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ABSTRACT

In many societies, bread represents the main

dietary source of énergy and proteÍn. Hence, the

nutritÍonal quality of the overall- diet can be improved

by ÍncreasÍng the protein quality of bread. Faba beans,

as a good source of protein, can pl-ay a major roLe in

improving the protein quality of bread. The effect of

faba bean supplementatÍon on the nutrÍtional and sensory

properties of Iranian barbary bread was studied. Barbary

bread 1s an oval, l-ow l-eavened bread. Four treatments

!üere prepared using wheat flour and three faba bean

wheat flotr mixtures (30, 40 and 50% f.aba bean flour on

a protein basis). The addition of f.aba bean flour to the

bread increased the protein efficiency ratio, indicating

improved nutritionaL quality as compared to wheat bread.

The sensory properties lncluding six textural and for¡r

flavor characterlstics, qTere evaluated. Only two

textr.ral parameters (grittiness and mouthcoatÍng) were

slÍghtly altered in supplemented breads compared to

wheat bread. Slight differences hTere for¡nd among the

breads for the four flavor characteristícs evaluated.
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The investigation of the microstructure employing light

microscopy revealed that faba bean flour and wheat flour

r^rere well Íntermixed. The continuous uniform overall

structure in wheat bread was ruptured in supplemented

breads. The grítty texture found in faba bean bread

can be explained by the washed out starch granules due to the

loose interactÍon between starch and protein network in

suppl-emented breads. Antinutritional factors incl-uding

phytic acid, trypsin inhibitors, vicÍne and convicine \^7ere

investigated. Levels found in the breads !{ere Lower than

expected, based on the levels found in the raw materíals'

This indÍcated degradation or inactÍvatíon of these

factors during dough preparation and the bakíng Process.

Theímprovementofthenutritiona]-qualityof

barbary bread accordi.ng to the addition of faba bean

flor¡r was established Ín this study. The sensory

properties of supplemented breads ü7ere comparable to wheat

bread indicating probable high acceptability of these

breads.
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Chapter I

INTRODUCTION

In many areas of the world such as the Middle East

and Northern Asia, some 75% of. the available proteín

comes from wheat in the form of bread. Thus, the

nutritlonal contríbution of bread affects the well being

of a large part of the population. However, because

wheat protein is deficient in some of the essential amino

acÍds, it is not surprisÍng that protein malnutrition

occurs in these areas. Addition of animal protein to

the diet wouLd overcome thÍs problem. Unfortunately,

the use of expensive animal protein, in the form of meat,

milk and eggs, Ís beyond the present economic means of

the great majority of the people Ín question. More

practical is to develop high quality protein food products

based on l-ocal inexpensive foods, such as cereals and

legumes. These foods, already an íntegral part of the

diet , are easily produced and processed within the

existing technological base.

Several varíeties of faba bean (Vrs-ie-leÞg) have

been consumed in most Eastern European, Middló Eastern,
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African and Asian countries since ancienË times (Presber,

L972). They have been eaten as green beans, dried beans,

and as bean flour in baked products, in any form they are

valuable sources of protein. The nutritional value of

faba bean protein is limited by a deficiency of sulfur

containing amÍno acids. On the other hand, cereal proteins

are, in general, of poor quality because of an inherent

deficiency of certai-n amíno acÍds, irì parËicular, lysÍne.

Two factors make bread a prime candidate for supplementation

with legume proteins. The first, as mentioned, is the fact

that in many areas of the world (especÍally in the Middle

East), bread accounts for some 75% of the available protein.

Second, is the knowledge that the partial replacement of

wheat flour with faba bean flour or protein isolate can

significantly Íncrease the nutritíonal value of bread

(Mcconnell et a]., L974; FlemÍng and Sosulski, L977a and

L977b, etc.). However, the addition of non-wheat portion

to bread is feasÍble only v¡hen the resulting product is

equal to or better, Ín terms of sensory qt.ralities, than

the original product.

Most of the studies of faba bean protein and wheat

flour have been conducted on ttpantt or high leavened bread.



Figure 1

Barbary Bread
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In MiddLe Eastern countries there is a much higher

consumption of low leavened bread as a primary source

of protein and calories. For the PurPose of this study,

an Iranian bread, known as Barbary, r^7as chosen as a

representative Middle Eastern bread. Bai:bary is a low

leavened bread made of wheat, yeast and water. It is

normally oval in shape, some 3.5 cm thickr 25'30 cm

wide, and 70 - 80 cm long. (Pig. 1).

The purpose of the present study was to evaluate

the nutritional- and sensory qualÍty of Barbary bread

supplemented with faba bean flour at three different

levels (30, 40 and 507. protein basis). The following

criteria \r7ere investigated :

L. Nutritj-onal value of protein by means of PER

and chemical scores.

2. The level of anti-nutritional factors, namely:

trypsin inhibitors, phytic acid, vicine and

covicine.

3. Texture and flavor by means of sensory evaluation.

4. Microstructure of bread usÍng light microscoPy.



REVIEhI

Chapter

OF LI TERATURE

2.L Bread

Bread is a wídespread food throughout the world and

the staple food in many countries. Even Ín most high

íncome countries, a large proportion of food protein

comes from bread. In Britain, some 30% of. total protein

intake is derived from bread and other cereal food (Aylward,

L972). The production of bread in the United States Ín

L969 amounted to over l-4 bíllion pounds and the daily

contribution of bread products in terms of protein intake

lvas about L5.2 - Lï.t+% (Ponte, L97L). It has been reported

that wheat in the form of bread, is by far the most common

cereal product consumed in the Middle Eastern countrÍes

and provides over 55% of. the daily protein and calorie

intake of an average person (tutaleki and Djazayeri, l-968).

In Iran, the rural popuLatÍon íncludes over 20r0001000

persons which is approxÍmately 60% of the total popul-ation.

Sustenance is derived almost entÍrely by the locally grovrn

wheat in the form of bread, which contributes 70 to 90%

of the daily calorie and protein Íntake (Kouhestani e-t 31-.,



L969; Ronaghi and So1Ëer , L973).

The chemical composition of white bread and whole

wheat bread, along with the recommended daily íntake of

each nutrient are compiled Ín table (1). There are

consÍderable differences in the composition of bread due

to certain factors, such as the variety of wheat, the

degree of extraction rate of flour, the different

processing techniques used in bread making, etc. A

general increase in the nutrient content of bread occurs

with an increase ín the rate of flour extraction, as is

evident from the data in table (1).

2.2 9geed--}{ekits

Making bread was an early human craft. The principles

underlying bread making have not changed over centuries.

Unleavened bread is made by simple means of mixing flour

with water to make dough, adding salt, flatening or

otherwÍse shaping the dough, and then heating it. In

making leavened bread, active yeast is kneaded into dough,

which ís then put in a vüarm place for fermentation to take

place. This results in the formation of bubbLes of carbon

dioxÍde, through the action of yeast enzymes on sugar in
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the flour. The dough is then shaped into desired forms,

left to rÍse through further fermentation and is then

baked at a hÍgh temperatrrfe. The heat makes the gas

expand further, gelatin|zes the starch and coagulates

the proteins to produce a fÍrm loaf, Porous in texture.

Modern iridustrial methods of bread making are subject

to contínual change. An important goal Ís to produce

methods which are rapid and automated. To achÍeve thÍs,

in some countries, bul-k fermentation has been replaced

by mechanical or chemical dough development. Preparation

of dough by mechanical or chemical development takes

líttle time, a few minutes, compared to a few hours

required for bulk fermentation (Aykroyd and Doughty,

L97O). Straight dough, sponge dough, liquid ferment and

conti-nuous bread making, aTe four baking Processes used

in most modern bakeries. continuous bread makÍng, ifi

comparison with other methods, reduces processing time,

floor space and saves labor. The continuous Process

shares essentíal- baking features with other bread making

processes. The ferment which is made first, is then

blended with the other ingredients into a homogeneous

mass. Thls mass is then sent through a PurnP whÍch
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regulates dough fl-ow. From the PunP, the dough goes to

the developer for intense mixing and is extruded into

baking pans (Ponte , L97L).

Al-ong wÍth the automization in bread makÍng Processes,

the concept of enrichment comes into consideration. The loss

of nutrients, during mi1-ling (table l-), losses from the action

of flour Ímprovers, and further losses incurred during baking

ane reasons for consÍderÍng the enríchment of bread with

vitamÍns and/or minerals. A further consideration based on

the concepË of fortification, is the uPgrading of the protein

quality of the bread by supplemenËation with amÍno acids or

high quality plant Proteins. Protein suppl-ementation plays

an important role in the nutritional quality of the diet,

especíalIy in countries v¡here there is a high dependence on

cereals, in the form of bread, as a maín source of dietary

prote in.

2 . 3 Supp]-erqs:ntation -oå3re ad

FLour ís the most important ingredÍent in the

bakÍng process, and thus determines the nutritÍonal- and

overaLl qual-ity of bread. A]-though bread has been made

of different kinds of cereals, such as wheat, or

mixtures of wheat and rye, corn, barley and others,

wheat bread 1s by far the most popular throughout the
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vyorld. However, wheat alone cannot meet the protein

requirements of the body, especially during the period

of growth. Suppl-emenËation of wlreat bread by other plant

proteins could be a feasible method for overcoming protein

malnutritÍon (Shehata and Fryer, L970; Hussein g.L_êl.,

L974; Patel and Johnson, L975; Sarwar eJ _e.L. , L975; Sar\,sar

et al. , L977; Fl-eming and Sosulski, L977a; L977b; El-Dash

and Sgarbieri, 1980). Faba bean, as a source of protein,

has been widely studied. The addition of faba bean flour
or protein concentraËe to wheat bread is a practical way

of improving the overall nutritÍonal quality of the diet

for two important reasons. First, bread Ís usually a

popular foodstuff in areas of the world where protein

shortages exist and is therefore, a good carrÍ-er for

supplementation. Second, faba bean is also usually

common in these âreas and Ís an accepted and familiar food

product.

Besides nutritional- aspects, other important factors

have to be considered. The functional properties of

flours are Ímportant, sÍnce they mÍght affect the

processing and the acceptability of the product. The

nutritional and functional effects of supplementation are
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discussed in the following sections.

2 . 3 . L Ngtri-t Í-oryr-l Ef f-e-c-t- g -f SupPl-eJneJLtit-t-ion

Plant proteins are usually deficient in one or more

essentÍal- amino acíds. The protein quality of cereals,

especially wheat, is serÍously limited by its low content

of lysine. However, the lysine content is relatívely

high in faba bean protein as iË is in all legr-rnes. It

is evident from table Q) that the characteristic feature

of faba bean protein i-s its deficÍency in sulfur containing

amino acids, methionine and cystine. Sulfur-containing

amino acids are relatively high in wheat. Lysine and

sulfur-containing amino acids Play very essential roles

in human nutritÍon (Bigwood , L972). The combination of

wheaË and faba bean results in a product with good dietary

supply of these important amino acÍds. The nutritive

value of faba bean proteins vüas evaluated in rat diets

(Sarwar gl--A-l-., L975), and a low PER va1ue of 0.5 was

obtained. On the other hand, when 15% of. wtreat flour was

replaced by faba bean protein concentrate in the bread

formula, a PER of 1.67 was obtained. The supplementation

ùesulted in higher levels of l-ysÍne and tryptophan, but

L2
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Table 2

Amino AcÍd Composition of Faba

and lrlheat Protein (g/100 g

Bean Protein

Prote in)

Faba bean (1) whear Q)

Lysine
Histidíne
ArgÍnine
Thre onine
Serine
Glutamic acid
Proline
G1ycÍne
Alanine
Cys tine
Valine
Me thionine
Isoleucine
Leuc ine
Tyros íne
Phenylalanine
Tryptophan
Aspartic acíd

6.6
2,6

10.5
3.3
4.2

20.3
4.L
4.2
4.2
L.7
3.9
0.8
4.3
8.3
2.8
4.4
1.0

13. 0

1.6
2.L
4.3
2.4
4.3

32.5
11.6
3.2
2.0
L.7
4.3
1.7
4.2
6.9
2.8
4.9
1.0
3.4

(1)

Q)

Quoted from Kaldy (f978).

