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ABSTRACT B : i

9.

. X . LR . .
Giuten-free'yeast breads, suitable for use by individuals with

celiac disease, wheat allergies or dermatitis herpetiformis, were
' ' 2

developed from rice flour (80%) and' potato stsrch (20%) . Uging
E]

* objective and sensory measurements as responses, response surface

methodology ‘(RSM) was utilized to f1nd carboxymethylcellulose-(CMC) -
hydroxypropylmethylcellulose (HPMC), - water comblnatlons which c¢ould
L )

success%ully replace gluten in rice flour yeast breads made from each.

of three different locally available rice flours (A and B, medium grain

~rice; C, long grain rice). During ingredient screening experiments,

the three variables (CMC, HPMC and water) were sgown to influence the
. L4
volume and loaf shape of rice breads. However,’the actual’ 1evels of

dCMC and water used in fhe breed formulations had more of an effect on

‘

’ . . L'g

- the objective .and sensory responses measured than did the level of

v

. HPMC. The successful production "of rice flour yeast breads was'

*

dependent upon.the type of rice flour used and the amounts of gums (CMC

~and HPMC) and water 1ncorporated into the formulatlon

Using Flour (A, rice bread formulations. were found. th%t produced

‘breeds\nﬂxugl\met wheat (white) bread reference standardsw‘for the

objective measurements- of specific volume, crust color 'L, a and b'
values, crumb color 'L, a‘and'b' values,‘Instron firmness, percent
moisture and the bsenSOry measurements of moistness, cohesiveness, .-
yeasty flavor, adhesiveness, top crust color, crumb color, cell size

unlformlty and cell wall thlckness. : Flour’ A rice “breads met the

largest number of objective and sensory reference wheat bread standards

iv
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. ' " . " .
simultaneously (17 out ol .25), as compared to 16 for Flour B and 12 for

Flour C. = A 42-member consumergpgnel (consisting of 23 celiacs and 19

‘ ' X ‘ » - ' R
non-celiacs) judged Flour IF and B rice breads to- be similar and more
¥ ) 'Y . .

acceptable than Flour C rice breads. This study has provided valuable,

n B . ' .

;yfnformqtion aboutbthe,objective and sensory evaluation of

i

glutEns@PId dreads. In  ’!;§&ﬁ; ‘thé successful application of RSM to

the development df glup®n %

) 1
flour yeast breads indicatgs the

~
N

feasibility of its potential use in the production of other special
' 9

diet products.

®
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- product have thus far been unsuccessful,

I. ‘Introduction

-~

s

-.Bread‘is.a popular menu item at all meals as well as a—good source .
.of nutrients and calories.v. To be utilized8 a_béead product must be
accepted, | consumed .and enjoyed by consumers. : Important quality-
attrlbutes 1nf1uenc1ng bread acceptability 1nclude appearance, texture

and flavor. The development of an acceptable gluten—free yeast bread,

-

comparable to wheat" flour yeast: bread for 1nd1v1duals who cannot’

v

toleraté,glqten, is essential. However, attempts to develop such a

\
A

At‘present;ﬁmost gluteh—free bread products available to consumers .
are'mademfromuwheat Starch. HoWever, many'individuals sensitive to
‘wheat gluten canhot tolerate even the very smal} .amourtt of gluteﬁ
present in wheat starch Although‘some rice, flour yeast breads are
avallable commerc1ally, the quallty, especially the flavor, texture and
appearance .of these products is undesirable. Gluten replacements‘such
as gumsi and ‘surfactants may enhance the structure and textural
properties of gluten—free yeast breads.. HOWever; published reports of
the sensory (taste -panel) ahd objective (instrumehtal) evaluations of

the guality attributes of rice flour yeast breads,‘ made with the
. | ) : - . .

\addition of gums and - surfactants, are lackiﬁg. In addition, response

s : - .0 .
surface methodology (RSM);, a statistical technique which is particu-

1

.

larly approprlate for product formul tlon, has not been utilized for

+the development of gluten-free bread

Therefore, the obJectlve of;sthisi research was to ‘develop an

“acceptable gluten-free ‘rice flour yeast bread for individuals with



‘ . e ‘
celiac disease, dermatitis herpetiformis and whe&t allgrgies, thro%gh

.the use of reSponée surface methodology. 1In additi , information on

the gluten—free yeast breads currently Being used by celiacs, and in

Alberta hospitals; was obtained through mailed queStionnaires.

v

[ -



LITERATURE REVIEW

Celiac disease;

[Celiac disease;,%lso known as glutén sensitive enferopathy, is a
.Ehronic illness which océurs'iﬁ adults and ;hildreﬂ-ﬂAnonymous, 1981).
One . in every ?,500 persons in tﬁé United States is affected by céliaqﬁ
diséase,(Hartsook; 1984). The incidence, of celiac disease‘ip éanada is
‘'similar. Although celiacs represent a small psftion of the population,

' their illq?és is signifiéant'since dietary-alterations must be followed[
fof‘a lifefime.' .

. Céliac diseaée' is 'a. disorder in. which mucosal damage‘ and
dysfunction of the smallhintestine, primarily the pro#imal,bortion, is
causélly linked to fhe intake of glutenAcbntaining foods'(K;wlesser,
1972;.Booth,‘1977; Chéndra and Sahni{ 1981). Specifically, it is the
gliadin of gluten which causes tﬁe intestinal mucosal damage. The
fvilli of the Small'intestine; through which'absorption of nutrients
t;kes place, are\u§ually abéent in_cei{ac diseaée, 1eaying the mucosa.
qgite»flat_(Anderson et al{, i972;‘Hartsqok, 1982), If{the"disease is
untreated, symptoms -of malabsorptién andv malnutrifion, such ;s
 \diarrhéé,‘ bloating, abdomina; cramps, weight loss Iand anemia, may ;
apﬁéar (Kasarda,‘1972; Hagﬁsobk, 1982; Davidsoh; 1984). The severity
of the symptoms differs 'among individuals; howeve}, infestinal damage
may occur even ‘if there are ‘no obvious 'syMptoms (Campbell, 1984).

Thus, strict adﬁerence tb’a gliadin-free diet, indluding the removal

from the. diet of 'wheat, rye, barley and 6até,'is the only long-term

A
o

‘treatment (Kasarda, 1978; Hartsook, 1984);

Since  the gluten-free diet is a permanent treatment for celiac-



[

disease, a correct diagnosis is important. Both an abnormal biopsy

sampie, taken.from the lining of the small intestinei and a positive
~reéponse to Fhe gluten?free digt are necessary. to diagnose celiac
di;eaée'(Davidséﬁ, 1984; Hartéqok; 1984). Once g&uten is eliminated
from‘the diet, improvément in symptoms can occur within days. Other
diseases an& conditions can Cause‘symptoﬁg siﬁélar to those of celiac

disease (Hartsook, 1984) .

I

Dermatitis herpetiformis

Dermatitis herpetiformis, a gluten-related skin disease, appears

as small, itchy,‘blisters on ‘the ski (Hartgook, 1982). " Small

intestinal biopsy samples of individuals wiXh ‘dermatitis Perpetiformis
. . . $ ER

Vg

by

often show daﬁage gimilar to that seen in. cedjac disease (Hartsook,

1982). Gluten withdrawal clears the skin ;esioné and 1mMproves the
damage to the intestinal mucosa (Andersson et al:, 1984), In the

United States, the incidence of dermatitis herpetiformis is not known,

but is probably similar to that of celiac disease (Kasarda, 1978).

~

R P

Wheat allergies

A wheat-free diet may also be necessary for g small number of

.. individuals who suffer from wheat intolerance‘and allergies. These

allergies are less well defined and less familiar than celiac disease

(Kulp et.al., 1974)._ Tﬁs wheat albumids and globulins are the primary

caﬁse for Symptoms of wheat’allergies (boodwin and Rawcliffe, 1983). 

The exact incidence .of food allergies in individuals is unknown, but

estimates range from 0.3% to 7.5% Of*thgmﬁépqlation (Taylor, 1984}.

Wheat starch

Starch makes up approximately 70% "of the wheat endosperm
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.'(MgcRitchie, 1980). Both large and small stafch‘granules, ranging from
2-35 microns in diameter (Olkku and Rha, 1978), are pre;e;t.' The large
amount of prote;n in.wheat makes it difficult to extract the starch
from wheat flour (Glicksman,11969). Thereforg, the protein }ontent of
: Qheat starch varies depending on:the effecti&eness of the sepération
process. S :

ﬁheat ‘starch in Canada contains approximateiy 0.15% to ‘0.3%
protein (Bell eﬁ ;1., 1981; Campbell, 1982). Some researchers (Kulp et o
51., 1974; Campbell, 1982) consider wheét starch to be acceptable ﬁdr'
celiacs. Howevér, _among éeliacs there is a larée vari;tion iﬁ
" tolerance té gluteﬁ.'_ln some cases, inéestiﬁn of evén minute amounts
3QQf gliadiﬁ by ,sensitive individuals can cause life threatening
reactions (Hartsook, 1984)., Locally, less than 30% of the membership
of the Edmonton Celiac Association can tolerafe wheat starch (Scott,
3;984). Some hospipéls no longer allow‘wheat starch on a glutén-free
diet, sinéé it may cause symptoms in sensitive indiVidﬁals (Campbell,
1984), The Canadian Celiag Asggziation, which originally allowed wheat
stArch ok the gluten-free diet; plan; to cﬁange their National Handbook

and to list wﬁeap starch as a non-allowable food on the diet (Friesen,

. 1987).

Low-gluten and gluten-free yeast breads
Breadvis an important'spaple in the Canadian diet. Restricted use
or omission“of bread from the>diet results in the loss of-an import;nt
B éource of nutrients énd calories (Sorenson, 1970).3 A bread product
with an undesi;able flavor or texture will nbt be consumed; fhué, an

acceptable, palatable yeast bread replacement for those who cannot

'
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tthe gluten in wheat flour is mainly responsible for the
3l but rigih structure of bread (McGreer, 1967), gluten-free
W-gr.need‘gluten substitutes for structural support'and air

—

®Gluten replacements should increase dough water binding

during baking (Kulp et al., 1974).

N

Mos# research on ‘thé‘ development of low:gluten and gluten-free
yeast breads (Pearson, 1960; Steele et al., 1965; Landsman and Wills,
1968; Jongh. et al., 1968; ‘Sorenson, 1970; . Smith, 1971, _1974;
Ch:%stiansop et al,, 1974; Kulp et al., 1974; Ranhotra et al., 1975;

‘Joﬂnéon and Penfield, I1976) has utilized wheat stéfch. Reports
(McGreer, 1967;,Sdrenson, 1970)liﬁdicate that yeast breads made from
wheat 'étarch had a muffig—like ‘appear;nce, a heavy, coarse <rumb
structure and a low specific volume. In general, wheat starch yeést
breads were' tasteless, crumbled eésily and became stale ;uickly'(Bell

~et al., 1981). Results of a questionnaire indicated that patients

eating wheat starch bread did not find it- to be a satisfactory

substitute for regular bread (Johnson and Penfield, 1976). Pomeranz .

(1969) stated that the disparity bet&een regular and gluten-free baked
products was too great to even designate the latter as‘prfad. .

-

Rice ' .
Rice\naturallyiéontains no gluten (Nishita, 1973; Campbell, 1982)
and is acceptable to celiacs as. well as most allergic individuals.

Since most rice flours are made from broken grains.of milled rice,
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their. chemical composition is the .same as thét of the whole rice
(Deobald, 1972). The starch granules of rice are the smallest found in
commercial starches, only 3-8 micfons in diameter (Furia, 1968), and = »
exhibit slow, restricted swelling during gelatinization (Glicksman,

.

1969) . Rice Qarietal dif{grences influence the gelatinization
ﬁemperature. amylose content_ahd gel prdpertigs of rice (Nishita et
al., 1976), as well as the breading making qualities of the resultant ’1\
flour. , .
Rice is similar to wheat in nutritional value, except for a lower
protein contegt. While wheat flour -is enriched with B-vitamins and
”iron to replace the vitamins and hinerals-lost during milling, rice

) N
flour is not enriched (Campbell, 1984).

o
Rice flour yeast bread
There are few published reports on gluten-free rice bread

development. Although previous research (Nishita, 1973, 1977; Nishita

et al., 1976; Nishita and Bean, 197 provides a basis for product
B 1
develobment, the flavor apd teitﬁre of the, rice flour yeast bread

requires improvement, Moreover, duplication of gluten-free rice -bread

-

Nee), which

affect bread quality. Flour made from white, short or medium grain

recipes is difficult because of varietal differ%pces in

rice produces bread with a better crumb texture (less dry and prumbly)
than flour from 19ng’grain rice (ﬁighita, 19?7). . ' “
; " Bean and Nishita (1983) and-Nishita (1955) reported that the most
acceptable crumb gr;in and texture in rice\\flour yeast. breads was
produced from rice flour with a low amylose cgptent (<20%) and a low

gelatinization temperature (<67°C). Nishita (1977) suggestéd that.



bran'rice flour, which was unsatisfactory in rice breads, may have
contained somi" lipid materials which interfered with ghe
methylcellulose gum included in the bread formula. In addition, the
amount of water used in the rice bread formuiation was critical
(Nishita et al., l97§). Insufficient water produced a stiff dough that
would not rise during ‘proofing while excessive water caused dough
.overexpansion dur$hg baking (Nishita et al., 1976), However, the major
mproblems associated with rice bread production wer; due‘to the absence
of gluten and were thﬁs similar to those encountered in wheat starch

bﬁssd production (Nisﬁita et al., 1976). Thus, wheat starch research

is relevant and useful in rice bread development.

Potato starch

Potato starch is an efficient water retainer (Bennion, 1967). The
potato étarch granules are the largest of any of the common commercial
starches, ranging from 15-100 microns in diameter (Furia, 1968).
During heating and gelatinization, the potato starch granules swell
rapidly and enoimbusly (Glicksman, 1969).

Nishita (l§73) found that.the volume of gluten-free rice flour
bread was improved by a 20% substitution of potaéo starch for rice

flour and attributed the .increased yoiume to the ability of potato

starch granules to absorb more water and swell more than rice starch

@

granules. In addition, potato starch softened the texture, reduced

graininess and produced awaead with a more open cell structure than
the 109% rice flour bread (Nishita, 1973). Potato starch pastes tend
to disintegrate and become less viscous when cooled. In contrast, rice

starch pastes increase in viscosity when cooled, due to the retrograda-



tion of lineaf amylose chains (Sandérson, 1981) . The linear moieculgs
in potato starch have a low tendency to retrograde (deMan, 1979), which
may account for the softening éf the texture of rice breads when potato
starch 1is added. When combined ;ith hydroxypropylmethylcellulose,
potato starch producéd a fine strlicture and improved the volume of
sorghum flour breads (Hart et al., 1970). -
Gums

Gumg; or hydrocolloids, are ;omplex polysaccharides frequently
used to impart desifable textural and functional properties to food
products without contribuﬁigg to the nutritive value, taste or aroma of
the finished product (Frost et al.,.1984; Krumel and Saykar, 1975).
When diSp;rsed in water, gums increase viscdsity, which is the basis
for their use és thickening and stabilizing agents (Glicksman, 1969) .

There afe‘f numbef of different types of hydrocolloids including
plant seed gums (locust bean and gﬁar gums), cellulose derivatives
(methylcellulose, carboxymethyicellulose and  hydroxypropylmethyl-
cellulose) and fermentation gums (xaﬁthanf gum and dextrans). - Each
hydrocolloid type contAins a family of cﬁemical compounds, which var§
in ﬁolecular weight, number and position{)f functional groups, as well
as arrangements of the ba;ic units (Balmaceda et al., 1973). Within

these families are groups of gums which have a common background and
structure, but with spg;ific individual functions and distincgive
properties which must be cpnsidered for effeétive ‘use (Clicksman,
1969). For example, all cellulose "gums are not the same and often

. cannot be used interchangeably. Variations *between gums can include

differences in viscosity, particle size and rate of hydration.

/
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Two or three gums are often more effective than any of the
iﬁdiv%dual gums alone (Glicksman, 1969), &,The use of gum combinations
_allows both the functional properties of the individual gums and the
synergistic interactions between gums to be applied.

A number sf gums havq been employed as gluten substitutes in the
development of low-gluten and glute%-free yeast ’brgads. ~ Gluten
replacements which have had variable success in starct andlnon—wheat
breads, when used alone or iﬁ combination, include sodium carboxy-
methyicelluiqﬁe (Mcheer, 1967; Kim and De Riuter,A1968; Landsman and
Wills, 1968; Smith, 1971, 1974; Kulp et al., 1974), hydroxypro-
* pylmethylcellulose (Kim and De Ruiter, 1969; Hart et al., 1970;
. Sorenson, 1970; Bragley, 1972; Nishita, 1973), xanthan gum

(Christiénsqn et al., 1974; Kulp et al., 1974; Ranhotra ef ai., 1975)

.and guar gum (Kim and De Ruiter, I968; Smith, 1971);

Particularly relevant to starch breads is the fact that gums, such
as _sodium carboxymethylcellulose‘ (CMC) and guar gum, canhvinteract
ergistically with some starches to increase viscosity (Carlson et
al.,k1962;rGanz, 1966) . Khlp'et‘al. (1974) found the consistency of
the batter to be the most critical factor in thg production of wheat
starch breads. 1In gluten-free breads, sufficient batter viscosity is
" needed for gas retention, both during fermentation and the early stages
of baiing (6sman, 1975). XaEthan gum also interacts wfth starch, but
rather than increasing viscosity, xanthan gum acts as a protective
colloid, increasing tﬁe{sﬁabil;fyhaf iéz}ch to heat and minimizing the

, { .
tendency of starch to Eetrogiﬂde and lose water (King, 1984). Amylo-

graph curves have shown that guar,'xanthan and CMC gum hastened the -

onset of initial paste viscosity and increased the final peak

10
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}" . . . . . . . 'y Y ““. .
' produced a distift V1sc031ty, 1nd1cat1ng>that each gum interacted with

RN

viscosities of wheatAstarch duringﬁgelatinizatiod (Christianson et’ al,,

1981) During the 1n1t1a1 stage of gelatlnlzatlon (55- 70°C) little

’\ S

1nteract10n occurred between any of the gums and starch and changes in

the granule_structure (i.e. swelllng) were the prlmary causes for the

viscosity achieved, However, significant- dlfferences in v1sc051ty were

euident‘at thejsecond Stage of gelatinization (80-94° C), during the
: o s s ) : )

1

'{lsfminute  cooking period and cduring the ogplihg cycle. Each gum'

~,

\.

- starch dlfferently (Christianson et al., 1981). At 0.45% . gumr_

’ concentratlon guar produced the_ solutlon with the highest peak.
' yiscosity (almost 10 times greater than that of the control without

; - o S k — o B
gum), and 'with"a viscosity greater than that obtained with either 0.5%°

: . . _‘ ( K3 : N 5
xanthan or CMC gum (Christianson et al., 1981).

Sodlmm carboxymethylcellulose.' Sodlum carboxymethylcellulose (CMC)

or cellulose gum,v 1s’é§h anlonlc water soluble ether of cellulose

((Furla, 1968) . Over 250 types of CMC, of varylng degrees of substltu—
\ktion, viscosity and partlcle 51ze, .are manufactured throughout the

. world (Ganz, 1966). The backbone of CMC is cellulose a stralght chain

polymer of B~ anhydroglucose units, -each anhydroglucose unlt hav1ng

' three hydroxyl groups (Stelzer and Klug, +4980). . The

anhydroglucose chaihs can vary in length from:lOO—ZOO units, the longer -

.

-
. @

we. -

the chaln, the hlgher the viscosity of the CMC derlved from it (Keller,

A

, Carboxymethylcellulose is soluble 1n hot and cold water and yLelds

o "&""

‘the fastest’v01sc051ty 1ncrease of any Qommerc1ally ava1lable water

soluble’polymer (Ahonymous, 1979; Keller, - 1984). " The v1sc031§§ of CMC ~

B4

-
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solutaons'is/dependeni_on temperature; the viscosity decreasing with an
increase in temperature (Glicksman 1969; Balmaceda et al., l§73)

'é@ %‘~ Carboxymethylcellulose has been used for the development of breads
from wheat starch ‘yam-peanut flour and rice flour U51ng a flour

comblnatlon of 83% wheat starch and 17% potato flour with &MC McGreer

(1967) developaﬂ a gluten-free yeast bread that although coarse in

N

structure and lower in volume than typical wheat fiour breads; was
tender and sliced'without~crumbling. The leveliof CMC (0.5% flour wt)

" employec - the 'formulation markedly affected ™ the quality and

‘accepta: it of the‘loaf. Kim and De Ruiter (1968) improved the

.volume.of sam-peanut flour yeast breads (70% yd‘ﬂto 30% low-fat peanut

flour)fby,the addition of 1% (flour wt) CMC. The«Water level in\these-

wl e

._breags was critical. CMC (1% flour Vt): combined_with‘BS% or;dOO%
' _(flour Vt)'water,iproduced breads with volumes'that.were larger than
that of‘thekcontrol_bread without CMC, while a water .level of‘70%
‘ (rour wt) resulted in a‘bread_;olume that‘was‘lowerbthan the control
(Kim and De Ru1ter,.i968) In r1ce flour breads, 2.1% (flour wt) CMC

_ produced a compact gummy bread (lehlta, 1973). ;
,Hydroxypropylmethylcellulose. Hydroxypropylmethylcellulose (HPMC)

is nonionic water- soluble methyl ether of celluvlose’ (Furia, 1968).

HPMC is prepared by treatﬁng alka11 cellulose with methyl chlorlde and

propylene oxide, resulting in methyL and hydroxypropyl substltutlon on‘t

the'_anhydroglucose units of ceiiulosev (Glicksman, 1963). - The
properties of HPMC can be modified by'changing the‘relative amounts of

etherifying reagents and altering. the. ratios of methyl and hydro-

o

xypropyl substltutlons (Gremlnger and Krumel 1980) In this way,»HPMC_

products can be produced with varylng solubllrtles, thermaf gelatlon

- v
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temperaturés and gel te;tures-rénging %rom.firm to;soft‘fGrgmingef and
'Krumel,,1980;. “

‘2 HydroxypEbleméthyléellulose bas the ability to absorb wup to 40
timés ité weight of water '(Dow Cheaical Compaﬁy, 1982). Unlike most
o£her commércial gums, HPMCFis solﬁble in cold water, inséiuble in hott

- water and gels at elevatea_temperatures. When a solution of HPMC'is
Héated, .the viséoéity decreases until- the ‘HPMC ‘thermal - gelgtioﬁw ,
" temperature, 50-85°C (Anonymoﬁs, 1979), is reached. At the gelation.
\ . v .
t;mperature, HPMC Qiscqsity rapidly‘increaseéFgﬁa*a;thrﬂé-dimensional‘
gél structure<isfformed (Gremiﬁger and Krumei, 1980; &iicksman,’1969).
An increase in the HPMC concentfation ‘of‘a solution will lowerb the

‘ geiation'temperature (DOQ Chemical COmpany, 1985). | ' e

_vHyd;oxyprqpylmethylcellulase .pfoductsA have many functional

proﬁerties that are advantageous for sfarch‘yeasp breadsA Sope‘HPMCL
prodégis have a gel point similar to the gelatinization,temperatureélof
the S£arches being used to replace wheat flour: (Giicksman;‘ 1963) .
During the.eleyated baking temperatures, HPMC wili gel ahd;assist ga;
retenﬁion, aﬁ_wéll as strengthen.bread structure (Greminger énd Krumel,

' 1986; Gliéksman, 1965). ‘Thé use of HPMC also;allows more water'tofbe .
:included)in audougﬁ'aﬁd_permits;more cemplete'gelaginization of the
starch (Glicksmén; 1969). | | |

| HydroxypropyimethyléeIlqloéé (0.8% flour wf}—fgrmed a fine stable
cell i;ﬁructure in a wheat starch bread (Sorenson;h 1970). 'Bradléy-'

l_(i972);incorpdrated an HPMC product (Methocel 65 HG 4000, Qéw ChemicaL_f

Company) into starch bread (98.5% wheat sﬁarch:kl.S% corn starch) Vi%h »

99.7% (flogr wt) water; - Addition of 0,38% (flour wt) HPMC'produced a

fragile crumb with_éémé 1arge‘air cells and broken cell wélls.',ﬁs the

?



amount of HPMC in the formula was increaséd, the crumb became less

\

fragile and more ev%n«£EXtured, with 0.76% HPMC progycing small air

cells and having somewhat breadlike texture. Beyond ,the 0.76% level; °

increased levels of HéMC>prqduced no_improvement in the bread crumb
(Bradley, 1972) . Glickémah et al. (1972).r9ported that a ratio of 5:3
by weigh; of HPMC to CMC (total gum weight of 4-5% flour wt) produced a
stafch bread with a sponge étructure similar to that of ;heat flour
breads. The formulation al§o inciuded 74% (fléur wt)‘a - cellﬁlose.

' The volume and structure of rice flour yeast bread was improved by

the addition of 3% (flour wt) HBMC (90 HG 4000) (Nishita et al., 1976).

" Rice bread made without HPMC did not retain gas during proofing, and 

afier baking had the same volume as the df{ginal'doughlp}aced"in the
pan (Nishita.ét al., 1976). The‘tyge and level of HPMC was critical to
the developmént of a 160% riceﬁflour~bread>(Be§n and‘Niéhité,'1983;.
Eight types of HPMC, atya level of 3.0% of the rice fiour weight, were

studied but only two (Methocel 60 HG 4000 and 90 HG 4000, Dow Chemical

Company) showed satisfactéry dough strengthening action ind -desirable

specific yolumeé (Niéhita, 1973). -All other HPMC productsAproduced
rice breads whicb Had a low voluﬁe, poor grain and textﬁre. When
levels of O, 1.5, 3.0,‘@.5 and 7.0% (flour wt) Methoéel QOﬁHG"4COO
were compafed iﬁ rice floﬁr breads, 3.0%4Methgcel produced the 6ptimum
bread volume (Nishita, 1973). ’ | | ‘ |

In sorghum flour yeast bread, tﬁe inclusion- of HPMC (2% flour wt)
and 120% (flour wt) water increased gas'rétentioﬁ and prevéntéd the

loaf from collapsing duriﬁg baking (Hart et 4l., 1970)._ Compared to

three ‘other HPMC products, Methocel 4000  produced séfghum breads with

| the best volume (ﬂart et al.,71970){.<So;ghum breads with levels of

14



HPMC.»- above 2%. rose more during proofing and had a firie’r‘ cr‘u’rnb.,-
structure than breads with 2% HPMC, however, there was a correspOndlng
weakening __of loaf strength. The addltlon of 2% (flour wt) HPMC also
produceda good _textare J.n barley flour yeast bread ((Hart et al.,

1970).

" Xanthan gum. :Xanthan gum is a.natural polysaccharide produced by

féermentation of a pure c{rlture .of Xanthomonas campestris with
glucose as the substrate (Rocks_.‘, 1971; Anonymous, _‘19‘,79). - The xanthan
)gum molecule has a backbone of"i,lb linked‘B—D—glucose units, ‘whicbh is
idehtical to _,celﬁlulose (Sanderson, 1'982). .The moiecul.e is rendered
water soluble by-the presence of short sivde‘ chains attac)hed to the
‘ 3-position o' avery .s’econd glucose 'res.idue in the. main chain
(Sanderson, 1vw o). ?I\do D-mannose‘l units‘ and a D-glucuronic acid unit
_ make up the side chains.of xadthan gum, ﬂ

Xanthan gum dissvolves 'in ‘hot or cold water and binds water at a
very hlgh rate to produce hlghly v1scouqs solutions at low concentra-
vtlor}s. Xanthan gum v1sc051ty is stable over a wide temperature range.
(King, 1984; Kelco, 1985), and’ thus is desirable for products that
require stability during _the baking v.proces"s. A o

Xanthan gum has been incorporated into s.tarchl yeast breads with
some success. In wheat starch and corn -starch‘ breads, xanthan gum
improved the cohesion of sta,rch .. érandles -and produded a bread .com-
parable in appearance, .rrlouthfeel,"'loaf volume and staldng properties’ to
a commercial. .wheata flour bread (Christi’anson 'eta al, 1974).

Chrlstlanson et al };&74) observed that breads made from wheat starch

corn starch, hlgh amylose corn’ starch and waxy corn starch, W1thout

i



xanthan gum, did not rise and wiie‘brittle and coarse in texture. -The
addition of 6% (flour wt) xanthan gum improved the volume. and'texture
of the breads Lower levels of xanthan gum (3% and 4.5% flour wt) in

wheat starch breads produced breads whlch had smaller volumes “and

jcoa;ser, more 1rregu1ar crumb characterlstlcs (Christianson et al’ﬁﬁl

1974), *Kulp et al. (1974) found that pregelatlhized statch. CMC and
xanthan gum, when used uindividunlly in wheat starch gzeads. were
. satisfactory éluten replacements. HoWevet, the breads uith 2.1% (flour
lwt) xanthan gum were-supetior in volume ahd flavor to the hreads made
fwith‘either'pregelatinized starch or CMC. U51ng.xanthan gum (2% flour
wt) in a gluten free, soy—-fortified wheat starch bread, Ranhotré/et al.
(1975) also found xanthan gum to be a suitable dough stabilizer. . For
" wheat starch bread, the use of" 2%1(flourth) xanthan gum with 119%
(flour wt) watet has been recommended (Kelco 1983). |

In ‘an attenmt to 1mprove the . texture ‘of starch breads, Bolam
{1983) 1nvest1gated tEe effect of separate hydratloh of xanthan gum

prior to its incorporation 1nto corn and -wheat starch breads. Using a

formula adapted from Christianson et al. (1974) (123-135% water (flour

16
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wt]), Bolam (1983) found that separate hydration of xanthan gum, with i

"55% of the water, altered the starch-xanthan matrix so that the starch

expanding gas cells from coalescing.

granules gelatinized too much and were too fragile ‘to prevent the
/;> Prior xanthan. gum hydration

resulted in breads with a 1arg;\Eell size and irregular grain,, which’

©

were hard and chewy: Bread volumes were unaffected by the prior -

hydratibn of xanthan gum (Bolam, 1983).

» In rice flouz ‘breads, 2. 6% (flour wt)- xanthan gum Wlth 75% (flour'
o]
wt) water offered onln a small increase in dou%g helght ‘during fermen-

! P — / b



tation and resulted in low baked bread volumes (Nishita, 1973). .

Guar gum. Guar gum is¢a neutral galactomannan prodqud from the

: ) r .
endosperm of the Indian cluster bean‘ncyamppsis tetragonolobus

)

(Apling et al., 1978). Guar seed is grown in India, Pakistan and the .

United'Stat%s kDaniel and Whistler, 1984). . Giar gum has a iinear
bgékboné ch%in‘of B—b—mannose units linked -1,4 with single membered
»B—D-gglactogejunits occurring as sidg chains on every other ﬁannoée
unit‘(Seaman; 1980). T%e siae branches are linked 1,6 Qith the guar

_gum backbone.

Guar gum can bind and immdbilize large-amqunt5‘0f=water; Guar can

be hydrated rapidly in hot or coid“ water to .give highly viscous

N . I .
solutions (Glicksman., 1969; Furia, 1968). Solutigns of gugf gum. thin

reversibly when heated and dégrade' irreversibly with time when ‘an
elevated. temperature is maintained (Seaman, 1980). . -
In yeast breads made from yam and peanut flour, guar added at 1%,

4% and 8% of the flour weight with the addition of lOd%, 120% and 140%

(flour wt) water, respectively,. greatly increased bread VOlgme' as
. £ - T — .
compared to-bread made without gua:\?kim\ang De Ruiter, 1968). The two

higher levels of guar produbed breads with identical specific loaf-

17

Volumes;rbut which were ‘larger than that produced with 1% guar. TVB S

percent guar (flour wt) added to sor hﬁﬁ flour bread, provided some gas

iretention and prevented the loaf fom collapsing - (Hart et al., 1970);

‘\

However, bread volumes were very low. Gua{ (2% flour wt) also produced

ISQme improvement in the strﬁcture of barley bread (Hart et al., 1970).

