protein

312141 1 '4r21 311_ 1
21 3rLr.4 2rLr41 3 3
2, 4, 3, 1 21 3, 4, 1_ 2
3rLr4r2' Lr21 314 4
1, 4, 21 3 3, 2, L, 4 3

3
4
3
4
1

1_

4
3
3
1

4, 3, 2t
l-, 3, 2,
2, 4, L,
1, 2, 4,
4, 3, 2,

L, 31 2
3, 2, 4
4,1, 3
2, 41 1
4, 3, 2

4
1
2
3
1

3
4
3
2
1

2
4
1
3
2

L, 4, 2t
3, 2,l-,
2t L, 4,
1, 3, 4,
4, 2, 3,

4, 3, L, 2
2,l_, 3, 4
3, 4, 21 1
L, 2, 4, 3
2, 4, 31 1

4, 2r 1, 3
3, L, 2, 4
1-, 4, 3, 2
4, L, 21 3
3, 2r 1_, 4

41 3
1, 2
3, 4
21 1
41 1

3, 2, 41 1
4, 1, 21 3
2, 3, 1, 4
3, 1, 4, 2
l_, 3, 2, 4

2
1
4
3
1

3, 4, 1
3, 2, 4
2, 3, 1
4r 1, 2
2, 3, 4

4, 2, 1, 3
2, 41 3, 1
1, 2, 41 3
3, 4, L, 2
1, 4, 2, 3

41 3, 1, 2
2, 1, 3, 4
4, 21 1, 3
3, 2, l, 4
2, 41 3, 1

(¡t
¡\)

i
Þ

f
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T^7as seated at a rdel1--lighted booth and was provided with

a set of coded samples , r,rater, plus unsalted crackers for

rinsíng, and a ballot (tabte 13). Panelists vüere

instructed to assÍgn a value to the first sample and a

corresponding ratio to each sample evaluated. If a

parameter could not be perceived in the sample, paneli-sts

r^7ere asked to score rrnot presenttt (ttp).

Æ{ALYSTS OF DATA

Sínce panelists T¡7ere unconstraíned Ín their choice of

scale units, the values they assígned to the varíous

treatments contrÍbuted a large proportion of the varíance

among their judgements. These variatí-ons among panelists

coul-d interfere in determinÍng the actual variabÍlity due

to differences in treatment effects. In order to achieve

a true ratio of differences between samples without

affecting the information, the values assigned by the

panelists must be reduced and brought to the same basis.

Magnitude esËimaLion data r^7ere normalÍzed by calculaËing

the geometric mean for each panelistrs estímates and

dividÍng each panelistrs estimates by their geometric

mean. SÍnce samples with zero percent plant proteÍn

(L00% meat) were used in each of the tests, the samples
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Questionnaire

Table 13

for Sensory Evaluatíon of Meat Loaves

Magnitude (natio) Estimation

Name Date

Evaluate the following sensory dimensions of the product
gsing magnitude estimation. rn magnitude estimation, thefirst sampl-e is gÍven,a value rerative to the perceiúed
strength of the particular attribdte. Each of the foLlowing
samples are evaluated in relation to the fírst (v¡hich is thã
reference). rf the second sample seems three times as
Ëender or juicy as the reference, give iË a value three timeslarger. If i-t seems L/7th as tender or juicy, gÍve it a
value seven times small-er. PLEASE EVALUATE TTIE sAN,lpLES rN
THE ORDER rN I^rIrcH THEY APPEAR oN THE BALLor. sI,üALLov,I oNLy
TT{OSE SAI\4PLES AS STATED IN THE DIRECTIONS. RINSE BETI¡IEEN
EACH SA},IPLE.

A. Flavor (Hay-Beany) - is the sensatÍon of a beany(bitter) taste in the mouth or throat during chãwing and
swallowing of the sample

:': : ::

L. Code No.

1.
2.
3.
4.
5.
6.

Ratío ESt imation Va_lue
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spíciness - Estimate the sensation of spiciness inthe mouth or throat during chewing and swarlowÍng.List in order of intensity the "pl""s you perceived.

Code No. Ratio EStÍmation Spice Perceived

Juiciness - is Ëhe amount of moisture'in the mouthafter seven chews be.Ëween the molar teeth on a L.2 cmcube of sample.

Code No. Ratio Estimation Vah+e

Code No. RatÍo Estimation Value

1.
2.
3.
4.
5.
6.

C.

1.
2.
3.
4.
5.
6.

D. Firmness (T_oughness) - ís the force required to compr€sa L-2 cm cube of sample between the *oi"r teeth.(Assign Lor,üER varues to MoRE TENDER samples):-

1.
2.
3.
4.
5.
6.
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ChewÍness is chewing with a uniform force at a
uniform rate and COIINTING the NIJMBER OF CHEI,üS to
prepare the sample for swalLowing.

Code No. No. of Chews

1.
2.
3.
4.
5.
6.

F. Mouthcoat - mouth or throat coating - degree of film
perceived in the mouth or throat alter sõallowing.

Code No. Ratio EstÍmaËion Value

1-.
2.
3.
4.
5.
6.

G. GrittÍness - existence of particles relatÍvely harder
than the surrounding medium.

Code No. RatÍo EsËimation Value

1.
2.
3.
4.
5.
6.

l1:r:1:::.i.t1
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H. Total- Acceptability - Rate Çhe sample as to the degree
of acceptabilÍty, collsiderÍng all attrÍbutes required
for an acceptable producË. (Would you like to consume
this produce frequentl¡2, not so often, not at all, etc.)

Code No. Ratio Es_tÍmation Value

1.
2l
3.
4.
5.
6,

RHvIARKS: tr{RITE ANY CONSTRUCTIVE RM4ARKS OR IDEAS REGARDING
THE SA},IPLE.
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contaÍning no pI-ant material riüere used as standards. rn

the analysis of the data, the samples containing three

levels of various plant proteÍns \^rere compared to the

standard sample. A value, L/8 the lowest value assigned

for the same parameter by the panelist, replaced the

notation ItNPtr for the purpose of computing the geometric

mean. Analysis of covariance was used to assess

differences among treatments.

Bioassay Number Three - Finished Products

Twelve diets !üere evaluated for their protein

guality and nutrient availabÍlity, five dÍfferent sources

of plant protein were used at two levels as meat loaf.

extenders (table 13a). Meat loaves, hTere prepared wÍth

two levels of plant protein as meat extenders. Since

replacement of 5% of. the meat by plant protein will not

affect Ëhe rat growEh to any large extent , L5% and. 25%

Ì^7ere the levels of replacement which vüere chosen

arbÍtrarily. Ttre Food and Drug Admínistration of the

united states, regulatestthe level of meat extender to be

used in the united states in meat products noË to exceed

30%. Since there are no studies available on the
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Table 13a

Diets Evaluated for Protein euality (pen) and

Nutrient AvaÍlability

Level of Plant

Casein - reference dÍet

Meat

Meat + Fababean - Treated (Ethanol
extracted)

Meat * Fababean - Treated

Meat + Fababean - Untreated (VicÍne
pre sent )

Meat, * Fababean - Untreated

Meat + Soybean,protei.n concentrate

Meat + Soybean protein concentrate

Meat * Pea protein concentrate

Meat + pea protein concentrate

Meat + Oat - roll_ed flakes

Meat + Oat - rolled flakes

0

Ls%

25%

Ls%

2s%

L5"A

2s%

L5%

2s%

L5%

25%
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utÍlization of the plant proteíns under study as meaË

loaf extenders, the aim was not Ëo exceed the present

límit but to evah-rate performance withÍn the accepted

leve ls .

Meat loaves vüere prepared followirp the procedures

prevíously used to prepare the samples for sensory

evaluatíon. Meat loaves r/vere cubed , f.rozert in airtíght
containers and freeze-dried in the vrRTrs 10-145 MR-BA

rreeze-mobile. Dríed samples r^7ere anaLyzed, for nitrogen,

f.at, moisture, crude fiber and ash content. Nitrogen

content of each of the samples dictated the quantity to be

used in the preparation of the diets. Al1 diets r^7ere

brought to the isocaloric and isonitrogenous point wiËh

protein content of Lo%. sÍnce some of the diets contaÍned

fat levels above the suggested 8% level (AOAC , lg75), the

fat conËents of all diets !üere elevateid to 10%. six

ingredients (table 5) by the Hobart mÍxer for five minutes.

Diets riüere stored in airtight containers at 4 c and small

quantities Ì^7ere removed aË frequent intervals, weighed

ard then fed to the rats

Sprague Dawley male rats, twenty-one days old, rt7ere

';kilograms of each of the diet uTere prepared, míxing all the ,,,ì:,,:..,.,,i

:':,lli,j'.
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placed three in a cage for seven days of adaptation

period. DurÍng adapËatíon period, si-gns of pneumonia

appeared and antÍbioËics were added to the drinking water

for the twenty-eight davs of test períod.

By randomi-zaËion, the rats-Ì/üere divided into twelve

groups with eleven rats in each one. Average weight of
the rats in any one group on Ëhe first day of assay

period did not exceed by ÞS grams average weights of
other groups. RaËs Ì/üere placed ín indívidual 24 x L7 x L7 cm

stainless steel cages and feed plus waËer lvere gíven ad

l-ibitum. Rats vüere weÍghed every seven days and weights

\^7ere recorded for PER determínations. (Appendix B ). On

the second week of the assay perÍod, ."r""rrs vüere placed

under cages to coLlect fecal samples for chemical anaLysis.