Quoted from Kent Jones and Amos (1967).
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the amount of sul-fur-containing ami-no acids vüas lovær

compared with the controL wtreat bread (Fleming and

Sosulski, L977at L977b). Similar findings rt7ere reported

(McDonald, L979) when 9"/" of. wheat flour was replaced by

an equal amount of faba bean proteÍn concentrate. The

amount of methionine decreased to about 70% of. that in

wheat bread. Substantial íncreases 1n protein quality

of bread suppl-emented wÍth different levels of legume

protein have been reported. From these investigations

it is evi-dent that there are optimal ratÍos of

supplementation in terms of nutritional values.

2 . 3 .2 Fun-c_tjonal EJfe ct- _of .$-uppl-_emen_tjrtiol

The functional propertíes of proteins play an

important role in bread making. tüheat proteins have suitable

elasticity for forming dough whÍch is an essential step

ín bread making. Gluten particles, scattered throughout

the dough, svüel1 during the hydration and knit up with

one another to form a spongy network that hoLds the starch

granules (Sandstedt et al. , 1954; B1-oksma, L97L). In the

bread making process, starch dílutes the gluten, improvÍng

the rheoLogy and furnishing a surface suitable for strong

L4
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adhesion of gluten. As starch gelatinizes and swells,

it provides flexibility for the gas cell- walls, permitting

them to stretch as the loaf exPands. During baking' starch

continues to dehydrate the gluten, causing the gluten film

to set and giving the loaf its fÍne texture (Angold 
' L975).

The functíonaLlty of flour depends mainly on its strength.

The strength of fl-our is related prímarily to the gluten

portion of the flor:r proteín. Therefore, the strength of

flour is important for both the accePtability of the final

product and for the dough making capacíty during Processing.

As defined by Pomeranz (tglt), strong flour contaíns a

higher amount of protein which forms an elastíc gluten

network of good gas retaining properties, and ís capable

of being baked into well-risen Loaves with good crumb

grain and textlJre. Strong flor-rs requÍre considerable

amounts of water to make a dough of proper coftslstency

whlch will- give a hÍgh yield of bread. Doughs made from

strong flour have excellent handltng qr:ality and are not

critical in thei-r mixing and fermentation requirements.

In contrast, weak flours have a low protein content and

form a soft, weak and relatively non-el-astic gluten

network with poor gas-retainlng ProPertíes. They have a
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low water absorbing capacity which usually yields sticky

doughs of Ínferior handling caPacity. !{eak flours are

very crítical in their mixÍng and fermentation

requiremellts.

The fr¡nctionality of dough and bread can also be

affected by non-wheat proËein adcled to upgrade the

nutritíona1 qr:alÍty of bread. The addition of non-wheat

protein might resul-t in restricted uptake of water, more

critical míxing and fermentation requirements, or inferior

handling properties during the bread ProcessÍng. McConnell

et_a]., (L974) reported a sticky nature in doughs made of

blends of wheat and faba bean flour, due to the low water

absorption. However, the functionality of weak doughs can

be ímproved to a certain extent, usÍng ProPer techniques

during bread making.

2 . 4 Eve-LqgLtj oqS-f PJ-o-te in- 
-QWt-l- 

Í tJ- o-f B-rSltd

It is important to emphasíze that the amount of

protein needed for growth or other functions rises as the

nutritive value of the protein fall-s. Thus, quality and

quantity ane invol-ved in defining protein needs. In order

to establísh the nutritional vah¡e of a suPPlemented
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product, the evah¡ation of protein quantity and quality,

either by chemícal analysis or biologícal method is

e s sential .

2 . 4 .L CherL"i-cql-5-c-o-re s JUrd -Pro-te 
in EJ-f icjency BÉt-t i-o

eE&)

Protein quality is most often assessed either by

chemical- scores or animal bioassays. Chemical score

procedures vüere Íntroduced by Mitchel-l and Block (L946).

This method requires a knowl-edge of the amÍno acid

composÍtion of the proteins as welL as the amíno acid

requirement of the animal. Chemical scores assumes the

pattern of amj-no acids available to anÍmals to be the same

as that obtaÍned by chemical analysis. Bioassays for

protein quality, on the other hand, are essentiall-y a

measurement of the availability of amino acids in the

test animals. Therefore, the evaluation of protein quality

is mostaccurate when it ís determined with the species

for whích the protein Ís intended and under the conditions

Ít is used. Iiowever, biological assays with humans and

large animals are expensive and difficult to carry out.

For this reason, bioLogícal assays are usualLy carried



t_8

out under standardLzed conditions and with laboratory

anímals. The protein efficiency ratio (p¡n) assay is the

most widel-y used of all methods for evaluating protein

quality. The PER method dates back to L9L9 when it was

introduced by Osborne and Mendel. It is defined as:

PER :

the PER assay is subject to a number of criticisms.

The most fundamental ís that it assumes all proteÍn is used

for growth and no allowance is made for maintenance. The

second limiting factor is the duration of the assay (ZA

days), which makes it lengthy and expensive. However,

at present, the PER method as outli.ned by AOAC (L975)

is accepted by many governments and food organiz.øtions

for estimation of nutrÍtional quality of proteín.

2.4 .2 Prot-e iL3.a-t-i¡g

To determine the nutritional contributions of

different foods within a diet, the Protein quality as well

as the daÍt-y intake must be consldered. The protein rating

has been defined as the product of the PER of a protein

multipl-ied by the grams of protein in a reasonable daily

intake of that food (Campbe1l-, 1960). A food with a

protein consumed (g
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rating of 20 to 39, inclusive, \i7as considered to be a

rgood dietary source of proteínt, and foods with ratings

of 40 or above ane consideredrexcell-ent dietary sources

of protein.t Fleming and sosulski (L977b) employÍng this

method, obtained a rating of less than 20 fot wheat bread,

whil-e breads suppl-emented with faba bean and field'pea

vrere given Protein ratings of more than 40.

2 . 5 AgU: ÍnqtgíË!-ongl-Etc.t-oLs-

The nutritional- quality of a product and the

avaÍlabi1-ity of nutrients can be decreased by the

existence of some antinutritional or toxíc factors.

Phytic acid, trypsin inhibitors, vicine and convicine are

four of these antinutrítional factors discussed in the

following sections. The fírst two factors occur in both

wheaË and faba beans whereas vicine and convicÍne occur

only ín faba beans.

2.5.L Phvt-iS Açid

Phytic acid, the hexa phosphate of myoinositol

(figure 2) occurs primaril-y in p1-ant tissues such as

seeds and wtrole grains. Phytic acÍd interferes with the
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intestinal absorptlon of certain mÍnera1s, esPecÍally zÍ:tc,

calcium and Íron, to make them biologically unavailable.

Phytic acíd is present in mixed salts (phytates), wtrích

are consÍdered the main storage form of phosphorus in

almost all seeds, partÍcularly in cereaþ and legumes.

In graÍns and oil-seeds, they usualLy occur as the

calclum-magnesium salts, phytin (Lolas and Markakis,

L975; Okubo et__e!. , L975). Phytate concentration ranges

from one percent in whol-e grains, legumes and oilseeds

to approximately 5% for defatted sesame meal. The

LocaLízation of phytates in the bran of seeds contributes

significantly to the mineral deficÍencies, esPecially

zLnc deficíency observed among populations with whole wheat

bread as their stapl-e food, such as in Iran (Reinhold,

L}TL; ReinhoLd et aL., L974; Reinhold 9l--e-1-., L975). It

woul-d appear, therefore, that the control of extraction

rate Ín the flor¡r, might help in regulating the zilnc

(and other minerals) to phytic acid ratio, by increasing

zÍ,nc availability.

PhytaËes occur in foods ln association with proteins

(Lolas and l4arkakis , 1975; OtDell and deBoLand , L976i

Okubo et q-l--. , L976). There is evidence that phytate-

.jf.:ì:,
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protein compLexes are less subject to proteolytic digestion

than the same protein alone (Barre, 1956). It was also

suggested that indigestable phytate-protein complexes

could make zLnc and other minerals even less biologically

available compared wíth zínc-phytate complex alone (O tOe11

and deBoland , L976). The interaction of phytic acÍd with

minerals and proteins is considered to be one of the

primary factors limitíng the nutritive value of cereal

grains and legumes. It seems likely that if the phytic

acÍd in legumes and cereals could be substantially

hydrolyzed before consurnption, the nutritional- value of

food would be improved.

2.5.2 TrJpsin Lì¡-ibjto-rs -LTI)
Trypsin inhibitors occur naturally in plants and

animals. In plants, they are mai-nly distributed in reserve

tissues of Leguminose, Sol-anaceae and Gramineae famílies

(Ryan, L973). Twelve faba bean cultÍvars examined by

Bhatty (tgl+) showed different concentrations of trypsin

inhÍbitors with different inhibitory activity. The range

of inhibition of l00,tgtrypsin (concentration used in the

study) by trypsÍn inhibitors varied from 2 to 32%.
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However, none of the cultivars approached soy meal ín its

trypsin inhibitor activÍty O0%). The absence of trypsin

Ínhibitor activity in visia_Egba var. Þg*Led.i_was reported

by HusseÍn et_al_. , (L974). There are only a few reports

concerning cereal trypsin inhibitors. !,Ihole wheat flour

contains only L% or trypsin inhibitor activity of raw soy

bean meal (Shymala and Lyman, L964). The average trypsin
inhibitor activity of triticale flour was l% and rye flour

2 to 3% of the trypsÍn inhibitor of soy flour (Chang and

Tsen, L979).

Trypsin inhibitors have been ínvestigated wÍdely,

because of possíble adverse effects they have on proteÍn

digestion when ingested by animals. rt has been suggested

that trypsin inhibitors affect the utilization of protein

in two vüays, depending on the experimental conditions and

species of animals. rn chicks, it inhibÍts the intestinal

proteolysis by reducing the effective level of trypsin

to form an inactive trypsin-trypsin inhibitor conrplex.

In rats, however, it increases the requÍrements of sulfur

containing amino acÍds, especially cystine, due to an

increased synthesis and fecal excretion of pancreatic

enzymes, thus accentuating the deficÍency of these amino



acÍds which alreadY exist

L969; Liener and Kakade,

24

ín plant proteins (t<akade #.f,.',
L969; Kakade , L974).

2.5.3 Vicjne jrg{ Con:¡-i-c-itìg

vicine and convÍcine occur naturall-y Ín seeds of

certaí-n legumes, especiall-y in the specÍes of vícia,

incl-udÍngrcfu..VÍcineandconvÍcineareglucosidase

of a pyrimÍdine whose structures are shov¡n in figure (3)'

These toxic agents can induce the haemolytic disease favism

in indíviduals wlth a hereditary deficiency of red cell

g1_ucose -6-phosphate dehydrogenase (C-6-pO) Jamal-ian

e-Ë--ê!. , Lg76; Jamalian, Lg78). otle of the dÍffÍcultíes

in the studies of favism lies ín the fact that iË has not

been possible to reproduce this disease in experimental

animaLs. However, vicine at a level- of 0.6% of the diet

inhibited growch Ín rats (Líener , L973) '

2.6 Ef f-e-cE of ltlead ]4qk!¡re Pgolæ ss- o-F--t-he

Nutr i tåoJra 1- Qua l- i ty-oJ B-rg-ad

The nutritional- as well as the anti-nutritional

facËors of the food can be affected dtring Processing'

According to Liener (1958) and many other investigators,
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the nutritive value of proteins of many sources is

Íncreased by proper heat treatments. Such improvements

are novr recognized as being partly due to the heat

inactivation of some naturally occurring anti-nutritional

factors such as trypsin inhíbitors or some other

deleterious factors. Severe heat, however, can lead to

a destructÍon of a number of amino acids.

In bread making, the components of flor-r go through

different changes durÍng the fermentation and baking of

bread. Some of these changes are desirable and necessary

in bread makÍng, while others might have undesirable

effects.

2.6 .L Ef-fec_L_oJr_ P_qot_ejJr-s and funipo- Aci*;

Heat, by increasÍng the thermal molecular ossilÍation,

tends to disrupt the binding forces and causes an unfol-dÍng ,,,,,,rr.,,,

of the protein molecules, which is fol-lowed by a ';,,'',-';'.':,,

' '"' : t;:: t:" 
.

disintegratÍon due to the disruption of the disulfide bridges.