Surfactants

J
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Most surfactants, or emulsifiers, are hydrophobic  fatty acid

chains esterified to a hydrophilic polar group (Krog; 1977). The fatty
& ) ' '

¥ : - '
acid. chain length (from C,, to 'C,,) and the -degree of ‘unsaturation,

A

which, can differ Acc,ord_ipg to thei type of fats or fatty acids ~use_fd in
the m;nufacture 6f thélsﬁrfactahb, are both important to the functional
»pféperties ;%f. the surfactant .(Krog,-‘l981)L. In food systems,
surfactants perform a number of importantzfﬁnctions such as stabilizipg

o

aerated systems,. improving ‘the texture and shelf life of starch

containing productss, and modifyinglthe rheological properties.of wheat

o -

doughs (Krog, 1977);

When.Jl_ combination of surfactants is used in a food system,

18
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synergistic effects are oftent'observed (Birnbaum, 1981). Multi-

componant emulsifier systems may be more effeifiVe than a single
o ' ’ Y
_emulsifiep system due to the geometry of the fat surface (Knightly,

1968L."Be¢anse of the»structural configuration, several surfactants

. may fit together more intimately ‘on the surfaces than a singlé

% oy

ewer interstitial voids (Khightly,°1968). Emulsifier syszems‘ai;p

\§~/;urfactant alone, forming a more élosely packed protective layer with.

allow for the functional properties of each of the components to be

utilized,
The interaction . .. ~«nts with starch is very important in
the production of tb.se .. This interaction is reEponsible for

stafch*suffactant couz . e formations and influences the rate of starch
gelatinization, the ge.c?':; .ion temperature and the resulting gel
stréngth (Schuster and Adams, 1984).

In low-gluten or. glutenfffee breads, the surfactants glyceroyl

vmonosteéréfe (GMS) (Steele et ai., 1965; Jongh et al., f968; Landsman’

-



and Wills, 1968; Kim and De Ruiter, 1969; Hart et al., 1970; Smith

1971, 1974) and sodiuﬁ—stearoyl—lactqute (SSL) (Kulp et al., 1974)

have contributed desirable rheological properties wHén.used alone or in-

mbination with certain gums. In contrasﬁ, other researchers (Kulp et

al.\ 1974; Nishita, 1973) have réported that:surfactants'had negative

effects on starch and non-wheat flour breads. In rice flourkdoughs,

surfactants (SSL and mono- and diglycerides) added with 3% (flour wt).

Methocel 90 HG 4000 (HPMC).-iﬁteffered.with the . gum-water-rice flour

“Tetained and no leavening

compléx so that fermentation gases were not
()

occurred (Nishita, 1973). The use. of emulsifiers (SSL and mono-

diglycerides) 'in a xanthan gum wheat starch bread resulted in a

low volume and a firm crumb (Kulp et al., 1974).

Glycerol 'monostearate. The, production of mono-. and diglycerides
involves Ehe interesterification %r gly;erolysis 6f fats and oils
(ﬁi;nbauﬁ, 1981). Glycerol. monostearate (GMS) is produced from the
reaction of stearic acid ‘and glyceroi. Typicaliy,, a GMS product
contiiné approximately 50% monoglyceridés, 40% diglycerides and 3% free
glyéerol (Kim and DelRﬁitér, 1968; Jongh et al., 1968). &%;P

The' hydrophobic natu:L of monoglyceride crystals prevents the

monoglycerides from absorbing water. Monoglycerides -also affect water

absorption, of other food ingredients. In the presence of.wheat flour,-

water absorption is decreased by the addition of certain mondglycerides

which form a moisture «parrier over the water absorbing flour
‘ »

components, particularly starch and protein (Knightly, 1968). A

reduction in the rate of water absorption can also delay starch

gelatinization., Longley and Miller (1971) found that monoglycerides
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from long chain fatty acids affected the gelatinization of starch in

thié#way. .
Mono- and diglycerides ‘are cépable of functioning in starch
gcompléxing, pfotein'intéraction, aeration, emulsificatioh and crystai
modification (Birnbaum, 1981). In bread, monoglycerides . prolong
flavor,, freshness and softness, improve texture, increase loaf volume
and sygketry, give a finer, more uniform crumb grain and improve dough

extensibility (De Renzo, '1975).

In starch breads, it is necessary to éttract the starch granules

to each other and to decrease their mobility (Kim and De Ruiter, 1968).

This allows the doughs to more effectively retain gas and tq produce

breads with a greater volume, softer crumb and a more regular texture.,

Surfactants, such as GMS, act as starch binders (Kim and De Ruiter,
‘1968). When  added to wheat starch doughs with 60% (ffgur wt) water,
GMS (at levels of 0.05-1% flour wt) increased gas retention of the
dough and improved overall bread quality (Jongh et al., 1968). The GMS
(50% monostearate/40% distearate) was adsorbed onto thé surface of the
.starch moleculeé, resulting ipn starch aggregation and formation of a
coherent - starch network. During dough xﬁixiﬁg, air was distributed
evenly throughoutAthe small pores of the network (Jongh et al., 1968) .

Thus, °*the Qheat starch breads with GMS had a fiﬁé regular crumb

structure compared to the irregular, coarse crumb of the wheat starch-
bread without GMS. Jongh et al. (1968) also observed that the level of

" GMS was important in wheat starch breads. An excess of GMS (i.e. 5.0%

flour wi) resulted in a rigid dough that was unable to rise with

developing gas pressure. Smith (1971) found that a combination of 1.5%

%
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CMC, 2.5% guar gum and 2.2% GMS-(fleur wt) with either wheat or cqER
stafch, produced an acceptable yeast bread. However, the soft, teeeer
crumb had a more cake-like consistency than bread.

Kim and De Ruiter (1969) found thit 1% (flour wt) GMS was needed
to incorporate a large amount of air in a caesava-soy flour dough. The
GMS prodgct.contained 50% monostearaees, 40% distearates and 3% free
glycerol (Kim and De Ruiter, 1968). Water representing 60-80% of the
flour weight,’ depending' on the water absorption of the flour, was
included in the formulation (Kim and De Ruiter, 1969). The addition of
GMé to the dough as a 10% emulsion (GMS to waker 1:9) da? necessary to
’obtain,aclight, structured. bread as GMS added in the dry form did not
significantly improve aeration. Although GMS (2% flour wt in a 10%
emulsion) did not increase gas retention in either sorghum or barley
'breads, GMS improved the texture of sorghum bread aqd softened the
crymb of barley bread (Hart et al., 1970). In sorghum flo;} bread, the
incorporeti6n~of HPMC (2% flour we) wifh GMS (2% flour wt) prevented
collapse of the bread’and produced a fine crumb structufe (Hart et al.,
1970).

Sodium-stearoyl-lactylate. Sodium—steg}oyl—lactylate (8SL), an ionic
- surfactant, is the reaction preduct ef lactic aeid and stearic acid,
partially neutralized to the sodium salt (Krog, 1981). SSL functioes
in starch complexing, pretein interaction, aeration‘ibd foam stability
(Birnbaum, 1981). In the baking industry SSL improves ‘the mixiﬁg
tolerance d& doughs, produces more eélastic doughs, softens ‘crumb

texture and increases the loaf volume of baked products (Schuster and

Adams, 1984).



Smi;h (1974) found that SSL (0.5% flour wt) improved the texture
of wheat starch breads. Kulp et al. (1974) studied various gum
surfactant combinations in Qheat starch breads, The incorporation of

0.8% (flour wt) SSL improved the volume of CMC (4.7% flour wt) breads
| but producé& inferior crumb characteristics (Kulp et.al., 1974). The
use of SSL in conjunction with xanthan gum, hbwever, failed to

contribute to the structure of wheat starch bread and resulted in poor

overall bread quality (Kulp et al., 1974),

ﬁesponse surface methodology

The critical nature ‘of ingredient levels and the synergistic
interactionslof some ingredients make the methodology of most previous
research on gluten-free bread inaPpropriate.' Some *formuiae we%e
developed using‘ a  trial and error Aprochure (Johnson and Penfield,
'1976) . Generally, duriﬁg gluten-free product development and
formulation? one‘ingredient was altered at a time and only a limited
number of ingredient 1evel§ were. examined (Jongh et al., 1968; Nishita,
- 1973; Christianson et al., 1974; Ranhotra et al., 1975). Such a
procedure does not permit }xamination of the effect of interactions
between ingredients, requires many bakihg trials, is time consuming and
expensiveﬂ v

Response surface methodology‘(RSM) is a statistical technique that
can consider several factors (ingredients) at different levels in a
prbduct, as well as the correspondfhg interactions among these factors
and levels,(Giovanni, 1983). Tﬁi§ stétistical procedu£e allows for the
optimization of ingrediest levéls for specific desirable ‘product

characteristics (Johnson and Zabik, 1981). When using RSM .with a



fractional factorial, central composite or rotatable experimental
design, only a fraction of the treatme;f -combinations is actually
produced and examined‘ (Dillon, 1977), \\fn equation or mathematical
model is developed from the actual experimental data and the model is
subkequently used to predict variable conditions that were not tested
(Henika and Palmer, 1976), Contour plots can be produced to estimate
changes that will occur in the responses as the levels of ingredients
are varied (Penfield and Axelson, 1984).

At the beginning of a project, sgreening studies can be conducted
to identify which of many possible factors are- the most important to
the response being measured. Two-level fractional factor&g} designs
can be utilized to identify important factors and indié;te”in which
direction factors should be\changed to improve the response (Bacon and
Henﬁon, 1971). The screening stud%es can be done se€uen£ially, the
result at each stage guiding the experimentation to be c;nducted at the
next step (Box et al., 1978).'

Recentlx@ RSM has been used to optimize baked prodgct formulations

such as cakes (Johfison' and Zabik, 1981; Lee and Hoseney, 1982;

Vaisey-Genser et al., 1987), cookies (Conner and Keagy, 1981), wheat

flour chapaties (Ebeler and Walker, -1983) and for the development of a

high protein bread (Henselman et al., 1974). No reports utilizing RSM
for the develepment of a gluten-free yeast bread have been found in the

literature.

Sensory evaluation of bread
Sensory evaluation utilizes humans and their senses as instruments

to measure the quality attributes of food products. Difference and

.
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descff%tive sensory tests are generally employed by a trained taste
panel to evaluate food %ﬁality attributes., Panelists are trained to

. ) \ l R N )
know the evaluatiod\?Bcﬁafques to be used and to detect differences in

the quality characteristics of the productg being evaluated. Panelists
are also trained to make objective, precise and reproducible judgmeﬁts.
In contrast, Dh;Eiéned consumer papels utilize hedonic tests. to
determine food prefe;ence/acceptance. Consumer panelists score how
much they like a product based on their OWn.internaL(critefia (Hirsh,
1971). Inﬁthe development of food products for special dietary needs,
the uée of both. trained’ pénels and untrained consumer panels is

/
essential.

Impottaﬂl gensory attributes of bread include the appearance,

ga
O % ?
¥,

L/
1971). The size, shape, symmetry and color of the loaf are included 1in

odor, texture and flavor of the bread (Pomeranz and Shellenber
. )

the external appearance while internal attributes refer td the size and

uniformity of the cells, the cell wall thickness and the crumb color.

Bread texture includes the softness, elasticity and moistness of the

crumb. - The typically bland taste of wheat bread is a mixture of many

/ ‘
interwoven flavors including salty, sweet and fermentative notes

a

(Jackei, 1986)fﬁ‘O&6r,.too, is a combination of many aromas such as
yeasty and sweet. To obtain a complete.overall“imp&essi&% of product
quality, the incI;;ioﬁ of as many attributes as possible in‘the sensory
evaluation of bread is importént. .

For many‘yeafs, sensory evaluation has been used by thé baking
industry in the quality assurance of baked goods (Jackel, 1986).

Products are scored for external, internal and organoleptic properties,

however, the judgements are often made by one person, usually the baker

g

<~
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‘(Jackel,' 1986).  Although the baker may be very experienced at

evaluating the progocts ‘his knoWledge\\sbout the‘ products -and _the '

expecﬁbd outcome may result in blased Judgements - In addition, all .

Judgements ‘may not be made by‘ the same. baker. Individuals' differ

con31derably in thelr- sen51t1V1ty and ablllty to Judge differences
‘¥

1(Amer1ne et al 1965). Therefore, a 1arge panel of tralned‘Judges is

needed to provide accurate, 'reliable, unbiased results The‘sensory

evaluatlon of breads by tralned panels, u51ng unstructured line scales

("\

Q

is pract;ced by some-researchersg(Raldl and Klein, 1983; Brady and

‘Mayer, 1985; Stroh et al., 1985).

Published reports of the rsensory' evaluation of yeast _breads

aa e

:nfrequently 1nvolve the use of hedonic tests, with,untrained panels,

“

' ut111z1ng five or nlne point hedonlc scales (Klein et al l980;fSeibeI

ot al 1983 Guy, 1986; Gayle et al., 1986) and triangle tests
.'(Sosulskl and Flemlng, 1979 " AACC’ [Method 33- %D] 1983 Guy, 1986)-.

There is verv 11tt1e publlshed reseafEhvahlch includes the sensory

°

évaluatlon of: low-gluten‘\ar\/noniwheat -flour breads. Many N

_tnvestigations (Pearson, 1960; Jongh et al., 1968; Kin'and_De Ruiter}

- 1969; Hart et al., 19703) have not emplpyed any  type of sensory

,evaluatfon of the breads. Some studies (Steele et al, 1965; McGreer,

1967; Landsman and Wills, 1968; Sorenson, 1970; Kulp et al., 1974) have
oy : Coe . k '
, : : _ N
included informal evaluations in which the researcher, patients: or
> l‘t ] S ‘ : ;

aocessible.subjééts (i,er,students) determined if the products were,

satlsfactory. Other_ researchers (Smith, -1971, ‘1974; Bradley, 1972;

Nishita, 1973 Chfistianson et‘al., 1974; Johnson and Penfield,'l976)

" have 'held morevpformal -eValuations, w1th patients orm~aCCessible

“subjects, and have utlllzed a hedonlc 'scale to' rate breads for

¥

. 9‘:

£ «g .
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preference or acceptance, However, only Bolam (1983) employed a
tralned panel to evaluate the texture of wheat and.corn starch -Xanthan
breads.I A 6—member tralned panel utilized a texture proflle method and

+a 15.0 cm unstruttured line scale to evaluate the visual ‘appearance,

‘sprlnglness, hardness, crumbllness, chew1ness, crumb feel and m01stness

.of the starch breads. g though Ranhotra et al. (1975) described the -

_appearance; .crust colo crumb hcolor, grain, texture, flavor and
mastication of a wheat starch bread, the bread attributes were assessed

by a single baking technologist, rather than by a trained taste panel.

26

A . B Lo ‘ .
"THus, there is a need for reseagch focusing on the development of

giuten—free .yeast breads ‘which incorporates ‘appropriate fensory

technlques and trained taste panels, . In-addition, consumer panels

J

employing the cr1ter1a .and methods used most “often by consuMers in
evaluatung bread acceptablllty should be included in studies which are

concerned with developing special diet breads.
\

Objective—evaluationjof bread

¥

Objective ‘evaluation includes chemical ;and' 1nstrumenta1

measurements of the quality characteristics of bread, —As with sensory.

evaluation, aspects of thé appearance, odor, texture and flavbr of

bread can be determined using a number of different objective methods,,

Loaf volume, an‘essential aspect of loaf appearance, is one of the

mbst-commOn‘%%jective measurements conducted on bread. Loaf volume is

[

LI

ea51ly and reproduc1b1y evaluated, by rapeseed dlsplacement and is a

good indicator of bread crumb grain, softness "and- overall consumer

- acceptance (Pomeranz,. 1969). This is particularly important if only

one or two measurements of bread}QuaLﬁty can be made. Color is another

R
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iﬁportant componént,of bread apbearance which can be easily measured.
The crust and crumb colors of bread have been measured inStrumentéliy
using‘a Hunter Color Differenée Me;er (Shogren et al., 1979, 1981; Chen

‘and Rasper, '1982) or a Gardner Color Difference Metez (Raidl and Klein,
.i9a’3). ‘ S
| Permanént record{ oflfhe apﬁegranqe of the bread loaf and fhev
crumb ;f'individual.slicés can be made by photogrgphing the breads
(Harrel,il930; Cooley and Davis, 1936). To-spudycbread cellbstructure{ '
the slices'can bemphotocopied.a Pﬁotocobieé provide a récord'Of the
actual size, éhape-and grain of a sli¢e ofjbrea¢”%ﬁampbéll et al.,
'1979) . o
.The Bdor and flavor 6f‘b:ead can be studied instr#mgntally“by’
separating volatilg ppmpounds using heaﬁépace_éas”chromatography and
identifying them by mass speqt%ometr§ (Hironaka, 1986; Stollmaﬁ,'l986j.
Howayer.'since:many'iﬁdividual’cbmponents cbﬁprise the4odbr and flavor
CQQ§'bread, the cbrrei;tién”betweeh the specific ;omp;nen£stidentified by
| gés:éhfomatography and the human respdnse of bread 9dof and flavor éay
" be difficult:(Amerihe_et.alv, 1965). . Amerine et al. (i9659 suggesf
w;fhét Atb have a bearing éh flgvor;A tﬁe chromatograph must 'héve. ifﬁ
.%résponSe analyzed by and correlated with sensory flavor ofiodor tesfs.
If oniy;qne test can be‘done; a sénsory panel would probably proVidé
Fhé} most useful infbrﬁatidn for fhe' evaluation\ of .bread_~odor and
flgvor. | | h _
The most commonly‘measufed textural,characteriﬁtic of breéé'is:the
crumb5firmneé; (Kilborq,et al., l983)i A-vari;ty of'ihstrgments-héVé-
been used td.objepgively measure the maximum fofce‘aﬁd deformation of

bread samples7(Hibberd'aﬁd Parker,‘1985).f'Thése'instruments include
@ . . ) - ) e )

®°



the Baker Compressimeter (Lorenz and. Dlsaver. 1982;. Kamel et al., 1984;

1

Kamel and Rasper, 1986) ' and the Instron:”Universal Testing Machine

i

(Bashford and Hartung, 1976; Elgedally et al. 1982; Kamel et al.,

1984; Ghiasi et al., 1984; Soulaka ‘and Morrlson. 1985; Redltggp et

¢
al., 1985; Baker and Ponte, 1986; Baker et al., 1986). 4

\
Comparlsons of the results of many publlshed papers measurlng

textural characteristics of bread are dlfflcult since spec1f1c detalls

of the experlmental methods and sampllng procedures arg not presented

and - often dlffer between papers (Hibberd and Parker, 1985). Although'

there is a standard method (Method 74-10) for the Baker Compressimeter

!
o b

“(AACC, l983),‘therewis‘no standard procedure for the]Instron Universal

&

' Teéting Machine. Thus, the report of Baker and Ponte (1986) preSents

a much needed standard method for measurlng the crumb flrmness of bread

W the Instron.

s

! ’ - o a .
Published research on the objective evaluation of low-gluten ‘and

nonewheat flour bread is :limited. Bread volume (Smith; 1971,

1974; Christianson et al., 1974; Ranhotra et al., 1974; Nishita et al.,

_1976) is the most frequent objective measurement made. -Smith (1974),

Ranhotgaset al. (1975), and Nishita et al. (1976) also measured bread
‘moisture. ,Christianson et al. (1974) provided the only report of the
instrumental measurement of hread crumb firmness for starch breads.
Since glutenris an important strncture'forming’protein in wheat:bread.
gluten—free breads typically have low.volumes and coarse textures (Kulp
et al., 1974). Therefore, objective measurement of the quallty charac—

“teristics of gluten-free breads,Yparticularly texture, is important for

" the ptoduction.bf acceptablelgluten—free breads.
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I1. A Survey of Celiacs and Hospital Dietary Personnel
in Edmonton and Surrounding Communities:
The Gluten-Free Diet and the Use of Gluten-Free Yeast Breads

e d

INTRODUCTION

Celiac disease is a lifelong' condition whig¢h requires strict
adherence to a gluten-free diet (Hartsook, 1984; Cooke and Holmes,
1984). The elimination of wheat, rye, barley, oats and their
derivatives from the diet is essential (Hartsook, 1982), but not always
easy. One of the most‘difficult aspects of the dietary treatment of
celiac disease is the maintenance of a strict diet after the severe
;yhase of the illness is‘ over (Fry et ‘al., 1982; D;vidson, 1984) .
Additiondl broblems of the disease ipclude the identification of foqu
which unknowingly contain gluten (Kasarda, 1978; Hartsook, 1984) and
the replacement of sﬁaéle wheat flour products, such as yeast bfead,.in
the diet.

Thus, a survey was coﬁductéd‘to better understand the needs of
individials following a gluten-free diet and to facilitate future-
research on the development of a glu£en¥free yeast Qread.

ﬁ?ﬁ?pecifically; the objectives of the survéy were to determine: 1) the

dietary modifications necessary on a gluten-free diet; 2) the types of

]
1

gluten-free yeast breads being used by celiacs at home and for'patients
in hospitals, including methods of purchase, use and storage; 3) celiac
and hospital personnel satisfaction with products and problems users

_encountered with gluten-free yeast breads; 4) the quality attributes of

37
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gluten-free yeast bread considered important by gluten-free yeasé,‘

bread users; and 5) the need for a new gluten-free yeast bread. ‘3
.

: ~ METHODS ° A

:
RT R

- Lo ¢ i
b W

Celiac survey

{
Two hundred members of the Edmonton Celiac Association were

surveyed by mail in February of 1985. Each respondent received a
letter (Appendix 1) and a questionnaire (App@?ndix 2). To ensure the'

confidentiality of respondents, the letter requesting participation and
: v

the survey were addressed and mailed to all members by individua}s in&'

]

the Edmonton Celiac Association executive. The questionnaire (Apgendix 4 , !‘

2) consisted of 16 questions requesting 4*ormation abouté the
gluten-free diet and the use oflgluten—free yeast;greads. Demog‘raﬁhic
information about the respondents, as well as duration df celiac
Jisea’e was also soligited to describe the sample popuia;ion. The
respondents were rno'tif'i‘ed of the results of vthe sm‘ey in‘ a silvmunary
(Appendix 3) that ap, earéd in ly/August, 1985‘ issue of the
Edmonton Celiac Association Newsletter, which was mailed to all

~
members.

Hospital survey
Dietary departments of twenty hospitals in Edmonton and
surrounding communities were also surveyed by mail in February of 1985,

Addresses of hospitals were obtained from the Canadian Hospital

’

Directory (1984); only hospitals with dietary department managers or

directors were sent the letter (Appendix 4) and quéstiopnai,;e (Appendix

! r’s
o .

e
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55} ; ‘The questlonnalre (Appendlx 5) {consisted tof 13 questidns

“requestlng 1nformat10n regardlng theAgluten free diet and the use of

.; gluten—free yeast breads. Demographlc 1nformat10n related to hospltala

»fslze and posltlon of the respondent ‘was: also obtalned to describe the o

~ sample populatlon. The' respondents were notlfled of the results of the
survey via ‘a summary letter (Appendlx 46),' whxch was sent to

--participants.

P

, RESULTS AND DISCUSSION

‘Celiac survey ' : : ‘
Response and demographlcs. One hundred and twenty-two of the two

’“hundred questlonnalres ‘mailed were returned, repgéSenting a ‘' 61%
- 14_} .

response rate.. Most of the respondents (70% /
i

A survey

6
Hy e //
f; T

'Assoc1atlon whlch con51sted of 65% femaEES (Frlesen 1987

)',"'

conducted by the- Quebec Cellac Foundatlon also reported that 7uz Sf

=

those surveyed vere female (Meunler, 1987) Age groups represented in

the present survey sample (Table II 1 ranged from under 18 to. overQ65,~erumum,w
\ f;?f LT Ll
,_years.of age.

N

disease for a'duratlon ranglng from 2 mon hs o 73 ykarsr Approxi—

.k

 time slnce dlagn051s many respondents reported that they had suffered‘
o ﬁrom celiac disease for many years prlor to-daagn051s. Eleven percent

. of the respondents 1nd1cated that thelr househoids 1ncIuded two famlly,

-
v
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Table II.l - Age distribution of celiacs participating
in the survey ‘ .

- AGE GROUP

NUMBER OF RESPONDENTS

PERCENT"
Under 18 20 16.4
19-25 8 6.6
2635 25 20.5
36-50 29 23.8
51-65 .30 24.6
Over 65 9 | : 774
No response 1 . |l - 0.8.
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members. .with,cel'iac disease. Ten percent. of Quebec Celiac Foundation

members'(Meunierr 1987) indicated-tnat anotnen'member of their family
had eeliecwdisease. ' . -" 4 . /> S | }

Diet modifications. Eating out was the most frequently (33%)
repoftedxnroblem encounﬁered by individuals on the gluten-free diet.
This finding-ag:ees ;ith that of Barry et al. (1978) who interviewed 62
,petients Aattending a vceliac.'clinic: '>Fifty—eight' percent of the
patients wno'éoped’adequetely with their gluten-free diet in a home
envirenment-foundithft they{experienced considerable difficulty when

"away from home (Barry et al.;*1978).

~In the present survey, 21 celiacs (17%) indicated

gluten~free' diet affected their food choices 'quitej

respondents (8%)~ suggeSted' that the gluten—ffee\
i - , Ty
variety of foods in their diet. Other pt

volunteered by the :respondents were: all food la must be read

(5%) ,gythe diet is time consuming (2%) and there are some nutri-

tional/fibre concerns - (2%). - However, some respendents (17%) reported’
. B &

positive aspects of'tbe gluten-free diet. These# celiacs noted that

. -

they were: eating nutriticus, well-balanced meals. Some respondents

repo;ted eating fewer sweets .and junk food and more meat, fruit and

5 -

vegetables than they ate prior to having the disease symptoms.  Another

16% of the participants reported-that the gluten:f¥eeﬂdiet presented no .
t . .

problems when eating at home. Bell et al. (1981) suggested that,

»,

compare&~W1th other, therapeutlc dlets, the preparatlon of a gluten-free

o S \

ﬁégﬁf need not be d1ff1cu1t and demandlng Nutrltlpnally, thls‘ls true

f‘”s nce the gluten—free d1et is’ ea51ly modlfled The protein of wheat&

rye, oats. and barley may be ea511y replaced w1th rice and corn whlch

4]



diet.

4

are only slightly lower in protein, or with dried legumes such -as

soybeans, beans, peas and lentils, which are even better sources of

protein than the cereals being replaced (Campbell, 1984). Wheat fibre:

42

may also be replaced with rice bran, rice polishings; corn bran and ré@ﬁt'

i
{

fruits" and vegetables. (Bell ‘et al., 1981; Campbell, '1984). The B

vitamins can be provided by including meat (particularly liver), green

1eafy‘ vegetables' and milk in the diet. ﬁoweverJ‘ there are many

problems aﬁd-.challenges ‘withy the gluten-free diet, such as hidden“
. : ) _ :

sources of gluten in foods, a restricted variety'of gluten—free bread

products and the poor quallty of many gluten -free baked products, which
-}

cannot be 1gnore‘ﬁ//// o _ ” : . .
Wheat starc Almmhalf of the survey respondents (46%)

A 1nd1cated an 1nab111ty to tolerate wheat starch in-their diet. Another
lS% of the survey part101pants~stated that they were elther unsure of
Ehé}: tolerance to wheat starch or had never trjed to‘eat wheat starch.
0f the 102 respondents who knethﬁZir tolerancebto‘wheat starch, 59%
made. thelr\ determination ‘thr7ugh ‘personal assessment, 22% had ‘the
determination made by a medical doctot and 16% used both a medical
doctor and personallaSSessment. Personal assessment of the diseese‘uas
frequently deeided bylthe'preSence'of‘diarrhea, cramps;‘gas}:stoﬁach

bloatlng or abdominal didcomfort - when wheat starch was 1n81uded in the

\~s/

—

Only 10% of the respondents actuallj,reported using wheat starch |

in their cooking and baking. According to the respondents, rige flour
S
was the most popular flour for baklng and cooklng Ninety-three

percent of the respondents reported using n1ce flour, while 73% and 72%

used - potato flour and corn starch, respect;vely. Other flours .and



“staraz‘:k‘xes .used by -thle m‘ré's;'mr‘fd_evn‘ts » for fo?:“d préparat_ion included .soya
'flour (53%) , corn flour (43.4%), .t.apioca _étarch (19%) »,lk pota?:o si';arch*
(.12%), 'cornmeall (7%), pvevf.‘ anci bean floLv1”rs-"—(7%), arrowroot (3%) and
buckwheat flou‘r (2.5%5. in'y 2 (1.6%) respondents reported usirlg‘oéts
in _their‘baicing and cooking.‘ T |
| ’Gluteri—fr:ee yeast bf‘ead. Results of ,tﬁe céliac survé‘y indicated

. that 72% of the 122 re‘sponde'nts reguiafly consumed a gluten-free yeast
bread, and that 80% o¥ 'these i’ndividuals consumed "bne or more sliées
per-day.- Phe majority: of ‘the consu:hers-,(70%) ate c’omerciall;@prépa\red
.'bread,'w’hile- otﬁérs_ either mad; their .owii bread from r“eéipes, (39%) or

'

used a commercial ~dry mix’ (23%)% Many respondents used two or three

> different- types of bread. ' Of the respondents who regu]xarly used
commercially prepared bread, 64% purchased Woodward's brown rice bread’

. and 31% purchased IGA* wh.ite rice bread. Approximately 50% of the
o - ‘ .

.‘ iﬁespondents purchased commercially prepared bread weekly (39% purchased

4

1 to .2 loaves per ‘week; 10% purchased 3 or more loaves per week); the

 other 50% purcha luten-free bread -monfhly (13% purchased 1 to 2
loaves per”-mo t.h; 36% purchésgd’B 01: mgre 1o‘aves per montﬁ). 'Thé most
popular commer 'a14 dry mixes wefe Celimix (65% of dry mix usex:s) and
'J\.1vela . (25%), wh cfx both contaihed wheat starch, 'Sigcteen‘ percent ‘of
the ‘r’esipond'ent‘s who made gluten-free yeas;t bread from a recipe use\d .
recipes that‘ included xanthan gufn as a glujen replacemer}t.v

‘Wheat ,b.read was also< sub’stitugted with other‘prodﬁcts‘%.‘.by 88% of f.ﬁe
surveyA respondents. Amocng the '107  respondents ‘whrol ‘-médé bread

‘,substitutions, 68% used rice crackers, 69% uosed f»rice cakes aﬁd 36%
substituted pé}:atoés. Cooked rice (13%), muffins z;nd quickbreads

(10%), as well as cereals (8%) were also used a_ts‘_ bread substitutes.
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The need for toasting: gluten-free yeast.bread,was evident as 80 of

the 88 respondents who regularly ate gluten-free bread reported eatlng
gluten free bread toasted. Although more than half of the survey
participants (59%) ate gluten—free bread as,sandW1ches. the sandw1ch

bread was often.toasted Only 11 1nd1V1duals ate gluten(;ree bread

_plain{ Some respondents commented that plaln gluten—free yeast bread

tasted awful, crumbled and was hard to digest. Suggestions offered by

the respondents for improving th palatability of gluten—fnee bread

"were grilling and microwave cogking the bread and making french toast,

cinnamon.buns and breadcrumbs rom the bread or dough.

Frozen storage was the most popular method of storing gluten—free

bread (for 91% of the respondents who'regularly consumed gluten—free

yeast bread)] The length of time for freezer storage ofagluten—free

bread varied from one to three weeks (25%), one to two mogths  (42%) to
v X _

' o&er'three months (26%). Another 35% of the .respondents who regularly
consumed yeast bread, stored gluten—-free bread in the refrigerator for.

* periods of np to two weeks (61% of these individuals stored breads for

1 to 3 days, 87% indicated bread storage for 7 to 10 days and 3% stored

‘*breads for 2 weeks). RoothemperatureAstorage for periods of 2 to 4

days wasfused by‘only 6 respondents. Plastic bags were the jnost common

storage container (86% of rggular bread tonsumers), followed by plastic

’ wrap (18%) and aluminum £dil (2%).

Forty-three percert of the cellac respondents were satisfied with
Q

the available gluten—free yeast breads, 42% Yere not satisfied, and 10%
N )

" were undecided. Many problems with gluten—free breads were noted. by

>
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both satisfied and dissatisfied respondents. Table II.2 lists

’ respondent volunteered problems in order of frequency.- The major

o



) . )
difficulties encountered in gluten-free breads were the crumbliness,

45

L7

poor flavor and dryness.t Bell et al. (1981) also reported that 'the -

gluten-free baking mixes, baked bread and cookies produéed by several

firms were often.tasteless,.crumbled éagily and became stale quickly,

Forty-three percent of the respondents were  satisfiéd with the

available gluten-free yeast -breads. Paulus (J)986) reported that

“individuals requiring a special diet adapt themselves to specific

‘nutritional necessities and are more inclined to accept products of
lower sensory quality. However, in the presentfstudy almost all of the

o S S ) . : i
‘ respondenqt:(94%) indicated a willingness to try a new product. Thus,

there appears to be a need and a potential market for a new gluten-free

yeast bread.