The experiment was terminated after twenty-eight days.

CHET\4ICAL ANALYSIS oF FEED Æ{D EXCRETA

DeterminarÍon of Chromic Oxide

_ *f,:11:i
: - :.: .:.:

- 1.i

chromic oxÍde (cr2o3) was used as a marker in the

díets to determine digestd.bÍlity (retentíon) of nutrients
by the assay animals. since chromic oxide wÍll not be

absorbed through the disestÍve tract.and will be completely
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excreted, it Ís wÍdely used for availability and retention

studies. chromic oxide at a level of 0.4% was added to

a1L dÍets (fable 1). Proper mixing ensured complete 
:,,,,,,

distribution and consumptÍon by rats. Determination of
chromÍc oxide hTas done on feed and fecal samples by

Atomic Absorption spectrophotometry (williams et al. , i:,:,.,,:

i:'r' j":L962).

Amino Acid Analyses

DÍet and fecal samples Tdere anaLyzed for their amíno

acid composiËion. Analysis r^ras done on the Beckman model

1L9c amÍno acid analyzer. samples (50 mg) were hydrolyzed

with 6N hydrochloric acid (ucr) for sixteen hours at
LzL c for all amÍno acids except cystine and methionine

with a total run tíme of one hundred and forty minuËes.

cystine and methionine hTere oxidized to cysteic acíd

and methionine sulfore, respectively, with performíc acíd

for twenty hor.rs and then hydrolyzed following the regular

procedure. A1L results vüere recorded as percent amino

acíd. Tryptophan was determíned by a spectrophotometric

method (UessÍneo et al. , L972).

i:::¡.i1::.;l::.'i:

i:.-,,,,: ..t
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Vicine Determinati_on

rt has been esËablished that vicine, a favism inducing

compound, occurs naturally in seeds of certåin legumes

and Ín particular, in the fababean (Jamalian _el__ê-L., L976).

Removal of the vicíne \das done by ethanol - water (oo:+o)

extraction. Determination of the vícine content in the

fababean protein concentrate before and after ethanol

extraction, as well as in the extract, \^7as done by the

tÍtaníum tetrachloride (ricro) method (rsmaÍ1, Eskin and

Hoehn, L979). The sample (ro *¡ \47as extracted with 100 ml

trichloracetic acid 3% (w/v) in three phases, 50 ml , 25 mL

and 25 ml, respectively, with centrifugation at 15r000 x g

for ten minutes. The supernatant rnras then passed through

L7 g of aluminum oxide ín a glass funnel. Aliguots of 0.2

- 0.5 ml of supernatant plus 5 mr concentrated HCl were

hydroLyzed at B0 c for 1.5 minutes, 0.g ml of Ticl4
concentrate was added to each sample and a reading was

taken at 480 nm.

Functional Properties

one of the problems in meat processÍng on a large

scale in indust'ry, as well as in home preparation, is the

drip loss. During the preparation of the finished product,

::.:: :: -:::.1.::
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there is a hTeight reduction through a loss of fat and

waËer. To evaluate the effect of texturÍzed plant proteÍn
in retainÍng fat and water in the meaË loaves, analysis
of meat loaves for dríp loss was done. Drip from meat

loaves lvas collected and analyzed for fat and water

content.
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RESULTS AND DISCUSSION

Protein Effíciency Ratio (p.E.R. )

Ten diets (table 4) T¡rere fed to rats, eleven rats
in each test group for twenty-eight days, ï,ü.Íth casein

as a reference diet. The PER value for the caseÍn diet,
whÍch was obtained by the dívisíon of the mean weíght gaín

by the mean protein intake, !üas corrected to a value of

2-5. The same correction fecËor was us"ed in the other

nine diets to obtaÍn adjusted valtres. Figure 1 shows the

PER values obËaíned for the ten diets. The dÍets

contaí.nÍng 20% pLant protein concentraËes, showed a better
performance than those contaÍning 40%. The diet consisting

of l-00% meat (no replacement by any level of plant protein)

showed a superior position among the ten díets Ín
nutritional contribution to the rat growLh. From lhe PER ,,.,:,,,,,r:¡,r.,.,..;

histogram (figure 1) and the LSD (Least Significant
DÍfference) figures ín Table l-5, it can be seen thaË

when meat and casein were the sol-e source of protein in
the díet, there was a signifícant difference ín their
nutritíonal performance ín rat bÍoassay. The pER value

of the diet containing 20% texturLzed soybean proteÍn,

65

.1;.::a::i.r::
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Protein Efficiency

Figure I

Ratio Values - Bioassay No
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Analysis of

Table L4

Variance for the Protein Efficiency

Ratio - Raw Materíals

Sogrce _ DF SS _ MS F

67

Diet

Rats

Explained

ResÍdua1

Total

9 2.881

10

L9

90

109

0.808

s.689

3.63s

7.324

0.320

0.091

0.L94

0.040

0.667

7 .926 *

2. 000

4.807

Significantly dífferent (p <.05)

i..,,'
i:::.-,
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Table 15

Significant Díffefrences Between Diets

Raw MaterÍals

d PER V

Meat

Casein

Soy 20%

F.B.U. 20%

Pea 20%

Soy 40%

F.B.T. 20%

Pea 40%

F.B.U. 40%

F.B.T. 40%

2.60

2.50

2.49

2.46

2.40

2.40

2.36

2.34

2.L9

2.L7

a

ab

ab

b

b

b

bc

bc

cd

]:
ii::.i:l -:l:i-:ji 1iÌ 1:, .i,..1

i::,::.: :: .

:.j_l: ì.:i

1
Treatments with the same letter aredifferent (p <.05).

not significantly
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although significantly better than other diets, has lower

values than Ëhose obtaÍned for meat and casein. rt is
clear that the replacement or. 4cl% of the meaË by an equal

amount of plant protein, is a límiting factor in the

contrÍbution of the diet Ëo the bodyrs requÍrement for
maintenance and growth.

since untreated fababean protein in both 20% and 40%

level was found to enhance weight gaÍn better than the

treated supplement, reduction in biologÍcal value of the

diet, as a result of ethanol extraction would be expected.

Mean feed intake value vüas divided by the mean r,veight

gain value to determine the diet efficiency r.or each of
the ten diets. Figure 2 demonstrates the effÍciency of
the ten diets with the lower values indícating higher
efficiency. I/üÍth the meat diet the most efficient,
and the diets contaínÍng 20% pLant protein significantly
more effi,cient than those with 40% of the meat substituted,
it was evident that greater the amount of meat replaced

by plant protein in a díet, the lower its biological
vaLue. rt was also evident from Figures 1 and 2, that
the diet efficiencies lriere proporti-onally inverse to the

protein efficiency ratios.
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Figure 2

Diet Efficiency I - Bioussay No. I
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since during the processing of meat products eiLher

n a commercfal scale or a much smaller home preparation,

there aTe other ÍngredienËs being added to the finished

Product which will alter their chemí.cal composiËion.

The PER and DE values obtained from the second bíoassay
(Table 13a) hTere more meaningful from the standpoint of

:j human nutrition.

, Th" twelve diets hTere fed to rats for twenty-eight
days and diet intake and weight gain hTere recorded
(Appendix B). FÍgure 3 indicates that in spite of the

'

heat treatment of 190 c for approximately seventy-five
minutes, the bÍological value of the diet increased.

r supplementation of the diets wíth eggs and binder,
largely eliminated the effect the limiËing amÍno acids

have on the digestibÍlity and retention of the ami.no

acids. A1-1 díets, except soy-15, performed beËter than

the casein and unlike values ín Figure 1, there vüere no

significant dÍfferences between the two levels used from

each plant protein sor¡rce. ïhe only exceptionsvüere the

two díets conËaÍníng 157" and 25% untreated fababean,

whÍch gave very high pER values. The significant
difference between the two treatments (table L7),
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Protein Efficiency

Figure 3

Ratio Values - Bioassay No. 2
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Table L6

Analysis of Variance for the protein

EffÍciency Ratío - Finished Products

Source DF SS MS

Diets 11 1g.570 1.6gg* 9.69g*

Rats 10 L.287 O .L29 O .739

Explained 2L L9.B5l 0.946 5.432

Re sidual- 110 Lg.L4g 0.L74(Error Mean)

Total 131 39.005 0.298

Significantly differen¡ (n <.05).
J

i:.,a.:),

Ì,
i
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Table L7

Significant Differences Between Diets

FinÍshed Products

ted

F.B.U. Ls"A

F.B.U. 25%

Meat

F.B.T. 25"/.

Oats 15%

Soy 25%

F.B.T. L5%

Pea L5%

Oats 257"

Pea 25%

Soy L5%

Casein

3.67

3.37

2.99

2.98

2.95

2.88

2.88

2.8L

2.8L

2.77

2.74

2. s0

c

c

c

c

c

cd

cd

cd

cd

d

a

b

l....,;

i:..;
...ì ,i ì.1:: ::
:i::l:ìì. ii.:a:il

Treatments with the same letter are notdifferent (p {.OS).
significantly
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indicates that improvement in the biological value of the

diet as a result of a reduction in ¡ilant protein level,
could be expected. It Ís obvious that there is a

correlation between level of plant protein ín the diet
.and the biological value of same diet, but from Figure 3,

it can be seen that alL diets (with one exception)

performed the same as the L00% meat. An extended meat

product with up to 25% pLant protein, T^rill satisfy all
the requirements for a positÍve nitrogen balance, as long

as dÍets are consumed Ín the optimal quantitÍes. The

fababean proteÍn concentrate from which Vicine and Convicine

have been removed by ethanol extraction, show a rower

protein efficiency ratio than the VicÍne containÍng

fababean in both bioassays.