ThÍs phenomena is referred to as heat denaturation. Since

the fÍrst step in proteín digestion is a denaturation by ,.,:,,=.,,,,:

proteolytic enzymes, denaturation is considered a Positive

factor j-n nutrition (Mauron , 1972). Denaturation alters

26
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only the secondary, tertíary and quaternary but not the

primary structure of protein molecules.

l'lechanisms which cause the deterioration of protein

molecules and impair amino acid availabÍlity when proteins

in food are intensely heated, are the deleterious heat

effecËs. SusceptabÍlity of proteins and amino acids to

heat damage varies among different proteín sources. It

ís increased ín the presence of various carbohydrates and

other food constituents. Little precise information is

available on the nature of the chemical changes that take

place. There are many possibilities of Ínteraction between

the peptide chains. These linkages usually are resistant

to hydrolysis by proteolytíc enzymes (Ford , L973).

Availability of lysine, methionine and tryptophan vüas

reduced to almos t zero by heating in the Presence of

glucose mostly due to the so called Maillard reaction

(MorrÍson and Mclaughlan, L972).

The effects of heat during baking, on the amino

acid content of wheat bread and supplemented bread, have

been widely studied. Slower rate of growth have been

observed in rats fed on bread crust comPared with those

fed on bread crumb. This fact is believed to be related
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to higher rate of lysine destruction in the crust than

in the crumb dtring bakÍng (HutchÍnson et al., 1960).

The fíndíngs of Horn et-a1-., (tgSA) and Jansen (1978),

also indicated a significant loss of lysine, methionine

and sulfur-containing amino acÍds during baking and that

the losses of these amino acids l/'7ere higher in the crust

than in the crumb of bread.

The effect of fermentatíon on the content of amÍno

acids was also studied by several investigators. Horn

e-t-a1-., (t958) reported no destruction of amino aci-ds

during fermentation of the dough prior to bakÍng. In

addÍtion, the amount of threonine increased in yeast

fermented dough. The influence of yeast fermentation on

the content of free amÍno acids of wheat bread was investigated

by El-Dash and Johnson (L970). Their fÍndings showed that

with the addÍtion of yeastrfree amino acid contenË

increased some 400%. Hor,rzever, during the fermentation

the amount of free amino acids reduced to 50% of that ín

unfermented dough, and more than two thirds of the free

amino acíds qTere destroyed durÍng baking. considering

the very low concentration of free amino acÍds compared

to total amount of amino acids in wheat proteÍn, this
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reduction during fermentatÍon and bakíng is not of

importance. However, the role of free amino acÍds in

Maill-ard reaction, and their effect on the flavor and

color of bread, should not be ígnored. In a subsequent

study by El-Dash and Sgarbieri (1980), 4 207. Íncrease ín

the amount of l-ysine was reported in fermented dough

compared to unfermented dough. A reductlon of 27% Ln

lysine and L4% Ln arglnine occurred after baking of

fermented dough. All the results indicate that fermentation

does not seriously alter the amount of amino acids Ín flour

and thaË the reduction in amino acid content occurs mainly

during the bakÍng process.

2.6.2 Effect on AntinutrÍtional Factors

2.6.2. I Phvtic_ Aci4

The hydrolysis of phytic acid to inosltol- and 1,,

phosphorlc acid is of importance in human nutritíon for .

several reasons. First, most of the phosphorus Ín plant

material- is in the form of phytic acid wtrich ís not avaílable

to the body unl-ess 1t 1s cleaved from inositol. Second, the 
.,

minerals, zLnc, iron, calcium, etc., ín the form of phytate,

are not available during dlgestion. ThLrd, it is

bel-ieved that proteins Ln the form of protein-phytate



30

complexes, are less accessíble to proteolytÍc enzymes and

unavaÍlable to Ëhe body (Fontaine et__el.. , Lg46). Therefore,

el-imination of phytíc acid in foods is an important step

ín food processing. There are two possibilities of

preventing the harmful effects of phytic acid in bread.

one possibiLity is to use lower extraction rate flours,

sÍnce most phytÍc acid is located Ín the bran of the seed.

The second possibility is to cleave phytic acid into
phosphoric acid and inositol, by the action of enzyme

phytase.

Phytase is present in cereals and legumes (peers,

1953; chang and schwimmer, L977). phytase in yeast and in
flour itself hydrolyses phytic acÍd during the leavening

of bread. ThÍs markedly increases the physio1ogical

availability of minerals, especially zj-nc (Reinhold et q_1_.,

L974; Reinhol-d, L975). However, Ít has been reported

that the hydrolysis of phytÍc acid míght be diminished by

several factors. The addition of calcium prevents the

splitting of phytic acid by precipitating the phytic acid

as insoluble calcium phytate (Mollgaard, Lg46).

rt has been reported that the production of lactic acid

durÍng fermentation by yeast might promote the
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hydrolysÍs of phytic acid and therefore, the absorption

of calcÍum and phosphorus (Mollgaard, L946). Determining

Ëhe optimal conditions for the splitting of phytic acid

Ín dough is of practical importance. The optimum pH for

the activity of phytase of wheat is 5.15, with an optimum

temperature of about 55oC (Peers, 1953). There are no data

concerning the optimurn pH or temperature for phytase of

faba beans. The optimum pH for phytase activity ranges

from 4.8 for soybeans (Mayer e_t_g_]=. , L96L), 5.2 for beans

(Blrasegl-r$ _vr+learis) (Chang and Schwimmer , L977), to 7.5

f.or mung beans (Mandal e_t_ a1_. , L972). The maximum phytase

activity occurred at approximatel-y 6OoC Ín beans (Fraseolus

vulqÉrrÍs-) (Cfrang and Schwimmer , lg77) , 50oC in navy beans

(Lolas and Markakis , Lg76) and 57oC in mung beans (Mandal

e t- a_1_. , L97 2) .

The relatlvely high temperature optima are of

practícaI interest, since appreciable phytase activity may

occur during food processing operations, such as pan

proofing and early oven stage, where the temperature of

the dough rises to be closer to the optimum temperature

for phytase actÍvity (Peers, 1953).
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2 . 6 . 2 . 2 Tryp_LÍn lgh_ibjl_o_r_s_

The presence in faba bean of trypsin inhibitors

which T/üere not destroyed by heat treatment was reported

by Nitsan (tglt). Wilson eJ a1-. , (tglZ) reported the

presence of. a heat-labile trypsin inhibitor in both

cotyl-edons and testa of faba beans, which was also confirmed

by Bhatty (L974). However, iri subsequent publications,

Bhatty (tglS, L977) , reported the trypsin ínhibitors of

faba beans to be heat stable. irlarsy et al. , (L974)

reported that faba bean contains four highly heat-stable

trypsin inhibitors. They purified two of these and studied

some of theír properties. Both trypsin inhÍbÍtors \,vere

heat-stable at 100oC for one hour in an acÍdic medium

(pH 2.5), but at pH L2.0 they vüere rapidly inactivated at

75oC and above. Some of the above discrepancies may be

due to different cul-tivars having little or no trypsin

inhíbÍtor activíty. The effects of heat and processing

on trypsin inhibitors needs further investigation because

there is no cl-ear cut correlation between the trypsin

inhibitor content of dífferent plants and the effect which

heat has on their inactivation.
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2 .6 .2. 3 ll&ine-gryl Cpnvic i¡e

The effect of heat or the baking Process on the

destruction of vicine and convicine has not been

investigated. Although heatÍng improved the nutritional

value of the beans for rat growth, ûo symptoms resembling

human favism have been observed with the raw beans in rats

(Liener , L973).

2.7 Sgnso-rJ Evalgat-iolt

The understanding and analysis of sensory characteristics

of foods are ímportant, especially when it comes to developing

; new foods or íntroducing new raw materials into food
ì

products to upgrade the nutritional quality. The main

sensory properties of food are aPPearance, flavor and

texture (Von SYdow, L97L).
,ì,r The first impressÍon of a food Ís vísual and a major

: part of acceptance of a food depends on its color and

appearance. Col-or Ín food can be measured by an analysis

of the light reflected from a surface or transmitted

I through the food.
ì

The aoncept of flavor consists of at least two

I phenomena, taste and aroma. Using the gustatory recePtors
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in the mouth, one can dÍstinguÍsh between sweet, sourt

salt and bitter Ëastes. on the other hand, olfactory

acceptors in the nasal cavity can be reached only by

compounds whÍch are vol-atile.

In some food, texture is considered Ëhe most important

sensory property, especialLy in products such as bread

which are generall-y b1and in fl-avor (Szczesniak, L977).

Texture has been defÍned by Sherman (1970) as the composite

of those properties which arise from Ëhe structure elements

of a food and the manner in whích these register wÍth the

physiol-ogical senses in the mouth.

Textural characteristics can be grouped into three

main classes (civille and. Szczesniak, L973)z (f) uechanical,

those characteristics related to the reaction of food to

stress, such as hardness, cohesiveness, elastícity,

viscosity, chewiness, etc. , (2) Geometrical, those

characteristÍcs related to the arrangefient of physical

constÍtuents of a food product, such as sLze, shape and

arrangement of partÍcles ín a food; (3) Those properties

related to the moÍstr.re and fat content of a food product.
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2 .7 .L Se-ru; orJ- ProPgtt Íe s 
-ol-S-qPJ>l--ent-eJr-t-e3 

B-tead

The sensory properties of bread differ from country

to cor.mtry for dif ferent economical, cultural and social

reasons. Bread has been made in a variety of shapes,

from flat circular pancakes, to high leavened loaves.

Changes in sensory properties can be exPected when a

foreÍgn material, such as a p1-ant protein is added to

bread. In some cases, it is a matter of the flavor of the

added protein, whÍch may differ from the original protein.

In other cases, however, changes in the texture of bread

appear due to differences in functionality of dífferent

proteins. The taste of bread containing 20% faba bean

flour has been described as flat, tasteless, or possessing

a bitter after taste. The mouth-feel was variously

described as gummy, doughy or pasty. In spite of these

adverse comments, Panelists did not dislike the bread

(Mcconnel-l e-t 91., 1974), Patel e-t-4!. , (tgll ) reported

differences ín flavor and textrsal quality of bread

supplemented with horse bean protein. Bread supplemented

with horse bean flour was found to be svreeter, beanier,

more bitter and sour and less wheaty than bread containing

an equlvalent amount of horse bean protein Ísolate. The
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flavor of control bread was described as a complex of

svüeet and sour tastes, wheaty and yeasty aromatics.

The amber color of crust in control bread changed to dark

reddísh brown with the addition of l-5% and 20% horse

bean flour. But with up to 20% supplement of protein

Ísolate, bread remained soft and moist with fine crumb and

grain simll-ar to control wheat bread. Shehata and Fryer

(1970) studied the sensory properties of bread supplemented

with 5 to 20% chick pea flour. No signÍfícant differences

r¡rere found in col-or, texture , flavor or overalL

acceptabilíty. The sensory properties of bread supplemented

with dífferent plant proteins have also been studied by

Bass and Caul- (tglZ). All the studies indicate that

by controll-ing the source and amount of protein supplement,

and with proper processÍng technÍques, acceptable

supplemented bread can be prepared.

2 . 7 . 2 SgAqggJ_ E-va l_W t-.Lo:t- Le- çJrn_i que_ (Ug sqi_t ude_

EsliqetJon)

Sensory evah¡atfon f-s the method concerned with the

measuring and evaluating sensory properties using humans

as instruments. In recent years, the methods of sensory
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analysÍs of foods have changed to a scientific system

based on psychophysics. Psychophysics ís the relation

between chemical andfor Physical stÍmuli and perceived

sensatÍons. The emergence of psychophysÍcs into the

sensory field has brought with it a powerful measuring

technique known as rmagnitude estÍmationr. It allows the

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

which is a significant advance over the traditional methods

of category scaling, wherein the panelist is forced to

select a number from a limited scale to match graduaËion

in perceíved stimuli intensity (Moskowitz anð Chandler,

Le77).

Perhaps the greatest contrÍbution that magnitude

estimation has made Ís that it permits the predÍction of

the sensory responses to a physÍcal stimulus. This

rel-ationshÍp is defined by Stevens Power Function, S{Ct,

where S i-s sensory intensity, gÍven by the magnitude

estimate, C is PhysÍcal response, K Ís the constant and n

is the rate of growth of sensory resPonse (Stevens, 1960).

The por^rer function can be transformed to logarithms, to

the equation log S : 1og K + n Lo9 C. From thÍs equation,

n becomes the slope of the Te1ression line relating log S
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to 1og C.

The sensory evaluatÍ-on of foods is very crítical.