Aécording to the celiac‘respdndenté, the most importapt guélity
charﬁcteristics desired in gluten-free yeast bread were flavor (ranked
the most important by 51% of the respondents) and texture (ranked the
se;oﬁd MOst;impprtant by 42% of the respondeqts).’ These attributes

were followed by concerns about odor, »visual ' characteristics,

shelf—life,' price, nutrition and availébility. Martinsen and

McCollough (1977) and Rognerud et al. (1983) also reported that flavor

or taste was the most important quality factor consumers considered
: _ . .

when selecting wheat bread. 1In a:survey of 600 Sacramento residents,

Schutz et al. (1986) found that the importance ratings for sensofy'

-

attributes of 15 fbods, including bread, were far higher than'thosg df

price or nutrition.



f;blg I1.2 - Problems‘cited for gluten-free yeast breads by vteliac

survey participants - ’

PROBLEM B NéBER OF RESPONDENTS
‘Crumbles*easily“ N 49
Lacks flavax/poor flavor 25
Dry . 16
Heavy/pdbf\texture S 13¢
Stales/mol&E*qpickly _ . o " 11

. Impossible to make a sandwich ot 9
Sticks to.wrapper 9
Must be toasted 8-
Too expensive 4 .
Big air holes 4
Unreliable availability 4
Hard to slice , 3
Iriconsistent product 2




Hospital surwey‘

) .Response and demographics. - Fifteen of £he 20 questionnaires
mailed to hospiial dietary departments were returned, representing a
.75%Aresponse rate, However, two ofvthe hospitals that resﬁénded could
not compiete the questionnaire since they had never had the opportunity
to use glﬁten-free bread products. . Thus, the ;esults presented are

-

based on the information provided by 13 hospitgls.‘

The hospital questionnaires were completed by hospital dietary

-

department " dieti;iané (8), directors (3), coordimators (1) ror’

supervisors (1). The size of the hospitals ranged from 30 beds to 1000
beds; 8‘hospitals had 125 beds or less and thé"femaining 5 had more

than 125 beds.

3

Gluten-free diet recommendations. Diet recommendations were made

’

to patients requiring a gluten-free diet by 11 of the 13 hospitals, and

all 11 hospitals provided pamphlets and diet sheets for- the patiénts.
The majority of hospitals (10) used somé.form of the gluten-free diet
pamphlet, prépared by the Edmonggn Hospitals Diet Therapy Committee and
distributed by the Univensity of Alberta Hospiﬁals, for counselling and
distripution to patients. The pamphlet is a comprehensive guide to the
gluten-free diet which dgscribes the diet, defines gluten, instructs
patients to read labels,‘.lists fobd ingredients to avoid, ‘provides
names of some flours which may be used as a suBstitute for wheat flour
in reCiﬁes,;lists fhe foods:récommendedv;nd foods to avoid in 14 food

categories and provides some recipes. A number of notes, 'such as

warnings to patients that wheat starch contains some gluten and may not

be tolerated by all celiacs, that oats should be avoided in the diet

initially and that some common medications may contain gluten, are also
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included in the pamphlet. Two hospitals also ‘provided additional
gluten-free recipes to patients. Two other hospitals provided ,a
”gluten—free products list while one hospital suéplied patients  with
information and applieation forms for the Edmonton Celiac Association.
Since ghe acceptance of a ‘gluten-free diet- bgr—;étients is largely
conditioned by the initial explanation of the need fpr the diet and its
implications in practical terms (Cooke and Holmes, 1984), the”'diet
recommendations made by dietitians mugt be accurate, thorough and
complete. Organizations like the Edmonton Celiac Association provide
another source ofiinformation, recipes, comfort and support for celiacs
which shog}d be made.known to newly diagnosea éeliacs.

Gluten-free yeast bread. Three of the 13 hqspitals listed

gluten-free breads on the hospital menu daily. Nine hospitals never

ihcluded gluten-free bread on the ménu, but .6 hospitals

48

would - provide gldten-free bread daily at all meals if a patient ,

\

required it. Commercially prepared gluten-free bread was used by 46%
of the hospitals (Woodward's brown rice bread and a Co-op bread), while

- 15% used commerical dry mixes (Celimix and Juvela) and 31% of the

hospitals made gluten—-free bread from recipes. Hospitals purchasing .

.commerically'prepared gluten-free bread eithef procured from 1 to 6
loaves per month or purchased the-gread when a patient required it.

Seventy-seven percent of the hospitals substituted other broducts
for wheat bread.on the menu for patients requiring a gluten-free diet.
Replacement’ products . included muffins/cookies/  quickbreads (10
hospifals), potatoes (9), rice cakes (5), rice crackers (2),,rice (2)
and cereals (1).

In hospitals, giuten-free bread was served plain (10 hospitals),



toasted (10) and as a sandwich (7). Gluten-free bread was stored in
the freezer by 9 hospital; for periods of 1 Eo 3 months, One hospital
reported refrigerating gluten-free bread for one week while another
hospital stored gluten-free breéd at room temperature for two days.
Plastic bags were the most common s;orage-cbntainer'fér glﬁgga;free
bread (5 hospitals). The use of plastic wrap and plastic wrap plus a
plastic bag were also reported?; ?

Five of the hospitals wereA satisfied with the available
gluten-free breads;- while 4? were not.  Problems identified in
gluten-free yeast breads by dﬁtary personnel were similar to those
listed  earlier by celiacgf These problems included dryness,
crumbliness, a heavy and coar;eb texture, an inconsistent product,
poor'availability, quick staling and that gluten-free bread required
toasting for desirable‘quality. ’ Only one hospital reported patient

complaints about the gluten-free breads served, and the complaints

included the dry,.crumbly and heavy texture of the breads. Eighty-five

percent of the hospitals indicated a willingness to try a new

gluten-free bread if it became.available, suggesting a potential market
for a new product.

The most important quality characteristics desired in gluten-free
yeast bread by the hospital dietary personnel, were an acceptable

texture (ranked the most important by 5 of the hospitals), desirable

flavor (ranked the second most important by 4 of the hospitals) and

satisfactory visu;T characteristics (ranked the third most.important by
4 of the hospitals). Odor, price and shelf life were also considered

-important quality attributes of gluten-free breads.
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coMLUSIONS

b -
The gluten-freﬁg?diet presents. a number of challenges and

difficulties ’for individua?gwwaho m&st adheye to ﬁhe diet, fhese
challenges include the necessity for appropriate food selection when
eating out, the limited variety of gluten-freg foods available, the
time required for reading ;ll food labels, the planning and.preparation
" of gluten-free meals. ‘_The fact that the gluten-free diet must be
followedvfor a lifetime makes the challenge all the méreldifficult.

~ommercially prepared gluten-free breads are used most frequently

By ce -acs and h6spital dietary departments. Commercially prepared
; ’\"

gluten-fred breads are mor ar than dry mixes or fecipes for home

use. However, only two b of commercially prepared b;eads are
. being used by the majority of locai celiac consumers.

Presently, many gluten-free breads are being consumed 'toastéq,
Jusually to improve the flavor and the texture, and to make the breads
more palatable, A gluten-free yeast bread that cculd b? eaten plain
and used to make sandwiches, would be a welcome addition to™the breéds
-currently availahle, |

Althéugh.many celiacs and hospital dietary personnel serving a

‘gluten—free diet are satisfied with the gluten-free yeast breads that

are available, there are numerous problems with these products which

must be overcome. These problems include crumbliness, dryness and poor
flavor of the gluten-free breads. Thus, the need for a quality
gluten-free yeast bread, that more closely resembles wheatAflou:'yeast

bread, is obvious.
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. - III. The Development of  :. -
R Standardized Formulations for.
4 .

Rice Flour Yeast Bread Production-

e * INTRODUCTION
- .. ‘
. ) — ,‘ : :
A gluten—free yeast bread comparable tb wheat flour yeast bread is

essential for individuals who cannot tolerate wheat flour. However,
o b%j\,;;‘z"‘f,. .
the  manufacture of bread without gluten‘ ‘presents ' co}lsi"défab-le

dlfflculty (Kulp et al. , 1974) Mcheer (1967) roted that wheat starch

bread was qulte sensitive to ingredient. proportions and that accurate

. measurement of 1ngred1ents was 1mportant. - Strict adherence to the
- > . . B % o -
water }equif.ements .of a wheat starch batter was imperative for the

p.roduc,t‘ion\of good quality bread (Ranhotra et al., .‘1575) . Sinc'e’_a

wheat starch bredd system .was very sensitive to baking and prpofing
, ’ o .o : ‘ FN.

conditions, ‘the results were difficdlt to reproduce (Bradley, 1972)‘;

) PR . L . C %
In rice flour 'yM breads - the 'proportion‘ of rice flour,

methylcellulose and water was cr1t1cal (Niehita, ‘ 1977) as was the'

k{ermentatlon t1me arid the..proofed dough struct}‘f@\{}l\llshlta, 1973)

E

Var1eta1 dlfferenCes 1n rlce can, affect the baklng quality of rlce
flourﬁ.. Com,p051t‘1onal dlffere/;lées in rice can influence the -

viscometric properties, starch gelatinization temperatures and the rate

‘and amount’ 'o‘f water ‘absorption of rice flours (Deobald, 19‘72.)1, Rice

flou‘r patticle siée affected water absorption and the overall chayrvact_er
. . " . . ) N ;
of the resultant bread (Nishita, 1984)., Thus, one brand or type of

‘riee flour often cannot be replaced with another. ; S
. / T ‘ .
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associated with white -bread. Flavor and texture were the most

- Nishita's formula‘that'would allow for recipe repiicationaand improne
the flavor and/or texture of the rice bread would be advantageous.

The obJectlve of this 1nvest1gat10n was to develop a rellable,
reproducrble standard formulatlon for the productldn of rice flour

yeast breads, which could be utilized in future research. lehlta s
(1977) rice bread formula was adapted to permit the use of locally

available rice flours, from different sourges, and to incorporate

techniques which could improve the flavor and texture of the resultant

rice breads. = B
| MATERTALS AND METHODS

. A D PP . : s
. The_}ngredlentgeused in the rice bread formulatjons were: white

AN

. rice. flours, A, ﬁaint& Foods (medium grain/finely ground) B"Ener-G

Foods (medium grain/coarsely ground) . and C, wOodward' (long gralﬁ/
finely . ground), potato. starch (Casco Potato Flour) Canada Starch Co.;
hydroxypropylmethylcellulose (Methocel K4M) Dow Chemlcal Cgi, lodlzed
table salt (Wlndsor), Canadlan Salt Co.; granulated sugar, Alberta
JSugar, Co.; loanola o0il, >Canbra Foods; 'and act;ve dry yeast

L f(F}eisthmann'edFast‘Rising), Standard Brands Canada Ltd. E DlStllled

AP

_vater‘wasbthe liquidrfor all breadsﬁ
XL '

;%‘Rice £ our-and potato  starch analysis j,_ e

S o : A R . L
TN Co S S

Bl 1ume and grain characteristics, but lacked the flavor and ‘texture

) y _ . "' . : ‘ . ) . o . .
« important’ quality attributes desired in guten—free bread by .consumers:

. A@ - » ——e - e S ‘ B e )

. . . . . - ) N ‘
. Nishita's (1973) ridk ‘bread somewhat<\?esgmb1ed whéat bread in -

and hospital ‘dietary personnel. (Chapter 1II). Thus, adaptations to

g

LIS

(- R _/.\ . » N . . - . e
The three. rice flours and the,potato(§§£rchﬁwere analyzed for



percent moisture, protein and;lipid*by standard AOAC (1980) methods

14,003, 14.026 and 14,019, respectively.
Gelatinization temperatuées and pasting characteristics of the’

rice flours and potato. starch were determinéd with a Brabender

‘amylograph. Complete amyiograms{were.Obtained by using the method of

Halick and Kelly (1959), as modified by Julisho et al. (1985). - Tén

percent slurries were utilized for the rice flours and 5% slurries for
[ ' : . :

~

~ the potato ‘starch Amylograph gelatlnlzatlon‘ te&&eratures were

detErmlned by the method of Juliano et al. (1985), u51ngMZD% slurries,
Gelatinization temperatures ‘were also determined by'observing the

N e .
swelling:of the rice and potato starch granules microscopically. Thin

‘slurries of each sample were placed on glass slides and hg%ted on &

»

‘Baking o u d g

o

Mettler FP5/FP52 melting‘ point apparatus and ,yiewed on a Zefss

te -

microscope.
R

?he“rice“bread formula and procedure (Niehita,V1977) was employed'

B 4 . N : AT

-and - subsequently -adapted using ‘Flouf“ C  (Woodward's). The adapted '

formulat%Sn was standardized and modified for. use w1th Floirs B and A,
(Ener=G and Dalnty, respectlvely) : »__" e s jfi:f -

Rice bread doughs were prepared using a 10- speed Hobart Kltchenflj{
mixer: (Model KASSS) equlpped w1th~a 4 5 qt stalnless ‘steel bowl (K45)

and whip attachment, Both the flat paddle and dough hook attachments

were tested. The whlp was seIected because it enhanced air 1ncorpora—

~

tion 1nto the dough and produced breads w1th large volumes.,-

_ A Cres-Cor SCrescent Metal. Products Inc., Cleveland Ohio)
i ¢ ' : R :
proofing cabinet (30°C, 95% humidity) wae used io proof the doughs (let

e
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v , . ﬁ
them rise). Th¥ cabinet was altered to ensure a constant internal

v
¥

temperature and humidity. - The large 51ngle door was reconstructgd into
3 separate doors, each with “a locking handle. The three 1nd13adual
doors on -the prooflng cablnet facilltated placement or rem&val\ of

\

.51ngle pans of dough, w1thout lowerlng the cablnet 1nternal tempera- -

' to proof the rice breads. Two copper constantan thermocouples mea red

" ! ' ' o
the teimperature of the cabinet at each of the shelves. The tempera-

*tures'ranged from 30°C at the top and middle sgelves to 31.5°C~at the

9-hour period. Initially, to attain a temperature of 30°C, the water -

ture. A small ‘hole was drllled into the middle at, the: back of the
¢

. cabinet to allow insertion of six thermocouples 1nto the cablnet. The

v L3

thermocouples were attached to a Honeywell recording potent;ometer to

‘monitor the temperature within tHe proofing cabinet. Only the upperv

1

half of the cabinet, partitioned with three metalashelves, waszutll zed 5.

¢

bottom shelf. Temperatures were maintained, within 2°C, throughout, a

" reservoir in the proofer was fllled and the temperature dial (lO

; each_sheli. s o o oo _ : . shiy

'settlngs) was‘set;to 8- When a temperature of 28°C 30 °Cwas reached

the cablnet temperature d1al was turned dOWn to a setting of 7 5.

ER

Durlng“bread produotlon, one pan}of dough ‘was proofed on the center of

‘
e,

v
«

Rice breads were individually baked in one of three household

ovens (Kenmore, Mark 3),. Each bread was placed in the middle of .a rack:

poSitioned‘in the center of the'oven: -The oven and proofing Cabinet o

shelves -used for each loaf of bread were - randomlzed u31ng a 3x3 Graeco

latin square des1gn (Box et al -1978), by randomizing rows and

columns. . e

After baking, breads»were cooled on racks for 15 minutes at room{QF

B .



T

teﬁperature (23°C), removed from the pans and cooled for arr additional

hour. Then, bread weights and volumes were recorded. Bread volume' was

A

' determined by rapeseed displacemént.using a Natiopal Loaf Volumeter

(National Mfg.. Co., Lincoln, Nebraska), . Breads were placed in thé :

volumeter right—éide up, unless the boﬁtom surface of the loaf had a

Iargg_indentétion, in which case the loaf of bread was placed in the

‘volumeter upside-down. Cooled breads were wrapped in blastic'wrap,
labelled,. put into plastic bags and frozen :(-29°C), =~ A bench top
sensory evaluation of the appearance, flavor and texture of some of the

rice breads, fresh or frozen and thawed, was condicted by the’

' researcher”and/or members of the Department of Foods and Nutrition.

Consumer panel evaluation

Breads pqepafed f:omfégch of the three rice flours kA,‘B and c),

2.

57

using the standard fonﬁ%lgtions, were _evaluated by a consumer panel.

Y %

 Thirty-two members of‘the?EdmontbnfCeIiac Association (20 celiacs and

12 non-celiacs) participated in the cosumer panel pre-test. Each -

participant evaluated three bread, samples (a slice from each rice flour
. . » A
bread) for aroma, appearance, firmness, moistness, flavor and-ovefall

acceptability. The characteristics were scored on a 6-point category

scale where 6 represented a very desirable aroma, appearance or flavor *
N - - N : ) -

and a very soft, very moist or very acceptable sample. A score of 1

represented a very undesirable aroma,. appearance or flavor and a very
; ) T L ) . .

firm, very dry or very unaccéptable sample. The ballot is shown ,in

Appendix 7. . : ' o
ppen < ‘ . i . : N

s

The results of the consumer pre-test were‘tabulated‘and'meansl

‘ -
calculated over all of the participants. Y
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. RESULTS AND DISCUSSION ™.
X . Al SR
Y. * «»?‘
Jg vy
Rice flour and potato starch analysis A S

) /
’ - ",4? e % * ‘
The percentages of fat, moisture and protein for each of the three

rice flours' (Table III.l) tended to be similar. Flour A had a slightly

higher percentage of protein; Flour B was slightly higher in moisture

than the other two flours. The percentages of fat and ‘protein in
.potato starch (Table III.1) were lower and the percentage of moisture
was higher than .those in the rice flours. Composition differences in

rice, can influence the viscometric properties and gelatinization

‘temperatures of rice flours (Nishita'et,al.;‘1976£ Luh and Liu, 1980) .

which can, in turn, affect the flour baking properties., Thus, flour

differeﬁces- should be .identified and related to the production of

acceptable rice -yeast bréads-'

The amylograph gelatlnlzatlon temperatures of the rice flours

(Table III. 2) dlffered ‘Both Flours A and B,»(medlum’graln) had lower
gelatinization temperatures (64.5°C and 65.0°C, reSpectively) than
Flour C, tﬁe long grain rice flour (72.5°C). Rice flour gelatinization
‘temperatures obtained by granule swelllng (Table III 2) were slightly
hlgher than those obtalned for comparable flours using the amylograph
The potato ‘starch gelatinlzation temperatures (Table - III.2) were

1dent1ca1 and lower §s€n that determined for any of the rice flours.
Granule swelllng can be used as a orlterla of gelatlnlqatlon for
very- small granules, or those showing weak birefringence (Zobel, 1984).

rlce starch granules Halick et al, (1960) took the'gelatini~

perature of 20 r1ce varletles as the temperature obtained
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Table III.1 - Composition of rice flours and potato starch
% FAT % MOISTURE % PROTEIN :
Flour A Sl 10.84 67 T
: . » . l N
) . . b {x
Flour B . 0.9 12.80 5.9 : \k¥$
: . _
Flour C 0.8 10.82 6.2 .
Potato Starch® -  0.03 13.84 > 0.06
& Casco potatdaflour, Canada Starch Company —
‘Table ITI.2 - Gelatinization temperatures and pasting characteristics
of rice flours and potato starch
GRAIN GELATINIZATION TEMP, VISCOSITY (BU)
LENGTH  AMYLOGRAPH  GRANULE PEAK  COOL SETBACK
. (°C) - SWELLING to
©o(°0) . 50°C _ '
Rice Flbur A  Medium 645 66, - 960 840  ~-120
Rice Flour B, * Medium - 65.0 ° 66 840 - 720  -120
Rlce Flour C . Long 1 72:5 . 74 900 970 - 70 o

‘Potato starch 61.0 61 1420 560  -860

\



7Whén tﬁe individual_granhles had swollen to the burstiﬁg point. The
gelatinization temperature obtained in,thi§,m§nner correlated highly
and significantly (r=0.955) with the amyloéraph determination of.

gelatinizaglon temperature (ﬁ;liék et al., 1960).

| q}lling metﬁods<cén also affect the‘gélatinization temperature,
since the amount 6f starch damage will différ (Bean, 1986). In the

Ay

present study, however, the gelatinization temperatures of the fine

- (Flour A) and coarse (Flour B) medium grain rice flours wer» very

similar.

According to the ¢la§sification system éf Nishita and Bean (1979)
and amylograph gelafinization tempefatures, ~ri§e Flour A had a low
(<65°C), Flour B an intermediate (65°C - 70°C) and Flour C a high
gelatinization‘temperéture (>70°C)€ T&pically, long grainlrice has a
-higher gelatinization temperatﬁre than mediﬁﬁ grain rice (Halick and
Kelly, 1959; Nishita and Bean, 1979) and Flour C, ﬁrom long grainurice,
foilowed that pattern. ,Usiﬁg the granule swelling gelatinization
temperatures, both medium grain flours (A and B) had identical inter;

mediate gelatinization temperatures. Flour C had a high gelatinization

. temperature. On the basis of granule swelling gelatinazation

temperatﬁres, only the classification of Flour A differed from thét
datermined ﬁsing the amylogra h.. Halick et al. (i960) suggested that
the amylograph determination provided~more accuracy ghan the granule
swellingvprbcedure.

| Starch geiatinization'is one of the most chafacteristic processes
occurring during bread baking (Jongh et al., 19683. ngéd products set

(gelatinize) or reach a temperature at which the dough can no longer

60
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expand under the gas pressure generated by the increasing temperaturé”
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(Hoseney, 1986). Wheat starch reaches'its gelat&nizétion temperature
ap' about 53°C; rice starch gelatiﬁizes at' a bigher témperature
(Hoseney, 1986).  Thus, ‘rice . flour doughs .must att@?n a - higher
temperature, during baking, than wheat flour doughs. befére they set.
‘Sincé rice flour dough is glhten-free; starch gelgtinizétion is even
more importaht to thé structural developmént of riéé bread than itlis
ﬁd‘wheat-bread.i |

Table III.2 presents the pasting chéracteristics of the three rice
flours_and potato starch. Flour B had.the lowegt peak viscosity and
cooied biscosity. Flour C (long grhin.rice) had an intérmediéte peak
viscdsity; the highest cooled viscosity and a high setbacﬁiviacosity.
.Deobald (1972) noted that long grain rice usually has a relatively low
peak viscosity ahd forms a rigid gel on cooling; producing a high
setback‘viSCOsity.l The setback is mainly due to'retrogradation of thé

linear amylose chains (sanderson, 1981). In contrast, short or medium

‘grain rice starches usually have high peak and low setback

viscosities. Potato starchthad<a very high peak viscosity, much higher .

_ : : B N . 4
than that of the rice gqounéh but it also showed a very low setback.

Sanderson (1981) and Zobel (1984) also reported that potato starch

granules had high peak viscosities and readily disintegrated with an

accompanyingg loss in viscosity.
Y .

‘Formula agaptations

v

§ ' -
Mitial attempts to duplicate Nishita's {1977) rice bread formula,

using locally purchased rice flour, were unsuccessful. The loaves were

“small and flat, did not ris€H§Bé;pg proofing or baking and had a dense,

gummy texture. _Ihcreagihg’tﬁelﬁaﬁér levels from 198 ml to 210 ml and.
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227 ml allowed the doughs to rise during proofihg, but the loaves

shrank in the oven and had low volumes. Thus, adaptations to the

formula were examined in preliminary Baking trials, in order to produce
a rice bread with optimum‘quality that could be replicated and adapted
for use with éther Fice flour varieties. Flour C (Woodward;s) was used
in the preliminary trials.
Inclusion of potato stargh.w'TWenty percent of thel)rice flour was
replaced with pétato starch. The addition of potato starch to rice
breads produced a good loaf volume, whitened and softened the crumb and
gave a mild, léés ricéy‘ flavor. Nishita (1973) reporﬁed that
replacemeﬂt-of 20%1of the rice flour in rice bread, by potato, tapioca
or wﬁeat‘starch, increased the resemblance‘beﬁween the rice bread and
conventional wheat bread. .'The starches improved .volume,. softened
texture, feduced gfaininess.and produced a more open cell structure
- (Nishita, 1973). | Nishita (1973) suggested that the tektural
improvement of breads with the potato or tapioca starches may have been
due to the ability of cooked dispefsions of either starch to remain as
a fluid sol rather than to gei on cooling. ~ Potato starch, when
éombined‘ with hydroxypropylmethylcel1ulose,- also produced a finer
structure énd' a better volume in sorghum breads when cOmpéred ﬁo
sorghum breads without potato starch (Hart'et~al., 1970)f
Rem#x method of dough preparation. The one-step method of dough
preparation of Nishita (1977) was replaced with a remix method similar
to that used by Ranhotra et.al. (1975) to produce wheat starch breads.

Table III.3 shows the effectéfﬁf the dough mixing method and proof time

on the volume of rice breads, The remix method incorporated - an .

additional mixing (5 min) and proofing period into bread preparation.

A
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Table III.3 - Effect of dough mixing method and proof time on rice
breadd volume

BAKING TRIAL MIXING METH&BﬂET;'PROOF TIME VOLUME
: (MIN) (CC)
1 l-step 45 1116.7
2 remix 30/30b 1025.0
3 remix 30/50P 1280.0
4 , remix 30/60b 1685.0C

»

8 Woodward's Flour, 185 ml water, baked 40 min at %90°C
b First proof/second proof

€ Over-proofed, expanded excessively in oven and fell over
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In Trial 2; an initial‘ﬁovmin proof of the dough in the mixiﬁg bowl was
followed by a S,min mix. The dough was panned and proofed for a second
time (30 min). With this 36 min second proof, the bread volume was
lower than that produced with the one-step method (Trial 1). 1In Trial
3, ‘a 50 min second .proof prodﬁced rice breads with a good volume
(larger than the oﬁe—step loaf) and good lodf shape. A 60 min second
proof (frial 4) caused the dough to overproof in the prdofer and to
expand excessively and partially fall over in -the oven. Although the
volume of.the b;ead was high, the crumb had many large holes. A milder
rice flavor was noted in the remixed rice greads. Remixing eliminates '
waste prodﬁcts (Bénnioa¢~/1967), possibly by allowing for the
volatilization of some gases .and Offodbrs which, otherwise, would
remain in the bread dough. Tﬁus, both an additional mixing period and
additional proofing ﬁime were needed to produce breads acceptable in
Qolume, appea?ance and flavor; |
Nishita '(1973) noted no advantage to rice bread volume with a
remix method. However, her femix'meghod iﬁcorporated'only 60 sec of
mixing, which may have been insufficient to redisgribﬁte the gas and
yeast célls, and did not allow fof additional proofing ﬁime. Nishit;
(1973) foﬁﬁd that rice flour doughs had to be proofed to just less than
‘the ma#imum height so that during oven spring, the dough reached its
maximum height just as the staréh started to gel and set.. Remixing

,non—ﬁhgat flof® doughs for 5 min before the final proof produced breads

g%fth a finer crumb texture and a more tender crumb than similar breads
without a remix (Kim and De Ruiter, 1968). However, contrary to the
present study, Kim and De ‘Ruiter (1968) reported that extending the

final prdofvof non-wheat flour doughs did not increage volume. In

I ' . } o
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addition, gas cells wlth&n the dégéh coalesced and produced a bread

7
L

.
with a coarse, f1rm crumb Wwith thick gell walls (Kim and De Ruiter,

1968) .

Yeast addition. In this study, four grams of the total sugar wexe

dissolved in the warm, yeast pre-soak water, prior to yeast addit#oh.

v

McGreer (1967) and Bolam (1983) also allowed the yeast to activate in a
\3sugar-water solution. Kim and Qe Ruifg% (1968) suggested that rapid

-gas production was advantageous for gluten-free doughs. Rapid gas

\

. production reduced the time before baking and lowered the chance of
gas cells coalescing and escaping (Kim and DeRuiter, 1968).

" The effect on loaf volume of decreasing the yeast, in tﬁgﬂrice_' ;;:‘

L3

bread formulation was examined (Table III.4) in an attemptfto'lower th: .

CA b ©

-A . 13 J 4 ".
incidence of over-proofing and reduce rice bread yeasty-‘fiavor.‘_,4~‘¢

Reductions in yeast, from 7 g to 4 g, resulted in bre'ads~‘ivitb'f‘*”'low' -

volumes and strong rice flavors. The strong rice flavgrs werepless T
. + -'i) ) ‘-A‘

~acceptable than the yeasty flavor notes present 1n the rice bread w1%h

.,'s“

"7 g of yeast. No effect of decreased yeast level on crumB appearance&
. NS

was noted. Thus, the 7 g of yeast was retained in the formula,

Nishita (1973) suggested that excessive yeast action could produce
t.,
holes and large spaces in rice bread crumb. Sl

"Fat can retard yeast action by coating the cells. 1In the pre§%ﬁt f
formula the yeast was pre-mixed into the flour (15 sec) before the oil f

was poured into the batter.

Effect of water level. Table III.5 shows the decreésesin Flcuer
bread volume that resulted from a 15 ml water reductionl FoerloufYC
breads, 170 ml of water produced a satisfactory. volume ahd.a desirable

loaf shape. These breads arefshQQH-in Plate III.l1. The critical



Table. III.4 fvEffect.of yeast level on rice bread? volume

BAKING TRIAL o YEAST VOLUME
_ ’ (g) -~ (cc)
1 . S 1606.7
2 . 6 ‘ _1321,75
3 ¢ 5 153,38
i ! 4 : ; 1110.00

8 Woodward's Flour, 185 ml water, remix method, 30 min first
proof 50 mln second proof, baked 5 min at 230°C and 30 min at 180°C

by stronger rice flavor was noted in the breads with reduced yeast
levels . , .

@r 4

Table III.5 - Effect of water level on rice bread?® volume

—_ : -
'BAKING TRIAL - WATER, VOLUME
(ml) o (ce)
1 ! lBS . 1450,0b
| o _ ._
4 o
2 : 170 - 1123.3

7

8 Woodward's Flour, remig method, 30 min first proof, 50 min second
proof, baked 5 min at 215°C and 30 min at 180°C

b Loaf over- expanded in ovemn, resulting 1n a mushroom shaped 1oaf
with a large hole under the crust

&
- v

@
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‘nature of° the. water l‘e«Lel in non-wheat and starch breads has been

rraported »(Kl,m,, and De Rulter‘,' 11968; ,Kulpet al.'; 19745 Osman, 19753

¥

‘ Ranhotra et al.; 19755 J&hnson andy Penfield, 1976; Nishita et al.,
1976)
In rice breads, flour varletal dlfferences can result in dlfferent

R ,water absorption rates aﬂd make water addition ,to, rice bread doughs

difficult. All three flours- of the. present study had dlfferent water '
requirerxients lehlta et, al. (1976) observed ‘that 1nsuff1c1ent* water;'

1n rice breads produced stiff doughs that dld not " rlse, excesmve ﬁater
caused over expan51on durlng baklng Wthh resulte@' in large vo*kumed
’loaves contalnlng large holes and Weak crust. walls. .,Slm:llar resu.lts‘.
wére "obtained in the 'pr.esent researchi. , ] ‘ : “
» . v MR T

Effect of bdlnng temperature. "In' the preliminary trials, crust

flssu'r:mg or drack:mg was a magor problem ’Crust cracking 'was’
P detrn_mental to r:.ce bread appearance “and qUal:.ty as well as to volume %
.measurement repllcablllty To prevent top crust cracklng, oven‘

temperat'ure'-'comblna»tlons of: 1) 205°C “for. 10~20 min followed by 177°C

4 - 191 C for _,15 4'3 m:Ln (Pearson, 1960 McGreer, 1967), and 2) ‘“’l77°C for
| 5 min followed’@by 255°C - 268°C for 25 mln (Sorenson 1970 Johnson and
Pen‘sf:Leldr-' 1976) were. ‘evaluated . When \bread baklng began in a, cool"
'\ov'en 'cracksi vekre producedl almost: 1mmed1ate1y afters the loaf was put in

the oven. The exter?ded\ baklﬁg wat a hlgh temperature also caused a

blackened. crust If the water level <proo‘f tdme were opt1ma1

*

baklng the r1ce breads at - 215 C for 5 min, followed by 40 mifi a,t 180 C,,

allowed for the agelatmlzatlon and settlng of the ricg breads }~a.nd°-"

e
PN

' prevented the rice breads from cracklhg The effects of baklng

£ B .
| “

temperature on, r:Lce breads are sho\m in Plate III 2 A
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Plate IT1. 1 - Effect of water on Flour C rice breads. o o
: ‘ . The: bread on the left was prepared with 170 ml water and
the bread on the right was prepared‘ wit:h 185 ml water..

while tﬁe lpaf on the right was baked at 21800 (5 min) ‘
and. 177° c, (30 min). ) ‘g



Table III.6 - Standa:d’rice.bread formula

- 69

INGREDIENTSP . WEIGHT (g)- % FLOUR WEIGHT
“
T o
Rice Flour 182 80.2
Potato Starch 45 19.8 !
Salt’ ) N 2.6
Sugar, granulated w24 10.6
Yeast 7 © 3.1
0il - . | - 13 5.7
Hydrdxypropylmethylcellu%pse 7. 3.1
’ ’ 74.9

Water©

.

170

b See 'the method for brand names

€ Flour C (Woodward's)

a Adapted from Nishita, 1977 -

[

For Flour A (Dainty Foods) use 205 g water

+ For Flour B (Ener-G Foods)

use 163. g

»

water

o

i

~




. Standard formulation

F .