In the third raË experiment, ant.ibiotics hTere

administered to the rats for the entíre test period

Although during Ëhe firsË few days of the assay, feed

consumption was low, rats showed signs of recovery. From

the data accumulated, a concLusion cannot be drawn as to

the effect the antibÍotícs had on feed consumption and

rate of growEh of test animals
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The fababean diets consisted of extracted and not

extracted proteÍn concentrates in powder and extruded

forms. Ethanol extraction was done Ëwice and extrusion

Ì/üas a high heat treatment. .It Ís probable that by

eËhanol extractÍon, some free amino acÍds and low molecular

weight protein were washed arñay. The heat treated fraction
is lower in most essential amino acids and it Ís

conceivable that chemical changes occurred wíth the

formation of new compounds, not available for utilization.
one of the compounds that might have evolved in the heat

treated (extruded) fababean, is lysÍnoalanine (LAL).

Figures 5 and 6 show an apparent íncrease in LAL with the

formation of a nevs peak and iËs inirease with the Íncrease

of pLant protein level in the diet. rn sÍmÍlar work

with fababean proteÍn being autoclaved before eËhanol

extractÍon, there rivas no evidence of amino acid loss by

washing (eskin and Atwall, LgTg). Ttre heat denatured

(bound) the proteins and hence limited theÍr washing off
and loss. rn the present study, heat treatment was applied

to the fababean proteins after the extraction phase and

it is possibl-e Ëhat more nutríent loss occurred at that

stage.
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Figure 5

Lysinoalanine tn DÍets Containing Treated and

Untreated Fababean at a Level of L57"

I

2

Untreated fababean protein concentrate

Tre ated fababean protein 
-concentrate.

:4
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Figure 6

Lysinoalanine (rAL) in Diets

and UnEreated Fababean at

Containing Treated

a Level of 257"

Untreated fababean protein concentrate

Treated fababean protein _concentrate.
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A standard Protein Efficiency Ratio test continues

for twenty-eight days, vdrich is a long period of tÍme Lf

biologícal values of diets are to be evaluated on an

ongoíng process. A much more rapid method (Alsmeyer,

cunningham and Happich, L974) !üas examined to determíne

the usefulness of such a method in further Besearch.

Table 18 compares the experimental pER values wiËh the

estimated ones. PredícËion of the protein efficiency
ratÍ.o from amino acid analysis, ù7as done by using the

foll-owÍng equatÍon:

pER : 1.g16 + 0.435 (Unr) + 0.7g0 (LEU)

+ o.2LL (HrS) - 0.944 (TrR)

The predicted values lüere consistently.lower Ehan

the experimental values and hence, it is conceivable that

there r^7as limÍted or: no effect on the biol-ogical value of

the dieËs by ínhibítors or anti-nutritional factors.
A method of predÍcting the biological value of a food

which contains a single 
_ 
source of protein or a compl-ex

of sources complementing each other nutritionally, could

be of much benefit to food research and the industry. By

obtaining the chemical composition of the protein sotlrce,

a manipulation ín the level- of supplementatÍon in order

t.

L 
-: ...., : :
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Table 18a

PER Values Obtained vs predÍcted Bíoassay No. 1

Casein

Meat 1

Meat +

Meat +

Meat *

Meat +

40% F -T

40% F -V

40% Soy'

40% Pea

2.5

2.60

2.L7

2.L9

2.40

2.34

2.5

2.23

2.L0

L.97

2.LL

2.L7

Ground, freeze drÍed meat.



82

it::in;¡.:,Y,f"{#.

.:ì ....t;i.

Table 18b

PER Values Obtained vs Predicted Bioassay No. 2

Casein

Meat

Meat +

Meat +

Meat +

Meat +

Meat +

Meat +

Meat +

Meat +

Meat,S

Meat *

15% Soy

25% Soy

15% F-T

25% F-T

15% F-U

25% F-U

157. Oats

25% Oats

L5% Pea

25% Pea

2.5

2.99

2.7 4

2.88

2.gg

2.98

3.67

3.37

2.9s

2.8L

2.8L

2.77

2.50

2. s3

2.36

2.40

.2.72

2.57

3.09

3.13

2.40

2.07

1. 9g

2.00

j.j.r..ì::: ti

I

r, ì:ri::.:la-: l
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to alter levels of some of the amino acids can be done

to obtain the best combinatÍon v¡hich will result in the

highest possible PER or the best biological value for the

diet in ouestÍ-on. Errors in the predictÍon of the pER

could be attributed to differences in the digest"fbÍlity
of verfous tvpes of proteins and the fact that the ami-no

acid profiles of the supplemented meat proteins may vary

considerably from the pure meat diet. For instance ,
beans are high Ín tyrosine, an amino acid of great

importance in the PER prediction and the levels of beans

added to the meat influences the results of experimental

vs predicted bÍologÍcal values.

using the equatÍon for predicted pER, a combination

of meat and any one of the four sources of plant proteins

T¡7as examined to obtain the optimal biological value.

From Ëhe results obtained from mixtures containing only

meat and plant proteins, it is apparent that pER values

wÍ11 not change sÍgnifÍcantly when plant proteins

supplemented meat at the levels of 10 - 3o%. !,Ihen pER

was predicted for processed meat loaves incorporated inËo

rat diets, values obtained were slightly higher than those

obtained from the raw materials. Although it has been

li:'-¡'.1
i..:,:ij
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shown thaË heat treatment wiLl- have some effect on the

level of labile amíno acids, the supplementatÍon, plus

the interrelation effect of the amino acÍds as a complex

' dimínish the negative effect of processing and will improve

the biological value measured by raËe of growth. The

untreated fababean protein proved to be a superior source
:

: of protein among the four diets used in the study when

,: PER values Ì^7ere predÍcËed. This fact substantíates the
I

Tesults obtaÍned from the feeding trials conducted

throughout the present \nzork.

Many nutritionists are concerned mainly with the

LimitÍng ami-no acids when the questi-on of biological value

i arises. Legumes are known to be low in sulfur containing

amÍno acids and attention is being paid to their effect
on the wholesomeness of the food. From the eguation

for predicting PER, a new point arÍses, the negative

relationshÍp between tyrosine and the PER values. Higher

levels of tyrosÍne r^rill bring about a reductÍon in the

nuËritional value of the protein source. Legumes contaÍn a

high level of tyrosine and an elevatÍon of plant protein

content of a diet when used as meatrextender, wÍl1 ínitiate
a decrease ín protein utílization. !.rhen a mÍxture of pea

¡l:i'l

i,.,: :: .l::r.;,::r -:

l.:. ::::
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protein and meat r,íere evaluated for the effect of tyrosine

on the predicted PER values, various levels of tyrosine
T,^/ere used in the equation and from Table lgc , it is 

.,,,,,,,,.i,apparent that tyrosine has an adverse effect on the pER. 'ì;:: ''

The fact that not only limiting amino acids, but

other amino acids as wel1, will influence growth rate , 
,..rì,,,,;,,,,:,

should direct both nutritionísts and plant breeders in i.'.,,'1,'','

theírsearchforp1antsv#richwi11providetheopËíma1
i :: "-:.:_

amino acid profile. Tyrosine should be one of the amino

acíds to which full attention must be given in future work!

'

Amino Acid Analysis
irt has been well established that not all proteins are I

iequally balanced in their amino acid composition, and hence l

not equally beneficial in meeting nutritional requirements

one of the major causes for differences in the efficiency of 1.,,.,1:,,,::,

.,.-.,,i..' '.'utílization of proteÍns, is the fact that some amino acids are ,...;:.¡.,.

.lt'.::i_1.:t:.: :=

present in lower levels than is required for balanced amino

acid profile. The amino acid found to be present in the

smallest proportion relative to that in the reference dietr 
i:,,"ir: .,,:'
]i::r.' r l

is the limiting amino acid, and protein will be utilized to

the level of its limiting amino acid. rn most legumes, 
i

i.: t;,1::,.,:::_t,,,
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Table 18c

The Effect of Tyrosine on Predicted pER Values

in Meat - Pea Protein (pp) Mixture

Level f. Level of
PER

Level of T¡rrosine eN)o
% .627

GlL6
.927

100

90

80

70

60

50

40

30

20

10

0

0

10

20

30

40

50

60

70

80

90

100

2.347

2.256

2.L65

2.074

1.983

L.892

1.801

L.7LO

L.6L9

L.529

L.460

2.347

2.286

2.225

2.t6s

2.L04

2.043

L.982

L.922

1.861_

1.800_

L.7 55
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the lÍmiting amino acÍds are the sulphur containíng acids

(hiethÍoníne and €ystine) as shown in Table L9, wtril-e in
meat, tyrosine and phenylalanÍne (fables 19 , ZO) are

L. -::.'

limiting ',':"-',.'',:

The level of limiting amino, acÍd in the diets wÍth

plant proteíns as the sÍng1_e source of nitrogêD, vsas 
i::.:,;:¡,r

signíficantly lower than in diets wtrich contained a mixture i,t.'.:t

of meat and plant proteins (Tablesl9, 20 and ZL).