Psychological implication, the conditions of food at the

time of eval-uation, the manner in which the food sample

is presented, and many other factors affect the resPonse

of thepanelists. In the case of bread, the freshness at

the time of evaluation is very important, since a number

of changes occur Ín the flavor and texture of bread with

age. These changes usually decrease the palatability and

therefore, the acceptability of bread.

MÍcrostructure of Bread2.8

Sensory ProPerties, esPecially textural characteristics

of bread can be correlated to the microstructure of bread,

which Ís the interaction between different ingredients and

their changes duríng the baking procedure. In microscopic

examination of dough and bread, three phases can be

dÍstinguished, namely protein, starch and gas ce11s. The

starch granules usualLy retain their ídentity in dough

while they are embedded ín the protein network (Bloksma,

l97L; Sandstedt e-t qL. , L954). The well defined protein

starch compl-ex ln wheat bread was disrupted when wheat

flour was partially repl-aced by different pLant proteins.
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Mfcroscopic evaluation indicated that added proteÍn caused

a ruptured cell structure in bread which might affect the

textr-ral properties of bread (Fleming and Sosulski, L978).

However, the effect of a foreign protein on the texture,

flavor and overall acceptabilÍty of bread can be regulated

by proper processing techniques and by controlling Ëhe

source, amount and type of protein supplemented.
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Chapter 3

MATERIAL AND METHODS

3.l- bte_ria_l-E_

3.1.1 Raw MatSË!-JLl_s (Bas ic Fl-ours )

The wheat flour used in this study was supplÍed by

Soo-Líne Mí1Ls Ltd., 7 Higgins Avenue, I,iinnipeg. It was

an unbleached and untreated commercial flour of about L3%

protein, milled from Canadian hard red spring No. 2 wheat,

with 70% extractíon rate. The faba bean flour (y¡_* fabA,

L., Var. D_i¡UUr) vüas supplied by Glenlea, University of

Manitoba ¡research farm, 1978 crop. The dehulled faba

beans (cotyledon) were ground in a pinmill and were stored
aìat 4-C during the study.

3.L.2 Chemicals and Other Materials

The chemical-s used in this study r^7ere of reagent grade,

unLess stated otherwise :

For PER assay:

' Casein: AI{RC reference from Humko Scheffield

Chemical, Toronto, Ontario.
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- Salt (USp xfx salt mixture) and vitamin diet

according to AOAC, T^rere supplied by ICN

Pharmaceuticals, Inc., Cleveland, Ohio, 44L28

- Purina Labs rat chow from Victor Fox Foods,

VJinnipeg, Manitoba

For trypsin inhibitor assay:

- Trypsin (2x, crystall-ízed, salt free) from Sigma

Chemical Company, St. Louis, Mo., U.S.A.

- BAPNA (a -N-BenzoyL-Dl-Arginine -p-nitroanilide

Hcl) from Sigma Chemical Company

For vicine and convicíne determÍnation:

- Diastase (clarase, standardízed) from Fisher

Manufacturing DivisÍon, FaÍr Lawn, New Jersey,

074L0

3.1.3 BlLrbJLrv B_read

The barbary bread was prepared in the baking laboratory

of the Grain Research Institute, 303 Main Streeg l{lnnipeg.

The bread making formula is given ín table (3), and the

procedr"re is outlined in fígure (4). The mixer used was

an open bowl-, single arm, Kemper mixer. The oven !üas a

Nicholson el-ectric rotary oven with six shelves, with the
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Table 3

Basic Bread Making Formula

Flor-r

Vüater

Salt

Fresh Yeast

Sugar

5680

3860

113

85

L4

58

39.6

L.2

0.87

0.14
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, Figtre 4

Barbary Bread Making Procedure
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Re sting

(10 min., room temperature)
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Baking 

^(rs - 18 mln. , 2L5"c)
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capacity of. l2O loaves of about 500 grams. The same

procedure vras applied for all breads. Hovrever, ít was

necessary to adjust the amount of water used in the bread

formula according to the level of faba bean added. The

amount of water and the ratio of wheat and faba bean flour

used in each type of bread are gÍven in table (4).

' 3.2 Meth_o3$

3 .2 .L Sggrp_1-e_3-rS par_gUt i-o¡-

The fresh bread samples !üere air dried (about 7%

i moisture) and then gror:nd and sifted to pass through 12

' mesh sieve in FÍtzpatrÍck Mill, Model M, Comminuting

r machine. The samples vrere then sËored in air tight

: containers at 4oC until subsequent analysis.

3 .2 .2 Prl¡xi¡tÉrts_ AnglJ¡_s i_s_ ,

Proximate analyses including the measurement of protein, ,,

moisture, ash, fÍbre and fat content, v,7ere performed

accordíng to AOAC methods O975).
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ülheat Flour:

of hlater

Table 4

Faba Bean Flour Ratio and

(%) Used in Bread Making

the Amount

Formula

l,iheat: Faba bean
Materials Abbreviatíon comp_osÍt_ion__(7"1 _ % Water

Protein Flour in Formula
:
hlheaË Bread

Bread Sample A

Bread Sample B

Bread Sampl-e C C

t00:0 l-00:0 (39.6)

70:30 84:L6 (37 .2)

60:40 77 :23 (36.0)

50:50 70:30 (34.8)
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3.2.3 D_e te_rlninati_on o_f_ Mjneralg

ZLnc, magnesium, calcium and i-ron vrere determined in

the ash col-Lected from each sample, according to the AOAC

methods, using Atomic Absorption Spectrophotometer, Model

A 3000, Southern Analytical. Total phosphorus \47as

determined according to Chen et al., (1956¡.

3.2.4 4gú¡o Ac_ids _e¡r{ Clremic=ú_5_carçS

3.2.4.1 Amino Acids Analvsis

The amino acid analyses vüere carried out on a Beckman

1L9 C anaLyzer, using the standard hydrolysis procedure

(O rrr HCL; Vacuun; 24 ]nr; ttOoc). The Beckman modification

of the single col-umn procedure of Spackman g-t_el., (1958)

vüas applied. Tryptophan r^7as measured according to Messino

and Musarra (L972). The amount of cystine !üas measured

according to PLeniazek gl-_e-L., (tglS). Protein recovery

in cystine assay hTas determÍned employing the Lowry gË_ê.L. r

(rgsr) merhod.

3 . 2 .4 . 2 CÌægica1_5c_ors_

Chemical- score Ìiüas calculated by divÍding the essential

amino acid content ín grams of amíno acid per 1-00 grams
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of protein, by the corresponding value for that amino acid

in the suggested pattern of requirements recommended by

FAO (L957), and multiplying by 100.

3.2.5 LeS_dj¡g JrÍql__- Jlg.tçi._tiongl Jve_luqrion of

B_r_egd US_igg PER Me tJroSl

The experimental procedure for proteín efficiency

ratio (pen) was performed according to AOAC (tglS).

Sprague Dawley male rats, each weíghing approximately 40

50 grams, at the age of twenty-one days, r^7ere purchased

from Bio-Lab CorporatÍon, St. Paul, Minnesota. The rats

vüsre placed on an adaptation diet for four days. They

vÍere fed rat chow pellets and water which vrere given ad

liÞjft¡1. At the end of the adaptation period, the rats

I^rerercighed and divided into four groups of 24 by

randomizati-on, such that the average weights of the groups

differed by no more than five grams. Each rat was placed

in an indivÍdual cage (24 x L7 x L7 cm), containing a

glass feeder and a glass bottle for water. All four groups

Ì^7ere fed every 2 days and water containers r47ere washed and

refilled with fresh vüater every day.

The diets lyere prepared according to the bio-assay
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díet of AOAC (1975). The protein level was adjusted to

ten percent as shown ín table (S). The sourcesof proteÍn

rrvere bread samples A, B and C. The reference grouP \'üas

fed on casein as the source of protein. Diet ingredients

were mixed thoroughly in a Hobart mixer for 5 - 7 minutes.

Diets for each rat were placed in air-tight plastic

containers and stored at 4oC durÍng the feeding trial.

The feeding continued for 28 days under controlled

environment condÍtions (ZZoC, automatic light control,

twelve hours on and twelve hours off).

A weekly record of body weight gain was kept for

each rat. The feed consumption of each rat was measured

at the end of the experiment Qa days ) . IndivÍdual PER

r¡t7as calculated from the feed consumPtion and weight gains

of rats of each grouP using the formula below:

pER : -:üejght eqirl in-=2-8-3€v-s--(gEaÐ
Protein consumed (gram) in 28 daYs

The values obtained were adjusted, usÍng the casein standard

value (2.5) as shovrn below:

Adjusted PER : JEs gf--éis+ x 2.5
PER of casein

StatistÍcal analysis of variance and Tukeyrs test t'üere

applied to assess the differences among PER|s of the diets.

.'. . ..: ..:
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Table 5

Basal- Bíoassay Díett'

sample (s) : =f'09 Å l-oo-
% N of sampl-e

oiL (saffloweroil-) : 8 -sx-Jteilreåeg.lF-rgc-t-
100

Salt mixture USP : 5

VÍtamin mixture : L%

Cellulose : 1-S-g-J"ctqslefjb-e-r
100

!ùarer : 5-f¿--%-$g-iE.!l¿Ee-
100

Corn starch to make L00%

AoAc (L97s)



3.2.6 P{_otgin_ Ratjne

The protein ratÍngs of bread samples lvere calculated

as the product of PER of the bread multiplied by the grams

of protein ín a rreasonable daily intake t of bread (fSO

grams ) (CampUe 11- , l-960) .

3 . 2 . 7 D-el-e ¡UUi:Ur ti p:r o f LrJP-s ÛLJ nhj-þi-t o-ls-

Trypsin Ínhibitors \47ere determined according to

Kakade e-t-jLl. , (t914) with the following modifications:

0.001 N NaOH was used for extraction of the samples; the

trypsin solutÍon was made by díssolving 6 mg trypsÍn

(2X, crystaLLized, salt free, Sigma Chemical- Company,

st. Louis, Mo., u.s.A.) in 200 ml of .001 M HcL, and

substrate soLution was made with 60 mg BAPNA ("-U-

Benzoyl--DL-Arginine -p-nitroanilide HCL, Sigma Chemical

Company) ¿issolved.in 1.5 ml dimethyl sulfoxide and

díluted to 100 m1- by Tris buffer.

3 . 2 . 8 DeE rminat-Lon of--BhJ t-ri {c-i3

Phytic acid was determined according to the method

of Harland and Oberl-eas (L977) and Latta and Eskin (L980)

using an íon-exchange procedure. The hexa phosphate

50
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equivalent lvas calcul-ated from the hydrolyzed phosphate

using the method of Chen g-t--ê-L., (1956).

3 .2 .9 D-e-tegrLi.n=ttj orl oj--Vf-c in-¿ a¡d- Cogv-i-c-iJle

Determination of vicine and convicine content in the

faba bean flour and supplemented breads, was performed by

the titanium tetrachloride (TiC14) method (fim, 1980).

All the samples were extracted by 2% TCA. Bread samples

r,,7ere treated with enzyme dlastase prior to extraction

with 2% TCA.

3.2.LO Sensorv Evaluation

3.2.10.1 Panel TraÍning and Parameter Sele-cti-on

A nine member panel consistíng of four male and five

female graduate students and staff members of Ëhe Department

of Food ScÍence (aged 22 - 4A), participated in this

study. Eight of the panel members had previous expe'ience

in sensory evaluation. PanelÍsts met for six one'hour

training sessions, over a period of two weeks, to become

familiar with the method of magnítude estimation an,f to

establish suitable textural and flavor Parameters and

definitÍons to be used fn evaluating the bread sampLes.



52

During the first two sessions, the principles of magnitude

estimation were discussed. For the next two traÍning

sessions, dÍfferent bread sampl-es (wheat barbary bread and

commercÍal- breads) hTere evaluated usíng the magnitude

estimati-on technique and a set of defined textural and

flavor parameters. During the discussion after each

session, revisions hTere made pertaining to definítÍons

and techniques of eval-uating each parameter. In the lasË

two sessions, the different reference samples vüere

evaluated along with bread samples (wheat barbary bread and

bread C). At the end of the session, a total of. 6 textural

and four flavor by mouth properties, with the approprÍate

reference samples for each attribute, r^rere agreed upon.