The standard rice bread formula for .Flour C is shown in Table
III.6. The preparation procedure‘ is as follows: ' - -

1. Dlssolve 4 g sugar 1n 50 ml warm water (43°C). Stir in yeast and
_soak for 10 min. '

2, Mix rice- flour, potato flour, salt, remamlng‘ sugar (20 g) and
» methylcellulose at speed 1 (Hobart KltchenAld Model K4585) for 2
~ min, ,using the wh1p beater attachme
{ L ' ”
3, Add yeast m;xture and remalnmg water (40°C) and mix at speed 2
for 15 sec. A ‘ . R

70

e

4, ‘Add 01lfand mix at speed 4 for 15 sec, followed b) 2.5 m!.& "‘ .

speed 6 .
. P Y - E
5. Scrape the 51des of bowl and mix at speed 6

k 2.5 min.

6.  Scrape 51des of bowl pushlng dough to the bottom of the bowl and
proof dough in bowl for: 30 mln in proofing cabinet (30°C/95%
~ humidity). :

. - '
7. Remix dough at spee ed 6 for 5 min.

< 8, Place 400 Qough in a greased pan (18:7 cm % 9.2 cm x 5 7 cm)

‘deing metal & rubber spatul@s Press dough into the pan corneﬁ,

and sides, elimin
using an-oiled rub
" the edges of the
sides, rounding the:t

ing air pockets and flattening the top surface,

‘'spatula. Using the same oiled spatula, push
h towards the ‘center, away from the pan

dges of the dough ' S

9.  Proof panned dough for min (30° C/95% hum1d1ty) ‘

10.  Bake in’ preheated oven '’ (215°C) for 5 min. Lower the oven
temperature 180°C and continue baking the bread for 40
additional min. : - - C

11, Cool .the ﬂread’ at _room'.temperatur.e (23°C) for -15 min'., R_emove the'

- bread from the” pan. Cool bread ;on a rack for 1 hr before
packaging, ) - ~ . ‘

[ B e . =3 e s

o e - -
. . .

:  When the riee_‘flour“ doughs 'drewpanned, it is important that the -

Nl
D3 e

.;pan “and ,that’ all air

dough is 'pressed Qe'll into the bottom of";;}‘

spaces_ gre removed. Rounding ‘the top edgé ‘.‘o’ducedra" loaf of bread *



wi.th. a rounder top 'surface.‘ Nishita (1973) noted ‘the frequent
appeararice aof large err;pty spaces in the crumb structure.of rice breads
or an 1ndentatlon on the bottom of the loaves and suggested that the
holes could result frbm a1r entrapment ‘durlng dough transfer to the
pan, In the pfesent study, r_emovall of air spaces durlng pannlng

reduced large air holes in the crumb:of rice breads, however, the

a2

”

. b.'ottor‘n:\ surface indentation mentioned by Nishita (1973) was still

present m ndny rice breads. "+ # ;. - , - ‘ ‘_ a
- Replication. The standard rice bread forrgula was replicated twit:e.

(using all "prooferﬁhelf %nd ‘o_ven"‘"" combinations, 339 loai/ee'per r'ep‘)

'wj}th Flour C. A 3x3 graeco latin scju,arfe ‘design (Box et'al., 1978) wag

*’ﬁ used. ‘An‘alysis of "Variance * for «Lloa'f‘ volume was _co;npu e Iio
. ' * [ a - T "
-signific%effects were found for prdbfer shelf loven, . repllcaelo\n,
. v k & . \

‘order of bake or time.of day..of \,hke A.ngl'ysn,.s of variance data appear

in Appendlx 8y Bread vol%;nes ‘ranged. from 10-75.0 cc to 1172.9 cc with a

mean of 1125.1 cc. e . . Co \
4 » . N _‘

s . : ' X
-y NG e ) e
. . . . ) . 5. ;
o . . a ’ .
W . v :
’ .

- Ingredient and method modifications fér other rice flours L
& v T ':7"?‘;5@

The medlum graln Flour A requlred mOre water in the r1ce bread ~

‘A formulatlon (205 ml) than the long gra:Ln Flour Cc (170 ml) H‘okever,

Flour ‘B breads, 'from & medium grain rice with a gelatlnlzatlon

temperature 31m11ar to Flour A ('fahle III 2)‘ had the/‘)'lowest"(~163. ml)
’f water\{equlrement | Hallck and Kelly (1959) found- that med‘lum g"r-aih
-« rice varieties, with 1ow gelatlnlzat(’lon temperatures (64 5°C - 67 5°C)
/absorbed more water than the long.gram Tice types ‘ Flour B %o had s

N s
the hlghest percent m01sture (Table I»II l) and was, c.garsely ground

71

B 4

compared to t_he_ finely, ground E,l;o,ur-s A and‘C. . Both of these facters.

5 . -
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R A ) . .

may have reduced Flour B‘s rice bread water requirements.‘ The moere
coarsely ground rice. Flout B would also have less .damaged starch

¢ than the flnely ground Flou%s Aand C. Nishita (1973) suggested that

rice floun particles. Later, Nishita and Bean (1982) found that water

ac1ty was greater for fine rice flours than coarse rice

L

- Ylne flours hav1ng more damaged starcﬁ .
: A breads‘also needed a shorter second proof (40 min) tHan

Flour B and C breads, which required 50 min. ‘

: . o ’ : )
Consumer evaluation of the standard rice bread products *

Y

. o
&

given in Table III.7. Xll three breads were judged to be slightly

-

'acceptabie to acceptable‘ However, Flour- A and Flour B breads received

sllghtly hlgher overall abceptablllty scores than Flour C rice breads.

—
'-‘ 3 »
i

-5

- For appearance and flavor, the rice breadiprecelved scores of 4.0 to

- »
<

5.0 oqt of 6.0, 1nd1cat1ve .of sllghtly de31rable to des1rable

appearance~ and . flavor. .Rice bread qufes for aroma, firmness and -
;moistness-ranged from 3.2 to 4.9. The breads were sllghtly unde31rab1e'

to de51rable in aroma, flrmness and moistness. Floqt C breads recelved -

T

Data from S consumer evaluation of. the standard rice breads are.

72"

it

fine rice flour part:g&z::absorbed con51dexably more’ Water than coarse |

.

lower firmness, m01stness and flavor scores than Flour\A and B rice

breads. ' R . N Y A .

\ - . v .
a >
. . L

CONCLUSIONS

(53 . ' ’ T- *‘1‘ g > v

A ribe Lread formﬁla (Nishita, 1977) was adapted for use with

three dlfferent local ‘rice ,;lours. -xechnlques that’ 1mproved ‘the
appearance,* volamf,n graln flavor and reproduc1b111tyz of the

nu< * N O
. e
%, \

T
&

’ “ , e : o
Copes et S
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Table III.7 -

e S, . PN . B N
. Bre o - . s Lo
- - e e

kéﬁults of the consumer panel pre-test for standard
*4<rice flour breads? ,, - ' '

i

. CHARACTERISTICS > A - DAINTY B -~ ENER-G "c - WOODWARDS - . . . B

R

 AROMA.

APPEARANCE - |

e, 39t e 42

! ‘.'h - X,... . C a R J,:‘ . N
I O .

FIRMNESS 3.9 " T3
'MOISTNESS 5.9 - 40,
_— FLAVOR 426 ; 46
\Z‘ﬁ. OVERALL. 4.7 4.7 4.3
© ' ACCEPTABILITY ' -
» = : ¥
@ Averageé scores N=32 (aroma, agpearance,‘firmnessl S

.

it

Taes @
b MaXimum score is 6

N=31’(goistne

ss, flavor, overall acceptability)

20 were celiacs, 1 had a wheat alle#gy and 1l were

* on né);pecial diet \ : ,
198 ‘ — : E

. 2
]
il i -dfiiegiien. ;
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o A
~\*kpr00edure were 1ncorporated into the bread, formulatlon. The three rice
i d
flour doughs required ‘a remix method ‘of .preparation, tonAbaklng .

tempe:atures and specific water levels, proof .times and baking times.

Flowr A and B breads were more m01st ‘less firm, amg more acceptable in

flavor and overall acceptablllty than Flqur 'C breads.

L R T
_ 3’5 . . B B o " . e 4‘;'; -E};‘M""*& %‘éxb £ % o

Lo v " m‘“""‘f‘.ﬁ:-ﬁs:'?' T I kO 5 "\?—‘?N e ) ' ) !‘llj“*‘
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IV. The Application of,Response Surface Methodology
to- the Develbpment:gi Rice Flou;iYeast'Breads”~"
. o /,, ;\& e .
Ingredient Screeming Experiments

/. INTROBYCTION

<

Response surface methodology (RSM) may be used to determine an

*

optimal combination of gums and/or surfactants for gluten replscement

in gluten-free breads. At the initiation of RSM research,’screening

-experiments can be used to find the few effective variafles. from a .
. ) . ] - ) . . . , R ' R
large' number of potential wvariables '%h1Ch. may be affecting the oom
. ‘ % ) ¢
@

response(s) of interest (Watson, I96l). The obJectlve is to select
' gie"
_ those varlables which have an important effect on the response rather
. . C LY
than to examine the relationship between the variehles, “thetrr
o , S N .

interactions and the response (Mullen and Ennis, 1985). Ideally, the
]rsnumber'pf.variables can be reduced to the 2 or 3 most important ones -
E;and then RSM‘designs cah be utilized to studylthevrelationships between

the ﬁéy variables and the responses in more detaiLfﬁMullen»and Ennis,
: -

1985) . - t

. h L ? R . . .

'+ Two-level fractional factorial designs can be used in screening

,experiments to -locate the most important jverﬁables and the, levels

needed to optimize the res: Cof T

. '. . SN
" seven varlables a

t%e de51red i \*

fractional factor1a1 déggg.

b
information in fewér runsg. ~

BUR
: N Y _
Typically, one response is observed 1n scréenlng experlments In-

‘.

\bfeadmaklng,%

"volume is the 51mp1est most regroducxble



<&

‘ could be utilized for gluten-frees breads, and at whlch levels, is

quantitative parameterit eanly\all otherJQarameters are related

b, .

De Rulter (1968) used loaf volumes -as

(B

(Chung et al., 1973‘,}.,1;';&

the most important crii } for the baklng quallty of non—wheat flour
breads. Rice bread e was ®elated to the texture, graln and
overall appearance om bread with larger loaf volumes producing *the

best rice bread quality (leh1ta,-1973){\ Wheat bread loaf volume was a

\\\

reliable indicator of emulsifier effectiveness in breadmaking (Schuster
and Adams, 1984). Thus, lpaf_vblume may be an impertant and relevant
indicator for the determination of overall glutén—free'bread'quality.
Gums and surfactants; used as gluten replacements‘ for the
development of gluten-free yeast breads, haye included carboxymethyl-
. v
cellulose (CMC) (McGreer, 1967; Glic?sman et al., 1972; Kulp et al.
1974) hydroxypropylmethylcellulose (HPMC) (Sorenson '4570 Bradley, .
1972; ‘Glicksman ef al.:G?;;2; Nishita, 1977), xanthan gum/ﬂChrlstlanson
et al., 1974;'Kulp et al., l9l4;_Ranhotra et.aln, 1975; Bolam,‘l98§),
guar gum (Smith, 1971), sodium—stearoyl: 1aety1ate (SSL)ﬁ(Suith, 1974,
Kulp.'et aliﬂ: 1974),2 aﬂdf‘glycerol monostearate (GMS)  (Jongh et al.,
1968; Smith, l97ll. Although no one gum or surfactant Has proven to

be'an ideal gluthn-reblacement' a gum and/or surfactant COmbination may
- be moré effective than elther a single gum or surfactant (Knlghtly,
' ‘ i)
1968 Gllcksman 1969), However, research on ‘the use of blends of gums -

'*andfdr surfactdh 'E for™ the. production of gluten—free yeaét#breadsa§§ "nwg‘.d
!” w"‘~'}l

v
llmlted Thus, the determlnatlon of which' gums and/or surfactantsyﬁ

4

" .
¢

warranted ,‘ ' : \
)

Rlce flour is sultable for gluten-free yeast breads However, th

levels of gums and/or surfactants (variables) that are optlmum for one




hd v
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rice flour may differ for another rice flour, due to varietal and
H . & ' )

()

"% compositional differences among rice flours. .
4
-

In the present study, RSM screening experiments were conducted to

T
?

. determine which variables (gums, surfactants ané watef), ei;her!;ingly
or together, influenced the vélume -and 1;af_ shape of rice breads
sufficiently to merit further detailed study. The levels ®r range of
levels of these variables, to be used in future RSﬁ‘exgeriments, were

also determined. _ S
MATERIALS AND METHODS ¥

Rice bread preparation

Sequential screening experiments were conducted independently for

each of the three rice flours (A, B and C) described in.Chapter III.
Rice breads were .pfepared from the standardized formulatioms and #

ingredients (Chapter III),' and were frozen §729°C) 23 hr after

"

baking.

— -

Varlables and their levels

A total ef seven Jgrlables, CMC. (ce11u¢ose gum Hercules Inc.),
HPMC (Methocel K4M, Doﬂ,ﬁhemlcal Co ), xanthan gum (Keltrol, Merck and
'Co‘., Inca)i guar gum - -(FG 60-70, Hercules Inc.), SSL° (TOp—Scor 3,
Breddo), tus (GMS-90, Breddo) and water, were altered in the screéning
experiment;.“&he gums and\surchtants weée 'in a dr&, powdered form &
‘except for the GMS, which was a hydréted (77% water) prqQduct. The’

RY

", actual level of-GMS-90 used, was adjusted to compensdte for-the water y

.content of the hydrate.

¢ 1 [ ] . R o ) , , v

)
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In: the present study the four gums and two surfactants, which

-~ TN

replaceﬁ the 7&g- of HPMC, were- in‘cOrporated‘into the standard:rice:

bread formulatlons (Chapter III) w1th the dry 1ngred1ents The actual

varlable levels utlllzed in the screenlng expea;ments were rOunded and

\

‘ welghed_to two decimal points. Spec1flc waTer levels were 1ncorporated
so thatISOdml_water was used to hydrate the\yeast and the. remainder was

»?added;tp the dry.ingredients; alongwwith thevhydrated yeast mixture

S  §
(Chapter III). - - -

~

determlned by cons1d§r1ng’ past research previous baklng trials,
\ﬁanadlan Food and Drug Regulatrpns and the exper1menta1 design.
Prev1ousA1evels of gums used singly were too high to be usedlln\ahbiend
of all six'gumspand surfactants. A_leveI of 7 ;-HTMC,‘the optimum

level of HPMC'in Nishita's (1977) formiila, was taﬁgn as‘the'initial

“maximum HPMC Level,'rather than the'ideal (center\fofnt) level, because

AN

-

addltlonaﬁ\gums and emuls1f1ers mlght enhance HPMC effects : The ratio.

of 5 parts of HPMC to 3 parts CMC for wheat starch bread (Gllcksman et

Al

al,, 1972) was also considered : Canadian Food” and Drug Regulations for

SSL.- in bread permlt a maximum of 3750 ppm of flour or O 375%¢flour wt

(The Food and Drugs Act - and Regulatl%:s, 67-24A, Item s.l, 1981) The

max1mum level of use .for the other varlables is 'Good Manufacturing
. < oo~ r .

~

i

d ’ . ’ . . ' :

’For-aicombination of gums and surfactants, the maximum level fouﬁd

in a gluten-frege yeast bread formulation .was 16r5 gv of gumg/and

surfactant "with 265 g of wheat starch or 6.2% flour wt (Smith, A971).
»

AN

con51dered approprlate for the present research

"y . !
o S "
¢ . K .

" Thefrange‘(maximum and minimum) of gum and surfactant levels was

& /
Pract;ce. (unstandardlzed foods) .. C o - #

Thus, a total gum/surfactant Ievel of approx1mate1y 16.5/-3 vas



AN

~Water levels in the standard bread formulations were too low to

'accdmmodate'the'tctal gum'levels uséd in the screening experiments.

~

Thus, water leVels were 1ncreased untll the very thlck and dry doughs
"

could be mixed. The largest gum level was usually pre tested w1th the

'hlghest wfter level to determlne 1f the dough could be ea31ly mixed.

¥

Generally, eaéh flowur: only requlred one pre- test’ fer water levels

- / a,

The initial water levels_forﬁﬁlour ¢, the flrst flour screened
were calculated.by settlng'the water level in tne‘standard formylation
kl?O ml) as(thezlpw vater 1evel.'—The'maximum water level'(208 ml)\was

;set at 85% of the'flodr andAgum weight ccmbined (244 g).. émith (1§;l)
> ’ s -

““added water to a wheat starch dough at the level of 85% of the weéight

of wheat 'starch plus the gum and surfactant levels combined. However,

in this research, the water level of Smlth (1971) was too low and.

resulted in an unmixable doughn) The water .was adjusted to 220 ml (90%

-

.gf fleurs plus'gum/surfactantht) and 244 (100% of flours plus gum/-

surfactant wt) for the low and ‘high water levels respectively.
The - 1n1t1al maximum and mlnumxn water levels for Flours A and B

were determlned by adjusting the Flour C ater levels to reflect the
! Ly - o 4 .
¢

waterldiﬁferences-in the standard 'formulations. for each flour. For

N
!

exampler/the standard formula for rice Flour A requiredWZOS ml water

: wﬁile that of Flour-C needed 170 ml. nSince Flour C initial water

levels were 220 and 244 ml to estimate the water levels for Flour A,

35 ml of water were added to both the initial high (279 ml) and low

(255 ml) levels

' Once the maximum and minimum 1evels for each of the varlables were

selected, the levels of the varlables utilized in each run or rlcew‘

_bread fOrmulation were determined in accordance with the requirements



of the experimental design'. In- some s'cr"een"ingr' trials, p.é‘rticular

variables ;vere déliﬁefately held ;gﬂxjxsfant. to evaluate the effectsf of

othér vériablés. |

“ l.iige bréq,d’ quality measur‘ements' '» . o . . | " (’
Rice brea‘d.qua\lity_yas detéfmined on the Basis of volume and loaf" |

sha;ie.' Bread vo}ume v}as m‘easuréd by '- raﬂpeé;eed displacement using a

i

National Loaf Volumeter (National Mfg. Co., Lincoln, Nebr_aska).‘ Three

volume #easurements were made per bread. - Genera% each bread was

placed in thé volumeter right-side up. If a loaf had a“large indentat- .

ion 13 ,i:‘he bottom surface, the bread was placed in the volumeter.

~upside-down. The five attributes of bread loaf shape were each scored
g ,

on -a ‘6—point ‘category ‘scale l:Jy the. re"se'eix:cher. Loaf éhépe .(m;aximum.b
score = 30) was the sum‘ ofvthe sc.ores.for' loaf symmetry, roundngassAof
loaf tép .surface, size of loaf top-side? vindentation,_ stravi-ghtne’ss “of »
loaf sides -and flaatness ‘of 1oa‘f botto'ni,sur-face“. ‘Ifhe:lo;f‘shape score-
cara isvshown in App,énvdix 9. Both volume and l,o-afk-shape meés‘uremeﬁég v
were madé on rice breads 75 r‘hin after b;king. , |

Bench top sensory evaluations were conducted on most of the rice

breads by the au_tho”ﬁa other members of the Department of Foods and

-

Nutritibn, University of Alberta. Rice breads were scored for crust’

color, crumb color, average cell size, cell size uniformity,- cell wall

thickness, a;"oma intensity, aroma desirability, firmness, moisthgss,
gumminess, flavor intensity, flavor desirability, aftertaste intemsity

and aftertaste desirability on an 8-point category scale (Appendix'lQ) .
Evaluations were made on a single slice ’(lA.25 cm thick) of thawed
: _bréad‘, eqﬁilibrated to room tempera‘f.ure (23'°,C!\)\\

“
[
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. . " ‘3" L} /
Experimental de’sign - ° . ’
4 C
‘A two- level fractional factor1al de51gn w%s used for preparlng

n

breads for each of the séreenlng tr1als The experlmental de51gn was a

"1/16 fr7ct10n of the full 27 (two level seven varlables) factorlal_

(Box et al.f 1978) .. The elght rice bread formulatlons (runs) of the

desigq are shown in Table IV.1l. The de51gn was of resolutlon 11 w1fh

no main effects confounded with ‘'any other main effect, but certain maln”
. ] " . . . - - )

© effects were confounded wfth-two-factor‘interactions (Box, 1963), The

confounding pattern for the mainr‘effects and the two-factor inter-

actions is given in Appendix 11. ‘The elght runs in ‘the design (Table

IV.1) were prepared 13 a random order. Oven order and proofer shelf

pb51t10n were also randomlzed according to a 3x3 Graecé/latln square

design (Box et al., 1978). As 'varlables ‘were eliminated during
. : i .
. 4 N

screening trials, only as many columns of the design as there were

-

variables, were used. = For the statistical'analyses, the two levels

(maximum and minimum) of eagh of the seven variables were coded as +1/

.
L}

and -1.

Statistical analysgs _ . : S
To estimate effects of variables on the respbnses (volume orﬂleaf

. ' ' ' ' ‘ 1y - :
shape), the design and response data were fitted tq a linear regression

model, »Regression equations were developed that included all the

"variables tested. AS variables were eliminated from the design, the

1 ) . . oo ;
. 3 (3 I3 3 ’ 3 ¢ 3
number of coefficients and variables in the regression equation was

also reduced. The size and "sign of the regressionj equation

‘ coeff1c1ﬂhts indicated variable 1mportance and suggested the direction

in whlch to change variables in order to improve the response. . A large

84



‘.s\

\

\

_Table IV.l - The eight-trun experimental design .
- 2R3 :

VARIABLESA ”
* RUN 'i xlf ’ X, X, X, X, Xy X,
—- . i
1 -1b -1 -1 +1 +1 +1 -1
2 +1c “lg -1 -1 -1 +1 el
3 -1 C+1 -1 -1 +1 -1 41
4 +] +1 -1 +1 -1 -1 -1-
5 -1 “1 +1 +1 -1 -1 +1
6 +1 -1 4 -1 +] -1 -1
V7 -1 41 +1 -1 -1 +1 -1
8 +1 +1 +1 +1 +1 +1 ¥

-

s f

&

8 When all 7 variables were included in the design, .x,=CMC,

,q“kzéxanthan gum, x,=HPMC, x, =guar gum, x,=$SL, x,=GMS, x,=water

" D Minimum variable level

* € Maximum variable level
L v

’

85
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coefficient had a "greater.-effect on the response than a. ﬁmall
coefficient. A negative coefficient suggested *that. reducing the

variabie level would improve the respbnse; a positive ceefficient

indidated that incfeasing the 14§e1 of the variable would improve the

response. The results> of the screening trials were sequential, with

'

the outcome of each trial indicating which variables to eliminate or in

which direction to change the' varidble levels. Each'screeningztrial
. ' Ty o

was analyzed separately and/or together with all other trials.®

°
»

'RESULTS . N

'
>

-

<

The results for each flour will be discussed .in the order that
] .\ .

screening experiments were conducted.

o ¥

Flour C ' . \ . -

Six trials were completed during the screening of Flour C rice

breads. ~ The response (volume and loaf shape) regression equation

coefficients for the variables tésted in each trial are given in Table

.

IV.2. Because of their importance, loaf shape responses were measured

after Trial 4. ‘

The'bread volumes in Trial 1 were low (567-827 CC)i} The size and

sign of  the régressioﬁ coefficients_ (Table 1IV.2) suggested that

reducing the levels of Cyé (x,),‘xénthan gum/(xz) and HPMC (x,) would

.increase loaf volume._ The other variables (guar gum (x,), SSLI(xs),

GMS (%) and water (x,)}" had less of an effectiqn loaf volume. For

~

Trial 2 the lévels of CMC, xanthan gum, HEMC and guar gum were reduced

as the +negative coefficients suggested. Two less important variables .



o

'

Table IV.2 - Response regression-equation coefficients for
' variables tes®éd - Flour € rice breads

TRIAL

VARIABLE ~ ‘ ' LEVELS (g) , COEFFICIENTS
= +. VOLUME 'LOAF SHAPRE.
1’ tMe (x,) 1.0 3.5  -57,29 . .
. xanthan (x;)v 1.0 3.5 - -~57429 ' C. 4
HEMC - (x,) 45 7.0 -aglil .
guar  (x,) $1.0 3.5 - %64
SSL (x,) 0.6 0.8 - 416
, GMS (x4) 1.0 3.5 19.79 °
water  (x,) 0.0 244.0 28.64
2 e (x)) 0.5 ~ 0.7 *11.99
' xanthan (x,) 0.5 0.7 4,69
HPMC  (x,) 3.0 4.0 12:51°
—guar (X, 0.5 0.7 « -32,29
swater (x,) 220.0 244.0 -41.16
3 oMe (x,) 0.5 0.7 18.25
" xanthan (x,) 0.5 0.7 -51.55
HBHC  (x4) 3.0 4.0 1.05
guar  (x,) 0.5. - 0.7 -25.00
water {%,)’ 170.0 194.0 272.90
4 CMC (x,) 1.0 3.5. -251.29
xanthan (x,) 1.0 3.5 -112.24
HEMC =~ (x,) 4.5 7.0 18. 49 T
. . guar (x,) 1.0 3.5 -57.04
. wvater (x,) 220.0 244.0 112,24
5 cMC (x,) 30.7 1.1 -25.00  0.38
¥ xanthan (x,) 0.52 :

- HPMC (x,) 0.0 . 4.0 240.62 -1.62
guar - (x“)‘ ~0.58 g :
water  (x,) . 182.0 188.0 240,62 0.12

6 cMC (x,) . 072
. xanthan (x,) 0.0 0.5 -20.84 0.38
CHPMC  (x,) 2.0 4.0 32.81 - -0.12
guar  (x,) 0.0 - 0.5 ., -6.79 -  0.88.
water & (x,) 182,04

2 Levels held constant throughout the trial

!
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: , : /
(SSL and GMS) Vere eliminated from the de91gn The water leyel of

Trial 1 ygs retalned
| W | | S
Trial 2 rice breads had very large -volumes (1302-1502 cc) and

appeared to contain too muéh watér (breads over-expanded in the oven).

water

. The rice breadp ;u“ riéif; had volumes that ranged ﬂ%om 725 to
1506 cc. The larg% regression coefficients (Table IV.2) for water,
xanthan gum eand guar _indicated‘ some influence on bread volume.
However, ;he negative éffects of botﬂh xanthan gum ana guar gum

’

suggested that a redgctidn in lfvéls of both these gums'might imﬁ?ove
loaf volumes. HPMC level had little effect on loaf volume. ,Watér
‘levels were increased to affect loaf.volume_positively.

'In Trial 4, the earlié?neiimihaiiOH (Trial 2) of the surfactants
was confirmed by fe—running‘Trial 1, without GMS aﬁd SSL, to ascertain
surfactant effects ‘on the regression equation coefficients. If the
surfactants -produced onl& negligible¢ changes -in loaf ‘volume, the
regression coefficient trends should ;emain' the same, with the
surfacfants omitted froﬁ the design. Flour C bread volumes (Trial 4)
were much larger (525—1398‘ cc) than those of rice breads produced
“during Trial 1 (567-827 cc). 'Ihereﬁorg, SSL and GMS were detrimental
to bread volumes. The T;iallh coeffipientsA(Table Iv.2) suggested that
CMC, xanthan ana guar levels - should ‘be 'feduced and water levels

increased to improve bread volume, Although the sizes of thé

coefficients were largér in Trial 4, their effects were the same as

)

those'obtéined in;Trial 1. Level of HPMC had little effect on loaf

’

volume in Trial 4.

' 88
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To test the effect of GMS in rice breads, additional breads were
. , _Mﬂﬁumv,r . o
baked with 1.0 and 3.5 g of GMS. The rife breads alsé\cont31ned 0.7 g\

CMC, 0.5 g xanthan‘gum, 0.5 g guar gum nd 4.0 g HPMC with either 182

. or 188 ml water. The eight loaves which were baked all: had very low

-

volumes (602 to 752 cc). GMS was obviously harmful to rice bread
volume and not suftable for the formulatioﬁs. Breads without GMS had\?

higher crumb and crust. color scores (browner ‘crust and whlter crumb)

and more de51rab1e aroma, f}avor and aftertaste score$ than Tice breads

At
»

with GMS. .

Trial 5 evaluated the need for HPMC in the Flour C bread formula-
tion., CMC levels were reduced to 0.7 g and 1.1 g; xanthan‘%nd’guaf g;%
ievéls were each held at 0.5 g. HPMC levels in the breads were set at
either 0.0 g or 4.0 g. Water levels Qére réduced to allow fqr lower
total gum ieveis_in the fofmulations: Flour C breads without HPMC were
very loy in volume (700-775 cc). The bne§?s~'with 4.0 g. H?MC had
volumes- of 1060-1277 cc. The HPMC coefficient (Table IV.2) for loaf
volume indicated that HPMC levels should be i%creaSed to improve
volume.- Thus, HPMC was an importantwéomponent of the Flour C bread
. formulation if a large volume was desired. The volume coefficient for
CMC suggested that the CMC level could be fu;éher reduced. However,
the positive, but small loég shape coefficient.indicated that CMC level
had a role in the ‘maintenance of ;ice bread loaf SQEPe. The loaf
volume coefficient for water was positive and large.

In Trial 6, the importance of xanthan gum and guar gum te ehe'
volume and loaf shape of rice breads was observed. The bread volume
N _ ~

coefficients (Table 1IV.2) for both xanthan gum and guar gum were



- N
-t

negative. Althngh the lo;f shape coefficients suggested” guar gum
might 1mprove loaf shapes, xanthan _gum and guar gum w;;e omi ted ‘from
Flour C bread;formulatfﬁns, 51nce the levels of 0.0 ; and 0.5 g were
»‘iready as lowAas possible.
Fiour A _ - \
Five trials were completed during the screening of Flour A rice
breads. Since SSL dnd CMS.Had'detrimental effects on the loaf volumes
of Flour C ricelbreads, théy were Qot screened for  Flour A breads. The
initial gumﬂlevels utilized™ for Flour A breads were fﬁe same as those
for Téial 1 Flour *C sreads. " However, water levels differed ‘as
gspecified earlidr. The Flour A response regression equation

coefficients for the variables tested in each trial are given in Table

Iv.3.

In Trial 1, Flour A rice bread volumes ranged from 596 cc to 1125

>cc. Loaf shape‘séqggs of 13 to 22 were obtained. The'size and sign of
the -lJoaf volume regression coefficients (Table Iv.3) suggeﬁted that
Cﬁc, xanthan gum and guar gum levels should be reduc;d to Egprove loaf
voluhe. However, the positive CMC coefficient for loaf,shape indicated
" that increased CMC.levels could have a desirable effeét on loaf shape.
&Aﬁditional HPMC was needed to improve(heth loaf volumes and shapés. An
increase ip lwater level .would impro&e loaf volume but would be

-

detrimental to rice bread loaf shape. *

Trial 2 replicated Trial 1. Since a replication study (Chapter

III) was conducted for theé standardized fofmula of Flour C rice hreads,

but not, for Flo‘f A and B formulas, Trial 2 estimated the reproduci-
o -
bility of tH@Flour A rice bread standard formula The results

90
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Table IV.3 - Response regression equation coefficients &on

variables tested - F%pur A rife breads

]

TRIAL VARIABLE LEVELS (g) COEFFICIENTS
- + VOLUME LOAF SHAPE
1 cMC (x,) 1.0 3.5 ¥163:02 1.50
xanthan (x))__ 1.0 3.5 - 64.08  -1,50
HPMC  (x,) 4.5 7.0 33,85 1.00
guar (x,) 1.0 3.5 - 57.30 0.75
water  (x,) 255.0° 279.0 65.62 -1.25
2 cMC (x,) 1.0 3.5  -182.04 "1.38
\ xanthan (x,) 1.0 3.5 - 55.46 -0.38
HPMC (x,) Y45 7.0 33.59 1.12
guar (x,) 1.0 3.5 - 54.94 0.62
water (x,)  255.0 279.0 59.11 -1.38
3.0MC (xJsr 3.58 |
xanthan (x,) 0.0 ° 1.0 - 21.36 ~0.38
HPMCY  (x,) 7.0 9. 17,29 0.38
guar  (x,) . 0.0 1.0 - 11.99 -0.88
water  (x,) 279,02
4 CMC (x,) 3.52
) xanthan (x,) 0.0 1.0 - 10.66 0.50
HPMC  (x,) 1.0 9. - 2.86 1.00
guar (x,) 0.0 1. - 13.79 0.25
water - (x,) ~ 279.02
’
5  cMC (x,) 0.0 1.0 _ - 90.09 2.75
HEMC  (x,) 5.0 7.0 - 6.76 1.50
water  (x,) ©200.0- 215.0 97.91 -1.25

4 Levels held constant throughout the trial

oy

-

.