Comp1-ementationofonesourceofproteinsystem,wtrichÍn

the present ,at.rd, was meat, by a second source (various

pl-ant protein concentrates) will improve the bÍological

i value of the protein. Improvement of the availability

i 
and utilLza|"Lon of amÍno acids from any specific source

i of protein i-s probabl-y Ëhe result of an elevaËion of the

level of the limÍtíng amíno acid. Bigwood (LgFlÐ has

shown that oats are deficÍent in lysine (3.4 g amino

acíd / L6 g N). In spite of this fact, chemícal score

and protein efficiency ratio r^rere showing promÍsing

results and Trüere equal in their level to other diets.

Soy protein,concentrates showed a much hÍgher chemical

score than other plant proteins when fed as the only

source of protein. tr{hen a compl-ementatÍon of protein
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Chemical Scores

Containi-ng Plant

Table L9

and Limiting Amino Acids in Diets

ProteÍns as Only Source of Proteins

Source of Chemical
F

Powder

Powder

Powder

Powder

Freeze drÍed

Texturized

Texturized

Texturized

TexturÍzed

Powder

45.5

39. 1

55.5

74.L

85. 3

49.L

4L .4

6L.4

80.5

Þtoo

Methionine

Methioníne

MethÍonine

Methionine

ï)zrosine +

MethÍonÍne

Methíonine

Methionine

Methionine

* cystine

+ cystine \
+ cystine

* cystíne

phenylalanine

* cystine

* cystine

+ cystine

* cyStÍne

Score

F.B.

F.B. -
Pea

soy

Meat

F.B.

F.B.

Pea

soy

Case in

U

T

U

T

i';:i.::-:,::

l.i:'



Chemíca1 Scores

Source of Protein

CaseÍn

Meat

Meat + F.B.

Meat + F.B.

Meat + Soy

Meat + Pea

and

and

Limiting

Plant as

Table 20

Amino Acíds in DÍets

Sources of Proteins

Level
Plant Pro

-T

-U

of
ein

0

0

40

40

40

40

Chemical
Score &

Containing Meat

>100

83.7

66.9

68.1

82.O

72.3

Limitin

Tyrosine +

MethÍoni-ne

Methiorrí.r,re

MethÍonine

Methi-oníne

Amino A

phenylalanine

* cystine

{. cystíne

* cystine

* cystine

ids

oo
\o

:l

ii
ìl
i1iw

:ìilÕ



Table 2L

chemical score and LimÍting Amíno Acids ín Diets containing

Finlshed Products

Casein 0 ÞfOO

Meat 0

soy 15

soy ,25

F.B. - T 15

B.B. - T 25

F.B. - U 15

F.B. - U 2s 86

oats 15 g5

Oats 25 70

Pea 15 72

Pea 25 69

76

70

87

90

83

94

ïlrosine

Tyrosine

Tyros ine

Tyrosine

Tlrosine

Tlzrosine

TyrosÍne

Tlrosine

TlrosÍne

Tyrosine

Tyrosine

phenylalânine

phenylalanine

phenylalanine

phenylalanine

phenylalanine

phenylalanine

phenylalanine

phenylalanine

phenylalanÍne

phenylalanine

phenylalanine

:.:._.: : .,

l

i
!

I

I

I

I

I

i
t

I
i
I

ì
i
I

I
.Ì

i
I
I
\
I

É

I
F
I

I

t

\o
O
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sources took place, the gap between soy protein and the
rest was eliminated (fable 2L).

The relati'onship between the chemicar score, protein
utiLization efficiency and the protein efficiency ratio
$7ere evaluated. rn bioassay number one, ten diets were

conÉûdered and the correlation coefficients generated are

shown in Tables 22a, b. There is a high correration
between the protein utilizatLon efficiengy of the rats
and the proteÍn efficiency ratio of the diets or ín other
words, Ëhe rate of growth (weight gain) is highly correlated
to the efficiency in which the proteins in the diets wilr
be utilized- There Ís also a significant correration
between the chemical score and the pHR, as well as between

the chemical score and the efficÍency of protein utiri zation i

(p 0.05). rt is likery that the chemical balance of
the proteÍn in the diet (chemical score) plus the metabolíc
system of the individual test animal and the digestÍbitÍty
of the protein, will determine the effÍciency of utílization
of the protein.

EffÍciency of nutrient utilization conËrorled, to a

large extent, the weight gain and growth of the test animars.
This fact is supported by the values obtaÍned from the
feedigain of the diets (rigure z, Appendix B) from v¡trich
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Table 22a

Correlation Coeffícients for PER, PUE and

Chemical- Score - Raw Materials

PER PUE CS

L. 000

0.997

o.77 5

0.997

L.000

0.806

0.77 5

0.806

1. 000CS
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Table 22b

SÍgnificance of Correlation CoeffÍcients

(r - values)

ùJ

¿ú

PER

PUE

6 .022

7 .425

p< 0.01

p < 0.0s

,¡;li.:t.lt
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it can be seen thaË Ëhe higher the chemical score, the
lesser the quantíty of diet utílized to obtain optimal
maintenance and growËh.

A very hngh correlatíon between the protein efficiency
ratÍo and protein utÍlLzatj.on efficiency was also apparent

in the finÍshed products (tables23a, b). A signÍfÍcant
correlation (p< 0.05) was observed in the s¿ùme set of
diets between the pER and the chemical score. The protein
utrLLzatÍon efficÍency and chemical score showed lower

correlation coeff.icient .

Availability of the protein for ulí-LLzation by the

body depends on severar factors; amíno acid balance,
(chemical score) presence of Ínhibitors in the dieËs, and

the digesË4bÍliËy of the proËein by the indivÍdual organism.

There rÀras a distinct variability between the digest,úbÍlity
among the test animals being fed the same diet. This

variabÍlíty can be aËtributed Ëo the metabolÍsm of the
individual rat. The variabir-itíes between the groups of
rats (table 24) are the result of the differences between

the protein sources and the treatment each of the proteins
received. rt can be seen the effects ethanol extraction
and heat treatment have on digest.Íbílity. The digestùbility
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Corre lation

Chemical

Table 23a

Coefficients for

Scores- Finished

PER, PUE and

Products

PER

PUE

CS

1.000

0.928

0.806

0.928

1. 000

0.405

CS

0.906

0.405

1. 000
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Table 23b

SÍgnifÍcance of Correlation CoeffÍcients

(r' - Values)

¿J

¿J

PER

PUE

2.030

1. 953

-*t
p ( 0.01

p< 0.0s



F.B. - U

F.B. - T

Pea

soy

Meat

F.B. - U

F.B. - T

Pea

soy

Case in

Table 24

Digest*bility Varíations Among Rats and Diets

Powder

Powder

Por,yder

Powder

F::eeze dried

Texturized

Texturized

Texturized

Texturized

Powder

87.L

85.3

79.6

74.9

89.3

80.3

83.3

82.L

81. 6

92.L

90.0

96.4

78.9

73.4

91. 0

81.6

84.0

79.7

80.2

92.2

89. 6

89.7

78.4

72.8

90.6

82.O

84.2

82.7

80.9

92.5

89.4

as.l

81. 9

76.4

90.8

93.3

82.8

83. 0

80.4

91.8

\,.::.tt::,,

Ìrl:;: I l

i.., i:, .

87.5

87 .5

79.6

77.3

89.3

81.0

82.L

80.0

82.7

92.2

ì :r '::

8g. g

86.9

79.6

7 4.9

90.2

81.6

83,2

81.5

81.1

92.2

1:rlr:i
'¡.. l

l
I

l

i

I

I

I

i
I

I

I

i
I

I
¡

I
I

I
;l
:i
ìl
!l

l
11

ü

I
È

J
itl

\o{
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uTas higher when rats r^7ere fed untreated fababean

concentrate than with treated fababean in the powder

form. TexturLzed fababean, both treated and untreated,
had lower digestibility than when fed in the powder form.

rt Ís conceivable that the ethanol extraction and heat

treatment bound or changed the composition of proteins
and as a result, decreased dÍgestibility. Dígestibility
of soy improved when fed in the texturized, as compared

to the powdered form. Heat treatment is known to destroy

the anti-nutritional factors in soy proteins and in the

present study, substantiates this.
Although texturization showed an improvement in

digestibÍlity of soy proteins, it cannot be implied that
availability and utillrzatLon will follow the same trend.
Meat and casein show the highest dÍgestÍbility value when

used as the only source of protein. !ü-h"tt mixtures of meat

and plant proteins hTere fed to rats, âD improvement Ín the

digestibility has been shown (tables 24, 25) with a slight
decrease in dÍgestibÍlity with higher levels of plant
protein. An overall Ímprovement in protein efficiency
ratÍo rddigestibility, protein utilizatLon and diet
efficiency was observed when a complementation of meaË

ts::: a': )

I:..:Ì)-- :t., -'.:

l-r:-



Meat 90
1,:.:.:;,

Soy 15% 92

Soy - 25% 89

F.B. -T L5% sgg

F.B. - T 25% gL

F.B. -U]-5% gg

Table 25

DigestùbilÍty and Protein Utili zation EfficÍency (PUE) of Diets

Containing Meat and Plant Proteins

Proteín Intake True Digestûblt-
çt _ Diet DÍge stebjlirv (%l (e t __ pr.t.ifi- (g\ -- pu¡ _
Casein 88 35.3 3L.4 3.1

F.B. - U 25%

Oats L5%

oars 25%

Pea 15%

Pea 25%

86

887

86

90

88

39 .9 35.9

39.1 36. 0

4L.s 36.9

37 .5 33.4

35.3 32.L

34.4 30.6

34.6 29.7

39.9

38. 6

40.2

38. I

3.6

2.8

3.5

3.5

3.6

4.5

4.4

3.5

3.5

3.4

3.4

34.7

33.2

36.2

33.3

-.' l '!t

\o
\o

li

il
i¡
il

ii
_rl

;i i'
iü
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diets with plant protein concentrates !üere fed to test
animals.