Table (6) gÍves the final set of textural and flavor

parameters wiËh the references chosen. The techniques

followed throughout the remainíng study for each textural

parameter are presented in fisure (5). In addition, the

panel-ists !üere asked to use the value of 20 for all the

references. If the parameter could not be perceived in

the sample, panelists were allowed to score not present

(Ne¡.
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Table 6

Sensory CharacterÍstics and Reference Samples

Characteristics Parameters References

Texture:

Flavor:

Chewiness Hot dog

Springiness Angle food cake

Firmness Olive

Adhesiveness Velveeta cheese

Gritty Pears (pureed)

Mouthcoat Flour slurry*

Swee t

Sour

BÍtter

Beany

2% sucrose solution

0.037" citric acid

.05% caffein

5% faba bean flor¡r slurry

,:-:.:.::::::.4: -

:', -..:..:. -...

20% wheat flour slurry
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Table 7

The Sequence of Replications for Sensory

Evaluation of Bread

Bread A

Bread B

Bread !'I

Bread C

Bread B

Bread I,rI

Bread C

Bread A

Nov.29lL979

Nov. 301L979

Dec.3lL979

Dec. 41L979

Dec. 511979

Dec. 611979

Dec. 7 1L979

Dec. L0lL979
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3 .2 .L0.2 Sagtpl_e__P.r e_s-enta-tiolq

The sessions were held in a sensory panel room with

individual booths. Only one bread sample r,r7as evaluaËed

at each panel session. In order to prevent Panelists from

being biased by possible color or appearance differences

in bread samples, two replications for each bread \,vere

compl-eted during eight panel sessions held over a period

of 12 days. The sequence is shown in table (7). Bread

samples \{ere ready for evahiation 2 hours after baking.

The samples lvere cut into l inch cubes and served at room

temperatrlre. Crackers and water for rinsing were available

in each booth. The ballot used is shown in f,ígure (5).

3 . 2 . 1 0 . 3 P_olre g__EsncLi_og_p.f--Ee5jc_ TÐs*tS s

The purpose of this part of the study was to express

the overall intensity of three basic tastes, sweet, sour

and bitter, as an equivalent of pure chemicals. The panel

members estimated intensÍty of a series of sweet, sour and

bitter solutions with different concentrations, in order to

derive a po\iüer function for each of the three basic tastes.

Concent:rations used for establishing the PohTer function are

given in table (8). In each case, the reference solutÍon



Figure 5

Questionnaire for Sensory Evaluation of Bread

ItMagnitude Es timationrr

Name

Date

. 1- Taste the reference and assÍgn it a score or. 20.

2. Evaluate each sample in relation to the reference.

For example, if the sample seems twj.ce as
intense as the reference, give it a value of
40.

, 3. Use tnpt if the parameËer is not present in the sample.

: /a. Evaluate the bread for all the parameters.

i 5. Rinse between each eva1uation.

I EXTIBE:

. 1. Chewiness :

' Place the sample Ín the mouth and evaluate the amounË
of chewing required to reduce sample to the state
ready for swallowing.

Reference (Hot Dog) U----

,,.,j 2. Springíness:

Place the sampl-e between the front upper and lower
teeth and eerl.tly compress. Remove the force and
evaluate the degree and quickness of recovery of the
sampLe.
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Reference (o"*Ëluli.o

Firmne s s :

a) Place the sampLe between front upper and lower
teeth. Measure the force required to compress
the sample.

b) Bite through the compressed sample and evaluate
the force required to shear the sample.

Re ference Olive )

Adhesiveness:

Place the reference in the mouth and chew 3 to 5 times.
Give score of 20 to the force required to remove the
material from the palate. Then place the sample in
the mouth and chew to the state ready for swallowing.
Measure the force required to remove the material from
the palate.

Reference (Velveeta
chee se )

57

20

3.

4.

20

5. GrÍtty:

Place the
over the
parËicle s

sample in the mouth.
tongue. Eval-uate the
pre sent.

Masticate and spread
amount of dÍstinct
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Reference (Pears)

6. Mouth-coat:

Place the sample in the mouth. Masticate and swallow.
Measure the amount of coating of the sample in mouth.

Reference (Flour
Slurry)

FI,AVOR:

1. Sweetness:

Re ference

2. Sourness:

Re ference

3. Bitterness:

Re ference

4. Beany:

20

2_Q

:

20-

2_0-

20

Re ference 20



Table 8

Concentrations (w/v) of the Taste StimulÍ Used

in Determinatíon of Power Functions for

Sweetness, Sourness and Bitterness

': :;j ::-:l::';;:'"':i,i.
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0.5

1.0

2.0"

4.O

8.0

16. 0

0.015
-t-

0.03

0.06

0.L2

0.24

0.48

0.013

0.026

0. o5tk

0.10

0.20

Concentrations used as reference.
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had the same concentration as the reference used for the

magnitude estimation of flavor Ín bread samples. The

value of 20 was assigned to each reference.

3 . 2 .1 0. 4 StgJ is_ti_c-alJqeþ-qi-ç- oJ -Ðl|J:jL

Since the panelists lvere not restricted in their choice

of numbers they used for the ratio estimatÍon, high Panelist

variability resulted. In order to eliminate Panelists

effect, a normalÍzation procedure vüas applied, dividing

each panelistsr estimates, in two replicates, by the

geometric mean of hís lher estimate. GeometrÍc mean vüas

calculate d as G.M. : where X is the

panelistrs score and n Ís the number of responses given

by each panelist. the normalized scores retaÍn the ratio

properties of the original magnitude estimates. These

normalÍ.zed values !üere then transformed to normal logarithms

and the data analyzed usÍng analysis of varíarlcê. Tukeyrs

test (Snedecor, L956) was applied to determine signifÍcant

differences among means. A value of l/8 of the lowest

value assigned by a panelist for the same Parameter,

replaced the notation ttNPrf Ín order to compute the

geometric mean (Fabro , L979). In the case of power
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functlon determination, once the normalÍzation procedure

vüas completed for all panelists, the geometric mean of

each concentration (for sucrose, citric acid and caffein

solutions) over all panelists was calculated. The

geometric means and the concentratÍons of the solutions

vrere converted to logarithms. Statistical analysis,

usÍng linear regression equatíon (Y=a + bx) was applied.

3 .2.LL C_olor lß:SjirlremeFts

Col-or measurements of the crust and crumb lvere carried

out using a Hunter-lab color difference meter D25-2 with

a D25 optical sensor. The white tile r,rith the tristimulus

values L:9.38. a: -1.1 and b:2.3 was used as colaboration

s tandard.

3 .2.12 Micgo_sc_ogÍc_ St_tl-di_e s

The microstructure of bread samples r^ras examined using

lÍght microscopy according to the method descríbed by

Fl-eming and Sosul-ski (tgZa). The fixed bread cubes \dere

frozen (at -zOoC) and then sectioned at a thickness of 5 ¡rm

with a cryo-cut microtome (American Optical Corporation),

and were transferred to glass slides and air-dried. The
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proteíns vüere staÍned with 0.L% Panceau 2R, leaving the

proteins colored red. The starch granules r/üere stained

!üith Íodine. The samPles !üere observed wiËh a Reichert

photomicroscoPic system. The lmages at I25X vüere recorded

on Kodak high speed Ektachrome film and printed on Kodak

photographic paper with a total magnification of 613x.
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RESULTS

Chapter 4

AND DISCUSSION

4.L FloLtgjrte ê3a1ysis gf lSeredieq.t_å1oqÍ_s _qn:d_

s_{9=t_q_-qesple s_

The resulËs of the proximate analysis of ingredient

flours and bread samples are shown in table (9). The

amounts of proteÍn, f.at, ash and fibre ín wheat flour and

faba bean flour are 1n agreement with reported values. The

bread samples hTere all sÍmiLar 1n compositÍon, however,

the protein content of supplemented bread did increase

slightly as the amount of supplementation (faba bean

flour) was increased. The addition of faba bean flour

tends to increase the míneral levels, as is shown in

table (l-0). This is because of the higher amounts of

calcium, magnesium, iron, zLrtc and phosphorus in faba bean

flour compared to wtreat flour (table 10). The l-evel- of

mineral content of wheat flour was for:nd to be simÍlar to

that obtaÍned by Tabekhia e-t-stl. (1978¡.

Proxi-mate analysis indicated an increase in the

nutri-tfve value in terms of protein and mineral content

of the supplemented b¡ead samples corresponding to increased
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Table 9

Proximate Composition of Ingredient Fl-ours and

Bread Samples (% on Fresh Basis)

Moisture

L3.4

11_.3

25.7

25.8

25,4

24.3

13. 0

27.4

11.3

L2.7

14. 0

14.8

Fat Ash Fibre

I{heat fl-our

Faba bean flour

!{treat bread

Bread A

Bread B

Bread C

L.92

L.67

1.1

1.0

1.0

0.39

2.95

2.L

2.L

2.2

2.4

0.46

0.51

0.58

* protein : 7N x 5.7
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Table 10

Mineral- Composition of Flours and

Glt00 g Dry Basis)

Bread Samples

Faba bean flour

lrltreat fl-our

Bread A

Bread B

Bread C

.0555

.0L50

.0245

.0258

.0277

0.110

0.044

0.057

0.059

0.062

.0078

.0019

.0030

.0035

.0039

.0057 0.54

.0015 0.15

.0025 0.24

.0024 0.27

.0026 0.27
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suppLementation wlth faba bean flour.

4.2

4 .2.1- Amino_é,c id_ Compsr_sjtio¡r_

TabLe (L1) represents a comparison between the

essentlal- amino acid content of raw materials and bread

supplemented with 30, 40 and 50% f.aba bean flor¡r (protein

basls). Complete amÍno acid compositions are reported in

appendix (1). As can be seen from table (tf¡, the main

limitatlon of wheat flour ís the low content of lysine.

Increasing the amount of the first limiting amino acid of

a food reduces the total amount of protein requÍred to

meet the protein needs of an individual. Total protein

content, as rdell- as the level of lysÍne, leucine, isoleucine

and threonine increased with the amount of faba bean flour

added. On the other hand, as expected, the level of

tryptophan and sulfur containing amÍno acids decreased.

Sulfur-containing amino acids became the fÍrst lÍmiting
amino acids in supplemented breads, mainly due to the low

Level of these amino acids tn faba bean protein.

Heat has a pronounced effect on protein and amino

acids. One of the most important factors lnvol-ved in food
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processing 1s the appl-lcation of heat. The susceptabílity

to heat. dÍffers for different amino acrds. The effect of

the baking process on the amino acid content of bread

IÀ7as reflected ín the recovery rate of amÍno acids. AmÍno

acid recovery rates are presented in table (lL). Tryptophan,

lysÍne, and cystine showed the lowest rate of recovery.

This refrects the sensitivity of these amino acids to heat.

The Mail-l-ard reaction, which takes place mainly in the

crust of the bread, is partíally responsible for the

destruction of amino acíds. Table (L1) reveals that more

pronounced losses of essential amino acids occurred in the

crust of the bread in comparison wÍth the crumb. The

marked decrease of amino acids in the crust r^ras to be

expected since crust is exposed to higher temperatures

for longer periods than the crumb. concurrent with this

loss of amino acLds, Ís the increased non-enzymLc

browning reaction (Maillar¿) as reported by E1-Dash and

Johnson (1970). The loss of lyslne was found to be

approximately L57. higher ín the crust than in the crumb

for all three supplemented breads. This figure is
somewhat lower than Ëhe'207. figure reported by Hutchinson

et al. (tg0O).
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The recovery rates of amino acids in the crusts of all-

suppl-emented breads r^7ere simÍlar. The recovery rates of

amino acids in the crumbs vrere also simil-ar (table 11).

This indícates that the loss of amino acids !üas not

dependent upon the level of faba bean supplementation.

4.2.2

(Pen)

Chemical SçoEes and Prqte in- E-f-ficjiencJ Ra-tío

The efficiency of the utilization of protein is

dependent on the amino acid whÍch is LÍmÍting to the

greatest extent in a food. The assumption is that the

amount of amino acid found to be present in the smallest

proportíon rel-atíve to the amount of that amino acid ín

the reference protein Ís the lÍmitÍng amíno acid. As is

evÍdent from table GZ), methioníne and cystine are the

first limiting amino acids in al-L three suppl-emented breads

wÍth chemÍcal scores of 50, 44 a¡d 42% Lor breads A, B and

C, respectively. Tryptophan 1s the second lÍmiting amino

acid with chemical scores of 761 53 and 51 for breads A,

B and C, respectively. As exPected, the chemical score for

lysine increased as the amount of faba bean flour increased.