€
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obtained for Trial 2 were similar to those f%f Trial 1; thus, Flouf A
forﬁuiation reproducibility aébea;ed to be good, | A
Detailed examination of the CMC effects on loaf volume in Trials !
and 2 (Table IV.4) indicated some interaction between xanthan, HPMC
and/or guar at the high CMC level\ All rice breads vith high (+) CMC
levels had low volume 'except for the bread from one run (Run #6). In

Yo

this run, bread volumks wefe high. Since this ocFurrencé was noted‘in
both Trials* 1 and 2, Trial 3 further exa%ined this gum interaction
before the CMC fével was decreased.

In Jrial 3 (Table IV.3), CMC ahd water levels were held constant,
xanthan gum and\guar'gum vere reduced; HPMC levels were increased.
Bread volumes ranged from 1031 cc fo llBé cc, loaf shape scores of
20—25 were obtained. No direct HPMC, guar, xanthan effect was evident
and no reason for the Bigh loaf volumes of Trial 1 and 2, high CMC
breads was fourld. Coeﬁficiénts (Table IV.3) for volume and loaf shape

\ . :
indicated that xapthan and guar gum levels should b%‘reduced to improve
yolume and shape.. The Flour A breads were slightly moist inside and
some of the top’prusts.were wfinkling upon cooling. Tﬁus,‘the Trial 3
breads needed extré bakjng. - | -

Trial 4 replicated Trial 3, but the breads were baked for 55 min
rather than a 45 min. Coefficientd were checked to determine the
effects of the longer baking on the coefgicients vaTrial ft\\ Rice
?read”%olumes of 1000 cc to 1073 cc were produced. Good loaf shap;
scores of 20-25 were also obtained. The 55 min bake improved the bread
so that the crumb was less moist and the crust had less Qrinkliqg.

A

Trial 4 confirmed Trial 3 results. The regression.coeffic%pnts (Table
~ \ .
IV.3) suggested that xanthan and guar gum should be reduced to improve

92



Table IV.4 - The effect of variable ltvels on Flour A rice bread

-y U

volumes . !
' ' VARIABLES®
RUN X, X, X, X, X, \\‘T ~ VOLUME cc
rial 1 Trial ,
, . b
1 -1 -1 -1 +1 +1 1125 1173
2 +1 -1 -1 -1 -1 740 “735
3 S} O S N I 1104
4 4] +1 -1 +1 -1 596 ‘577 f
5 -] -1 +1 1 - -1 1075 1054
6 +1 -1 1 -1 +1 1038 983
7 -1 +1 +1 -1 -1 1048 1121
8 +1 +1 +1 +1 +1 696 700 '

4 x,=CMC, x,=xanthan gum, x,=HPMC,

4

X,=guar gum, X,=water
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loaf shape. HPMC had little effect'on volume, but a positive. effect on.

L]
o -

‘loaf shape ‘ v o ‘ Cor S

In. the flnal trial (Trial 5)y Xanthan~ gum.‘and guar ;gum were

S

omitted’ from the Flour A bread formulatlon CMC,‘HPMC and water;levels

: ! 4 -\—.‘
were,reduced.A Bread«volumes’ranged from“779 cc to 1238 cc; loaf shape

scores vere 13-to.25 ' Regréssion coefficients (Table IV.3§7for TMC

- S U S ~—

,1nd1cated that CcMC levels should be reduced to 1ncrease volumes, hut
o \ . |

1ncreased,to improve loaf shapes. "HPMC level had_llttleueffect én

- volume, but showed 'a positive'effect on loaf shape. The coefficient

suggested that water levels should be increased to improve bread volume -

_ ¢ S o .
. and deaqreased to improve loaf shape. .
- : . : L v ‘

Flour B

an

7 The  response (volume and loaf shape) regression equation

(=)

coefficients for the variables tested in each of the three screening

trials for Flour B breads appear.in Table Ing' ﬁor'Trial 1. the gum
. :
levels ‘used 5ere the Same as those used in the/flour C and A bread

94

'screenlng experlments. Tr1a1 1 water 1evels were adJusted as}descrlbed';

~in the Methods section of this- chapter SSL and CMS'wére not screened.

Flour B bread-volumes ranged from 550 cc’ to 1288 cc. The loaf shapejy'

' sbores'were l73¥o.22’ The CMC effect- (Table IV 5) on loaf volume was

the largest, suggestlng CMC levels should be decreased to 1ncrease loafi

£

. volumes ‘ Volume regre551on equatlon coeff ients also 1nd1cated that

"xanthanﬁand guar levels should be reduced and water levels 1ncreased '

.,
Water leVel and xanthan gum levels had a negatlve effect on loaf

‘shape. '1f"

Trial.z, a repeat_og Trial 1, tested the reproducibillty.of the

2
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Table fVTS - Response regression equatior/’co.‘,efficiénts for |
variables tested - Flour B/i'ice bregds ‘
“TRIAL VARIABLES ~© - LEVELS & COEFFICIENTS = . '
- ] - }M “VOLUME. - LOAF SHAPE
1-cMC (x,) 1.0 //5.5 -227.86 0.12
xanthan (x,) 1.0/ 3.5 - 68.49 -0.38 o
HPHC.  (x,) | 4y5/ 7.0 14.31 0.38 »
guar  (x,) Y0 3.5 - 60.69 0.12
‘vater  (x,) - -/{;,o 237.0  87.76 Lz e
2 ac (x,) /100 3.5 -232.80 0.88
xanthan (x,). /1.0 3.5 - 78.65 0.12
HEMC  (x) 4.5 7.0 16.65 1.88
guar  (x,) . 1.0 3.5 - 34,38 -0.14[/6:
vater  (x,) '213.0 237.0 69.28 -1.38
_ ’ v ( //') . A
3. cHe (%) 0.0 . 3.5 = -236.72° 1.58
~ xanthan/ ( 0.0 3,5 - - 66.40° 0.25
weuc / (x,) a5 7.0 31.50 0.67
éﬁ;y/' (x}) 0.0 3.5 - 60.68 -Q.50
vater - (x,) 213.0 237.0 70.58 -0.92
/. ] *

/
/
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- Flour B bread standard formula. Good repeatability was determined,

particularly for bread volume. The regré&ssion coeflicients and trends

of Trial 2 were 51m11ar to those of Trial 1.

In Trlal 3, the effects of low (0.0 g) and high (3.5 g) levels of

"CMC,?xanthan_gum aud guar gum were evaluated. HPMC and water.levels

~remained as in Trials 1 and 2. Results showed that the levels or/CMC,

»
xanthan and guar had to be reduced to increase bread volume. CMC also

had a strong, positive Effect on loaf shape. A high CMC level was

L
‘/
. ;.‘

needed to 1mprove loaf shapes Xanthan and guar gums were deleted from

Sa

P,

liF‘our B bread formulatlon CMC was retained to improve loaf shape.

VPMC effect was stronger (larger coeff1c1ents) in Trial 3 than in

WOuld 1ncrease volume but gecrease loaf shape scores.

Determination of variable levels for & 5-level central compesite

design

The screagi g ‘experiments facilitated the determination of the
. ’ - : A

‘variables;andtlevels of variables to include in the subsequent 5-level

e

central composite design. - RSM would- be conducted to examine the

variables, their interactions and.their effects on a larger number of

responses,

The actuallvariable_levels for further study (Table IV.6) were
chosen by'lconsidering | l) ‘the screening trial results, 2)“€the
combinations of CMC HPMC and water (Table Iv.7) that produced the btst

loaves durlng screenlng and J3) the proposed 5- level exper1mental de91gn

with an o-value,of 1.633, which was to be used in subsequent studies.

" Levels of gums ‘and water which could be easily weighed'(ile., 2 decimal

1als 1 and 2 A strong water effect 1nd1pated that hlgh water levelsz
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Table IV.6 - Variable levels selected for study

LEVELS

232

'CODED LEVELS -1.633 -1 0 1 1.633
TocMe Flour A 0.37g. 1l.0g 2.0g 3.08  3.63g
SN Flour B 0.37 1.0 2.0 3,0 - 3.63

(g) Flour C . 0.37 1.0 2.0 3.0 3.63 .

HPMC Flour'A . 6.37 7.0 8.0 9.0 9.63

(X,)  Flour B 5.37 6.0 7.0 8.0 8.63
(g) Flour C 3.05, 4.0 5.5 7.0 «  7.95
WATER  Flour A 194.74 215.0  247.0  279.0,  299.26
(X,) Flour B. 171.34 184.0  .204.0  224.0  236.66
(g) Flour C -~ 169.97 182.0  201.0  220.0 .03

Table IV.7 - Combinations of variable levels that
most desirable volume and loaf shape

during ingredient screening experiments

produced the.
ih rice breads

G

LEVELS (g)

VOLUME

FLOUR :TRIAL LOAF
, x, (CMC)  x, (HPMC) x, (WATER) SHAPE .
A 1. 1.0 © 7.0 255 1075 22
A 3 3.5 ° 9.0 279 1135 25
A 4 . 3.5 9.0 279 1073. 24
A 5 1.0 7.0 215 1092 25
B 1 1.0 7.0 213 1098 22
B 2 1.0 . 7.0 213 - 1106 22
'B 3 3.5 7.0 237 1008 - 25
. : /,/ . .
c 5 3.5 7.0 244 1125 -
c 5 1.0 7.0. 220 1231 -
o 6 0.7 4.0 182 1225 22
C. 6 r.1 4,0 188 1277 22
c 7 . 0.7 4.0 182 - 22

- 1206
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poidts) were selected( The design variable levels were also choseﬁ so
that‘the sptimal }e;elsﬂfrbm the screening studies were placed close to
'the centerﬁwith a moderate rahge between levels. Smith‘andﬂﬁcSe (1963)
'inddcsted that the center of the experimentalcdesign (0,0,0>.wes chosen
'so that it represeﬁted the set of conditions which, accordiﬁg to
expérience, was .the ‘best at the present time. Thus, thel variable
1evels that produced the ‘best breads during screenlng in the present
experlment (Table IV.7) were p051t10ned around the center point. Once
ithe twwa+l and -1 levels vere chosen, ‘the other three levels were

E calculate& from the de51gn format For example; the 0 level is

half—way‘beSWeen‘the -1 and +l levels and the difference between the +1

.and the +1.633 levels is 63.3% of the difference between the O and theﬁ

\ '

+1 levels. g o
Water levels in each of the Athree (Flour A, B and C) bread
" formulations were pre-tested. The.water levels of Flour B were.reduced

.to 171, 184, 204, 224 and 237 ml. The original water levels chosen

(204, 217, 237, 257 and 270 ml) were too high and the resulting loaves

~

" overexpanded in the oven.

\ DISCUSSION.
-~ '

O -
" Although volume was a good indicator of rice bread quality, it did

havg limitations. Ideally, a yeast bread should'have a large loaf

vél e, Ho&ever. as this study has' shown, volume alone was an'

insufficient 1nd1cator of bread quallty Yeast breads also require a

good loaf shape with a tlat loaf bottom surface, stralght loaf 51des,

round and symmetrical loaf top surface_and a loaf top—51de indentation

98
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vhich is not too larg¢. - Large loaf volumes. are hot desirablé if the

breads have balloongd in the oven, are lopsided and Have large air

-

pockets under the crust. Loaf volume is the most powerful single and

quantitative yardstick of breadmaking potential, but its limit;f?ons
must be recognized (Pomeranz, 1981). '
Of “the .seven variables testgd, CMC, HPMC and water were the most

important to rice bread volume and loaf ‘shape. CMC was not effective

L
.

in increasing bread volume{'but did impfove loaf shape. Nishita (1973)
found that 2.1% (flour wt) CMC, xheuequivalent'of 4,8 g in the present

study, »producéd rice‘ breads thatw Had 'very- small volumes ' and had

T,

textures which were compact and gummy. In Nishita's (1973) research,

v

only one léVél,of CMC was used and the water level was not adjusted.

Thus, the lqﬁ volumes may have been- due to insufficient water in _the ‘

bread formulations.

Rice bread volumeiwas not dependent‘upon the, actual HPMC level

included- in the formulations; however, ;HPMC was necessary for
RV . ' T T A ST

desirable loaf volume.’ Nishita'eﬁfa&.@(}?7§}h$lﬂggnoted that rice

bread without HPMC ‘had a very low voluﬁéf s, ‘ﬁrjf:‘

. at P,

‘Water level was dependent on the totélzgum level incorporated into

the rice bread formulation. Since gums -attract water, more' water was

sneeded as gum levels increased. High water levels also produged rice

breads with large volumes. However, this was onlyaddvantagedus up to a
AN -

point. If water levels were too high, the breads expanﬁgd excessively

in the oven and had irregular loaf shapes. The water effect on rice’

S .
bread loaf shape was also demonstrated in Chapter III.

At the levels ﬁtilized in the present screeniﬁg studies, xanthan

gum  and guar gum were ineffective in increasing - loaf. volumes or

99
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improving the loaf shapes.of rice breads. Thus, nei;ﬁer xahthan .gum.

nor, guar gum were considered for future experimeﬁtation.
Sodium—stearoyl-l;ctylate and GMS were detrimental to ti# loaf
volume of rice flo;: breads. Nishita (1973) also found that any type
éfv surfactant, including SSL, depressed ‘rice bread }oaf volumes
vseverely. Thé surfactants may have-interfered with the gum—water—fice
fléur cohplex.such that Ao fermentation éases were retained and, thus,
no leavening occurred (Bean and Nishita, 1983{2 Addition of mono-
glyggrides to wheat"' starch brgads .Qas‘ degrimental tdﬁ bread crumb

structure (Bradley, 1972). Bradley (]972) reported that mqnoglycerides

decreased wheat starch bread volume and produced a crumbly, cake-like

, ..

texture. ' \
CONCLUSIONS

Using a two-level fractional factorial design, a series of

screening experiments were successfully conducted to determine which

gums and surfactants to include in rice bread formulations. CMC, HPMC
and water-werefimportant variables for the production of rice breads
Lo’ ' .

with desirable loaf volumes and loaf shapes. A range of gum and water

levels., for incorporation ‘into the rice bread formulations was

detgrmined. The range of CMC levels was the same for Flours A, B and .

C. Specific levels of HPMC and water weré.required for each of the
three flours.

For rice‘ flour breads, bread. volume alone was not a reliable

—_ “

measure of bread quality. Excessively lafge'volumes could be obtained

~
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in breads which were undesirable’ in terms of overall loaf shape; A

large“volume and a good loaf shape, with a rounded top,'stfaight sides

and a flat bottom, are desired in rice breads.

s .

d
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V. The Application of Response Surface Methodology
" to the\Development.of Rice Flour Yeast Breads -

Objective Measurements!

*
(XY

INTRODUCTION

There is‘an important need gor an acceptaple gluten-free yeast
bread for indi&iduals who Suffer from celiac disease,nzhgat allergies
and dermatitis herﬁetifofmis. Although gluten-free breads are
avaiiable:commercially, their quality is inferior to th;t of regulaf
wheat flour bread. Recently, Bell et'_al. (1981) reported that
commercial wheat starch breads and baking mixes were ‘gasteless and
crumbled easily.

Most research on -the development of'gluLen—free yeast breads has
utilized wheat starch as a replacement’ for wheat flour (Pearson, 1960;
McGreer, 1967; Jongh et al., 1968; Smith, 1971, 1974; Kulp et al.,
L974; Ranhotra et*éi., 1975). However, many individuals sensitive to
the gliadin fraction of gluten protein cannot télerate -even thé very
small amount of thigwprotein in wheat starch. ;The protein content of
wheat starch is approximately 0.15-0.3 percant (Bell et al., 1981;
Campbell, 1952). In contrast, rice flour ;s naturally gluten-free
(Nishita, 1973; Campbell, 1982) and’rel;tively non-allergenic (James

and McCaskill, 1983); Althoﬁgh pubfiéhed. research fdcusing dd the

LN

! A version of this chapter has beeﬁ submitted for publication,
Ylimaki, G., Hawrysh, Z.J., Hardin, R‘T, and Thomson, A.B.R. ' 1987.
J. Food. Sci. : '
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development of rice flour yeast bread (Nishita, 1973, 1977; Nishita et

al., 1976; Nish&ii~jéd Bean, }979) is limited, researchers indicate

k]

that rice flours from short and medium grain rice generally have better -

¥+

bgking qualities than rice flours from long grain rice (Nishita and
Bean, 1979). In 100% rice flour breads, coarse rice fléurs functioned
better than finely ground rice flou;gﬂ(Nishita and Bean, 1982).
‘Gluten—ffie breads require a gluten repiicement to provide
" structure and gas retaining properties in the bread dough. A number of
gums have been  used, individually and in combinations, as gluten
‘replacements with varying degrees of 3uccess (McGreer, 1967; Smith,
1971; Nishita, 1973; Kulp et al., 1974; Ranhotra et al., 1975). .In the
present study,, three variab;es (hydroxypropylmethylcellulose ‘[HPMC],
carboxymethylcellulose [CMC] and water) were chosen as importaht
structural cbmponents of rice flour yeast breads based on data for loaf
volume and loaf shape obtained from the preiiminary screening
experiments described in Chapter IV, o .
M Published research utilizing_instrumentél evaluation of gluten-
free or éta:ch breads is limited. Although the volume of gluten-free
. breads has been determined (Smith, 1971, l9fﬁ; Christiansgn et al.,
1974; Ranhotra et al., 1975; Nishita et ;1., 1976) and measurements of
bread crumb firmness (€hristidnson et al., ii]h) and percent moisture
(Smith, 1974) have been made, I.ports of determinations of loaf shapé,
crumb and crust color in gluten-free yeast bread§ have not been found.
Response surface methodology (RSM) is a statistical tec¢hnique
particularly appropriate for product develépment. Successful use of

‘RSM in the development of baked goods such as cakes (Johnson and Zabik,

' 1981; Lee and Hoseney, 1982; Neville and Setser,, 1986; Vaisey-Genser et
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al., 1987), cookies {(Conner and Keagy,.lgal) and high pro;e)‘l;teads
(Henselman et al., 1974) have been reported. However, published
research describing the use of RSM for development of glutén-free
breads is 1acking. Thus, the objective of this study was to deGelop

gluten-free rice flour yeast breads comparable to wheat flour (white)

bread. Response surface methodology was utilized to find a combination

of gums and water. which could successfully replace gluten in breads

’

made from several types of -locally available ricé flours.

MATERIALS AND METHODS

Rice flours ‘

i .
. were selected. for bread

Three -q?iferént local rice flours
preparation - ~A, a medium grain/finely ]ground -flour} B,” a  medium
grain/coarsely - ground flour; C, a long| grain/finely groun& flour.
; Flours were stored at 4°C. The % fat, % moisture, % protein of the
flours, determined by standard AOAC.(19803 methods 14.003, 14.026'énd

14.019, ‘respectively, and amylograph gelatinization temperatures,

obtain9& by, the method of Juliano et al. (1985) using 20% slurries, are

s A
shown in Tagble V.1.

Variables ,

Two gums, carboxymethylcellulose (CNC), obtained from Hercules

Incorporated, and hydroiypropylmethylcellulose (HPMC), obtained from

The Dow Chemical Company, and water were tHe three variables chosen for
> LN
study on the basis of data from ingreflieht” screening experiments

i P

(Chapter IV).
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‘Rice bread preparation Vo

»”

A rice bread formula (Nishita, 1977) was adapted and standardized
for each of the'three rice flours (Chapter III). The basic rige bread
gormula. whichvincluded 20% potato flour, is shown in Table V.2. To
' prepare the rice breads, 4 g of sugaruwas dissolvd in 50 ml warm water

‘.
(43°C). ' The yeajt was added and soaked for 10 min. The rice flour'

potato starch, salt, remaining sugar, HPMC and CMC were premixed for

" P~

min at no. 1 speed in a Hobart KitchenAid K45SS 10-speed mixer u51ng a
stainless steel bowl (4.5 gqt) and whip attachment. The yeast mixture
and remaining water were added to the dry ingredients and mixed for 15
sec at no. 2 speed. The _oil was added axtd mixed for 15 sec at no. l'
speed and then 5 min at no. 6 speed. The‘sides of the bowl were
scrape& down halfway thréugh the 5 min mix. The resultant battgr was |
proofed in the bowl for 30 min (30°C and 95% humidity) and then remixed .
for 5 min atlno. 6 speed. The battews (400 g) was placed into a greased'
+ aluminum’ loaf pan (18.7 x 9.2 x 5.7 cm) and flattened with an’ oiled .
spatulw, ‘rounding the upper edges of the batter. The panned batter was
proofed (Flour A - 45 min; Flours B aﬁd C =+ 50 min) at 30°C/95%
humidity and baked at 215°C for 5 min; then at 180°C for an additional
50 min (Flour A) or 40 min (Flours B and C). Breads were cooled for 15
min and removed from their -pans. /

Measurements of“bread weight, volume, specific volume and loaf

shape score were made 75 minutes after baking. Crust color, crumb

e

color, percent moisture #hd Instron firmness were determined on bread

which had prev1ouLly beeﬂ frozen (- 29°C) for 4-6 days and thawed (21°C)

o~

1. §~2 hours before sampllng



\ \v -
Hyd;oxyprqpylmethylcelluloseb’C

"Carbbxymeth& eé1luloseb,d
Wgterb T o o
¥ N . ] o

. LT 'f'
Taﬁlé"v.l -'Cbmpoéition of rice. flours K \
) . C ' L | GELATINIZATION
. RICE FLOUR % FAT " % MOISTURE % PROTEIN _ TEMPERATURE (° c)
" Flour A 1.2 10.84 C 645
our L3 | .
~Flour B . 0.9 12.80 . . 65.0
" Flour € -, 0.8 10.82. - 72.5
T
- B 1%
. Table V.2 - Basic rice flour bread formulad- ;g\ | ) B
~ INGREDIENTS / WEIGHT (g) | % FLOUR WEIGHT
Rice Flour . -~ © 182 80.2 ‘
Potato Stare : 45 19.8
CEVEEE T 6 - 2,6
' Sugar * S 24 10.6
Yeast - * * 7 3.1
0il ’ 13- 7

5,7

e

a Ada/pt/ed from lehlt-—* 1977

b Tﬁ§ levels of hydroxypropylmethylcellulose carboxymethylcellulose
and water were varied aEcordlng to flour type and the experlmental
de51gn as shown in Table V.4 :

c Methocel K4M, The Dow Chemical Company -

d'HércuLé%:Cellulose Gum, Hergules‘Incorporated‘

v _“- -
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Sy N ’ . .
A c'omercial wheat flour (white) bread served as ‘the revferenceAfor

Reference bread

) all objective measurements. " The bread was purchased within 4 hr of
aking and measurements Of bread weight, volume, specific volume and
' . = i hrd .

oaf shape were made. °Cgus~t color, crumb, color, percent moisture and

Instron: firmness were determined ‘on <bread which had previously been

109

froz¢n (-29°C) -for 1-5 days,' ’a‘t_n_d thawed (21°C)  for 1.5-2 hours before

sampling.. Eighteen loaves of bread were purchased in five different

e “lots “wer a six-week period.
‘ ek ]

Ob. :zniv+ measurements . ) .
: ‘ ' ¢ :
- CUpjective measurements were made on all rice and reference breads.:

pt}

- Bread volume was determined by rapeseed displacement using a National

W ) - . ' . _

) Loaf Volumeter (National Mfg. Co., Lincoln, Nebraska). Specific volume
. ' . ,

(cc/g) was calculated’ as'vol'umev divided 'by weight. The loaves were

_scorg—:fd for loaf shape (symmetry and roundness of loaf top surface; size
. of loaf top-side indentation., étraightneés of loaf sides ansi flatdess
of l;)af boﬂttor'n surface-) by the researcher usdnjg a 6-point category
scale, (Appe'nd.ix 9), where six represented thél hzighest qua'lity for each
attribute (maximum loaf 'score = 30). Samples for :objective

measurements of erust’'color, crumb color, percent moisture and Instrdn

o

firmness were t‘v.’ak,en_ f}o’m the same relative position 1n each tha&ed loaf
of. bread. 'Measure‘ment‘s we‘re made on 'sa.mpl,e‘s equiiibrate'd to?v rgom
temper-atu.re (22°C) . ~ Percentage rno.iéfcure was dete'r.mined by a
Amo"chii»ficati'on of the two-stage standard AACC meého‘dkhl&-lS,A (1983). The
air—d_rfing and oven:dryiﬁg ‘sta'ges;. vere extended to 96 .hr \and 24»hr,
respectively, for’ thé moist rice flour breads. Bfead_ fi_rf;lnéss was

tested using an Instron Food Testing System (M;)'dgl 42{)_;1) and the

S

<
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" testing conditions recommended by Baker et al. (1986). Firmness was

recorded as the maximum force (kg) after' one compression. For Instron

firnness determinations, rounds 2.5 cm in diameter were fembyed
the centers of“each.of fén slices (erS cm). A totaiAof‘£iye fi}mness‘
-méasufements.ue:e<m55é on eachvloaf of bread using two rounds (2.5 cm
in diameﬁer)'nfronx adjacent slices for each measufement. Crust and
crumb'colofs were detefminéd with a Hgnterlab Cdlor/Differénce Meter
DZS—Z; The. meter was"étahdardized~:dsing the - white standard tile
(C2-8692) with values'of L=92.7, a=-1.0, b=0.3. Two rounds of crust

(2.5 cm in dfameter)- were taken for crust <color determinations.

Samples (2 rounds from each of 2'élices) were taken from the center top

<

: o , . )
crust for crumb color  determinations. Two crumb color measurements

n

were made on each loaf "of bread by using two rounds from adjacent

slices to form one color sample.

'

A

Expéfimental design-
* For each rice fldur; a centrai egmpoﬁite design, wi;h three blopks:
-and wiﬁh_six replicatiéns of thg céntef point"(Meyers,;l?7l)! was used.
"The experimentél desigﬁ (Table V.3) consisted of‘a‘thre;—variable (CMC,
HPMC and .watef), five—le?elf,pattern with twenty runs (rice bread
formulﬁtions) prepare& éver the three ﬁblocks (?onsecutive daysj. The
désign_ was replicated _twiée' f6T "each flour. For the statisfic;i,
analyses, the five-levels of each of thé'threé Qariéblgs were coded ds
-1.633, -1, 0, +1, +1.633 (Table V.4).
Statistical analysis

_For each objective response, analysis of. variance (ANOVA) was

e
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Table V.3 -~ Experimental designd

CODED LEVELS . . S
‘ ‘ i Py

VARIABLES S X, m X,

(cMe) (HPHC) (WATER)

 BLOCK 1 1 1 ‘ 1
| 1 -1 -1
-1 1 -1
-1 -1 1
0 .0 0
0 0 0

’
BLOCK 2 . = 1 1 ' -1
1 : S E <1
/ -1 1 1
-1 -1 -1
0 0 . o

0 0 . o0
BLOCK 3 -1.633 0 0
‘ , 1.633 0 0
0 -1.633 0
¥ 0 1.633 0

0 0 . -1.633

’ 0 0 Y -1.633
0 0 0
0 0 0

8 Blocks and treatment combinations within a block were
randomized. ; .
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" Table V.4 ~ Variable ievels

LEVELY .

CODED LEVELS -1.633 -1 0. 1 1.633

cMC ‘Flour A . 0.37g 1.0g 2.0g 3.0g 3.63g '

(X,) Flour B 0,37 1.0 . 2.0 3.0 3.63

(g) Flour ¢ 0,37 1.0 2.0 3.0 3,63

, : ‘ — — — .

" HPMC Flour A 6.37 7.0 8.0 9.0 9.63

X,) Flour B 5.37 6.0 7.0 8.0 8.63

(g) Flour C. 3.05 4.0 5.5 7.0 ©7.95 S

WATER  Flour A 194.74 . 215.0  243.0  279.0  299.26

X;) Flour B 171.34 184.0 204.0 224.0 = 236.66

(g) Flour C 169.97 182.0 201.0 220.0 232.03
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conducted to determine significant differences among the 15 different

regression procedures. To estimate CMC, HPMC and water effects on each
. - N

objéctive response, the design was fitted to the seéond-order

regression equation: - _ ' \‘ )'

Vuos? -4

= ' ' , 2 2 ‘v 1 ' .
Y bo+bfx1+bz§g+b3x3+b11x1v+b12x2 by, X, b,k X, +b X X b, X, X,

‘including linear, quadratic and interaction effects. Coefficients of

determination (R?) were computed. The adequacy of the models was

tested. by separating phe'residual~éum of sSquares into pure errof and
2 : . .
lack of fit. « Replicate and, block effects, as well as their
contributions to R?, were~remg§ed from éhé eqﬁatiéns; all othe£ tefms
were retained. . : C y
For each regfonsg, contour plot; (generﬁted'by Statgrapﬁics, STSC,
Inc., 1986) were produced from‘the equations; by holding the variablg
witﬂ the ié;st effect on the response equal to a constant value, aﬁd
changihg'the other two variables. Each contour plot was compared to
refgrence wheat flour bread data. Areas on each p1ot that-répresented

‘bread formulations which met reference standards were identified. For

each flour, contour plots for all responses were superimposed to locate

+

rice bread formulations which met reference standards for all objective

responses,

Y

« RESULTS AND DISCUSSION | ©

°

For each flour, ANOVA of'the-fiftéen'rice bread treatments showed
significant'différenges for all responses except for rice -bread crumb

.color 'a’ valtsf for Flou;sﬁB and C, and crust‘color 'a' and 'b' values

B " 4
7 H

.

treatment combinations. _ Also, data were analyzed using 'multiplé :



"

L]

‘for Flour B breads. The lack .0of a significant'difference between

L

treatments, ‘for a response, 1nd1cated that HPMC CMC and water had no
&
effect on the response. ' Thus, for those responses further statistical
~ ) o] ‘
analysis was ‘not required.. Mean values, taken dbeT the 40 design

points.(20 design points x 2 reps)} for Flour B bread crust color 'a'

and 'b’ valuesfand crumb color 'a' values, and for Flour C b&eadlcrumb'

color 'a'' values, were compared to REF wheat bread standards (Table

V.5). REF standards were met by-Flour B breads.for crust color 'a'-

values and crumb color 'a' values. Flour C breads met REF standards

@

for crumb color 'a' values. Flour B breads were unable to meet crust

o color 'b' value REF standards as they were slightly more yellow (20.8

compared to REF standards of 15.3 - 20.2) than the REF wheat bread.

4

Twenty-SLXQHegre551on equatlons were. computed for the responses

which had shown significant - dafferenges in the ANOVA (Flour 4, 10
responses; Flour B, 7 responses; Flour C, 9 responses). _Each
regression equation was tested- for lack of fit. Responses for loaf

-

shape (Flour C), specific volume (Flours A, B and C), crust color 'L'

(Flour’ B), Instron firmness ‘Eiffi:\;i; B and C) and percent moisture
. \P 4' N ' . ¢ . )
(Flour C) showed significant lack o it, -‘Although significant lack of

fit may indicate inadequacy of the ‘regression equation,’ this test may.

. not—be appropriate in the present study. Pure error, utilized to

calculate lack of fit, was estimated from the data of the 12 center
points of the replicated experimental design. In the present research,

center peint ‘rice breads were easier to sample and test 1nstrumenta11y

than some of the treatment breads. Thus, the pure error obtained in.

sampling and testing the center point rice breads may not be represen-

tative of the oveti%l error in the other treatment combinations.

PO
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Table V.5 - Reference whe#t bread objective re;ponse'meésurement
standards ' B
RESPONSE MEANS RANQE
‘ ; o
Loaf shape_b ” 56{4 22128
Sbecific volume, cc/g 5.5 - - 4.5-6.2
‘Cruie colqr 'L! 41.5 35.9-44.7
1 'a’ 13.2 - 12.4514.4 \
b 17.7 e 15.3-20.2
Crumb color, 'L’ 64.2 57.2-67.8
'a' Lo tLe2 —o'.g;(—l.e) )
'5' 7.9 7.0-9.0
Ir;,st.:ron. firmness, kg 0.036 .020-. 084
37.1 35—4Q

Percent moisture

o
LY
p

/

4 n=18 loaves

b Maximum score = 30



i

The regression coefficients and R? values for loaf shape scores of

breads from each of the three flours are shown in Table V.6. The .size

Smane

and significance of the regression equation coefficients indicate the

relative importance of the variables (ﬁullen and Ennis, 1979). Bec;use
the ‘size‘ and impoftance of the linear, quadratic and jnteraction
‘effects for léaf shape differed amonglthe three rice flours in the
present study, flour differenceé are suggestéd.\ Loaf shapé R3 valges
also differed among the thréev,fice flours. Regression equations
ekplained SOi’and 72% of the va}iation in loaf shape scores for Flours
B and C, respectively,‘but only 57% of the variation for Flour A.
Regression equation coefficients and R? differences among the three

flours were apparent for many of the other objective responses

measured. Overall, the twenty-six regression equations explained 53%

- to 94% of the response variation. Regression equation coefficients and

- ® .
R? values for Flgur A, B and C responses are reported in Appendice® 12,

Aoy

13 and 14, respectively. For each flour, regression coefficiénts-

showed that' water and CMC affected the responses most; HPMC-had the

least effect. Thus, to study the responsé surfaces within each rice
flour, contour plots were ptodé%§§ for the 26 responses by holding HPMC

levels at -1.633, 0 and 1.633{ Contour plots for all objective

'\.