Extraction of vicine from fababean protein concentrate

by-ethanoL, brought about a decline in the level of some

of the essential amÍno acíds. A heat treatment of the s€Lme

fractÍon showed an even lower leve1 of the amino acids
(rable 26). Analysis of the amino acids r^ras done on the

diets in which plant proteins !üere the only source of
nitrogen. From Table 26, a conclusíon can be drawn that
heat treatment of the FBpc after ethanol extraction will
affect the labile amino acids. one of the major

differences between the presenË study and similar work

done on the effect of heat treatmenË and ethanol extraction
on fababean (Marquardt e¡q-e!., L974, Marquardt et al.,
L975, Eskin et a1. , Lg7g, olaboro, LgTg) is the iniËial
autoclaving of the materÍ.al. rn:the above mentioned

studies, the FBPC went through autoclaving and there is
no indication of loss of labile amino acids. stabÍlity
of the proteins as a result of denaturatÍon by heat, w-i1l

eliminate loss of free amino acíds and low molecular weight i.-,,,n.:

proteins by washing. 
jrr:'tü:;":i

i.. .

l

:
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Table 26

Labile Amino Acíds ín Treated and Untreated

Fababean Protein Concentrates (gAA/f6gN)

Amino Acid DiS:ts
Powder Form TexturÍzed For¡q

F.B. F.B.

Lysine

Cystine

MethionÍne

5.947

L.LL7

0.482

4.822

0.g37

0./+46

4.595

L.L27

0. s06

4.269

0.902

0.46s

:.:.ii

l.il.'

':
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Vicine Extraction and Determination

Fababean protein concentrate \das extracted with six
volumes of ethanol and water in the ratio of 60:40. Vicine 

,,,,,,,,¡,,1,.-,.,,

levels in the untreated FBpc, treated FBpc and the dried

extracts \47ere determined by the Ticil4 method. pure vicine
Tiüas used to establish a standard curve (Figure 7) . From 

,, ,. .. ,...
,-ìl'.,:.. r'::..t.,Table 27 , it can be seen that vicine and convicine r^7ere not :'1,",':¡','.,''¡',

,,, ..:,.,-, .removed compLetely and L4.8% of. total vicÍne was still i:¡,i...,r,¡.i'.,,:

present in the treated fraction. The effect of total vicine
on biological value of the diets was not an objective of
this study and hence, further work has not been done.

Sensory Evaluation 
,

l

Five different sources of meat extenders added at i

.

three levels, lvere evaluated for theír effects on sensory

attributes. There was no indication of any significant i¡.,,.'ri,,,,¡,,,,,1
, : _:. :: j_j ::

difference in flavor among the various treatments (rable 28). 
,,,,',, ,it,

The inability of the panelists to detect flavor variations , "

can be aËtribuËed to two reason.s: ar¡rareness of panelists

of what was required of them inf luenced their judgement i,... .., , ,,
i,::,:, ¡'. li*:: ; :' :,:: .

plus the masking effect of the spices incorporated into
the binder. The Ketchup was another ingredient used in
masking the bitter flavor of the beans. i



FÍgure 7

Standarci Curve for Vicine Deterrnination

.:l

t2.o F2lmt
H
O(,

J
iii
:Iï
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Table 27

Total Vicine Level in the Various Fractions

Obtained from Ethanol Extraction *

Untreated FBPC

Treated FBPC

2.425

0. 360 I:t.t.

.L

Extracting solutÍon was assayed for vicine. Although
mass balance was not calculated, considerable vicine
ïvas present in the soluble phase.

..-. . _n . -.: -:



--'-1y;!-::+:\lttrr\

105

Figure B

Texturized Plant Proteins

1. Extruded treated fababean.

Note the porosity of the texturized protein

concentrate.

2. Extruded untreated fababean.

Note the density of the proteÍn concentrate and

the hardened surface.

3. Extruded pea proteÍn.

Note the shape of the flat samples. Pea protein

will not expand during extrusion and elongation is

mínimal.
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Juiciness riüas signífÍcantly different in the various
t:ceatments wÍth samples contaÍníng L5% and 5% on plant
protein extenders ehowing higher leve1 of moistr:re

retention (tabl-e zg). HÍgher juicíness values ín the

various treatmenËs indÍcate lower drip loss during
processing. The treatments which contained the 25% pLant.

proteins, showed a general tendency to be somewhat lower

in moisture retentÍon. ThÍs facË implies that there is
an optÍ-mal Level of plant proteins v¡hich will retain
highest moísture level in the extended meat loaf durÍng
processing. From the results obtained, this leve1 of
retenti-on í-s between 5% and L5% of. textured plant proËeÍn
(æe¡

Al-though from the present study Ít can not be

conêluded whích of the plant proteÍn was superior to
others in moísture retention, the soy and the treated
fababean showed better moisture holding capacity than

the rrnËæeated fababean proËein and the pea proteins.
' 

T?re variations among the texturized plant proteins
can be attributed to the chemical constitution and the

effect the texËurízatÍon process had on the individual
protein. From Figure 8, Ít can be seen that the

: .1' .. .'

t..rr.. ..:_--

r't:::.:,:
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Figure 9

Meat Loaves from Three Different Methods

of. Processing

1. Baked meat loaf from ground meat.

Note the rough texture of the particles and the air

entrapments.

2. Baked meat loaf from fine meat emulsion.

Note the fine texture of the particles with the

increase of bindÍng capacíty.

3. BoíLed meat loaf from fine meat emulsion.

Note the fÍne texture and the bindigg capaciËy of 
l:,::;i,:::.:,:

the fine emulsion. Fat granules are less notíceable. i,'¡.,,,,¡'i,',r:r-:,',
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Figure 10

Meat Loaves wÍth Treated and Untreated

Fababean Proteins as Meat Extenders

1. Untreated fababean at a level of L5%.
. i,,,,:...,:,

Note .the density of the producË. Texture finer than l',':.i'..'

meat loaf from 100% meat (fig. 9.1).
I

t...,

2. Untreated fababean aË a level of Z5%.
:i

Note lighter color and higher porosity than No. 1. j

3. Treated fababean at a level of L5%.

l,;.:'r .--¡:::'
1...'

4. Treated fababean aË a level of 25%.

Note that Ëreated fababean enhances lighter color

Ín the product and affects the bÍnding capacity of 
fi,,1.,..,,

, 
þ' 

¡,=,1:;,:

the proteins.
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Figure 11

Meat Loaves with Soy Proteín and OaËs as

Meat Extenders

1. Soy protein at a level of L5%.

i. : t':l::-: ::.1
l: .t: .,,::..j2. Soy protein at 

.a 
level of 25%.

No,te the hígher density of the product contaÍning

25% soy. Meat lost its natural red color as a

result of the soy being added.

3. Oats at a 1evel of L5%.

4. Oats aË a level of 25%. " : :"r''
. ,:j-.:.:r: :...,

Note the coarse texture of the product wÍth oats as

the meat extender. Color of the meat loaf is
'l: 

:'::

unaccepËable for a meat product. r'i'..:""ri.':-: "
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Figure L2

Meat Loaves wíth Pea ProteÍn as Meat Extender

1. Pea proteín at a level of L5%.

2. Pea þrotein at a level of 25%.

Note the yellowish color the product developed as

a result of the Íncorporation of the pea protein.

25% of pea protein will result in a very dense

product .

.:.a ' : .a

ì.:'l

:: :

i,,i.,,,_t,
,:::ir'i

i.t.:t 
t', 

:
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Table 28

Analysis of Variance for Flavor Perception

of Vari

Panelists 1

Products

Pane lists /products

Error

ToËa1

D

4

L4

56

L48

222

SS

0. 357

L.gg2

6.627

20.324

29.299

0.089

0.L42

0.118

J

F

0.649

1. 036

0.862

Not significantly

Three replÍcations
panelísts.

different (p ( 0.05)

of judgement by the same five
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Table 29

Analysis of Variance for Juíciness perception

PanelÍsts 1

Products

Pane lists /products

Error

Total

4

L4

56

148

222

0.032

2.9L6

4.974

L5.7LL

23.633

0.003

0.203

0.089

0.106

F

0.076

L.967

0.837

J

.L

1

Sígnificantly differenr (p< .05)

Three .replications of judgemenË by the
pane lísts .

same five
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structure of the treated texturized fababean protein
concentrate, is dístinctly different from the untreated
protein. A more dense untreated protein r^¡Íll tend to
absorb less moisture than the porous treated protein and

hence, higher loss durÍng processing.