The deficiency of lysine ís onl-y 7% Ln bread c, while in
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Table 13

PER Val-ues of Bread Samples and Casein

Case in

Bread A

Bread B

Bread C

2.2

0.9

L.25

l_.35

2.5 a

L.0 b

1.4 c

1.5 c

^ a b c trealrnents.with same letter are not signifÍcantly
different (p<.05).
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bread A, it is 22%. This indicates the improvement of

the lysÍne content due to the addltion of f.aba bean flour.

Fleming and Sosulski (L977b) found a high correlation

between l-ysine content and the PER. The biol-ogical

availablllty of proteins and amino acids of breads r¡las

determÍned by PER assay usÍng rats as test animals. As

is shown tn table (L3) the adjusted PER values obtained

for breads B and C hTere sÍgnificantly higher than the PER

of bread A. Tabl-e (L3) reveals a 50% increase in the PER

of bread C compared to bread A. No significant difference

vras found between the PERrs of bread B and C. The

levelling off of the PER value in bread C indicated that

the level of wheat flour and f.aba bean flour ín bread C

was very close to the optÍmum ratio for supplementation

of bread.

The PER vah-res of al-l supplemented breads l^7ere found

to be greater than previously reported values for the PER

of wheat bread whÍch ranged from 0.4 to 1.09 (t'tateki and

DjazayerL, 1968; Jansen, L969; Shehata and Fryer, L970;

Fleming and Sosulskl, 1977b). However, the PER values

obtained r,rrere lower than the PER val-ue of 1 .67 reported

by Fleming and Sosulski (1977b) for faba bean suppl-emented

bread, and l-ower than the PER of L.80 reported for blends



T
ab

le
 1

4

D
ef

ic
ie

nc
y 

of
 A

m
in

o 
A

ci
ds

 in
 B

re
ad

 D
ie

ts
 C

om
pa

re
d 

to
 T

he
ir 

D
ai

l-y

R
eq

ui
re

m
en

ts
 fo

r 
R

at
 G

?o
w

th

Ly
si

ne
M

et
hl

on
ln

e
lry

pt
op

ha
n

P
he

ny
La

La
nf

ne
Le

uc
in

e
Is

ol
eu

cL
ne

T
hr

en
on

in
e

V
al

ln
e

A
rg

in
ln

e
H

is
tld

in
e

R
eq

ui
re

m
en

ts
fo

r 
G

ro
w

th
as

 %
 o

f. 
D

ie
t

1.
0

0.
6

0.
2

0.
7

0.
9

0.
5

0.
6

0.
7

0.
2

0.
4

(1
) 

S
ou

rc
e:

 R
os

e 
(L

93
7)

in et

0.
33

0.
13

0.
11

o.
52

0.
77

0.
40

o.
34

0.
45

0.
60

0.
24

D
ev

ia
tio

n
fr

om -6
7

-7
8

-4
5

-2
6

-L
4

-2
0

-4
3

-3
6

-/
+

0

B
re

ad
 D

ie
ts

0.
35

0.
 L

0
0.

08
0.

50
0.

78
0.

40
0.

34
0.

4¿
r

0.
67

0.
24

D
ev

ia
tio

n
fr

om -6
5

-8
3

-6
0

-2
8

-1
3

-2
0

-4
3

-3
7

-l+
0

0.
40

0.
10

0.
07

0.
59

0.
79

0.
40

0.
34

0.
47

0.
37

0.
25

D
ev

ia
tL

on
fr

om -6
0

-8
2

-6
5

-L
6

-L
2

-2
0

-4
3

-3
3

-3
8

¡;
.:

¡;
.. .a
;

{ U
)



74

of equal proportions of wheat flour and faba bean flour
(Sarwar et a1., L975). On the other hand, a PER value

of L.l- was reported by HusseÍn q!_gl. (L974) when 50%

of the proteín in the díet of rats rÄras obtained from

wheat bread and the other 50% from autoclaved faba beans.

One expLanation for the discrepancÍes in the PER values

of similar díet mlxtures coul-d be the degree of availability

of amino acids in a diet or the rate of growth of rats

dtring the assay. The growth curves showing average weekly

weight gain of four groups (24 rats in each group) fed on

bread samples and casein are presented Ín fígure (6). As

can be seen from figure (6), Íncreases in the average

weíght gain of the rats correspond to lncreased supplementation

of bread with faba bean flour. Hor^rever, a slow down Ín the

growth rate of the rats hTas observed during the last week

of the assay (figure 6). This could be attributed to the

amino acid requirements of rats and also the availabilÍty

of the amino acids present. The amount of l-0 amino acids

in the bread dÍets was compared with their daily

requirements for rat growth (table L4). As is apparent,

none of the diets provided sufficient amounts of these

amino acids (except arginlne) at a 107, protein level, to
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FIG (6) GRorirrH
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meet the mínlmum daily requÍrements for growth of rats.

However, deviation from requirements !üas higher for

lyslne, methionine and tryptophan than the other amino

acids. Growth resPonse has been found (Hutchinson et al.,

l-960; Fleming and Sosulski, 1977b) to be limited by and

proportional to the intake of Lysine. According to the

chemical scores (table LZ) increaslng the amount of faba

bean flour raised the level of lysfne in bread samples,

and the lysÍne deficiency in bread C was reduced to only

7%. On the other hand, Ít has been establíshed that the

avaílability of amino acids can be greatly reduced by

prol-onged heat treatments without causÍng any aPPrecÍable

desËrucËion of amino acids (Morrison and McT,aughlan, L972)'

The unavailabilÍty of Lysine in the crust as a consequence

of the baking treatments could be one more reason for the

slow down in the growth rate of rats. The unusually large

ratio of crust to crumb tøOZ to 40%) in barbary bread

would make this condition more pronounced. The ratio of

crust to crr¡nb in normal white Pan bread ranges from

L5 32% to 68 - 75% (wassermann, 1979). Control-ling the

degree and the duration of heat duríng baking Ís therefore,

an Ímportant factor Ín bread Processing.
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4 .2.3 Pr_ote_l3_ &Lting

The quality as well as quantity of protein must be

considered in the evaluation of a food as a source of

protein. Three factors are lnvol-ved, the percent of

proteln ín the food, the biologÍcal vah¡e of food (pgn)

and the amount of the protein consr¡ned in a reasonable

daíl-y intake of that food. On this basis, using the PER

method as a measure of bioLogical value, the protein

ratings for bread samples were calculated as the product

of PER of the bread multÍpl-ied by the grams of proteín in

a freasonable daily intaket. TabLe (15) represents the

protein ratings of barbary bread supplemented with 30,

40 and 50% f.aba bean flour (protein basis). The proteÍn

ratings of egg, âf excellent source of proteín, common

white and v¡troLe wtreat bread, are compared in table (tS).

A food wlth a protein rating of 20 to 39 Ínclusive, is

consÍdered a rrgood dietary source of proteintt, and a

food with a proteinrating of.40, or above, Ís consfdered an

rrexcelLent dietary source of proteinrt. As can be seen

from tabl-e (f S¡, whlte bread and wtrol-e wheat bread are

not good dietary sources of protein, supplementation of

bread with faba bean fLour, however, Ímproved the qr:alíty
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of bread. Bread B and C with proteln ratings of 29.4

and 33.4 hTere considered good dietary sources of proteín

(tabLe 15).

4.3 Antinutrltlonal Factors in Bread

The digestabilfty and nutritive value of foods can

be influenced conslderably by the presence of antinutritional

factors such as inhibitors of digestíve enzymes, oE some

toxic factors present in foodstuffs. AttemPts to el-iminate

antinutritlonal- factors drring processing of foodstuffs is

therefore, necessary and desirable.

The amounts of trypsin inhibitor activity, phytic

acid, vicÍne and convicine vüere determined in the ravü

materials and in the bread samples. The levels obtained

are presented Ín tabl-es (t0), (L7) and (ta¡. The degree of

degradation of these factors dr.ring bread Processing was

calculated based on their level in ingredient flours before

processlng (appendix 2).

The degrees of inactivation of trypsÍn inhibitors

duríng the bread making Process are presented ín table (16). 
,.,

About 807, of trypsín ínhibitors in faba bean supplemented
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TUI/mg * Expected InactivatÍon
_source__ _-_ (-d-b.)- v_alue___ _ 7"_

Table L6

TrypsÍn InhÍbitor Activity (fU) in Ingredient Flours

and Bread Samples and the Degree of InactÍvatÍon

DurÍng Processing

lrlheat flour 0.48

Faba bean flour 6.20

77 .7

80

77

60

Bread A

Bread B

Bread C

lrlheat bread

0.30 1.35

0.34 L.74

0.49 2.L3

0. 19 0.49

tr d.b. : dry basis
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Phytic

and

Table L7

Acid in Ingredíent Flours

the Degree of Degradation

and Bread Samples

During Processing

Pîxli: t:,id Expe cted Degradation
ol
lo

!üheat flour

Faba bean flour

Bread A

Bread B

Bread C

Intrheat bread

0.2L4

r.57

0.30

0.32

0.47

0.06

Va1

0.418

0.510

0.609

0.2L4

28

37

22

72

d.b. : dry basis



Vícine and

Samples and

Table L8

in Ingredient Flours

of DegradaËion During

and Bread

Proce s s ing

82

ConvÍci-ne

the Degree

Source
VÍcine and

Convicíne Expe cted Degradation

lrlheat flour

Faba bean flour

Bread A

Bread B

Bread C

I,rlheat bread

% d.b.

0.816

0.098

o.L42

0.183

Val-

0.L26

0.L82

0.237

22

22

23

d.b. : dry basis
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breads and 60% in wheat bread r^7ere ÍnactÍvated during

bread making. Thís indicated heat labillty in faba beans

and to a lesser degree in wheat. These results support

the findings of I'I1l-son e.-Ë--e-!. (L972) and Bhatty (L974),

that trypsin Ínhibitors in faba bean are heat-labile.

Table (.]-7) shows the amount of phytic acid determined

in bread samples and ingredient flor-rs. Some destruction

occurred dtrlng the Processing of bread. The rate of the

destruction of phytic acl-d faLLs in the range of l-5 - 25%

in whol-e wheat bread reported by Reinhold Cl--41. (L974).

The lack of a higher rate of hydrolysis of phytic acíd

dr-ring fermentati-on or baking can be attributed to the

conditions (pH, temperature, time, ionic strength, etc.)

which hTere not optimal for the phytase activíty. It has

been reported that phytic acid interfers with mÍneral

nutrition when it comprise s L% or more of the dÍet

(deRham and Jost, L979). Since no details concerning the

conditions of the above study være gÍven, this finding Ís

questionable as far as its appLication to food systems.

However, ift determinÍng mineral avail-abilíty, both mineral

and phytic acid contents should be considered. Assuming

that each phytic acid molecule can comPlex six mol-ecules
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of. a divalent mineral-, under ideal conditÍons, a phytate/

mineral ratio of 0.L66 would indÍcate that all the

mineral Ín questíon 1s bound to phytic acid. Therefore,

0.166 is the turning polnt ratio. Phytate/mineral molar

ratios larger than 0.L66 indicate the unavailability of

that mineral. Ratios smalLer than 0.166 indicate that

there is not enough phytlc acld to complex all- of the

mineral in question. The values in col-umns (1) of table

(19) índicate that the molar ratlos of al-L minerals in

breads A, B and C, are htgher than 0.166 and therefore,

calcir¡n, magnesium, zfltc a+d iron became unavailable.

Based on the assumption that each phytic acid molecul-e

can complex six molecuLes of a divalent míneral, the

values in coLumn s (2) of table (19) indicate the amount

of phytlc acid required to bind the mineral present. The

total val-ues ín colunns Q) fndicate that the amount of

phytic acid in bread C was htgh enough to bind all the

minerals presenË. Hovrever, ín a compl-ex food system such

as bread, many other factors influence the activity of

phytic acld. This estimation of the avaiLabiLity of

minerals , âs affected by phytíc acid Leve1, is on1-y a very

general approxLmation. Data presented ln table (1-9) would
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indÍcate that, for example, zinc and iron availability was

very likely low and that breads A, B and c were rather poor

sources of iron and zinc. HovTever, a proper evaluaËion

of mineral values requires determination of their
availabil-ity through bioLogical ËesËing.