" responses appégr in A pendices 18 to 20 and should be reflerred"to,in

a

Each contour plot was compared to reference wheat bread (REF) response

. data (Table V.5). Areas on the'contour\§lots that represented rice
% _ .

- . : -
bread formulations. which met the range of REF response values for that

specific response were identified. In the case of crumb color 'L’

\3.

the discussion of tHe results pertaining to eaih\pf'the three flouré.'
. . ~
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Table V.6 - Regres§ion equationa
for loaf shape scores

b

L 4

i 8

coefficients and

R? values

, FLOURS

\
COEFFICIENT A B
b, 20.576 22.960 22.917
b, (CHC) 1. 154%* 2. 494K x 1.686%x
b, (HPMC)' -0.596 0.634 0.725*
b, (WATER) —2.142%*% 1. 416%k* 1, 1340k
b, -0.368 ~1.904%*x -1.219%
b,, 0.007 0.159 -0.188
b,, -0.087 =1, 341k -1.031
b, ‘ 0.438 -0.125 -0.312%x*
b,, 0.938 2.000%%* 10.688
b,, -1.188* -0.125 -0.312%*
R3b ‘y .57 .80 72

& Y=b,+b,x +b,x,+b x,+b, X, 2+b, ; X, 2+b  ,x,2+b

anp

where x,=CMC, x,=HPMC, X,=water.

b Replication and block effects removed.

*

“\/\/

1271772

X,X,+b, ,x ,x,+b

¥

Z'JXZXJ

, **  x%% Significant at P<0.05, P<0.0l and P<0.00l, respectively.

-
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values, rice bread responses within the REF range or higher (wiphter)

were consideredfzo have met the REF standards.

Flour A

Only Flour A rice breads with the lowest ﬁPMC level (:1.633) met
REF standards (Table V.5) for loaf shape; Water levels below,-1.0 and
any CMC level gave loaf ghape scores of 24 or greater. As the water
levels in the breads were increased above -1.0, loaf shape scores feil.
Niéhita (1973) noted that rice breads with excess Jwater were

asymmetrical in shape. However, in th®" present study, loaf shape

scorgs approached those of the REF at water levels above —1.9, if ~the

level of CMC was increased.

HPMC had no effect on the specific volume of- Flour A breads.
Compargd to the’REF, q}ce breads tended to ‘have 1owei specific volumes.
* For specific volume responses similar Eo those of the REF, Flour A
breads with water levels above -1.0 and low CMC levels were needed. In
contrast, Nishita (1973) reported that the specific volumes of 100%
rice flour breads increased from 1.5 ﬁl/g at 0% HPMC to 5.3 ml/g at 3%
HPMC (which correspond¢ to ‘-l levels in the present study), and
decreased with each subiequent 1:vel. This Suggests an optimum level

. !
of HPMC which was not demonstrated in the present research.

Rice bread crust color 'L' value contour plots represénting the

.
u\r“

three HPMC levels, appear in Fig. V.1. " T contour plots are.

saddle-shaped and show a region of minimum 'L' that diagonally crosses
each figure, with 'L' values increasing peripherally.. The rice bread
region meeting the REF crust color 'L' (lightness) wvalue standards

’
decreased as the HPMC level increased. To retain a constant 'L' value

'S

-
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HPMC=1.633

1

T T

. ) 1 >48.7

-1

g

0o
CMC

Figure V.l ‘Contour plots for Flour A rice bread crust color 'L'.
values. Levels of HPMC, water and CMC are coded values.
The shaded regions met crust color 'L' reference standards
of 35.9 to 44.7



-
in rice breads at each HPMC level, extra water was needed as CMC was

.

iﬁcrea ed.
.\ Fjﬁﬁ} A bread c¢rust color 'a' (;redness) values were aﬁfgcted
siightly by HPMC level. ﬁxcept for high water-low CMC levels, all rice
breads met REF crust color 'a' standards.

The REF standards for crust color 'b' (yellowness) wvalues were
most often met by Flour A breads with -1.633 HPMC. However, for rice
breags with 1.633 HPMC, low water levels (-l.Q to 0.0) and CMC levels
lesslthan 1.0 were needed to meet crust color 'b' valué REF standards.

< )

Rice bread crumb color 'L' value contour plots at all HPMC levels
were similar, ifidicating- no "HPMC effect. All Flour A breads had a
whiter crumb color )than the REF. A bright white crumb color is

desirable in a white bread, therefom¢, a crumb color that was as white

L] 9 f .
or ‘'whiter than the REF was conside¥ed to have met the REF standards.

The contour plot of crumb color 'L' values at -1.633 HPMC showed that

the highest rice bread ''L' values (whitest bread crgmb) were obtained
at high water, low cMC levels.

HPMC had only a slight effect on Flour A bread crumb color 'a'
values. Flour A B%?ads from all water-CMC combinations met REF

standards for* crumb co¥r 'a' values, except at the 1.63§5HPMC level,

In these breads (1.633 HPMC), low water-high CMC levels gave_rice f

breads with crumb color 'a' values higher than thevREF. .
Rice b‘ead crumb cﬁlor 'b' values were not affected by HPMC level.
To keep rice bread crumb color 'b' values within the REF stapdards,
water levels between -1.1 and 0.6 with any CMC level could be used.
At all HPMC levels.. Fiogr A bread contour plots for Instron

firmness had a minimum ‘Which diagonally crossed each plot, with

120



increasing firmness values on either side. The rice bread region
meeting Instron firmness REF standards enlarged as the HPMC level
increased. Rice breads were softest at water 1eyels of -1,0 to 1.0 and
low CMC levels, and @t—water and CMC lev%li above 0,

One of the most undesirable characteristiés of gluten-free breads
‘is a firm, crumbly crumb. vTheréfore, it .is essential to include

measures of crumb firmness when attempting to improve the quality of

gluten-free breads. However, published researth on the objective
measurement of bread firmness is noticeably lacking. ‘In the present
study, the moist( rice breads presented some sampling

difficultieé not found in the REF wheat bread.' If the rice breads wefe
very hois? and gummy, ' the samples were unavoidably compressed to a
slight extent during sampling end did not regain the initial ‘@25 cm
thickness, Thus, when these samples were tested for firmness, using an
Instron pre-set to compress a 1.25 cm sample 25%, they could not be

compressed as much as the samples which were 1.25 cm thick. This

problem might be eliminated by the use of whole slices of bread instead

-

of rounds, and by adjusting the position of the compression plunger for

each sample, such that the plunger barely touched the surface of the

bread before compression (Baker et al., 1986). Althqugh this sampling

Sortassns e

difficuity only occurred in breads from one of the ¥ice flours (Flour

’

A) in the present study, it should be considered if a very moist bread

———

were to. be studied. i

No HPMC effect on percent moisture of Flour A rice breads was

found. 'To meet percent moisture REF standards, any water level with

CMC levels below -0.5 was necessary in rice bread formulations. -Most
. - L .

rice breads were moister than the REF. This is understandable .since
A

—
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Z5-132% (flour wth water was added to'the rice flour breads while Vheaﬁ

“bread mulas typlcally 1nclude a maximum of 60% water on a flour

basis (Kim and De Ruiter, 1968). lehlta (1973) found that 75% (flour

wt) water Was the optimal‘level for‘IOO% rice flour breads. " Lower

i}

;,water levels produced a denSe rice bread w1th a low volume (lehlta

breads and the addition of water blndlng gums both increased the water

»\:N)‘

1973) In the present study, the hlgh starch content of the rice

requlrements of ‘the rice. bteads over those of wheat breads. Ranhotra'

et al. (1975) also found that .gluten-free wheat starch bread formvlas
required~more water than wheat'bread formulas.,

The results obtained when contour plots for all responses for
Flour A breads were superimposed, suggested that, at an HPMC level of

e}

::rl,633, Flour A rice breads with water levels between -0.85 and 0.6,

~and CMC_levels bélow‘—l 0 would meet all REF standards'ekcept loaf

(Elburs B ande“.

’ shape (Flg V.2)u To meet loaf shape REF standards at fl 633 HPMC

water and CMC levels less than —1 0" were: needed in Flour A r1ce‘
. b .o

‘\

‘breads’, ‘ ' R . : . : -~

Slnce HPMC and water levels dlffered in the bread formulatlons for

each of the three rice flours (Table V 4), dlrect_comparlson of the

. breads resulting from the flours was not fea51hle. Since the ANOVA for

crumb color 'a' values of breads from rice Elours'Bdand C, 'and crust

color 'a'and 'b' Values of breads from Flour B were not significant,

v . - : . . 'S

regression equations and response contour plots were not produced for

~these responses.  However, REF standards were met ‘by Flour B rice"

18

breads for crust color ‘'a' values and érumb color 'a' values and by

1227

Flour C rice breads for crumb color 'a' values. Examination of the -

B R R N

%
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Figure V@ Superimposed contour plot region for Floyr A rice bread -
objective responses at the -1.633 HPMC lével. Levels of
HPMC, water and CMC_dre codéd values. The shaded region
met reference standards for specific volume, crust color .
'L, a and b' values, crumb color 'L, a and b' values,
Instron firmness and percent moisture. :

-



contour plot trends for all other responses gave some 1n51ght into
~response dlfferences among the rice breads from specific flours

,. None of the rice breads from Flours B and C metkthe REF standards

. = for loaf shape. However;.as for Flour A, the loaf‘shapes of breads. .

hfrom rice Flours B and C were affected by HPMC level. "Rice breads made
from Flour C showed maximum loaf shapes at the -1.633 and 0 levels of
HPMC; Flour B‘rice breads displayed maximum loaf shapes at the. 1.633
HPMC level. _CMC:effects were also eyident for Flours B ahd_é.4 At eaoh

°

'HPMC'level, water"levels between_O.S and -0.5 with CMC levels above 6.0

were needed to attain the maximum loaf shape scores for each of. the

flours'(B and- C). 1In contraSt,rthis CMC effect'was not determined for

",Flour A rice bread loafvshape scores unless the water level‘was above
-1.0. ’

The specific volume contour plots‘for.breads from Flours B and C

were 31m1lar to those of Flour A, representlng rlsxng rldge surfaces.

olWhlle Flour B breads showed no HPMC effect and met the REF standards at

all HPMC levels (as did Flour A), Flour C rice oread formulatlons met

', the REF standards morefoften~at the -1.633 level of>HPMC¢than-at 1.633.

- For breads from all three flours, .specific volumes were similar to the

REF at water levels above 0 and at low CMC levels (less than -1.0).

< The crust color 'L’ values of flour B rice breads wereiaffected by
. , i

HEMC level. Crust color 'L' values for Flour B breads met the REF
standards most often at l 633 HPMC. -Flour C bread orust color"ﬂ'

values were only affected slightly by HPMC level. All Flour C rice

breads had a 11ghter crust (hlgher '[' values) than the REF. Crust

color"a“ values for Flour C breads showed an HPMC effect. - At 1.633

#

- ‘ . ’ ‘ gg}n

g'%PHC. Flour C rice breads met .the crust color 'a' REF standards at all

124+ -



1.633 HPMC

Flour B and C contour plots for Inmstron bread firmness showed
L

at the 1.633 HPMC level.

‘'standards 'most often.

[
~ .

water-CMC combinations except at water levels below -0.3 and CMC levels

above 0.6. Flour C rice breads did not meet REF standards for crust
) . . ) ) . .

color 'b’ values atl any HPMC, water or CMC level.

Q

Although each of the flours (B and C) resulted in ?ﬁéd crumb
color 'Lf contour plots whlch d1ffered in appearance fro

.t“hose , of
Flour A, Flour B and C r\lce breads like Flour A breads, had a whiter
crumb than-the REF. Crumb_ color 'b' contour plots for breads from Both
Flours B and C were \similar td those of Flour A. Wbile HPMC hod no
effect‘ on crumb colorry"b" values for Flour A rice breads, HPMC did
affect .the crumb colork 'b' values for Flour B and C rlce breads.  In

.

both Flour B and C breads the REF standards were met most vften at

3

8 ong~HPMC effects and were similar to the plots for Flour A Instron -

bread firmness. However, in contrast to Flour A, the Flour B rice,
bread region meeting the REF sta_nc#irds decreased as the HPMC level~
incréa}sed. Flour C breads only met REF standards for Instron fi'rmnbe'sg.

/’ .

The HPMC effects on the percentages of moisture of Flour B and C

rice breads were slight. Rice breads from both of these flours (B and

C) were noti.ceabl'y drier than Flour A rice breads. Although breads

%

from- both Flours B and C met REF pércent moistuye staudards more

frequently than Flour A rice breads, Floyr C breads attained the REF'_

Q

.Réspouse contour plots for rice breads from Flours B ‘and C,

;téspectivel-y, were superimposed.  For Flour B rice breads a -1.633

HPMC,V specific watdr (-0.3 to 0.85) and CMC («-1.1) combi.nations

\ |

-
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met REF standards for specific.volume, crust color 'a' values, crumb

color 'L, a and b' values, Instron firmness and percent moisture (Fig.
2 .

\M.3). For Flour C rice breads at ‘-1,633 HPMC, specific vater (0.1 to

1.5) 'and CﬁC' (<-0.8) combinations met REF standards for specific

~volume, crust color 'a' values, crumb color 'L, a and b' values and

A

percent moisture (Fig. V.4).
In the .present’ study, .the rice flours selected for Qse were a
me&ium'grain, finelymground flour (A)y a medium gr;in; céarsely gro&nd
flour (B) and a long grain, finely ground flour (C). At the -1.633
HEMC }ével,. rice breadé~ from Flour A héd,iﬁhe largest number of
#water;CMC.combinations which met REF standard objective responses (9
out of 10) determined in breads. Fibur AIQas ;lso the oniy rice flour
;to préduce breads which met loaf shgpe REF standards. B;edds.from
Flours B aﬁd C, with -1.633 HPMC, had fewer Q?ter-CMC combinations
-meeting the REF standard responses than.Flour A breads. Breads frém
Flours B and C met éevén (Flour B) and 6 (Flour é) of the ten bbjectivé
REF standards simultaneously. " Thus, on thg- basis of objective
‘measurements, the medium grain,f finely ground rice flour (Flour A)
produced rice breads ﬁhat were more 1iké wheat flour breads than eitggf

| the medium gréin, COarseiy ground (Flour B) or the long gfain, finely
ground.(FlouriC) rice flours. Nishita éﬁa'Bean (19795 also found that
.;idurs from medium grain rice had better baking\hualitiés than floufs
ffom long grain fice. However, Nishitaﬂ and Bean 01982)

reported that coarse rice ‘flours functioned more effectively than

finely g;ound'rice flours in their 100% rice flqur,bréads.

AY
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Figure V.3

127

Superimposed contour plot region for Flour B rice bread

objective respbnses at the -1.633 HPMC level. Levels of
HPMC, water and CMC are coded values. The shaded region
met reference standards for specific. volume, crust color
'a' vdlues, crumb. color 'L, a and b' values, Instron
firmness and percent moisture. : :



<

Figure V.4

>

Superimposed contour plot region for Flour C rice bread
objective responses at the -1.633 HPMC level. = Levels of

. HPMC, water -and CMC are coded values. ' The shaded region
" met reference standards for specific volume, crust color
‘a' values, crumb color 'L, a and b' values, and percent

.

moisture,

s
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CONCLUSIONS

This study has resulted in the development of formulations for-

acéeptable rice flour yeast bréﬁds for individuals wiﬁh celiac disease,
. ‘ B - =

-Wheat -allergies and _dérmatitis herpéiiformis, Several optimum
combinations of HPMC,JCMC~and ﬁatér were found that could result iﬁ
rice breads with a specific volume, crust color ('L, a and b' values),
crumb color ('L, a ana b' values), Instron firmness and percent
moisture comparable to that of a referenge wheat (white) bread. As
illustfated.ih‘this résearch, Aevélopment of rice breads compafable to
'thé reference wheat bread, at, particular HPMC levels, was_dependent“on
the‘typé of rice flour énd'oncthe leyels of water and CMC used in tﬁe
formulation. Thus, it ié suggested that response surface méthodology

can be successfullybaﬁplied to the de&élopment of acteptable special

-
diet products, such as gluten-free rice bread.
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"VI. The Application of Response Surface Methodology
to the Development of Rice Flour Yeast Breads -

Trained and Consumer Panel Sensory Evaluation

A d

INTRODUCTION

Special diet products, such as gluten-free breads, frequently
present difficulties in providing the sensory quality that consumers
expect (Paulus, 1986). To ensure that gluten-free bread is accepted,
enjoyed and consumed regularly, gluten—free yeast breads which have
~organoleptic (odor, flavor and texture) and visual.chaqacteristics that
are similar to those of wheat flour yeast bread are essential.

Reseaech on gluten-free yeast breads which has included sensory
- evaluation by a ‘trained tas®e panel (ﬁolam, 1983) 'is very limited.
There are also few published studles on the consumer acceptability of
gluten—free breads. ‘Some researchers have reported gluten-free bread
preference/acceptability wiﬂ11h67 ﬁember panel;e(Smith, 1971; -Bradley,
1972; hishita, 1973; Chrlst1anson et al 1974; Johnson and Penfield,
1976). Others, (Steele et al., 1%65 Mecreer, 1967; Landsman and Wills,
1968; Kulp et al., 1974; SmlthJ\IQlA) have mentioned bread’ accepta-

-
bility but have provided very ligilevinformation about who evaluated
the products or about the type of test.
~Response surface methodology (RSM) has been successfully used for
trained taste panel evaluation of baked producte such as pie‘crusts

(Smith and Rose, 1963), high protein bread (Henselman et al., 1974)

and cakes'(Vaisey—Genser-et al., 1987). However; the use of both RSM
3

g ’ (
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and trained panel sensory evaluation for the development of gluten-

free breads is noticeably absent.

|

The purpose of this study was to develop gluten—fréé rice flour

yeast breads comparable to wheat flour (white) breads in appearance,
odor, flavor, texture and aftertaste, using RSH, Consumer

acceptability of selected breads was determined with a consumer panel

Q. . . :
- consisting of celiac and non-celiac members.

-

MATERIALS AND METHODS

~

. : N
Detailed information about’ the rice flours, variables and

experimental design of the study is given in Chapter V.

Rice bread preparation
Yeast breads were prepared from three different rice flours using

the formulations and procedures given in Chapter V.

’

Reference bread «\~/) ‘

A com;;}cially prepa;%d wheat flour (white) bread served as the

reference (REF) for all trained panel senQSry evaluations,
A \
Sensory evaluation - trained panel

Screening of panelists. Panelists were chosen during a pre-
L4

liminary screehing of 19 volunteers (female graduate students and staff

in the Department of Foods and Nufrition, University of Alberta).

Panelists were screened using a method similar to that used by Cross

et al. (1978). Panelists comple;ed a series of 16 rice bread triangle
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tests over a nine day period. During each triangle test, panelists

picked the odd sample with respect to firmness and/or moistness and
. P

indicated the degree and direction of difference. Samples used in the

tests were thawed rice bregd rounds (2.5 cm in diameter, 1.25 cm high)

taken from breads prepared during ingredient screening eXperiments

(Chapter 1IV). Samples, made from each: of the three rjce flours,

_.covered a wide range of firmness and moistness. Triangle test

difficulty increased over the screening period. Panelists were briefly
familiarized with basic tasting procedureé (rinsing the mouth with
water prior té'tasting and between samples, placement of samples in the
mouth and order of tasting samples) and given aefinitions for the
%irmness and moistness of breads:
FIRMNESS: The ferceived force.required to gently compress the
' sample between the molar teeth (first bite)}.

" MOISTNESS: The perceived degree of moisture in the sample
(during mastication).

During screening, panelists correctly identified the odd samples 83% of

the time, with a range of* 35-100% over the 16 triangle tests. Sixteen

panelists were selected for training on the basis of their ability to"

correctly identify the odd famplé at least 7Q% of the time, interest in

the study and availability{for the duration of the'stqu. o
fBackground information on potential panelists waé obtained through

a questionnaire. The §uestionna;re provided demographic information on

the panel and suggested the suitability of potential panelists.”

Training of panelists. Training sessions were held four to five~

times per week for 1l weeks. During each week, three to four days were
devoted to individual evaluation of the sensory properties in three to

Y r
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six bread samples per day. Samples represented a number of: \{a‘r,ia!tiqn‘s AT
of rice and wheat flour yeast breads and were similar to bthg'sl*w ;;'ﬁe L;_'.»":

R I o
vy Befbre each 7

3 "

actualo study. Replicate bread samples were also incigded . .
sdgsion, - a brief Hescription. of the previous dayb';‘;;vf'el\éﬁité and
prockdures to be followe& w‘ere‘ providéd by the pa:’xe‘\lb'-"‘l""'e“a.d‘e’r. Round
table panel dikcussions Qere held at least one day per week. Previous
results were discussed and panelists freely asked questions, commant:ed
on problems and made suggestions.. Panelists described how they
evaluated the samples and defined the 8escriftive terms they uséd.if q‘he

vocabulary for the sensory characteristics of the rice b;eéds. the

ballot and the procedure for ésse&&ng rice bread quality were
. k.
,,I.Ten organoleptmattr_ibut

(yeasty odor, rice odor, firmness, moT

. .

developed, .agreed upon and refined.

N )
‘ﬁr‘xess , cohesiveness; ‘yeasty™..
% o .

b X3

.
AN

flavor, rice flavor, adhesiveness, graininess and aftertaste) and five

¥

visual attributes (top crust color, crumb color, predoninant cell size,

cell size uniformity and cell wall thickness) were selected for the

?

assessment of\rice ads. Discussion of results and comments by

panelists during the sessions developed panel consistency and increased

paneiists'v;unders.tanding of the methods and rice bread gttributes being.-
~ N .

studied. .

During the first week, panelists were introduced to basic panal .
procedures and to sensory methods. Panelists individually rated the‘
firmness and moistness of rice breads, using an eight-point descrip‘tive
category scale. A value of 8 indicated extremely soft and extremély
moist, and a value of 1 represented extremely firm and extremely dry.

Preliminary instruction sheets with definitions were provided.

Panelists also described the flavor, texture and after-effect of ‘the

s .~
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" slurries (5 parts rice flour to 7 pﬁtts water) and cooked’rlce pastes

samples, using describtiVe adjéctives.
. ) , P . o
The REF wheat bxgad sample was introduced with the rice breads in

the second week. Yeasty 'flavor amd.rice flavor were added to the

ballot-and assessed. A value of 8 represented extremely intense yeasty

and rice flavors while a Value of 1 illustrated extremely weak yeasty

and rice- flavors. Dry yeast, rice flout and'wheat'flour samples were

I

provide¢ to familiarize the panelists with their flavors and odors.

During the third week of traihing, the unstructured linescale
.tecnnique was introduded, as some panelists were not comfortable with

the category scale. Each panelist was*instructed to place a vertical

. : ! { . -
line across a 15 cm horizontal line at the point which pest described

”

her impression of each of the rice bread characteristics.( The Iline

a(

(1 part ‘ride to 1 part watef cooked to dlfferlng degrees‘ of
.
gelatln*zatlon and blended w1th an additional equal volume of water)

were prOVIded to fuflher 1dentlfy rige flavor andyodor.

In the fqyrth‘week" the flve

: 1ntroduced on a 'second oallot In addltlon rlcevbdor yeasty odor and

aftertaste were added torﬁ fir,t“ballot. Graininess, cohe51veness

~
and adh§§1veness were 1ntroducedyln week five to complete the ballots

angﬁtastlng prlor to the panel assessments, rice pastes were prov1ded

dally to relnforce r1ce flaVQr and odo¢ " Rice flour slurrles with

@ [y

: added dr yeast . (0 5 or 15 g) were cook

(3 min at a medlum seﬁtlng)
[

1n ‘a mlcrowave oven (Kenmore Model Yo. 99231) to prov1de panellsts

3
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'cooklng to bring all samples to the same consistency.

with cooked rlcey, yeasty odor and flavor . references. s1m11ar to those

in the rice breads. Water if needed vas added to the samples after

r 4

1

o ‘ *

Addltlonal bread samples were evaluated in the follow1ng weeks

' Ihé vattrlbutes of the REF wheat flour breads were temporarlly

posi(ééned on the line scales. For training, REF scores for each bread

¥

attribute were obtained from the data of previous panels. REF scores
were mean values calculated over all the panelists. Rice paste samples

were dlscontlnued ence panellsts were comfortable with scoring rice and

yeasty odors  and flavors. Apple<s11ces dipped in lemon water (400 mL

water to 15 ml lemon juice) were prov1ded to ‘the panelists to help'

clear the mouth and teeth betWeen samples., The final ballots for the
@

organoleptic and visual evaluations ogmbreads'are'shown’in Fig. VI.1

and VI,2 ‘respectively. Instruction sheets for the organoleptic and

visual evaluations are given in Appendices 15 and 16. Final ballot REF

scores were obtained from the scores given to coded wheat bread samples
\ S S .

included in the second panel p_*}ormance evaluation. To ensure that

the REF -scores reflectedgthe" dgements of the panelists, means were

taken for data over the four REF samples 'and the- eight " final

panelists;l

o .

'Performanee evaluations. After the 51xth and tenth week of -

training, panellst performance~ evaluatlons were. conducted uslng the
procedure described by Cross et al. (1978). :For-the firsﬁ‘Evaluatqu,

four repllcatlons of six. tfqatments were used to determlne panellsts

ability to 1¥scrlm1nate qmong samples alh to»nmasure consistency in

repllcate JudgmenC? Panelxsts scored~ the” ten organoleptic

L4

characterlstlcs of €he samples presented. .Judges were ranked for each

. - e
[ R . L4

&%

o
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Judge:

Dates -

" Instructions: “For each characteristic listed, place a vertical line across the horizontal B

RICE BREAD EVALUATION

Sample #:

line at the point that best describes that characteristic in the sample. -

q

3

Yeasty Odor R
. R
1 | |
. very- I very
L weak - intense
Rice Odor .
I : |
I very N very
weak intense
Firmness :
. R
! : i
. . very very
soft firm
Moistness 4
1
~ very
~ dry -
Cohesiveness . .
i
very very °
S crumbly cohesive
Yeasty Flavor ¢ ) -
- R
] |- 1
. very ’ | ’ very
3»‘ - weak intense
"Rice Flavor
— R ?
| | e 1
T , very.
. . weak - - intense
Aghesiveness ‘
. 1 ’ I
slightly very
e _. adhesive adhesgive
Graininess
R .
Q N
: b : - A
& : very ' 3} very
' <
. smooth - in
Aftertaste - . gratny
R
] | B
very | very
S weak intense
R S )




~% 4

Judge:

Date:

RICE BREAD EVALUATION

Instructions: For each characteristic listed, place a vertical 1line across ‘the horizonﬁal

line at the point that best describes that characteristic in the sample.

5
Top Crust Color

w

a

" Crumb Color

Predominant Cell Size

.

2

© Cell Size Unifor-mity_

Cell Wall Thickness

COMMENTS:

Figure VI.2.

1 |
very - very
1ig¥ﬁ I dark’

¢ et i \::>%

] ]
very g | very
‘light : dark

i
| 1
very o very
small : large
R - B

1 '[ 4 1
very S very

uniform R irregular

. ﬁ o

] i
very | very
“thin thick

&
r . S .3
N/ '
. .
"
-
S, *
0

Visual evaluation ba

ligp
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¥ ) "* ’ ) . . )
* panelists for the study. ' Four replications of

i,
5 L ]
" .
.

characteristic on the basis of their F-value from a one-way analysis of
\ . w» - '

N

’

variance. A panelist’with a. high F-value was more consistent and more .

discriminating than a panelist with a lower F-value. The evaluation

~

'data revealed the bread characteristics panelists were having problems

with as wetl as attributes 'that required additional work.  All

%

ﬁpanelisté‘continued with further tfaining. The second evaluation was

used to confirm that further training was not reqﬁired and to select
B

: K|
duplicates) were included and eight panelists were chosen.

‘Sample preparation and presentation.-  In accordance with the

quperimental design (Table V.3) one'khundred and tﬁenty_ breads (20

design points x 2 reps kh\B flours) were evaluated by eééh of the
trained panelistsp Fifteen sensory responses (10 orgfnoleptic and 5

visual) were measured on all rice.breads. All evaluations were made in

" comparison to afFEF wheat bread.

Samples for sensory evaluation were taken from the same relative
' ° 3

. position in each thawed loaf of bread. Measurements were made on

samples ,equilib;afed to. room témperature-‘(22°C). For organoleptic

evaluation, two or three rounds (2.5 cm in diameter) were removed from

‘the lower half of each of 8 slices (1.25 cm thick) of bread. For eéth

rice bread, two rounds from the same slice of bread, wére presented to
each panelist. Each panelist also received 3 rOﬁQdS“pf the REF wheat
bread.  The position of samples presenfed to pénelisfs'was rotated

among panelists so that each panelist tasted samples from each of the

eight slices of bread. The two rounds of bread per treatment (3 rounds

of REF bread) were placed in coded'plastic:petri dishes Qith lids and

all the petri dishes for one set of samples were'put in plastic bags

six tredtments (two were

140



o ' 141,

a4 . : .
with twist-ties, in the randomized order selected for each panelist.

" As they began their evaluations, panelists removed the dishes from theL
bags. Samples were evaluated in the same 3-block central composite

design used for baking, with the flours. and blocks within flours

randomized. ° A

Organbleptic evaluations were conducted in individual bootﬁs in an
atmosphericaliy controlled sensory péﬁél room. éamples_were evaluafed
upder red lights to mask any sample color-dlfferences ~ Water eed apple'
sllces were prov1ded to clean the mouth before sampllng and between the
evaluation of different treatments. Tpothpicks_were.also available to
remove any bread particles remaining ie the mouth after tasting.
‘Panelists evaluated ‘6-8 rice bread sa%ﬁles plus a REF wheat bread
sample at each session.

Visual evaluisions ‘were conducted iﬁv a MacbetB skylight booth.
kModel»No. BBX-826, two 1,000 watt bulbs) which provided a'constant,
consistent source of daylight. T?e entire cehter; slice (1.25 cm
thick), from -each loaf of bread, was used for visual evaluapion, The
toe crust Qas removed for top crust color evaluatioqf. " The rema@ning ,
slice and detached top crust section were piaced in a plestic‘petri
- dish, which had the  botteom 1ined with a round of black felt, and
covered. The petri dishes were'kept_in plaetge bags with twist-ties
until evaluation. 'FOr.evaluatioe, the samples (6-8 plus a REF) were
placed in the Macbeth booeh. The bentef position @f the booth Qas
marked with a black round hav1ng dlmen51ons 51m11ar to the vetri dlSh‘
Panellsts scored the samples randomly by brlnglng the sample ] petrll

dish to the black c1;cle_ and removing ’the lid. Instrucf&ons' were,

prbvidedAto the judges, along with a visual reference card which was *

.



Qo w : .-

hung on the back wall of the ‘booth.- The visual .referénce card
consisted of pictures and air-dried bread samples to illustféte the
line scale anchor. points fpr top crust color, céumb color, predoﬁlnan;
cell size, cell size uniformity and cell wall thickness (Plate VI.1).
vJudges made their visual evaluations individually, immediatély after

'the organoleptic evaluation. !

N | z

Sensory evaluation - consumer panel.

Ihree ricé-bﬁfé§5, one from each of the Flours A,'B and’C, were
evalﬁéﬁid during tﬂe consumer panel.: Each bread was prepared frdm the
cénter‘ﬁoint formulation (0 coded levels of HPMC, CMC and water) of the
experimental design for éach flour. Since all of the riéé breads of
the study could nof,be evaluated by the consumer'panel,“the center
point breads were chosen as béingifepresentative of typical breads from

each flouf: The center point breads from Flours A,‘B and C (Plate

VI.2) had a good appearance and flavor and were reproducible.

A total of four loaves of bread from each flour was required for

sampling. The breads were prepared the day prior to the panel, frozen

(-29°C) for 24-28 hr and thawed (21°C) 1.5-2 hr before sampling.. The

breads were sliced (1.25 cm); the crusts and end slices closest to the:

crust were discarded. Individual slices were immediately placed in

&
N

PO

coded'plastic bags and ¢losed with twist-ties.