Firmness of the product, according to the evaluation
of the fíve panelists in the present study, does noË depend

on the level of the meat extender íncorporated into the

meat loaves, but on the source of the plant protein. From

Tables 31 and 32, it Ís obvious that there Ís no specific
trend established in regard to the influence of the Tpp

added, but it related Ëo the source with oats adding the

least fÍrmness Ëo the product. since FBpc, ppc and spc

were heat treated during texturization and physicalr ås

well as chemical changes took prace, while oats !üere

mechanically rolled without the applicatÍon of excessive

heat, it is probable that method of texturLzation used in
the present study, caused an enhancement in fírmness.

i ' j::

A trend similar to the one established in firmness (or

togghness) ri/as found to take place in chewiness and grÍttiness -,1.'.t. ¡: ':.:

(tables 33 , 34, 35 and 36, respectively). Treatments

with treated and untreated fababean prus soy, show a
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Table 30

TreaËment Means for Juiciness

by Panel

Perceived

a

soy

soy

soy

Oats

Pea

F.B.

E. B.

F.B.

Pea

Pea

Oats

F.B.

Oats

FuB.

F.B.

T

T

T

-UT

_UT

-UT

1

15

25

5

5

5

5

25

L5

15

25

15

25

25

5

15

tme

L.362

1. 093

1. 001

0.985

0.932

0.9L7

0.910

0.995

0.796

0.781

0.758

0.619

0. s73

0.546

0.532

a

ab

abc

abc

abc

abc

abc

abc

abc

abc

abc

bc

bc

bc

c

Treatments with
different (p <

the same letter
.0s).

are not signifÍcantly
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Table 31

Analysis of Vari-ance for Fírmness perception

Panelists 1

Products

Pane lists /products

Error

TotaL

4

L4

56

148

222

0.098

2.63L

2. 183

L6.697

2L.599

0.022

0.188

0.089

0. 113

F

0.19s

t.666 *

0.845

SÍgnifícantly differenË (p Ç .05).

Three replications of judgement by the
panelists o

same five

!aÌ tr,ì' lli
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Table 32

Treatment Means for Firmness

by Panel

I P"t""ived

F.B.

soy

F.B.

soy

F"B.

F.B.

Pea

Pea

F.B.

Pea

soy

Oats

F.B.

Oats

Oats

-T

-T

T

-U

-U

-U

1

15

5

25

1-5

5

5

25

15

15

5

25

5

25

25

15

L.322 a

L.295 a

L.2L8 ab

1.193 ab

L.Lzg ^b"

!.LL7 abc

1.055 abc

L. osz ^b"
abc

L. O4L

o.glz abcd

o.g4L abcd

0.7¿r0 b"d

0.672 cd

0.667 cd

0.592

1_ Treatments with the same letter are
different (p { .05).

not significanËly
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Table 33

Analysis of Variance for ChewÍ_ness perception

Source of Variati_on DF SS [4S F

Þanelists I

Products

Pane lists/products

Error

Total

4 0.051 0.013 0.593

L4 0.727 0.052 2.434*

, 56 0.947 0.017 0.792

14g 3.159 0.02L

222 4.884

L :.j1..

Significaatly differenr (p{ .05).

Three replications of judgement by the samepanelists. f ive

ir

ii.:.:l

l',. ,
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Table 34

Treatment Means for Chewiness

by Panel

I P"r""ived

Meat

soy

soy

F.B.

F.B.

soy

F.B.

F.B.

F.B.

Pea

Pea

F.B.

Pea

Oats

Oats

Oats

I

5

1_5

15

5

25

5

25

15

15

25

25

5

25

5

15

a

ab

ab

ab

abc

abc

abc

abcd

bcd

bcd

bcd

bcd

cd

d

d

t.zlt
L.L7 5

L.L73

1. 163

L.L4L

L.LL7

1.106

1.029

0.980

0.958

0.936

0.928

0.997

0.838

0.823

-T

-T

U

T

U

.U

l:::; :

Treatment with the same letter are not
dÍfferent (p ( .01);

sÍgnifÍcantly



a-l

4 0.069

L4 0.746

s6 9.486

L48 L2.069

222 22.370

0.723

0.656

2.077 *

ç?:/rr':.:::t
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' Table 35

Analysis of Variance for Mouthfeel perception

$ource of Variatíon DF SS MS F

Panelists 1

P::oducts

Pane 1ísts/products

Error

Total

0.0L7

0.053

0.L69

0.091

1

Significantly different (p( .05).

Three replicatíons of judgement by the same fÍvepanelísts.
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Table 36

T:ceatment Means for Mouthfee 1

by Panel

1
Perce ived

F.B.

Oats

F.B.

F.B.

soy

Pea

F.B.

F.B.

soy

Pea

soy

Oats

Pea

Oats

F.B.

Ext

-U

-U

-T

-T

-U

-T

15

25

6

15

15

15

25

25

25

5

5

5

25

t5

5

t.2L7

L.&42

1. 093

1. 0gg

L.044

1.043

1. 041

1. 036

L.024

0.986

0.962

0.959

0.819

0.813

0.729

a

b

b

b

b

b

b

b

b

b

b

b

b

b

b

i::,t ..ii

t:';:i::l
.::::ìr:l

1
Treatment with
dífferent (p (

the same leËter are not
.05) .

.. :.

significantly
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Table 37

Analysís of variance for GrÍtËiness perceptíon

_MS F

Panelists 1

P:roducEs

Error

Total

4 0.L02 0.025 0.224
j,.

L4 4.789 0.342 3.011 * i'',

Panelists/producrs 56 2.667 0.04g 0.4Lg

L4g 16.915 0.LL4

222 24.794

.L

1

Significantly differenr (p{ .05).

Three replications of judgement by Êheesá¡he fivepanelists.
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Table 38

Analysis of VarÍance for Total Acceptability

Sour Varia

Panelists

Products

1

PanelÍsts /products

Error

Total

DF

4

L4

56

L48

222

1. 004

5.L42

L2.292

3L.798

50.226

0.2sL

0.369

0.2L9

0.2L5

1.168

L.7LO

L.OzL

il::' : ;':j¡ir' .'
ìi.'.rr"'

J

1

Significantly differenr (p ( .05).

Three replÍcatíons of judgement by the same five
pane li-sts.
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Table 39

Treatment Means for Total Acceptability

Product by Panelists

1of

F.B.

F.B.

F.B.

F;8.

Oats

F.B.

soy

Pea

Pea

,F.8.

soy

Oats

Oats

Pea

soy

U

T

T

U

15

15

5

25

15

5

5

15

25

25

L5

5

25

5

25

a

b

b

bc

bc

bc

cd

cd

cd

cd

ei'ld

de

&
e

e

i-

2.505

2.007

L .923

L.9L6

1. s78

1.488

1.365

1.230

1. 018

1. 014

1. 007

0.966

0.922

0.901

0.747

-U

T

1 Treatment wÍth the same 1etûer are notdÍfferent (p< .05).
sígnificantly
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high degree of chewiness while oats added less to the

texture of the product.

The degree of mouthfeel or the sensation felt in
t.,'-.-tt,

the mouth and throat after swallowing, show some deÉree

of correlation to the juicÍness of the products. Meat

loaves containíng 5'/" or Tpp left the least mouthcoating ::..,,,
; ì.: :: :::

I .,, -;,,'tt,and from Table 30, it can be seen that for-rr out of five '

':.: .'treatments with 5% level received high values for their ,,',.:,:,,'.

juicÍ-ness. Thís correlation suggests that the higher the

moisture retention capacity of the product, the lower the

unpleasant sensation of a fatty filrn in the mouth. ,

l

Grittiness lvas found to be nisl in sampleswwhich 
icontained L5% and 25% meat extenders and mainly texturized l

'fababean (rable 37). panelists rated oats very low in 
i

grittiness and the main reason for that could be the soft
texture the oats obtain when rehydrated. :,,,. 

'

. -t.

The attribute that gave a total picture of the ,,:,¡,',,.
,t"t.t',,t,,'

extended meat loaves, vüas the total acceptability of the

product by the panelists. From Tabres 38 and 39, it can be

seen that products containing treated and untreated fababean l.r#.-
i:r:::¡;;5'-.

proteÍn concenËrates in a texturLzed form \,vere more

readily accepËed. oats was rated low as a meat extender
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on its total acceptabilÍty. sensory evaluation Ís a

compl-ex meËhod for evah:ating a product and many aspects

of the product might influence the decisi-on of a paneli-st.
In the present study, the color of the product, the

collsistency of the meat loaves and granulatÍon were al1
affected by the meat exËender (Figures g r 10, lL and L2).

and as a result, í-nfluence to a certain degree, the

judgement of the panel.

';: r'-,r1

I

:
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GENERAL DISCUSSION AND

CONCLUSION

Four diffe::ent sources of plant proteins ÌrrTere

evaluated chemically and nutritionally as meat extenders.

Protein concentrates hTere Íncorporated into the meat in

various l-evels and studies of biologÍcal values plus

sensory evak¡ation of eight para.meters hTere done.

One of the major aspecËs of the present work was to

evaluate the performance of fababean protein concent:rates :

in a treated and untreated state. Fababeans are a

- relatively neÌiü source of proteÍn for human diet Ín North

America and have not been exposed to the market as yet.