The amount of vícine and convicine in bread samples,

faba bean flour, and the degree of their degradation

durÍng bread makÍng process are shown in table (1g). The

data indÍcate a high stability of vi.cine and convicine
during processing. rt has been established that vicine
and convicine are stable aË hÍgh pHt s but hydrolyze to
aglycones at lower pH condítions (Mager et_a_l_. , Lg6g).

The above findings indicate that trypsin inhibitors,
phytÍc acÍd, vicÍne and convicine, 

'ære all degraded to
a certain extent during the bread makÍng process. More

research is needed to establish at which stage of the

bread making process (fermentation and,for baking),
inactivation of the antinutrítional factors takes place.
Furthermore, the optÍmal condÍtíons (pH, temperature, etc.)
necessary for inactivatlon of these factors must be

determined. once the optimal condítions are achieved,

Processing techniques leading to the greater destruction
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of antinutritlonal factors can be suggested.

4.4 Sesqggy Evalse!¿gn_og Þrgag

The v¡heat bread and faba bean supplemented bread

samples A, B and C were evaluated for six textural and

fourf1avorcharacteristÍcs.Tab]-eQo)Presentsthe

panel magniËude estÍmation mean scores for the six

textural properties evaluated. No significant difference, ''

vùere found among the bread samples for chewíness,

springÍness, adhesiveness or firmness (firmness A equals

the force required to compress the sample and firmness B

equals the force required to shear the sample ) (appendix

3). GrittÍness and mouthcoating vrere the only textural

characteristics found to be significantly affected by the

additlon of faba bean flour. Grittiness became evident 
;,;

after the addition of faba bean flour, but did not seem

to increase along with increased faba bean supplementation.

On the other hand, the perception of mouthcoating did

increase with a corresponding lncrease of faba bean flor.r. 
,.,,

The panelistrs scores for flavor characteristics

(appendix 4) contained a large nr¡nber of ttnprt resPonses.

Thts f.ndicates that the bland flavor of bread lrTas retained



T
ab

Le
 2

0

P
an

el
- 

M
ag

ni
tu

de
 E

st
im

at
io

n 
M

ea
n 

S
co

re
so

f 
T

ex
tu

re
 C

ha
ra

ct
er

is
tic

s 
of

 B
re

ad
 S

am
pl

-e
s

R
e 

fe
re

nc
e

Ir
ltr

ea
t 

br
ea

d

B
rq

ad
 A

B
re

ad
 B

B
re

ad
 C

0.
7ï

gg
a

1.
 0

g0
6b

1.
 0

55
6b b

L.
0L

27

1.
 O

g5
4b

1.
10

30
4 a

0.
91

70

0.
 g

37
34

1.
13

64

1.
 0

3g
a

__
F

in
uÌ

f¡
_s

s 
_

A
B

L.
27

Lb a
0.

79
7

1.
03

04
b

o.
g7

6a
b

o.
gg

2a
b

0.
77

 5
a b

L.
14

5

L 
. 

O
gT

ab

1.
 0

05
ab

1.
 0

1g
ab

2.
37

 6
b a

0.
70

2

o.
74

ga

1.
 O

gg
a

1.
11

7b

o.
4o

2a

L.
26

gb

1.
36

4b

L.
zg

Lb
0.

72
7í

r

M
ou

th

1.
63

9c

0.
60

44

0.
 g

66
ab

1.
 O

og
b

1.
 L

54
b"

æ æ



TabLe 2L

Panel Magnitude Estimation Mean Scores of Flavor

Characteristics of Bread Samples

89

Treatment Sweet Sour Bitter Beanv

Reference

I{treat bread

Bread A

Bread B

Bread C

3. gg5c

1. 036b

0.7 57b

0.45g4

5.5ggc

0.3924

0.870b

0.615ab

g.061c

0.454¿r

o.4g4ab

0.7 5gb

0.727b

7.3g0c

0.3464

0.5g6ab

0.725b

0.g02b

o.695ab o.B72b

a b c scores within a col-umn w"ith the same letters are not
sÍgnificantly different (p . .05).



to a great extent, in supplemented bread samples.

Statfstical analysis of raw data (appendix 5) generated

the data in table (Zt). Bread C was found to be the least
shreet. trIheat bread was perceived as about hal_f as sour as

the supplemented breads. Significant differences rÁ7ere also
found between the perceived bitterness ín wheat bread

and breads B and c. Breads B and c were each judged to
be about 1-.5 times more bitter than wheat bread. Al1

bread samples were much Less bitter than the reference

solution (0.05% caffein). The perceptíon of beany flavor
did appear to increase as the amount of faba bean flour
vüas increased.

The basic tastes, svüeet, sorr and bitter, r^7ere

expressed as equivarent concentrations of sucrose, ci.tric
acid, and caffein based on poÌrær functíons. The linear
regression analysis was conducted on data resulting from

Panel magnitude estimatÍon of different concentratÍons

of pure sol-utions of sucrose, citric acid and caffeÍn.
Power functions plotted on semi-Log paper (figure s 7, g

and 9) yiel-ded slopes of !.24 for sucrose, 0.96 for citric
acid and 0.99 for caffein. These slopes are comparable

wíth the ones obtained by MalcoLmson and McDaniel (tggoa
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and 1980b). The por4Ter function is consÍdered to be

relatively constant for sweet, sour and bitter ÍntensÍties,

and can therefore, be used to comPare intensities from

separate taste sessions (Moskowitz and Chandler , L977).

Since alL bread samples were compared to reference

solutions on a ratio basis, the bread samples can be placed

directly on the povrer functions of the corresponding stimuli

(Mal-colmson and McDaniel , L979) . The sweet, sour and bitter

intensities of bread samples hTere expressed as

concentrations of sucrose, citric acíd and caffein,

respectively (figures 7, 8 and 9). The equivalent

concentrations found using Por^ær functions, and the

threshold ranges for corresponding stimuli, are compiled

in table (ZZ). Threshold leve1s are the minimum detectable

concentrations of pure soLutions. It is evident that the

equivalent concentratí-ons of all flavor intensÍties found

in bread samples are at threshol-d levels. This indÍcates

that the bland flavor of wheat barbary bread was retained

1n all supplemented breads.

Although the texture and flavor properties are of

primary importance fn sensory evah¡ation of foods, the

ímportance of appeara-nce and coLor shouLd not be ignored,
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for these characterfstics also ínfluence the acceptability

of food. Color measurements of the cru€t and crunb of

bread samples r,rrere made usíng a Hunter-lab color difference

meter. The resul-ts are presented in tables (Zg) and (24).

The predominànt visual difference between bread sampl-es

was lightness (figure 10), ard this is reflected Ín the

Hunter readings. As is shov¡n in tables (Zg) and (24),

the L value, which reflects lightness, in both crust and

crr¡nb, decreased w'ith increasing supplementation. All-

faba bean supplemented breads vüere darker than wheat

bread. The darkness in the crust of supplemented bread

samples could be attributed in part, to the Maillard

reactíon, whích occr¡rred during bakíng. But the increasing

trend in the degree of darkness ín supplemented breads

corresponding to increased supplementation, is most likely

because of the hull remnant in faba bean flour (Hoehn et al.

L976) rather than the Maillard reaction. The rate of

recovery of amino acids in the crust of bread which is ên

indicatlon of Maillard reaction, did not íncrease with

increas ing supplementat ion.

The results of sensory eval-uation on bread samples

i-ndÍcate only slight differences in the texturerflavor,
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Figure 10

CoLor Differences in Bread

v¡heat bread
bread A
bread B
bread C

Sample s

w-
A-
B
c
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Table 23

CoLor Measurements of the Crust of Bread Samples

l_ue_s __- _ __Breadsampler -:l __ 4__ _ __b __100:white +:red + : yellow

hlheat

Bread

Bread

Bread

Bread

A

B

C

66.6 a

5g.5 b

5g bc

5¿+ c

3.6 a

5.4 a

6.3 a

7.5 a

23 ab

23.9

23.7

2L.9

a

a

b

a b c values
s Ígnificant ly

not foll-owed by the same letter are
different (p < .05).
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Table 24

Color Measurements of the Crumb of Bread Samples

Hunter Va1ues
Bread Samples

100 :
0:

white
b1a

a

a
-0.8

0.4 b

0.7 c

0.82

ye 1low
blue

-r-
' :

lrlheat

Bread

Bread

Bread

Bread

A

B

c

72.L a

65.4 b

64.g b

62.0 c

1g.3 a

1g.0 a

L7.6 
b

L7.4 
b

a b c values
significantly

not fo1-lowed by
different (p <

the same letter are
.05).
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and col-or of supplemented breads as compared to wheat bread.

The bl-and flavor, the texture and the shape and appearance

of wheat barbary bread, voere not seriously al-tered by faba

bean flour supplementation. On the basis of the data

presented here, one wou1d expect that f.aba bean supplemented

barbary bread would be an acceptable product, even at the

highest leve1 of supplementation (50% protein basis).

4 . 5 Micr:o_s_.lE::uc.tqr_e_ol_åre=U1

Protein, starch and their Ínteraction in bread samples vüere

examined usíng light microscopy. These examinations r^7ere made

in order to reveal, where possible, the relation between the

mÍcrostructure of bread and its textural quality. trrlheat gluten

(figure 11) showed a weak stainíng reaction with panceau 2R (pale

red), while faba bean protein parËÍcles appeared an íntense red

color (figures L2, 1-3 and L4). Conditions for staining the

sampl-es, taking and developÍng the photomicrographs for all-

treatments vüere identical. Therefore, variations in color are

due to the different reactions of wheat protein and faba bean

protein to panceau 2R. Both gluten and faba bean protein ín

supplemented breads were intermixed well and evenly distributed

in the mixture. A compact overall structure with r¡niform

continuous cell waL1s and smal-l gas cel-Is Irüas characteristic of

the wheat barbary bread (figure Ll). Compared with wheat
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Figure L1-

Líght Micrograph Showing Protein Network ín lrltreat Bread

1- - protein mass
2 - gas cells
3 - cell wall
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Figure L2

Light Micrograph Showing Protein Network Ín Bread A

I - protein mass
2 - gas cells
3 - ce1l wall
4 - T,.üashed out starch
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Figure L3

Light Micrograph Showing Protein Network in Bread B

1 - protein mass
2 - gas ce1ls
3 ' cell wall
4 - vvashed out starch
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Figure L4

Light Mícrograph Showing ProteÍn Network in Bread C

1 - protein mass
2 - gas cells
3 - cel-l wa1l
4 - washed out starch
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bread, a discontinuous structure wÍth broken cell- walls and

large gas cells r^ras found in the supplemented breads

(figure s L2, 13 and L4). some textural characteristics of

bread appear to correspond to the thickness of Ëhe walls

between gas cells. The thinness of the cell wall-s depends

on the number of gas cells and the uniformity of Ehe protein

network. The larger the number of gas cells, the thinner

will be the walls between the cells and the softer the crumb

and grain of bread (Burhans and clapp, L94l). The thin cerl
walls with a large number of small gas cells are the

characteristícs of high leavened bread. The strength of a

dough is due to the strong adherence of protein to starch

(sandstedt et-al., L954). The protein network and starch in
supplemented breads A, B and c did not adhere well. some of

the large pores in the sections of breads A, B and C (figures

L2r 13 and L4) resulted when starch granules lvere washed out

of the protein fílm durlng the staÍnÍng procedure. This

indicates the loose Ínteraction between the starch granules

and the protein network in the suppl-emented breads, as compared

to the strong adherence of protein and starch in wheat bread.

If starch fs not adhered to the protein network, during

gelatinization, ít will- become separate granules in

the film, causing a gritty texture 1n bread (t*lurray,
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Fígure 15

LÍght Micrograph Strowing Starch Granule s in lrlheat Bread

1 - starch granules
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Figure 16

LÍght Micrograph Showing Starch Granules Ín Bread A

1 starch granules
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Figure L7

Light Micrograph Showing Starch GranuLes in Bread B

L starch granuLes
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Figrre 18

Light Micrograph showing starch Granules Ín Bread c

L - starch granules
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1980). This occurred in faba bean supplemented breads

A, B and C and gritty texture râ7as perceived during Ëhe

evaluation of bread. Only granules wlrich are 30 microns

or greater in diameter may be detected in tTæ mouth as

grit. The size of starch granules in faba beans range

from 10 to 40 microns (McEwen, L974).