The consumer panel con§isted.of 42 individﬁ;T§4{23 celiacs and 19

! <
\

.non—celiacs) who had'Attended the Edmonton Celiac Association Annual
Meeting, October 25, 1986. ' Members had been encouraged to atteénd

through -a letter which appeared in the September/October issue of the

1986 Edmonton Celiac Association Newsletter. Each participant
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evaluated 3 bread samples (1l slice from each type of rice flour bread).
The samples were presented in random order on a tray with a ballot

(Fig. VI.3), questionnaire (Appendix 17), pencil, napkin and a glass of
water, Using a six-point category scale, participénts'evaluated the
bread samples for aroma (6 = very desirable to 1 = very undesirable),

appearance (6 = very desirable to 1 = very undesirable), firmness (6 =

very soft to 1 = wvery firm), moistness (6 = very moist to 1 = very

dry), flavor (6

acceptability (6

panelists were instructed to evaluate the samples-individually, in thef

order presented, and to take a drink of water between samples. An

enlarged ballot was utilized to explain the scoring system.:

Participants were asked to evaluate the bread crumb for firmness
’ H
- - .
(measured by touch, not by mouth), moistness and flavor. ;

Statistical analysis

A central composite design, éonsistiﬂg -of a three-variable
(carboxymethylcellulose gum [CMC],..hydroxypropylmethylcellulose gum
[HPMC] and water), five-level pattern with 20 rice bread formulations
was used. The design was replicated fwice for each flour and the five
ievels of each %f the three variables were coded as -1.633, ;l, 0, +1,
+1.633,

For each sensory éharacteristic (response) measured by the trained
panel, ANOVA‘was>conducted to determine significant differences among
the 15 treatment combinations. Also, daﬁa were anélyied us;hg multiple
regression procedures. To estimate CMC, HPMC and water effects on each

sensory response, the design was fitted to a second-order regression

very acceptabld to 1 = very Unacceptable). The%f

very desirable to 1 = very undesirable) and overall f‘

i
;
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eqmation (Chapter V). Coefficients of determination (R?) were
computed. ~The 4ddequacy of the models was' tested by sebarating the
residual sum of squares into pure error and lack of fit.

For each response, contour plots were pfbduced from the equations,
by holding the variable with ﬁhe least effect on the response equal to
a constant Yalue.éand changing the other two Qariables. Each contouf
plot was compared to REF data. Areas on each plot, that represented
bread formulations which met REF standards, were identified. For eachi
flour, contour plots for.é11 responses were superimposed to locate rice .

. véread formulations which met REF standérds for all sensory responses.
¢A‘~ The results of the consumer pénel were tabulated and means
calculated over all paricipants, celiac participants and non-celiac
participants. For each attribute evaluiigd by the consumer panel)(all
participants) ANOVA'was conducted to dete}mine significant differenges
among the three rice breads. Duncan's Multiple Range test was used to

" establish significant differences.
" RESULTS AND DISCUSSION /
Sensory evaluation - trained panel

For each flour, ANOVA of the fifteen rice bread treatments showed

significant differences for the firmness, moistness, crumb color and

cell wall thickness of the.breads. Significant differences among the
15 treatments: were also determined for top crust color and predomjnant
cell size ovalour A breads; the graininess, predominanf cell si @nd
cell 3size unifqrmity of Flour B breads; and for co iveness,
adhesiveness, graininess ahdbtop crﬁst color of Flour C bxeads. The

&> &
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Flour C
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Plate VI.2 - Rice breads (center point formulations) evaluated by the
consumer panelists
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1ac.% of significant dffferences ~among treatments, for the -sensory
responses (T4ble V1.1), indicated ﬂhat'HMPg, CMC and water level .had no
effect on the response and that Nfurther stat‘istica*l‘analysj..s was not
required.
Mean values for sensory responses with no significant treatment
aifferences \'(Table ‘VI.\l) , calculated over the 40‘design points (20
design points xb 2 rep_‘l‘ications) per flour, were compared to the REF
.standards (Tabl'e‘VI.Z).. REF standards were met by rice breads for
i _cohesiven.ess‘ (Flolxrs A and B), yeast,}; flavor (Flours A,/ B and C),
Fadhesiveness (Flours A and é), aftertaste (Flour I}), top crust color
(Flour B) and cell size uniformity (Flours A a}'ld C). However, Flour A,
'B and C bread response means for yeasty odor, rice odor and®rice flavor

- were la\rgér ;han tl!e REF standards. Thus, breads from each of the rice

u :‘-v“a

~fLours hadﬂa«:’“stx“g@gqr yeast% od’dr, &%odor and rice flavor than the

\.:‘,

Rmae h. Qaq ’fesgbnse@e‘}m.x,for gr%;gymess "E‘Flour A) and aftertaste
'L H . PR ]? LI

had shoWn slgnﬁicant dxfferences lyr the ANOVA  (Flour A, 6

e

ses; Elour B 7 responses, Flour C 8 responses) " The. regression

c~ em:sr and R’ values for the sensory responses of breads from

‘A,‘L‘ B ande are shown in 'I‘ables VI.3, VI.4 and VI.S,

e b_’{es for mmstness and predomlnant cell size (Flour B) showed

s
. %1, i

eant 1ack of flt The lack of fit of the regessmn equatlon

*
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Table VI.l - Mean values of sensory attribute responses with no
significant treatment differences?@

"

- REFERENCE
FLOUR ~ RESPONSE MEAND STANDARDS® MET
L -]

A Yeasty odor - 7.6 No
Rice Odor 7.4 No
Cohesiveness 12.6 ~ Yes
Yeasty Flavor 7.0 Yes
Rice Flavor 6.6 No -
Adhesiveness 9.8 Yes
Graininess 3.7 No
Aftertaste 5.9 No
Cell Size Uniformity 6.9 Yes

B Yeasty Odor 7.4 No
Rice Odor 7.5 No
Cohesiveness 11.2 Yes
Yeasty Flavor 6.5 Yes
Rice Flavor ©.7 No
-Adhesiveness 9.0 Yes
Aftertaste 5.6 Yes
Top Crust Color * 7-.0 Yes

YRS

C ’ Yeasty Odor T 7.5 No
Rice Odor 7.8 No
Yeasyy Flavor 7.1 Yes
Rice Flavor 8.4 No
Aftertaste 6.8 No
Predominant Cell Size 2.9 No
Cell Size Uniformity 6.9 Yes

-

a8 Determined by analysis of variance

b Means calculated ovér the 15 treatments, 8 panelists and 2 replica-

tions of the design

€ Reference standards are given in Table VI.2

w

K

//‘ Vs ‘\\
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‘Table VI.2. -~ Reference wheat bread sensory' response measurement
o standagds : ' -
., RESPONSE - .. MEAN®  °  RANGEP
. - A » ) 9 ) -~
/ Yeasty lqdor » 4,3 , I 1.6-6.6
Rice odor T w00 0.0
Firmness - 1.5 0.7-2.2
Moistness . - 11.6 9.5-13.1
A . L » ! ' .
Cohesiveness 12,4 - 11.0-13.4
Yeasty Flavor C 3.6 S 116—-7.%%‘;3n S
Rice Flavor g ‘ 0.0 . 0.0
 Adhesiveness .S 16 0 3.8-10.7
Graininess ; 1.2 1 0.21.7
' .o s * EE
\(Aftertaste ' : S 2.8 . 0.6-5.8
Top crust color . | L 8.0 ' 6.3-10.8 "
. . , L | »
Crumb coler %~ 10.7 - S 7.7-13.4
Predominant Cell Size 5.7 | - 3.1-8.4
Cell size uniformisy - | 2.827.4 i
. Cell.wall thickness . ° 2.3 . 1.8-2.9
& Mean value is the rePerenaéscore ‘positioneHl on the ballots.
N = 4 treatments x 8 panelists = 32. -
R e . i .. : : «
b  The range of values.obtained for 4 replicate treatments. ’ o
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for the moistness of Flour B breads may indicate.iﬁadequacy of the

equation. The reason for the 1ack of fit is not known, ‘but perhaps, gs

mentioned in Chapter V, the center.point rite-breads used to calculate

, lgek~of‘fit, produced breeds that had a more uniform cell size .and
moistpess throughout the slice ,of bread and were easier to evaluate

than the other treatment breadsyIn‘ that case,. the pure error obtained

)

by evaluatlng the center point breads may not be representatlve of the
overall error in the other treatment comblnatlons.

Flour A rice bread regre351on equatlons (Table VI. 3) explalned 61%

to 92% of the response varlatlon For Flour A breads, CMC and water
affected the sensory responses the most; HPMC had the least effect.

The regre351on equatlons\ffor Flour B rice breads (Table VI.4)
expldained 19% to 95% of the variation in the sensory responses. The

v

low R? wvalues: of 0,19' and 0.36 for graininess and moistness,

. respectively, suggeﬁﬁithat factors other than the levels of CMC, HPMC

~

and water affected the graininess and moistness of the Flour B breads.

Both.responses had significant replice%ﬁon effects which, when added to .

" the models, changed the R? values to 0.87 (graininess) and 0492
(moistﬁess), and thus explained a large proportion of theivariation in
graininess and moistness of these breads. For all Flour B bree”

responses,

effect..

il '

The eight regression equations Qfable .VI.5) of«PFlour C breads"

s Kl A Y
5 .

explained_38%ﬁto_9§% of the response variation. . As for Flour B, the

low R? value (0"38) for adhesiveness of Flour C breads could be
increased to 0. 76 by incorporating ‘the eggect of repllcatlon 1nto thei

model. Thus, repllcatlon differences accounted for a 1arge portlon of

ater and CMC had the most effect while HMPC had the least j
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the variation in the adhes:.veness of ,F,J,ouf\,C rice breads., Unlike . @
breads from Flours A and B, the level Jﬁ’ﬂ?ﬂg significantly. affected

.

the moistness, cohesiveness, adhe51veness‘and~top crujl color oﬁ’Flour
: . . ‘.|." - 4

C rice breads, All Flour C bread responses were affected by water
level while‘ many responses (firmness, cohesiveness, graininess,.top
crust coler, crumb color and cell wall thickness) were also aﬁfected by
CMC level. - ' o ‘ :
_ . * A ' K
To study the response surfaces of breads within each rice flcur,
contour plots were produced for the 21 responses by holding HPMC levels
at -1,633, 0 and 1.633. Contour plots for all sensory responses appear
in Appendices 21 to 23 and should be referred te in the discussion of
the results pertaining tao each of the three flours. Each contour plot
~ was compared'tO'REFisensory response data (Table VI.2).’ Areas .on the
contour plots that represented rice_bread,formulations_which met the
'range of -REE response values for that=‘specific' résponse were
identified. In the case of"crumbvcolor,drice bread responses withim
.the REF range or lower (lighter) were considered to have met the_REF

P

standard.

)

- Flour A
For Flour A breads,'CMC, HPMC and water levels had no'effect on | s

the sensory me sments of yeast odor, r1ce odor, cohesiveness,
y

yeasty flavor, rice flavor, adheSiveness graxniness aftertaste’ and B

cell size uniformity ’ Thus,-regres51on equations and contour plots

e not produced for these responses. ' .'1 S o o

one of the Flour A breads met REF standards (Table VI 2)§§or“‘
S

-

firmness,,all breads were more firm than the reference The softest'

iFlour A breads wereafound at the 1 633 HPMC level with water levels



- ’ — ' [

3

. J ﬂi‘.r" : Ly

[y "

between :O.5 and 1, and CMC levels less than 0.5. These results differ

from those found for the objective measurement of bread firmness

(Chapter V). Flour A breads met Instron firmness REF standards at ;ll

-
. ) £
HPMC levels. This finding suggests that the trained panel evaluateé“éﬁ

different agpect of bread firmness thah»thafvmeasﬁred by the Instron.
S , o v 4 ‘ .
When measuring the hardness of rye and french wheat breads, Brady and

Mayer (1985) also found that the trained panel results’differed.from

.the Instron data. They lBrady and Mayer, 1985) suggested that the
panel ‘and the fnstron may have been measuring different bread

characteristics or that the Instron may have been more sensitive to .

slight differences in sample hdrdness than the panelists.
HPMC had ,very litrle-effect_on the. moistness of Flour A breads.

At all HPMC levels, rice breads with water levels below 0 and any cMC
level met moistne;s REF- standards. Water levels between 0.0  and 1.2

could produce Flour A breads which'meét REF standards for moistness, if

>

appropriéte CMC levels were used (higher CMC level's were needed as the

water level ihcreased) Hdhever water levels above 1.2 resulted in
'ﬂ'ﬂ"”m

Flour A breads which were m01ster than the REF.  Similar results were

obtained for“the HPMC effect on the measurement of percent moisture in

S were less

was found in Flour A rice breads. - However, water lé

1mportant anid CMC levels were more 1mportant to percent m01sture, than
w .

evaluatlon.of molsture«ln Flour A breads

4

L 633‘ HPMC l\A e_

N T
2 0 e S

R T

A b),:e.ads was affected by HPMC level .

EF standards for top crust color-at the

156

lFloqr A rice breads (Chapter V). No HMPC effeq;'bn\giégent moisture

"1 633 HPMC 1eve1/' At a11 HPMC 1eve1s,"i'

evel comblnatlonstand low water- hlgh CMC level -



combinations produced Flour A brgéds with top crust qolors which were
lighter than those of the REF. The sensory data for top crust color
(very light to very dafk),\yere very similar to the crust cdlor"L'
valuesldetermined with the &unterlab Color/Diffefénce Metef (Chapter
V). For the Flour A bréads, a strong HPMC effect was noted for the
objective response of crust color 'L' values aﬁd crust co}or 'L' value
REF standards‘wére met most often at the ;1.633 HPMC level (Chapter

V).

'The effects of HPMC level on the crumb color of Flour A breads

were small. "All Flour A breads were as light (white) or lighter than

the REF and met REF 'standards for crumb color. The crumb color of

Flour A breads was darkest at low water - high CMC combinations. These:

sensory findings agree with the instruﬁeptal crumb color 'L' value
results (Chapfer V). All Frour A krice breads met objective REF
sfanda;ds for crumb color 'L' values and had a whiter crumb than the

REF (Chapter V).

Flour A bread predominant cell size contour plots representing

the three HPMC levelé‘appear'in Fig. VI.4. The contour plbts show that

‘the region of rice bread formulations ﬁéeting the REF standards for

predominant cell size increased as the HPMC level increased. To meet

157

cell size REF standards, Fldur A breads at the -1.633 HPMC level needed

water levels greater than -0.3 and CMC levels greater‘than 0.3. At the
1.633 HPMC‘level,‘most Flour A breads met REF standards for predominant

cell size éxcept at combinations of high water (> 0.3) - low CMC -

(¢ 0.3) level and at combinations of low wateh (< -0.9) - high CMC

(> -0.5 levels. -

Only Flour A breads with the lowest HPMC ievel (-1.633) met REF
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Figure VI.4

§

5

$a~

Contour plots for Flour A .rice bread predominant cell
Sizef§cotéiﬁ§?Levels of HPMC, water and CMC are coded

‘valueés. The  shaded regions met predominant cell size ;

reference standards of 3.1 to 8.4

@



 standards for cellkwall thickness. Rice breads fromvfbrmulafions with
-1.633 HPMC, water levels between -0.4 and 0.6, and CMC levels less
: than.-0.3 had cell walls with a thicknesslsimilar to that of the REF
bread. All other Flour A breads had thicker cell walls than the REF
wheat bread.

The results obtained when the contour plots for all sensory
responses for Flour A were’ superimposed and suggest@h thét, at an HPMC
level of -1.633, Flour A breads with water levels betweé; -0.3 and
0.8, and CMC levels greater than 0.3 would meet REF_standards for
moistness, gohesiveness, yeasty'flavor:-adhesiveness, top crust color,
cruﬁb color, predominant cell size aﬁd tell size un}formity (Fig.

VI.5).

Flours B and C

Since HPMC and water levels differed in the bread formulations for
ea;h of the three rice flours, difect comparison of phe breads result-
ing from the flours was not feasible. However, examination of the
contour plog trends for all responses gave some insight into sengofy
differences among the rice breads from specific flours. |

Discussion of the §ensofy attributes for Flour B and C will follow
tue order 6f4the attributes given in Fig; VI.1 and VI.2.

Eight Flour B bread sensory measurements (yeasty odor, rice odor,

cohesiveness, yeasty flavor, rice flavor, adhesiveness, aftertaste and

.~ top crust color) and seven Flour C bread sensory measurements (yeasty

A

odor, rice odor, yeasty flavor, rice flavor, aftertaste, predominant
cell size and cell size wuniformity) did not show significant

differences following ANOVA. - 'Therefore, regression équaﬁions and

3
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15 -1 -05 O

Figure VI.5

cMmC

Superimposed contour plot region for Flour A rice bread

" sensory responses at the -1.633 HPMC level. Levels of

HPMC, water and CMC 4re coded values. The shaded region
met reference standards for moistness, cohesiveness,
yeasty flavor, “adhesiveness, top crust color, crumb
color, predominant cell size and cell size uniformity.

o
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response contour plots were ﬁot produced for.these respomnses,

The Flour B bread firmness contour plots were similar to those of
Flour A breads. All Flour B breads were firmer than the REF wheat
. s bre;d. None of the flour B breads met REF firmness standards. In
contrast, at all HPMC levels, Flour C breads had a ridge of water (0.5
to 1.3) - CMC (all levels) combinations that met firmness REF
standards. Flour C bread formulations with water levels above 1.3
produced breads with a softer crﬁmB than” the REF and breads with water
levels below 0.5 produced breads with a firmgr crumb than theQREF
bread. As with Flohr A, the panelists' évaluations of the firmness of
Flour B and C breads differed from the- data’ obtained” for the
instrumental firmness of rice bread (éhapter V). Flour B breads met
Instron firmnegs REF standards at all HPMC levels; Flour C rice breads
only me gobjective firmness REF standards at the 1.633 HPMC level
(Chapter(V).

The moistness of Flour‘B breads, like Flour.A breads, was affected
slightly by HPMC level. Fioﬁr B bread$ met moistness. REF standards at
all HPMC levels if waterhﬂeyels above 0.0, with any CMC levels were
chosen. In contrast, Flpuf A breads met moistness REF stgndards at ali
HPMC ievels only if water levels below 9, with any CMC level, were
“used. Contour plots for percent moisture of Flour B breads (Chapter Vj
differed from the,éensory moisfngss r?sponsevplots and showed a mu;h
;tronger'CﬁE effectpaﬁd a weaker effect of water level;,

e

None of the Flour C breads met REF moistness standards; all Flour

C breads Qere drier than the REF wheat bread. .An HPMC effect,QaS’

evident as the most méist Flour C breads were those found at high HPMC

levels (1.633) with water levels above 0.6 and CMC lévels'between -1.5

Y ’ . ' o
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“and 0.7, Thls fin&ang dlff;%g frmﬂ data for percent m01sture (Chapter

3 £
V) in Flour C breads. Flour C breads met the percent moisture .REF

standards at all HPMC levels. Although some Flour C breads could

attain a. percent moisture similar to the REF bread, this percent
. : ~ o , a
moisture in Flour C breads was not detegted by the panelists as sensory

moistness.
¥,
' The cohesiveness of Flour C breads was affected by HPMC level.

The least cohesive Flour C breads were found at the -1.633 HPMC level—;

im‘

L
. 4

4

" with water levels above -0.3 and CMC levels above -1.1. None of the

Flour C .breads met cohesiveness REF standards. All Flour C breads were
. 1 p

less cohesive than the REF wheat bread. The mean cohesiveness walues . "
. . - » 1

&

for Flour B and A breads met REF standards for cohesiVehesshﬁ’Siﬁcéh
. ""
Flours B and A were from medium grain rice and Flour C was from ldng

! u{

grain rice, the findings of the present research are in agreement to
’ »

"those of Nishita (1977). Nishita (1977) found that. breads frOm medimn -

f'-» ’h’ y
" grain whlte rice flour had a better crumb texture than breade fromflong

4
grain rice flour, which produced a crumbly (less cohe51ve) crumq # .

N R

Contour plots for Flour C bread adheSiveness 1ndlcated éhyHPMC’
o H

effect. . The most adhesive Flour C rice breads were foundb for'
formulations with 1.633 HPMC, water levels below -1.3 and CMC 1é§ei§ ?, .
above l.l.‘ However, all Flour C breads met REF standards{gfori~-
adhesiveness. “ ‘

— Flour B and C breads were more grainy in texture than the REF
wheat bread and rice bread grainlness was affected by HPMC level. For
both Flours (B and C) at all HPMC levels, maximum graininess was

«obtained in breads with combinations of low water'i high CMC levels.

However, HPMC showed,avweakér'effect on ‘Flour B bread graininess than

: i F » + I
) S H x ' N ! -
[ LA - 1 R - '
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on Flour C breads. Flour C breads were the mosg grainy at -1.633 HPMC.

9

Flour C breads were also much wmore grainy (contour lines raggbd

from 8. 25 11 25) than breads from either Flour B (contour lines ranged
from 5.5- 8) or Flour A (mean graininess = 3.7). Flours A and B were

ground from medlum grain rice; Flour C was made from long grain rice.
’ -
Nishita and Bean (1979) also found that, long grain rice flour produced

breads with a more sandy, grainy texture than medium graid rice flour

breads. , ‘ .

‘Conour plots for the top crust color of Flour ¢ breads showed an
HPMC effect with the region of‘rice bread formulations meetiné.ﬂEF top
crust color standards enlarging as the level of HPMC decreased from
1.633 td’-1.6§3. a11 Flour C breads met REF standards for top crust

color except those at high water - low CMC level and low water - high
§

CMC level combinations. These €indings are similar toltop crust color
3 .

-

results for Flour A breads., - #

» S
Rlce breads fromaibﬁﬁ Flours B and C had a lighter crumb color

than ~the REF wheat bread Flour B and C breads met crumb color REF
standards at all HPMC/CMC/water combinations. Crumb color contour
plots for breads from both Flours (B and C) were 51m11ar, with rice

-«

breads w1th the darkest crumb colors produc from formqlatlons wit

low water and high CMC 1evel¢b1end

. The predominant cell size of!Flour B breads wa stroogly
‘ by HPMC‘devel Flour B breads ma& predomlnant cell s standards
most of€bn ag the l 633 "HPMC level as d1d Flour A breads, w1th bread
scell 51zqi becom1ng larger as the HPMC level in the formdlatlon
. 1ncreased. At -1.633 HPMC, only Flour B breads with water leveis above

-0.3 and CHMC levels above 0.0 had cells large enough’ to_ﬁﬁeet REF

LR}
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standards for preﬁbminant cell size, d::;;;:;;{ o ‘
' : .Fpe'cell size uniformity of Flour B breads' ' fected sllghtly

'
by HPMC level. A1l ¥lour B .breads met cell size unlformlty REF
standards except at the 1. 033 HPMC level At 1,633 HPMC water (»>-0. 7)
‘ and CMC (<—O.6) comblnatlons produced breads with_a more irregular'cell ‘

‘size than the REF wh@at bread. .

- ’ . T~

Cell wall®thickness contoueriotslfoerreadsAfrom both Fiours (8
.and C) werehsimilar‘and showed onlf‘SIighthPMC-level effects»‘ Like

FioUr A breads, FLOur B breads only met REF standards for Pell wall

T

L
thlckneSS at the —l 633 HPMC . level (w1th water levels between -0.7 to.

i; CMC levels below 0). All other Flour ‘B breads and all Flour c
, breads had thicker cell walls’'thdn the REF bread. - =~ &7 - "l

Response‘contour plots ‘for rice breads from Flours B and C were . -

also sﬁperihg&sed. For Flogr B breads at ~1. 633 HPMC (Fig. VI 6)$
o : o
. specific water‘(above -0.2) ‘and (MC (above O) cnmblnatlons Jmet REF

standards for m01stness, 'cohesiveness,' yeasty flavor, -adheslveness,
-:aftertaste,_ top crust‘ color, crumb> color, cell 51ze un1form1ty' and ‘
=pred0minant'celt-51ze For Flour C: breads at -1. 633 HPMC (Fig..VI. 7)
'spe01f1c w;%er (0.7, to l 4) and CMC (all levels) comblnatlons met REF'

. e‘standards for flrmness yeasty flavor adhe31veness, crumb color, top
N - . : e ‘ .
crust cotor and. cell size unformlty 20, . ) - ,;,/r T

0 . o B , .

v -
i« A R o

L3 >
. v « \ o ¥
. » . : . . ) ) " * U . N . R L
Sensory evaluation - consumer panel L ' : o T
The consumer panel consisted of 23 celiac membérs and 19
. . _ .

non—collac\ members ranglng from ‘under - 18 to over 65- years of’ age

Seventy—four percent of the cellac members and 68% of the non—cellac

@;“«members_were female.g The cellacs were’ all on a gluten-free diet and
T .‘\v/ : '
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querimpbséd cdntour-flctiregioh5fof Flodr‘B rice bread
y.sengogy, responses ‘at.'the -1:633 HPMC level. . Levels of,

0

;v met
Lk q N,

cell

r,

;gﬁeflipq;CﬂC'axe coded values. The shaded region
gérenge "standards  for  moistness, - cohesiveness,
* " flavgr,'f§adhesiveness, .. aftertaste, top crust
crunb Colot,’ cell size uniformity and predominant
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Figure VI.7 Superimposed contour’ plot i-egio’r} for Flour C rice broad

P A _-sensory ‘responses at .the -1.633 HPMC level. Levels of.
RO HPMC, water and CMC are‘coded values. The shwded region~ .-
' ' © met reference standards  for firmness, yeasty flavor, '

oA o adhesivene§§,‘ crumb coldt, top crust color, and cell

-size-uniformidy. o T : '
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3

e Consumer panel data (Table VI.®6) f&ﬁd”

'_members (Table VI,ﬁ)

’ 1nd1v1duals requiring. spec1a1 dletsw

. -

~65% of them regularly ate from l-4 slices of glutenffree.bread per day.

The non-celiac members were not or drspecial diet and did not regularly
B 8 w . . .
) : ' :

consume gluten-free bread.

.

All three rice bread samples were generaily rated as acceptabﬂe by

the consumer panelists, Overall acceptablllty mean scores of 4 8, 5.0

AN

and 3.9 out of 6. were given gsiubreads from Flours A, B and C
2 -

y ° : . TR
resp¢ctively (a score of 5 fﬂacceptable 4 = slightly acceptable and 3

’=-siightly unacceptableL. Thus, . the breads from. Flours A and‘i were"‘
. o '

bcon51dered more acceptable than Flour C rice breads.‘ . %

he aroma,: appeararnce,
firmness,  moistness, flavor and overall acceplability of rice breads’

from Flours A and B indic\ted that these breads were similar and very

. . : . N . . .
good (scores of 4.6 and higher). For all characteristics except aroma

and appearagce, Flour C breads‘received significantly lower scores than
- _ , s ,

" Mhe Flour'A and B breads. L . ' _ : 7

@

A comparison O¥ results. from the celiac and non-celiac panel
vealed few différences from the total panel,

data. However non—celi‘c membére did‘score/ﬂhe'Flour C rice bread

.

" slightly lowerJFhan the cellacs. Compared to the bread they uiyally

eat (Table VI.7), the non—cellaos found the rice breads to be less

acceptable than\ddd the celiac members. Nishita (1977) suggested,that

‘people with wheat”allergies or celiacs who have a limited choice of
baked products, may not be as cr1t1cal of rice breads\as 1nd1v1duals

who can'- regularly eat wheat b‘!!ﬂ Paulus (1986) also reported that’

-

more- 1nc11ned to accept :
X3

 praducts of loWer‘sensory quallty. Infﬂme preseht study, the cellac

members compared the rice breads to’other gluten—{ree breads,,while the«i

67
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Table VI.6 - Mean? consumer ‘panel scoresP for rice bread '
characterlstlcs -
© TOTAL PANEL CELIAC: MEMERS NON\-CELIAC MEMBERS
FLOUR . A B c IR A B C
Aroma \\ | 4.ex 4.9% 4.3x | 4.5 4.9 4.5 | 4.7 4.9 4.0 '
Appearance | 4.7x. 5.2x 5.1x | 4.6 5.2 5.3 | 4.8 5.2 4.9
Firmness - | 5.0x 4.6x 3.9y | 47 47 40| 5.4 45 3.9
Moistness 5.3 5.0x 3.5y | 5.3 5.0 3.7-| 5.4 5.0 3.3 -
 Flavor | 4.7% 4.9;2“'£6y 4.7 5.0 3.8 | 4.7 4.8 3.4 o '
' Ovéral_l 1 ] {; _ ST
Acceptability | 4.8x- '5‘.03 3.9y | 4.8 5..0 4.1 4,7 5.0 3.7

@ Total panel N=1+Z celidc memberss N= 23 . _ . ‘
Non-celiac members N= 19 s 0T : < . .
= . o ' i § Q . ’ - ; y
Max:ﬂum sco;e 6 o !t . e, - L

A { . \_(\ .
Xy Mean‘! withiféthe sarf® row sharlﬁg @common letter are not .
significantly different a&:”‘P(O 05.+% " ~

. Ll
”&l o B

< o . .

BN

Table VI.7 - Consumer panel evaluation of rice bread acdeptablllty, '
1n comparlson to bread usually eaten.

.

S , ; - %—"%‘

e i L% PR
= N " MORE "TEQUAL IN g
PANEL MEMBERS FLOUR . ACCEPTABLE ACCEPTABILITY ACC TABLE
Celiacs A’ 12 . 4 © 5 e
e B 12 T2 RO
c 6 - 8 . 7 " o
Non=Celiacs A Y2, 4 9 - vi
< -t B 4 . N 6 \‘6 ; . ‘_
C, . o..2» 1 o 13
; 5 ¢ " )
) f I
f : ‘ A
> . ~ -



non-celiacs compared the rice breads to wheat . bread. Ouerall botfr
Flour A and Flour B Breaas were judged to be 51m11ar 1n acceptabll\it‘y’
by both cellao,:and no;-cella‘c consumer panellsts The Flour C bread
" was the 1e'ast a'cc able. Typ1ca1 pann'hsts' co;ments mcluded ~all

! ilce *b"

eads were very good a great 1mprovement over the currently

-

gluten—free breads, good flavor, gaod all -purpose bread,
: : e

. . ' h . i n b
CONCLUSIONS

L , , B
' An elght—member tralned sensory panel evaluated the organoleptlc

»

and v1sua1 quallty of rice breads using an- unstructured line scale

‘e

3

Breads were prepared with three rice flours; A and B from medium grain

l‘v

Vv

i

Ki

rice and C from long ‘grain rice. .'At the-1.633 HPMC level breads from

|
Flour B met REF wheat bread standards for the largest number of ~>ensory

_responses (9 out of lS) ,whlle Fle A breads met 8 response REF

(T
L A
-

standards and Flour ¢ breads met 6 REF standards A 42—member, consumer

’panel also judged the medlum graln rlge flour (Flours A and B) breads

’

.
‘ The developmen"t‘of %rmulations for rice “@eads _qomparable to a
. o - J) ) ) * ) . C e
REF wheat ‘(white) bread was dependent on the type of rice flour and on

as more acceptable than. the Flour C breads

levels of CMC HPMC and water. ° Several opﬁmum comblnatlons of CMC
' HPMC and\ water were found ‘that could result in rice breads w1th a
" moistness, cohesiveness yeasty flavor, adhesweness, aftertaste top

‘e

crust _color, cru.mb color, cell saze unlformlﬁy,}nd predomlnant Cell

A3

size comparable to a REF wheat bread.

L » 3 : - ’

Lo
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VII. General Discussion and Conclusions .

- 'DISCESSION : ’ % s .
$ | - F | -
‘w Chapter I of this thesis reviewed literature pertinent to the

development of ’giuten-free rice .flou§§é?east breads. The review
| g ‘ : g L . ¥
suggested that for yeast bread, rice flour was a more appropriate

, e \ S St

~substitute fof‘wheat flour than wheags@tgréh. However, wheat starch is

&

typically ‘used in -gluten-free breads. In addition, previously

-~

developed gluten-free bread products were not combarable, in quality,
. . - .. .

. L . ' :
to the wheat flour breads ‘that they teplaced. Thus, further research
on the developmeﬁt“qf a rice flour yeast bread was justified. - Lack of
" 'research htilizing sénsory evaluation and objective measurements for
, P

the - development of gluténjfree breads, indicatedrféhe need for

incarporation of both these methods in future studies/,

Past research sﬁggesteq that there were a number of gums and/or

- surfactants which were‘éppropriéte as glutén substitutes in gluten—free'

' breads.AjSince response surface meth;dology (RSMB'prbvideé'an efficient %

. means - to éxamine‘ a numbe-rT of variables at’ aifféfept“levels and fo s
’ dete?mine«thoge mest appropriate for a particulér use; RSM-appeafed to

be idgal for findiﬁé a gluten_repladémeﬁt gum combination. . %
"Results pf‘thg quesfiohnaires oOmpletgd by,celiacs.and‘hospital
dietary personnel (Chaﬂfé; II) confirmed the Aecessitygfor é»glhtén—
free bread éomparabie‘ to _whgat 'ﬁlour gread. ‘The Questionnaifes
1§ permitted an understanding of thé needsvof %Edividuals5followiﬁg a

gluteh~free*diet; By descriﬁing the types of gluten—free yeast B}eads

in- current use, the disad&antages and benefits of the products and the

172 AN \
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‘most important quality attributes desired . in gluten—free’ breads,
questionnaire respondeﬁts contfibuted to the direction of the present
research, Consideration of_ questionnaire responses also made it

: ] ’ : i .
po&sib{e to address the problems, concerns and interests of the

consumers of gluten-free breads.