The fababean protein concentrate is a high source of

protein (09 - 68%) and after ethanol extraction, lose

almost all its hay-beany (bitter) flavor. Ttte

texturizatÍon of the treated fababean concenËrate generated

a high protein producË with a bland flavor and a porous

texËure whÍch enables a high waËer absorptÍon capacity.

Because of a continuing increase Ín meat prices and the 
i

l

advantages of using meat extenders (rrigtr juiciness 1-evel,

1essshhinkageofproductandímprovedËexture)agrowíng

',,P¿
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interest in plant proteins as meat extenders has resulËed.

The major source of protein to be investÍgated and used

Ín meat products, has been soybean proËeín concenErate
,,,-,,.:.,t.,-, ,, ,., 

t-,.

in powder as well as texturized form. rn canada, there was

an aËtempt to introduce texturÍ-zed soy product as an

extender in ground beef in Lg73 without much success 
i,:,..;1..,,¡.,;.,,

(vaisey et al. , lg75). on the other hand, many I.i'.rii',::'::':::'

1.1',t,tt''¡¡, ,.11,housewives are using rolled oats, cracker crumbs, etc., i','''-':,,;',.',,r;:.

as extenders Ín many meat products beíng prepared at home.
,,

It is possible that the bland fiarro= and the semi-texËurized i

form of these materials promoted their use over other l

hÍghly ËexËurized and/or nutritional- planË proteins. A
ipartial l-ack of consumer knowledge and the limÍted work 
i

r

done on meat extenders, oËher than soybean protein, I

preventedtheexPosureofthehousewifetohigh1y]
l,', i lj ,.',,. :.:r-..'.r.,,nutrÍtionaL and more acceptable meat extenders, such as 
,,:,,.'.,,.,;.l..,.;:,i

the texturÍzed treated fababean proËein concentrate. ,,l,.'.,ri,'t,=..'.:-.:.rt_t,.:1::-'

In the present sËudy, the texturÍzed fababean ü7as

found to be more acceptable as a meat loaf extender than

soybean protein concentrate, peas and rolled oats. Rolled l*::-,"..i..:ì n
jr.:'..,:i ::,,i.;:':i,tí

oats formed a mushy consistency wtren rehydrated and 
:

mixed with the meat. The whÍte color of the oats caused
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a noticeable change in the accepted meat color (Figure 11)

with the result of some deterrent effect on the panelists.
The availability of a new product with better nutritional

'.,,',-i,.as well as organoleptÍc characteristics, should focus more

attentíon of scientists and industry to the great potential
in the fababean

i:. ::. :'

' 
""'ì'

oneofthe1imitationsofthefababean,asisthe

case with many other legumes, is the low level of the ',;

sulfur containing amÍno acids (methionine and cystine).
Body reouirements for sulfur rely essentially on methionine ,

and cystine supplies. These amino acÍds therefore, play ,

an essential part in the human diet. Since methionine and 
,,i

cystine are the limiting amino acÍds in the fababean as in ,

,,

other legumes, there is a restriction on the utilization :

of other amino acids. supplementation of proteins with

complementary proteins, is one possÍble ansrver to the ,l'

problem of a limiting amino acid. rn the current study, 110 g 
,',,',,i.,,,'.,,,,,,,,

a.

of whole eggs riüere added to the meat loaves prgpard.d for
nutritÍonal and sensory evaluation. Eggs, as ar.e other

animal related proteins, are high in cystine and methionine 
i,.,r:,;,,

(S.g g/L6g nitrogen in eggs vs Z.g in soy and 2.4 in
fababean). The addition of the eggs to the meat loaf,
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which is a cornmon procedure followed by many housewives,

increased the level of the sulfur amino acids and hence,

the chemical score. suppl_ementation of proteins Íncreases 
,...,,

the availability of essential, as well as non-essential

amino acids and the biological value of the diet.
supplementation could be done by mixing predetermined 

:r,:,:,
quantities of more than one plant protein which will "':'

complement each other and give optimal biological value. ¡r.,i.:

rn the search after a better nutritÍonal performance of

the diet, the sensoric side of the product must not 
ibe neglected. There is a good potentíal for texturLzed,

planË protein in decreasing drip loss plus shrinkage
iwith the Ímprovement in the texture of the product. The l

utilízation of one or more sources of plant proteins would i

Ímprove the nutritional contribution of the product to

the daily requirement of essentÍal nutrients and at the t,,,t,.,

,,t'
same time, will promote acceptabilÍty. 

,':,-,:,.

The PER values obtained when rats were fed meat

loaves as sources of proteins in theÍr diets, ïíere

consÍderably higher Ëhan when fed plant proteins or rarv , ,

,:I 
-j ,

mixtures of meat and plant proteins. I,ühen untreated

texturized fababean was used as the meat extenders, pER



values vüere 2.4for the raw materials and 3.6 for the 
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finished product, whích included eggs and binder as

supplementary sources of amino acids. values obtained

are in line with PER values obtained by feeding meat

and egg products (eftschul, Lg64). The use of plant

proteins as meat extenders gave higher pER values than

obtained from L00% meat diet. From the present study,

several concl-usions can be drawn:

(a) Fababean proteÍ-n concentrate can replace any existÍng

meat extender (including soy) with better results both

from the vÍewpoínt of nutri-tion and consumer accepËance.

(b) The supplementatÍon of a diet deficient in amino

acÍds by one or more sources of proteÍn, i,üill increase the

biological value of the diet in ouestion, to a desirable

leve1.

(c) supplementation of meat products with plant protein

concentrates will dÍminish the effect of the limiting

amino acids and hence, will increase the chemical score of

the components of the product if fed separately. rt wilr

also replenish the loss of amino acids during the various

stages of processing.
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(d) The use of plant proteins as meat extenders is a

growing concern and interest among all levels of the food

industry as well as the corì.sumer. The search for new,

inexpensive and better sources of proteins, is in full
swing and this study supports the basic concept of the

importance and the benefits in utÍrizLng a rich source

of supplementary amino acids.

(e) The negative relationship between the level of

tyrosine and the predicted pER value demonstrates a very

Í-mportant aspect of future methods for biologÍcal

evaluation of food products. rf the ecuation used is
proven to have a high degree of accuracy, this simple and

fast method can be used by industry on a regular basis.

rn order to verify the accuracy of the equation and to

establish negative correlatÍon between tyrosine and pER,

a feeding trial should be initiated in which rats will be

fed diets containing various controlled levels of tyrosine.

More work should be done on Ímprovíng the texture

of the finished product to make it compatible with other

pure meat products. In depth investigation of the

functíonal properties of the plant proteins should be

done Ín a mixture of ground meat and texturized prant

i:'::,': ii
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t) ;, ! :a: Ì :.al :: La :. Ll + ¿:t :) jr l:a:i iJ

l'::':: rr :::

':::

protein. Much work has been done on functional

properties of meat extenders in the emulsion form, but

because of the increase ín the demand for other types

of meat products, emphasi-s should be put on other

processing methods of meat and meat extenders and their
effects on functional properLies.

i' .t: ::

i_.;:':
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Appendix A

!üeight Gain, Feed rntake and pER values for the Four

Casein

Meat

Meat + 20% T-F.g.

Meat + 40% T-F.B.

Meat + 20% U-F.g.

MeaË + 40% U-F.B.

Meat + 20"/. Soy

Meat + 40% Soy

Meat + 20% pea

Meat + 40% Pea

Diet
a) üIeighr
GaÍn

L22.06

3L9.39

L23.97

L09.47

L30.77

LL7.60

L26.06

L22.29

L24.L2

L20.32

Prote in
Intake

40.63

44.46

43.79

41.98

44.L2

44.66

42.L2

42.47

43. 00

42.73

Mean values for eleven rats per group.

lrleek Period - Bioassay

3. 00

3.13

2.93

2.6L

2.96

2.63

2.99

2.88

2.gg

2.8L

Adjusted
PER

2.50

2.60

2.36

2.r7

2.46

2.L9

2.49

2.40

2.40

2.34

Feed
Intake

a.,i
. ir':::;,r:.

1*

406.3

444.6

437 .9

4L9.8

44L.3

446.6

42L .2

424.7

430.0

427 .3

Feed Gain

3.33

3. 19

3. s3

3.83

3.37

3.79

3.34

3.47

3.46

3.5s
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lrleight Gain, Feed Intake

Gäse in

Meat

MeaË +

Meat +

Meat +

Meat *

Meat +

Meat +

Meat +

Meat +

Meat +

Meat +

15% Soy

25% Soy

15% T-F.8.

25% T-F .8.

157. u-F. B .

25% Tl-F .8.

15% Oats

25% OaEs

L5% Pea

25% Pea

Appendix B

and PER Values for the Four l,rïeek perÍod

!üeight

96.3

L30.2

100.6

130.3

LLg.4

1L4.9

L37.9

L26.9

128. 0

LLB.2

L23.2

LLs.2

b) Protein

3s.3

39.9

39.1

4L.5

37 .5

35.3

34.4

34.6

39.g

38.6

40.2

38. 1

2.72

3.26

2.99

3.L4

3. 15

3.25

4.00

3.66

3.2L

3. 06

3.06

3.02

Mean values for eleven rats per group.