The photographs in fÍgrre s 15 , 16 , L7 and 18,

represent the sections of bread samples staÍ-ned with iodine

to identify the starch granules. The starch granules

!üere uniformly distributed in the protein network both in

wheat bread and supplemented breads. The shape of some of

the starch granules had been altered due to partial

gelatinizatLon dr-ring baking. In all- bread samples,

the partially gglatinized starch granules retained their

identity and did not disintegrate.

4,6 GeJre_rlr_1__Djs-cg_s s i_on

The beneficial role that faba bean supplementatíon can

play in improving the protein quality of bread has been

shown Ín this study. Because of the high quanËity and

quality of protein, f.aba bean wtll play a major rol-e in

all-eviatlng the protein shortages, both for nutrÍtÍonal
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and economical reasons. The nutritional- value (PER)

significantly increased in bread C compared to that of

bread A. The level of supplementati-on in bread C

(SO:SO protein basis) is considered very close to the

optímum. Only very slight differences ín the sensory

propertÍes of wheat bread and supplemented bread ürere

detected. It 1s expected that faba bean suppl-emented

bread wil-l meet with consumers acceptance. supplementation

of barbary bread with faba bean flour did introduce some

antinutritional factors. These factors r^7ere partÍal1y

inactÍvated during bread processÍng. The more complete

inactivation of antinutritional factors would, of course,

be advantageous. l'lore research into Ëhe basic biochemical

conditions involved in the destruction of these

antinutritionaL factors ís needed. However, Í_n many cases,

studies on experimental anÍmals alone are noË sufficient

to elíminate all- possÍbÍLities of adverse reactions in
man. Symptoms which may appear in humans, such as favism,

may not aríse in experlmental animals. Therefore, basic

biochemical research into the properties of

antinutrítional factors should be foll-owed by clinical
tríals. This wouLd lead to possibilities of adopting
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processlng techniques resulting in greater degradation

of antinutritional factors in the diet.
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Chapter 5

SUMMARY AND CONCLUSIONS

lrlheat bread as a source of proteln and calories plays

an important roLe in the diet of a large portion of the

worldrs populatíon. However, the proteÍn Í-n wheat bread

is of low nutritional quality because it is defÍcient in
certain amino acids, especíally lysíne.

The main objective of this study was to evaluate the

nutritional- and sensory properties of faba bean supplemented

rranian barbary bread. l,Iheat flour was supplemented with

faba bean flour in order: Ëo replace 30, 40 and 50% of the

wheat protein with equal amounts of faba bean protein.

The following factors vüere irn¡estigated:

1. NutritÍonal value of protein by means of pER and

chemÍcal scores.

2. The level of antinutrÍtíonal factors, namely:

trypsÍn inhibitors, phytÍc acid, vicine and

convicine and the degree of their degradation

dtring processing.

3. The texture and flavor by means of sensory evah¡ation.

4. The mi-crostructure of bread usÍng light microscopy.
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The fol-lowing conclusions can be drawn from this

study:

1. The addition of increasing amounts of faba bean

flour to wheat flour 1n the bread formula caused

an increase in both protein content and PER values.

2. Bread supplemented with 40% and 50% f.aba bean

(protein basis) with protein ratingsof' 29.4 and 33.4,

are consÍdered good dietary sources of proteln.

3. The content of the amino acid lysine, increased in

suppl-emented bread due to the addition of faba bean

flour.

4. Sul-fur'containing amino acids became the limiting

amino acid in supplemented breads.

5. The recovery rate of amino acids was higher Ín the

crumb than in the crust of supplemented bread.

6. The levelsof antlnutritional factors (trypsin

lnhlbitors, phytíc acid, vicíne and convicine)

were lower 1n bread sampl-es than the levels in raw

materials, indÍcating some degradatÍon during the

bread makÍng Process. More research is needed in

order to determine the oPtimurn Processing condÍtions

for more complete Ínactivation of these factors.



7. The sensorT properties of bread hrere retained to a

large degree in the supplemented bread.

8. Some textural properties can be accounted for by

an examinatÍon of the mÍcrostructure. For example,

the grltty texture in supplemented bread perceived

by panelísts, r^7as explained by the loose bonding

between the starch granules and proteín network.

rt can be concl-uded that barbary bread supplemented

with 40 and 50% f.aba bean flour (protein basis) is a good

dietary source of proteÍn and is of higher nutritional
quality than wheat bread. The overall acceptability of

supplemented breads is expected. rt is hoped that the data

presented in this manuscript wÍ1L be helpful in assessing

the utilÍzatíon of faba bean in bread production in
countries where bread is the main source of dietary protein.
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Appendix I

Amino Acid Composltion of Ingredient Flours and

Bread Samples

(g amino acid/100 g protein)

AmÍno Acid
Faba

!üheat Bean

Lysine
Methionine
Cystine
Threonine
I sole ucine
Leuc ine
Valine
PhenylalanÍne
Tyrosine
Tryptophan
His tidine
ArgínÍne
Aspartic Acid
Seríne
GlutamÍc Acid
ProLine
Glycine
Alanine

2.32
L.57
L.29
2.95
3.74
7 .5r
4.32
5.44
2.98
L.28
2.27
4.06
4. 38
5.22

38. 9L
L2 .6L
3.69
3.16

6.57
0.54
0. 36
3.77
4.L6
8. 01
4.73
4.32
3.47
1.13
2.68

11.35
LL.82
5.40

L9.25
4.69
4.39
4.32

3.29
L.28
0.84
3.3s
3.96
7 .72
4 .53
5.L7
3.25
L.07
2.35
6.0
6.97
5.24

34.28
L0.19
4.02
3.56

3.57
L.04
0.83
3.37
3.96
7 .77
4.4s
5. 03
3.36
0.7 s
2.42
6.67
7 .59
5. 31

32.L8
9. 68
4.07
3.68

3.92
1 .11
0.69
3.45
4.08
7 .92
4.68
5.92
3.37
0.7L
2.47
7 .26
8.19
s.33

30.68
9.36
4.L6
3.7 0
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AppendÍx 2

Calcul-ation of Expected Values and the Degree. of

DegradaËíon of Antinutritlonal Factors

The expected values for phytfc acid, trypsin inhibitors,
vicine and convicíne etc., r^7ere calculated as below:

€.$.

expected value for phytic acid content in bread A

% wheat f lour ín bread A forrnul- a x % phytic acid Ín wheat

+ % f.aba bean flour in bread A formul-a x % phytic acid in

faba bean

The percent degradation was calculated by dividÍng the

amount of each factor in bread by expected value of that

factor and muLtiplying by 100.
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Appendix 3

Analysis of Variance for Textural Characteristics

of Bread Samples

(a) Analysis of VarÍance for ChewÍness of Bread

DF

1

4

I

32

44

89

SS

0.006

0.247

0.000

0.367

0.L94

0.814

0.006

0.062

0.000

0.01_1

0.004

L4.062"

0.000

2.609

F

Replications

Breads

Panelists

Breads - Panelists

Error

Total

SignÍfÍcantly different at p<.05.
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Analysis

Appendix

of Variance for

3 (b)

Springiness of Bread

Replications

Breads

Pane 1is ts

Breads - Panelists

Error

Total

1

4

8

32

44

89

0.044

0.226

0.000

2.53L

2.L04

4.905

0.044

0.057

0.000

0.07 9

0.048

L.L82

0.000

L.654

ns

ns : not sÍgnificant at p<.05.
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Appendlx 3 (c)

Analysis of Variance for Firmness (e) of Bread

Source DF SS MS F

Replications l- 0.018 0.018

Breads 4 0.376 0.094 2.660*

PaneLists 8 0.000 0.000 0.000

Breads - Panelists 32 1.110 0.035 0.981

Error 44 L.557 0.035

Total 89 3.062

tr Significantly different at p< .05.
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Analysis

Appendix 3 (d)

of VarÍ-ance for Firmness (g) of Bread

Replications

Breads

Pane lis ts

Breads - PanelÍsts

Error

Total

I

4

8

32

44

89

0. 00L

0.31_4

0.000

1.209

L.22L

2.745

MS

0.001

0.079

0.000

0.039

0.028

J-

2.830^

0.000

L.362

" Significantly different at P<.05.
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Analys is

Appendix

of Variance for

3 (e)

Adhesiveness of Bread

Repl-ications

Breads

Panel-1s ts

Breads - Panellsts

Error

Total

1

4

8

32

44

89

SS

0.002

3.625

0.000

4.103

2.L98

9.929

0.002

0.906

0.000

0. 128

0.050

1g . 14 0'k

.0. 000

2.566

tr Significantly dÍfferent at P <.05.



L43

Analys is

Appendix 3 (f)

of Variance for Grittiness

of Bread

Replications

Breads

PaneLis ts

Breads - Panelists

Error

Total

DF

1

4

8

32

44

89

0.008

3.598

0.000

4.908

1.l_08

9.622

0.008

0.900

0.000

0.153

0.025

35.718

0.000

6. 089

SÍgnificantly different at p <.05.
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of Variance for

3 (e)

Mouthcoating of Bread

L44

AnaLysis

Repllcations

Breads

Pane 1-is ts

Breads - Panelists

Error

Total

1

4

I
32

44

89

0. 006

1.830

0.000

2.8L7

1.888

6.54L

0.006

0.458

0.000

0.088

0.043

L0.664

0.000

2.052

Significantly different at p <.05.
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Appendix 4

Raw Data of Panelists Scores for Flavor Characteristics

of Bread Samples

(a) Panelists Scores for Fl-avor Characteristics

of tJheat Bread

Pjrrie lis ts - S-!L

1_0

3

4

6

15

4

5

2

5

np

nP

np

1

nP

nP

5

nP

np

nP

nP

nP

3

nP

I

nP

5

nP

InP

7

nP

5
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Appendix 4 (b)

Panel-ists Scores for Flavor Characteristícs

of Bread A

Bread A
Panel-ists Sweetness Ssuroess Bitterness Beanv-----

l-1525
np

5

nP

3

I

15

np

nP

nP

5

np

10

10

1

5

10

I

nP

5

np

nP

2

nP

3

np

nP

5

2
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AppendÍx 4 (c)

Panelists Scores for Fl-avor Characteristics

of Bread B

L47

2nP
510

3

L2

5

15

10

t_0

5

I

nP

nP

15

t_

nP

np

18

I

nP

5

nP

5

nP

t_0

nP

4

8

9

nP

5
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Appendíx 4 (d)

Panelists Scores for Flavor Characteristics

of Bread C

Bread C
Pane 1

1

2

3

5

6

7

8

9

ss Sourness Bítternes

nP

nP

I
2

7

nP

5

np

2

nP

np

3

nP

3

10

nP

4

5

20

2

2

4

8

np

nP

8

1

10

4

5

2

L2

nP

nP

5

np
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AppendÍx 5

Analysis of Variance for Flavor Characteristics

of Bread Sarnples

Ana1ysÍs of Variance for Sweetness

of Bread

Repllcations

Bread

Pane 1is ts

Breads - Panelists

Error

Total

I

4

8

32

44

89

0.L23

9.264

0.000

2.860

2.293

L4.s39

MS

0.123

2.3L6

0.000

0.089

0.052

-t-
44.433^

0.000

L.7L5

SÍgnÍf icantly díf ferent at p _< . 05.
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Analysis

AppendÍx 5 (b)

of VarÍ-ance for Sourness

of Bread

Repl-ications

Bread

Pane lis t s

Breads - Panelists

Error

Total-

I

4

8

32

44

89

0.049

L4.LzL

0.000

5.478

2.364

22 .0L2

0.049

0.530

0.000

O.L7L

0.054

6s.7LL

0.000

3.186

7( Significantly dÍfferent at PS.05.



Analysis of

Appendlx

Variance for

s (c)

Bitterness of Bread

151

Replicatlons

Bread

PanelÍs ts

Breads - Panellsts

Error

Total

l_

4

8

32

SS

0.001_

19.190

0.000

6.L77

0.001

4.797

0.000

0. L93

0.040

J-

119.048

0.000

4.790

44

89

L.773

27.L40

lc-' Significantly dífferent at P<.05.
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AppendÍx 5 (d)

Analysís of Variance for Beany Flavor of Bread

Replicatíons

Breads

Panellsts

1

4

I

0.078

I_8. 668

0.000

MS

0.078

4.667

0.000

-t_

55.963"

0.000

Breads - Panelists

Error

Total

32

44

89

11.138

3.669

33. 553

0.348

0.083

4.174

Cr" Significantly different at PS.05.