Adjusted

'2.50

2.99

2.74

2.gg

2.89

2.99

3.67

3.37

2.95

2.8L

2.8L

2.77

- Bioassay 2

Feed

352.8

398. 9

39L.4

4Ls.6

37 5.5

353.3

343.7

345. g

398. 9

396.2

402.0

380. 8

ì...r',

3.66

3. 06

3. gg

3. 19

3.L7

3.07

2¡49

2.72

3.11

3.26

3.26

3.30

l

l

I

I

i
I

l
I
I

I

I
i
í

i
I
I
l:

li

I
ri

ii

fi

ii

ir

I

I

t
ù{

H

¡I

ä

iÌ
I
ir
LÌ
t.ì

ft
i
tj

n
l.ì'ii
r::ì

i{.:i

,t11

...: . ,,



Appendix C

Levels (%) of Amino AcÍds in Diets r' and Excreta

Amino Acid

Lysine
Histidine
NH3
Arginine
Aspartic Acid
Threonine
Serine
Glutamic Acid
Proline
Glycine
Alanine
Cys tine
Valine
Methionine
Isoleucine
I¡euc ine
Tyros ine
Phenyalanine

DÍet

0.855
0.306
0.27L
0 .377
0.820
0.453
0. 530
2.552
L.204
0.2L2
0.368
0.056
0.749
0.325
0. 615
1.066
0.388
0. 578

Casein
Feces

0. 848
0.239
L.094
0.652
L.7 09
0.825
t.397
3. Ø06
0.64L
0.77L
0.932
0. 356
1 .100
0.367
1.156
1.053
0.338
0. s48

Diet

t' Samples - Bioassay No. I

0. 781
0.288
0. 195
0.562
0.928
0.408
0.318
L.52L
0.387
0.46I
0. s92
0.114
0.480
0.20L
0.480
0. 801
0.154
0.358

Meat
Fece s

0.928
0.257
0.602
0.760
tu .622
0.802
0. 631
2.043
0.702
1. 089
1.002
0.389
0. 843
0.328
0. 750
1.130
0.390
0.680

Diet
FB-T 40%

0.813
0.295
0.264
0. 930
L.L96
0.456
0 .4s4
L.964
0. 511
0.552
0. s84
0. r07
0.6L2
0. 151
0. s41
0.964
0.250
0.473

Feces

L.049
0.27 5
0.872
0. 870
1.863
1. 338
0.7 05
2.L96
0.665
r.093
L.L24
0. 389
1.010
0.372
0.883
1.389
0.54L
0.746

H
+-
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FB_u 407. - soy 40% p"" +oZ---Feces Diet Feces
LysÍne 0.549Histidine O.ZO|Nr{3 o.L7gArginine 0.613
Aspartic Acid 0.900Threonine 0.296Serine 0.296
Glutamic Acid L.256Proline 0.310
Glycine 0.352Alaníne O.4LOCystine O.Og4
Valine 0.355Methioníne O.L4ZIsoleucine 0.353Leucine 0.619Tyrosine 0.14gPhenyalanine 0.299

L.032
0.281
0.679
0.773
L.867
0. 882
0.742
2.L28
0.653
1. 009
1.084
0.407
0.9s6
0.380
0. 785
L.294
0.506
0.7L5

Va1ues are mean value

0.630
0.238
0. 198
0. s90
0. 980
0.364
0.344
1.518
0.424
0.4s4
0.516
0.125
0.488
0.I92
0.440
0.743
0.L94
0. 398

L.3L2
0.344
0. 758
0.97L
2.3L0
1.109
0. 811
2.745
0 .79L
L.582
L.469
0.456
L.278
0. sB4
1. 180
L.777
0.568
0.930

of two replications.

0. 781
0.27L
0.203
0.722
1. 05r
0.404
0.364
1.661
0.404
0.4ss
0.560
0. 099
0.498
0. 159
0.478
0. 813
0.2Q6
0.423

:t.1,!'

L.282
0.324
0. 856
1.053
2.L22
1. 038
0.817
2.63L
0.831
L.366
L.299
0.480
L.202
0.527
1.056
L.597
4.526
0. 893
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Appendix D

Levels (%) of Amino Acids in Diets t and Excreta *

N-Free FB_u powder FB_T por¿"i
Amino Acid _ Diet et Feces

-

Lysine Trace
Histidine
NH3 0.100
Arginíne
Aspartic Acid 0.02L
Threonine 0.005
SerÍne 0.009
Glutamic Acid 0.045
Prol-ine
Glycine 0.009
Alanine 0.018
Cystine
Valine
MethÍonine
Isoleucine
LeucÍne 0.020
Tyrosine S
Phenylalani-ne

0.779
0.27 3
0.832
0.828
L.478
0. 633
0. 603
L.94L
0. 613
0.742
0.683
0. 393
0. 715
0.L67
0. 589
1.018
0.29s
0.566

0.6L2
0.225
0.L82
1.018
1.193
0.357
0.45R
L.824
0.478
0.4s1
0.448
0.116
0.569
0.050
0.508
0. 886
0.L32
0.4s3

0. 911
0. 311
L.825
1.015
2.026
0.972
0.767
2.548
0.730
L.24L
L.362
0.49L
1.130
0. 388
1. 001
L.469
0.513
0.831

Samples - Bioassay No.

0. 509
0.247
0.284
1.002
1. 151
0.373
0.429
1.846
0.4a6
0.424
0.426
0. 099
0. 533
0 .047
0.463
0.851
0.198
0.4s0

1.111
0.317
1. 903
0.888
1.834
0.97 6
0. s49
2.246
0.67 s
1. 063
L.07 6
0.427
2.033
0.360
0 .9s4
1.387
0.408
0.784

2 
Jc*

0.7 5s
0.244
0.220
0. 898
L.L32
0.316
0.293
1. 651
0.420
0.434
0.448
0.119
0. 938
0.078
0.4s8
0.782
0.L64
0.476

L.7 54
0.4s4
1.850
L.283
2.456
L.TL7
0.691
3.243
0.786
L.463
L.627
0.526
2.665
0. 598
L.457
2.27 3
0.443
1.187

H
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Lysine
HistidÍne
Nt{3
Arginine
Aspartic Acid
Threonine
Serine
Glutamic Acid
Proline
G lyc ine
Alanine
CystÍne
Valine
Methionine
Isoleucíne
Leucine
Tyros ine
Phenylalanine

0. 688
0. 280
0.249
0. 730
L.L76
0.350
0. 319
1. BB6
0. 531
0.448
0.464
0. 158
1.043
0.140
0.516
0. 860
0.L79
0.515

L.923
0. s4L
1.565
L.467
3.787
L.4s4
0 .939
4.879
L.273
L.796
1. 908
0. 587
2.936
0 .696
L.6s4
3. 115
0.527
L.473

0. 636
0.234
0.L42
0.466
0. 584
0.248
0.148
1.002
0.252
0.37L
0.400
0. 100
0.675
0.238
0.361
0.64r
0 .097
0.276

0. 887
0.247
L.233
0.76L
1.850
0. 809
0.527
2.LgL
0. 703
L.L79
0.94L
0.473
0. 956
0.264
0.727
L.L26
0.313
0.676

0. s74
0.279
0.260
L.LL2
1.100
0. 301
0.298
I .710
0.440
0.427
0.426
0. 115
1. 006
0.062
0.479
0.859
0.L52
0.427

1. 109
0.296
L.422
0.948
2.360
1.071
0.845
2.547
0.67L
1. 098
r.247
o.439
1.304
0.389
L.047
L.479
0,523
0.82L

0.430
0.240
0.196
0. 894
0.9s9
0.272
0.296
L.507
0.384
0.370
0. 370
0. 091
0.848
0. 057
0.404
0.740
0. 140
0. 363

L .057
0.272
L.469
0.949
2.356
L.022
0.795
2.468
0.649
T.LL2
1.198
0. s01
L.32L
0.346
L.024
1 .489
0. 578
0.829
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Lysine
Histidine
NH¡
Arginine
AspartÍc Acíd
Threonine
Serine
Glutamic Acid
Proline
G lycine
Alanine
Cystine
Valine
Methionine
Isoleucine
Leucine
Ty-rosine
Phenylalanine

'.,:i,,;

Pea Extruded

o.824
0.269
0.233
0.965
L.245
0. 33s
0.316
r.735
0.429
0.466
0.47L
0. 128
L.A46
0. 090
0.49L
0.840
0.L64
0. 515

L.567
0.420
L.263
1.309
3.236
L.498
1.036
3.29L
0.847
L.463
L.679
0. 508
L.746
0.532
L.464
1. 991
0.7 59
L.LzO

J-

J-J-

Soy Extruded

Values are mean value
Values are mean value

0.6s9
0.27L
0.330
0.740
1.308
0.3s6
0.327
2.02L
ø. s39
0.466
0.486
0.157
0.546
0. 138û
0.52L
0.869
0.159
0. s40

L.566
0.439
1. 098
L.270
2.926
1.568
L.L25
3 .347
0.895
r.427
L.620
0.57 s
1. 651
0.628
1.393
2.LLg
0. 718
0.694

of two replications.
of five samples.

0.967
0.348
0.329
0.448
0. 919
0.44L
0.429
2.74L
1.316
0.233
0.392
0. 066
0. 810
0.478
0.6s3
1.309
0.344t+
0.613

Casein

0.819
0.249
0.922
0.683
2.078
0.876
L.572
3.4L9
0.645
0.833
0.957
0.423
L.226
0.298
L .2L9
1.063
0.392
0.547
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