Standardlzed formulatléns for the productlon of rice flour yeast
breads  from three locally available rice flours were developed in
; . R . #pi}« :
Chapter III. Methods- that 1mproved the appeaiance volume, flavor and

v *

reproduc1b111ty of the standard rice breads were 1ncorp9rated into the
& L g

‘‘‘‘

formulations. This stage of the.research proved to be difficult and .
time consumlng In future studles of this type the use of sequent;gl

RSM experlments would be beneficig] at "this stage. The problems
P i : .

P )
enceuntered in obtalnlng q@gllty, *con51stent rice flouts and

J

1nf3%matlon about the flours from the suppliers were not anticipated.

The many modifications to the original rice bread formulatipn (Nishita,

1977) were no bected. ‘In additign, each rice flour  had individual

*

formulation {regujfements and produced a unique rice bread. ' 'i/
: ro ] o

Four gums, two surfactants and water, at various levels and

‘.
.

combinations, were -tested durlng the 1ngred1ent screening experi-
}ments of Chapter IV. Using bread volumevand loaf shape ‘as indicators

: ,’of rice bread" quality, hydroxypnopylmethylcellulose (HPMC)
carboxymethylcellulose (h and wa¥er - ‘were chesen for more detaJ.Led
examlnatlon in ‘Chapter V. The other gums and - both surfeetants had
either no effect or a detrimental effect . (glycerol monostearatg) en
rice btead'volume. . o

In Chapter Y,Jrice fiour yeeet bggads (80% rice flouf/?O% potato

.starch) were developed that were -comﬁerable to a wheat flour yeast -

*
-
1



bread., The rice flour breads met objective REF standards for specific
volume, crumb color, crust color, Instron firmness and percent

moisture. Of the three variables which were examined in the design,

-

CMC and water levels had the most effect on the objective measurements

. of the rice breads,"PMC levels had the least effect. Rice breads made

from Flour A (Dainty Foods — medium grain) met more REF standards than

. »
¥ . b ]

“either Flour B (Ener-G Foods - medium grain).or Flour C (Woodward's -

long - grain) bréads. Flour A breads were also the only breads to meet

o

loaf shape REF standards.
The sensory-characteristizs of rice breads were examined by both

and consumer panels in Chapter‘VI. *Rice flour yeast breads

\ 7 LS ' . , .

ware produced that wepe comparable toa REF wheat bread'in moistness,

: ; . \ -

cohesiveness, yeasty flavor, adhe51veness\ aftertaste, top crust color,
Wy

s 3
b i gt Lhw{,,‘j./_a B Ay g

.

crumb éolor, cell size uniformity and predomlnant cell size. Flour B

breads met the largest number of trained panel ééq%ofy REF gtandards (é
. , ) ;

compared to 8 and 6 for ‘FlQurs A and C,.vrespecfively). Consumer

panelistsalso judged breads from Flours A and B tq!be more acceptable

than Floui C breads. ) ‘_ ' -~

By coﬁbining the results of Chapters~ V and VI, rice bread
. ¢ *

formulatlons that 51multaneously met obJectlve and{'sensory REF.

o standards were determined. For- breéds from each flour, contour plots

Y

. . -~ ‘ ‘)'b ’
from both “studies were superlmpos%d, and the region of rice bread
"S . ‘ " - \ N

formulations that met the maximum number of both objective and sensory

REF standards~ was found. The superlmposed contour plot regions

(obJectlve and sensory results combined) for Flour A B and C breads,

IT.1, VII.2 and VIL.3,

at the -1.633 HPMC level, are shown in Fig.
' ‘ {

Py

respectively., For breads from each; qu

7 b

he shaded region differs.
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WATER

.“'.;CMC

FlgureaVII 2 Supermposed contour plot reglon (obJect:LVe and
sensory redponses combined) for Flour B rice breads
‘fat the -1.633 HPMC level. Levels of HPMC, water and .
~CMC  are coded values. The shad&dwreg‘_;g.n” me o
referénce standards for the- ob}éctlve"tﬁeasﬁ%ments(ﬁ
of "specific volume, crust.color 'a'’ values] crumb
color 'L, a and b’ values, Instron flrmness/s\}ement
moisture and the sensory measurements of moistness,
' T coheslveness, yeasty "flavor, adhesiveness, after-
\ taste, .top crust color, crumb color, céll size
- ‘ uniformity and cell wall thlckness -

- 3
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WATER

 Figure VIL.3

v

CMC

- - .
Superimposed contour - plot region WYobjective and

:s:’bory responses combined) for Flour\C rice.breads

at’ the -1.633 HPMC level. Levels of HRMC, water and

CMC are .coded values. The shadedl region ' met -

reference standards for the objective measuremeénts
of specific volume, crust color 'a' values, crumb
color 'L, a and b' values, percent moisture and the
sensory measurements of firmness, yeasty flayor,

~ adhesivenéss, top crust color, crumb color and cell

n

size uniformity.

M &
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T e

from the reglon meetlng the largest nd@ber of obJectlve REF standards

g
.

I . \

\

L]
(Chapter, V), and that meetlng the largést number of sensory REF

standards (Chapter VI) Rloe'greads, made.from bread formulatlons from
b

(]
each of the shaded reglons (Fig. VII l VII 2 and VII 3, are ShCWﬂ‘ln
‘p
Plate VII.1. The -Flour A‘bread (Plate. VII 1. met REF standards for
| spec1flc Volume, crust color 'L, a and b' values, crumb

- ~
. v o
b"values,_Instron firmness, percent moigture, moisipes

olor "L, a and CoL e

cphesiveness,
N '
‘yeasty flavor, adhesiveness, ‘top .crést color, . crumb col ‘cell’ size

orapi—
-

uniformity4fn cell wall thickness." The bread from Flour B (Plate
VII, l) met- REF standards for spec1f1o.volume, crust color 'a' values
crumb color 'L, a and b'" values, Instron flrmness percent mozsture ~;*

m01stness, cohe51veness,-yeasty flavor, adhesiveness, aftertaste top

crust color crumb color, cell size unlformlty and cell wall thlckness o

Flour c breads (Plate VITI.1) met REF standards for spec1f1c volume

3

“crust color 'a' values; crumb cclor 'Ly a and b, values, percent
moisture, firmness, yeasty flavor, adhesiveness, crumb color, top crust

| ‘ LN
. ‘color and cell siZe‘uniformity.z Thus, the rice breads resembled the
\whéat'bread REF not’onfylin ;olume_and'grain_characteristics, but also . ;/
in SOme‘color flavor and texture attributes. In cdntrast .the rice" 7
. 4
Lread of lehlga (1977) resembled wheat bread somewhat in volume and =/

3 W )
grain characterlstlcs, but lacked the flavor and texture assoc1ated,;l_
with .wheat bread. . : A

p y
o o : : T

Rice bread formulations g1v1ng the actual levels of HPMC, e and

/

wvater, for FlOur A, B and C breads respectively, that met the'largest

number of objective and y REF standards are given in Table VII;I;
; £

_ : YR {

Since these formufat;oniei:Z;oximate the center point of the’ shaded

regions shown<in Figures VII.1, VII.2.and VII.3, they shouldfallow‘for

R 4
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d Casco potato flour

e Methocel K4M, The Dow Chemical Cbmpany
- ¥ Hercules Cellulose Gum, Hercules Incorpor

ed’. "v_ . . ¥-'-,v.. .‘\.
R A ¥ . *

|

finely grbunq,‘Wd'

wards
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Table VII.lARizZ%breaQ'formulasab. _
" WEIGHT (g) ) :
INGREDIENTS FLOUR A - FLOUR B~ FLOUR.T
e S ) - o Lot s : C . A
. R B °-
Rice flour®- 182.0 182.,0 182.0 - . o A
Potato szérchd' 45.0 45.0 45.0 ~ y
Salt | 6.0 6.0 " . 8.0 . -,
sqgir . 24,0 . 24,0 24.0 T
 Yeast ‘ 7.0 7.0 7.0
0il ' 13.0 © 13,0 13.0
*Hydroxypropyl- T s | e
 Hydroxypropy e |
methylcellulose® 6.4 5.4 3.0 ) .
Carboxymethyl-—- ( . e,
.~.cellulosef.— - 0.8 0.7 1.0
Water - -l '.240.0 207.0 £220.0
T a Agbptéd from Nishita, 1977. . > '
b Rice pread preparation procedure is given in Chapter V . » ' .

~ C Elour; A - medium grain, finely ground,'paintyJFoods .
Flour B - medium grain, coarsely grounqédﬁnér;G'Fooﬁsf
Flour C - long grain,

\
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Plate VII.l —'Ri e‘bféaﬂs\mggting the {(maximum number of objective-and
‘ - gehsory responses ’

N
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oy ) . ' ' . ) . . "L.
variability that might be encountered in the preparationt of these

breads 3 ' ' . . -
Evaluations of the objective’ (Chapter V) and sensory (Chapter VI)

responses of rice breads show how each attribute can be con51dered to
]

locate formulations ‘that meet specific standards for an attribute.
Elour ‘A dgta for riCe_bread appearance (objective and sensory) at the

a) -1.633 and\Lb:) 1.633 APMC levels are shown in Fig. VII.4. At —1.633

.

HPMC Flour A’ breads met 'REF standards for specific volume, cell wall

' thickness and cell s1ze.un1form1ty (no contour plots,‘mean,met REF
standards); rice breads at the 1.633 HPMC 1evel met REF standards for
specific volume, predominant cell size and cell size uniformity (no
contour’plots; mean Met REF standards).. Similarly, the Flour A bread

cdlor measurements (objective‘and sensor;)»at a) -1.633 and b) 1.633

HPMCvlevels (Fig. VII 5) can be con51dered At the -1.633 HPMC level,

a 1arge number of water/CMC comblnations would result in Flo\r A breads

i

which met crust color 'L, a and b' vaIUes, crumb color 'L, a and b'~

>
~

values (no contour 'lines for crumb “color 'L and a' values - all

formulations met REF standards), top crust color and crumb.color (no

: , e
contour line' - all formulations met REF standards) REF standards.

However; at the.1.633 HPMC level, only a few spec1f1c water/CMC (-1.3

to 0/-0.9) combinations met the obJective and sensory color REF

.standards. - The moisture and texture responses of Flour 'A breads at’ a)

—l 633 and b) l 633 HPMC levels, can be observed in Fig .VIL.6. The .

reglon of FlouriNAKbread formulations whichg\met REF ' standards for

. Instron firmness percent m01sture m01stness, cohe31veness (ﬁo contour

r

plots; mean met REF standards) and adhesiveness (no contour plots; mean

met REF standards) was larger at the 1.633 HPMC level than at the

/
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' Figure VII.4
R 4

Superimposed contour plots (appearance) for Flour A rice
breads at the a) -1.633 HPMC and b) 1.633 HPMC levels.
Levels ‘of HPMC, water and" CMC are coded values. ' The
contour lines represent the division. between regions that

met and regions that did not meet reference standards.

The shaded region of plot a) met reference standards for
specific volume, cell wall thickness and cell size
uniformity. The shaded region of plot b) met reference
standards for specific voluge, predominant cell size and

cell size uniformity. . .
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a) ‘HPM'C*-'='.-.-:"1.633 S
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“crust color 'L

crust color ‘a’,
crust color ‘b’
i

e

1op crust color
crust color ‘a
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'

b) HPMC = 1.633

top crust
color

/ é Oi 0 crust color ‘L’
< < crust color ‘b’
3 ; ;ru;t colpr ‘L ;
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-1 ’
B —-- - . \~1 .5 ! ) ! .
. Cor 15 -1 -65 O 05 1 1.5
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Figure VII.5. Superimposed contour plots (color) for Flour A rice
’ %W  “breads at the a) -1.633 HPMC and b) 1.633 HPMC levels.

- Levels of HPMC, water and CMC are coded values. .The
contour lines’ represent the division between regions that-
met, and regions that did not meet reference standards.
The shaded region of plots a) and b) met reference
standards for crust color 'L,a and b' values, crumb color
‘L, a and b' values, top crust color and crumb color. S
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a) ’HP.MC =-1.633

®): HPMC=1.633 | .
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Figure VII.6

1.5

1
[' — ‘
' ‘ Instron firmness - .

WATER
o

1.5

T T T
~Instron firmness " -

3

“~moistness

v

WATER

\

~— percent Moistu

1 ) Yy

-1.5 b
15 -1 -05 0 05 1 15
S . cMC -

Superimposed contour plots (moisture and texture) for’

Flour A rice breads at the a) -1.633 HPMC and b) 1.633
HPMC levels. Levels of HPMC, .water and CMC .are coded
values., The contouf lines represent the division between
regions that met and regions that did not meet reference
standards, The shaded region of plots a) and b) met
reference standards for. Instron firmness, percent
moisture, moistness, cohesiveness and adhesiveness.
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-1.633 HPMC level. By con51der1ng the bread quality attrlbutes singly,

/

it is possible to choose those attributes thit are the most important
for product acceptability and to locate rlce;pnead formu}atlons that

meet . those specific attributes. Of the 25 attributes examined in the

-

.a maximum of 16 (Flour B) were found thatv met REF

final bread product must ?? set and
then formulations determlned to meet those specific standards. The end

product should satisfy the user's requirements, wishes, requests and

expectations (Folich, 1981). Both objective and sensory characteris—:

tics ofeg bread muét be considered when the final bread ,formulation is

determined. While instrumental measurements, such as bread volume, are

a good 'ihdicatidn of- baking quality, .the sensory qualities of the
;:;ads are qlso of ;ignificance. -The nutritional value and the flavor
‘may be parameters of more vital importénce‘(Frolich, 1981), partioﬁlar—
ly to the quality of speciél diet producté such as glutén—free bread.

Good sensery quallty represents a de0151we stimulant for the regular

®
use of dletetlc foods (Paulus, 1986).
FUTURE RESEARCH NEEDS

The successful use of resﬁonse surface methodology (RSM) .in the

present research suggests the applicability of RSM for the development

of other $pecial diet products, The appropriateness of RSﬁ to the

evaluation of the sensory and objective attributes of riceybreads was
illustrated and should be explored further.

Research on rice flour yeast breads should continue. Although the
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flour with brown rice flour has not been exami

N

‘ ’ ' §

present study, has produced acceptable rice bpyad formulatiohs, these
rice bread formulatio must be brought 'éwé£?$cale, from léboratory

conditions, to homé use or  commerciall conditions, and refined,

Difficulties will be encountered when ‘a procedure,'ldeveloped, on a

laboratory scalg,. must be gcaled up (Kimt and De Ruiter, 1968).
Howevéif/acceptable rice bread formulations should be available to meet

the special diet nééds of the consumers.

L4

In the present research, a number of diffiqulties were encountered

in obtaining commercial rice flours. Thus, the use of a flour mill to’

grina whole grain rice may be mofe desirable. * This w0did ensure
knowledge of rici t;pe and would allow for a motevaccﬁrate comparison
of rice varieties. Whole grain rice in bulk is al%o more readily
availahle and mgre economical than bulk rice flour. | |

There is a négd for the food industry to-dévelop products thqh
have equivalenf nutritiénal value to the ;stdples they replace
(Campbell, 1984). Since wheat flours and breads“are usually enriched
with iron and B-vitamins, enrichment of'rice.breads i; suggested.

The incorporation of brown ri;e floﬁr and/or rice bran info thé
standard formulations could improve the nutritional valué and fibef

contenﬂ of the rice breads. Although Nishita (1977) found the total

replacement of white rice flour, with bro

unsuccessful in 100% rice breads, the partial r¢ ement of white rice

Additional research on the sensory evaluation of rice breads would
be advantageous. The pfesent study provides a beneficial introduction
to the sensory characteristics of importance in rice breads. But, a

detailed eihmination of rice bread flavor and texture could result in

ice flour, to be.
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further improveménts in rice bread'quayity. Although the RSM design of

thej ?)resent study. ndcedsitated the presentation of 7-9 rice bread

samples to the trained panelists, in the future, feyer rice bread * .-

samples should be evaluated at one sitting. .Since the®present study

hiv's provfded inqumgtion' on rice bread sensory> attriﬁutes, fewver
sensory taské should be given B the Xkrained panelists. ihis would
prevent pénelist fatigue.

A technique which may be useful for the examination of rice bread

flavor would be to study the flavor volatiles of the bread using gas

liquid chromatography and mass spectrometry. This, combined with data
© .

from a rice bread?' flavor profile panel, “could provide much needed

information on the componeﬁfs of rice brea@ flavor and, perhaps, lead

to improvements in rice bread flavor.
L]

Optimization of the storage practices and packaging methods of

rice breads, to prolong shelf life, would be another area of interest

to study. , The use of preservatives, such as calcium and sodium

propionates which are typicaliy added to wheat breadrto inhibit mold
growth, may also be appfofiate for rice breads to enhance shelf life.
Modified atﬁZsphere packaging is often used to extend the shelf life of
foods and may havéugossibilities for rice bread storage. For whole
wheat and white bread, carbon dioxide delayed the firm'ﬁg of breaa and
growth of mold over a 5 15 day storage period (Knokr and T:;lins,
1985) . ‘
e

. CONCLUSIONS .
B ) - .
This reseisbh has resulted in the development of acceptable rice

o
)

. .



flour yeast bredds for individuals with celiac disease, wheat allergies
or dermatit%é herpet}fo{mis. Since ye'st bigadslrepregenc an important
aspect of the diet, the production of rice tlou{ yeast breads for
individuals whé cannot tolerate gluten is warranted.

The colléc i data ‘of these studies inéicate that response
surigqa;methodoiogy (RSM) can be applied to the development of rice
- :

flour yeast bregAds. Rice breads that are comparable to wheat breads

s
are desired by gluten-free bread consumers and can be made to meet

pre-set sensory and instrumental standards. [However, successful
:ptodggtion of rice flour yeast breads is dependent upon the type of
rice flour used and the amounts of gums (HPMC and CMC) and. water
incorporated.into‘the formulation. Specific leyels.of HPMC, CMC and
water were required in b?ead formulations for each of thé/g}lurs A, B
and C,. The use and aﬁpropriaténess of RSM in 'this' researcﬁ cquld
result in the application of RSM to the deQelopmeﬁt of other special
" diet products.

In addition, this study has provided valuable, much needed
information about the sensory and‘.instrumental evaluation o{ the
gluten-free breads. Methods for the training of panelisté for rice
bread sensory evgluations,'as‘well as sgggestions for the selection of
rice bread quality attribute descriptor;, wére determiﬂed.‘ Procedures

for the instrumental measurement of bread firmness were also sfudied.

Future 'reseafch on rice flour yeast breads should include the

<
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refinement of rice bread formulations for commedcial and/or home

production, the use of whole-grain rice flours and the enrichment of

rice breads with iron and B-vitamins. Improvements in the shelf
' LA - .
stability of rice breads through the addition of preservatives, as well

-
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as the use of packaging methods and storage pracfices that prolong the*

shelf life of rice breads,sﬂﬂ!ﬂd also be examined in detail.
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‘.Appendix 1 - Edmonton Celiac Assoc1atlon . survey
e ~ covering letter Lo

A

Y

“:

I requife your assistanCe\for_a study that I am

‘ conductlng with Dr. Zenia Hawrysh, Department?of Fogds
and Nutrltlon, Un;versity of Alberta. ThetstudY'Will‘
focus on the development of a glﬁten—free rice flour

\G

yeast bre%d. You are asked to provide some information

on gluten-free p;oducts YOu now use.. Later, I will

. N . . o . . . ; ) N e i \
require your assistance in evaluating some breads

reésulting from my research. “The evaluation of breads.

wil}‘be‘cdhducted during a CGeliac Association general

- ‘meeting. ;All‘ingormation collected will be held in

L

c?nfidence and used only for reSeafchkpurpoées. You are

free to refuse to answer .any questlons or to decllne

bread sample evaluatlons. A summary of results from
N A a
thls questlonnalre w1lL~appear in your Neysletter, after .

March-lS, 1985, and‘w1l%_not reveal'lnformat;on about "
-any given individual; If you have:any'questions,Upiease
contact ‘me at._, the Unlver51ty (432~ 4925) or at home
(437-6858).x Your help would be greatly épprec1ated 1n‘,

this research prOJect.

-~
' Sincerely,

Gladys Ylimaki
Graduate Student
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Appendlx 2 - Edmonton Celiac Assécxatlon survey:
questlonnalre ‘ .
1. Can you tolerate wheatlgtarch ln your diet?
T ‘ ; yes no: -
‘ / | |
2. Has your ablllty to ﬁolerate wheat starch been
determined by your medical doctor or your own

personal assessment? ~N
v / » o
/ s
3. What type(s) of starch do you use in cooklng and
baking? £ .
4. a) Do/you substitute products such as. rice cakes,
B rice crackers and potatoes for bread 1n your
) q&et7' yes .. no
b}/ifryes, please'speaufy substitute.product(s):
/ R o . Iy .
-/
// .
/
/
/ .
/ ‘“‘ .
;é. , a)’Do you regularly consume’ a gluten free yeast
"' bread product? .yes _ -no
b)- If yes, Fhat type? (Please prov1de brand names)
N ) .
CommerCLally prepared bread
.-Commerc1al dry mix
Made from a recipe
Other : 9 .
6. a) If you purchase'commercially prepared
gluten-free bread,. how many. loaves would you
purchase per week? loaves/week -
/ /\\
b) 1f not weekly, how many loaves would you .
- purchase per month? loaves,month N

A - ‘ '
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11.

12.

. ]
\ )
a) Please indicate the number of slices of

gluten=- free bread you eat per day?
slice(s)/day

£

b) If riot daily, how many slices per week? o
sllce(s)/week

How do you generally eat glut®sn-free bread?

plain (ie. as vread)

toasted v v K

\\ b . . .
as a Eandwich . ;> ‘ \
, . . A

‘other f

”fﬁo odo7you store glutep-free'bread?
(g1

ease answer for a and b)

“fg)félastiC‘bag T __.b) Room temperature
“Aluminum foil | ‘ Refrigerated _
f?;aStic Yrap o -Frozen | ____;
S :Other |

L

In general, how long would you store a loaf of

.gluten-free bread- o

at room-temperature

.V She. . i {
fgtﬂhe refrlgerator —

in the freezer

]

a) In,general, are you satlsfled with the
gluten-free product(s). you ‘use? yes no

b) If no, what problems or. dlfflcultles have you
encountered? .

(/*\'

Would you be w1111ng to try a new.gluten-free yeast
bread if it became available? L. yes . _ho

‘;\V“



13.

14.

-15.

16.

List the 5 quallty characterlstlcs that you
consider to beé the most important in a gluten-free
yeast bread. List them in order of -importance, the
first one being the most important. (Quality

. characteristics of food products include flavor

characteristics, odor characteristics, visual
properties and textural properties.)

'Most important 1.

2.
3. )
N &£
4 »
Least important 5. __ : . i —

How does your diet- modlflcatlon affect yéur féod
choices? : ‘ O

i
| -~

————— /

"a) Are you the only member of your household w1th

. celiac disease? yes . no

°

b) _1f no, how many other household members have
- celiac disease?

How long have you had celiac disease?

.~ ADDITIONAL COMMENTS:

Age (years): Under 18 e Sex: Male
| 19-25 o Female
- — 26-35 . o —

36-50
51-65 ‘ B

‘Over 65
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‘Appendlx 3~- Summary of the results oflthe Edmonton
‘Celiac Assoc1atlon survey N

v In February, with the help and support of Joyce
Friesen and other members. of the Edmonton Celiac
'~ Association, you were sent a questionnaire. I would
like to thank each of you who answered the
questlonnalre., Your kind support and encouragement is
also sincerely appreciated. . E )

The results of the questionnaire ascertained the.
'gluten-free pxoducts currently being used and determlned
‘the problems encountered by product users and the
*quality attributes in ‘gluten-free bread considered
important by gluten- -free bread users. The questionnaire
was pecessary to ensure that, in my research, I would
addrgss the problems and areas of interest Wwhich . you,
the magor consumers ‘of the prfoduct, felt were important.-
We also’wanted to determine the exwent of the need for
anotheri/gluten-free yeast bread and the potential market
for a.new, gluten-free yeast bread product. Thus, syour
responses have helped in the plannlng of the subs quent —
stages of my research, which is to develop. an acceptable
gluten-free rice flour yeast bread, using respons
sur face methodology (RSM). RSM, a statistical T
technique, is particularly appropriate for product \\“
formulations and recipe development since it:can’ ’ \r
consider several ingredients at different ‘levels in a
product, as ‘well as the corréesponding interactions among
these 1ngred1ents and levels. However,; thus far, RSM
has not been utilized for the devglopment-of gluten-free
bread products.

The respo to the survey was extremely '
encouraging‘_/gig hundred questionnaires were mailed and
122 people responded, representing a 61% response rate.

"Most of the respondents (70%) were femile; respondent
. age groups ranged from under 18 -to over 65. All but 8
respondents indicated having celiac diseae for a perlod
- of from 2 months to 73 years, based on the time since
diagnosis of the disease. However; many respondents
reported that they suffered from cellac disease ‘for a
long time prior to dlagn031s. : :

Overall, many reepondents on the gluten free diet
appear to be eating wéll-balanced, nutritious meals.
Some respondents reported eating fewer sweets and
junkfood and more meat, fruit and vegetables. Since
whole grain wheat breads have been eliminated in a
gluten~free¢/ diet, some respondents were concerned about
their intake of B vitamins and fiber. Thus, it is
important to note that milk, meat (especially liver),
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. v
green leafy vegetables and legumés are excellent sources
of B vitamins. Frults, such as prunes and apples, and
vegetables, partlcularly raw, are readlly available
sources of fiber. There are also some bran products

. available, such as rice bran, rice polishings and oat
bran.(lf oats are tolerated) which .are good sources of
fiber. A These products are quite acceptable when added
to baked goods dand entrees such as. meat loaf.

Almost half of the respondent@ (46%) 1nd1cated an
inability to tolerate starch in their diet. Another 15%
of the participants stated that they were unsure of
their wheat starch tolerance, or that they had never
tried to eat wheat starch. 1In addition, many of the . -
respondents who can tolerate wheat starch reported they
never or seldom use it.. In fact, less than 10% of the
respondents actually reported u51ng wheat starch in
their cooking and baking. Therefore, no wheat starch:
will be included in my gluten-free bread formulation.

The major flour comporent will be rige. flour, which also
presents fewer problems for 1nd1v1duals with allergies.

- Accordipng to the respondents, rice flour was the most
popular flour for baking and cooking. Nlnety -three
ﬂpercent of‘the respqondents- reported using rice flour
while 73% and 72% used potato flour and corn starch,

respectively. Since potato flour is second most
popular, after. rlce flour, a small percentage of potato
flour will be 1ncorporated into my rice bread
formulation to improve the quality characteristics.
Other flours and starches used by the respondents are
~soya" flour (53%), corn flour (43%0, tapioca starch
(19%), potato starch (12%)," Pea ang:beam,flour (7%),
corn heal (7%), wheat - starch ﬁ7%) and arrowroot (3%).

. & L}

© It was encouraglng to noje that‘almost 75% of the
" respondents regularly consum a: gluten-free yeast
bread. The majority: (70%) atle commetc1ally prepared
bread, while others used commercial dry mixes (23%) or
‘made their own bread from recipes'(39%). Many '
respondents used two or three different types of bread.
Overall, bread is still a popular staple; most
respondents (74%) consumed At least 1-4 slices of
gluten-free yeast bread pe

The .need for toasting/‘many gluten-free yeast breads
was evident as 80 of tHe §8 respondents, who regularly
~eat gluten- freenbread, reported eating gluten-free bread
toasted. Although more an half 6f the respondents ate
gluten-free ﬂread as sandwiches, the sandwich bread was
often toasted. Other suggestions offered'%y the
respondents for eating dluten-free bread were grilling
and microwaving the bread and making french toast,

cinnamon buns and breadcrumbs from the bread or dough.
. . 4 . -

3
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'Although 43%. of the respondents were satlsfled with the

available gluten free yeast breads, almost all -of the
respondents (94%) indicated a willingness to try a new
product. Thus there appears to be a need for and a
potential market for a new gluten-free yeast bread. The

- major problems reported by the respondents who were not

satisfied with the available gluten-free breads were
crumbliness, dryness and a poor or bland flavor.
Slmllarly, the most- important quality characteristlcs
desired in bread by® respondents were flavor .and texture.
These attributes were followed by odor, visual
characteristics, shelf-life, price, nutrition and
availability. I will attempt ‘to solve some of these
problems, most importantly the texture. Although flavor
was the most important quality characteristic reported,
y the majority of the respondents, the flavor and
exture of the product are interrelated. Methods of
improving bread texture will inevitably enhance bread

flavor, as well as the visual appearance, loaf size and
"odor. Initially I will keep .the number of ingredients

to a minimum so that the resulting gluten-free bread can
also be consumed by individuals with other intolerances
and allergies, such as for milk and eggs. I hope to

.counteract the many problems by using gluten -free ‘gums

and. emu151f1ersf Gums, such ‘as xanthan gum, which many
respondents reported using in gluten-free .bread recipes,
are important as gluten replacements to stabilize or

- give structure to gluten-free breads. While gums may

work effectively individually, many work. more
effectiyely when a number are combined. Using response
surface methodology I hope to find a combination :0f gums
which will work together to produce a bewter product;
one which is less dry and crumbly and more like a wheat
flour bread. .

a

At present, I am bakinhg bread and will be measuring.
the quality characteristice, such as texture, volume and
lor, using a variety of instruments. The evaluation

f\bread quality will also be obtained from trained and
consumer ‘panels. I hope to have some samples for you to
taste apd evaluate at the 0ctober meetlng, so I hope you
will attend. :

In conclusion, thank you for your support and :
asgistance, I can be reached in the lab (432-3833) or
at home (437-6858) if you have’ any further questlons or
suggestlons. ’

Giadysinimaki, Graduate Student

7

Department of Foods andwNutrltxon

Un1vers1ty of Alberta
‘e

lAppeared in the Edmonton Celiac Association Newsletter
July/August, 1985



Appendix 4 - Hospital survey covering letter

I-réMlire your-aséistaﬁcé for a study that I am
conducting with Dr. Zenia Hawrysh, Deparﬁment of‘Eoods
and Nutrition, University of Alberta. The study will -
focus on the dévelopmentﬂof'a gluten-free rice flour
yeast bread. You are asked to provide some information
on your hospital's use of gluten—freé products. All
infﬁ&mation cdllected Qil; be held in confidence and
usea onlx_for research purposés. You are freg to refuse
to énswer ~any questions. If you ﬁe;lre, a summary of-
results of the questlonnalre w111 be avaﬂlabie after
March 15, 1985. The summary will not rgvéal detalls
about any_given hospital. If you have aﬁy questions)
please contact me at the Unlver51ty (432-4925) or at
" home (437—6858)." Your help would be greatly appreCLated

in this research project.’

" Sincerely,

t
_Gladys. Ylimaki.
“Graduate Student
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Appendix 5 - Hospital survey questionnaire N

1. a) What diet recommendations do you make to
patients requiring a gluten-free diet?

b) Do you'have pamphlets or diet sheets available
for such patients? yes no

c) If yes to 1lb, descrlbe. + (Provide copies if
90531b1e)

. . | - s A

2. How often does a gluten-free yeast bread appéar on
: the menu for patients requiring a gluten-free diet?

3. How is gluten-free bread generally served?

plain (ie% as bread)

toastedi

as a sandwich

»

other

4. What type(s) of gluten-free yeast bread does your
hospital use? (Please provide brand names and/or
type of starch used.)

Commercially prepared brkad

Commercial dry mix

~Made from a recipe

Other

5. " a) If commercially prepafed gluten-free bread is
purchased, how many loaves would be purchased
per week? loaves/week

b) 1f not -weekly, how many loaves would be

purchased per month? loaves/month:

O
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O you substitute products such as rice cekes,
ice crackers and potatoes for bread on the

yes no
e

bN\'If yes, please specify substitute product(s):

How dq you store gluten-free bread?

[y

meph, for patients requiring a gluten-free diet?

a) PNstic bag _ Db) Reom temperature
Aluﬁinum foil ____; Refrlgerated .
‘ Plastic Wrap Frozen -
- Other

In general, how long would a loaf of gluten-free
bread be stored:

"at room temperature . \

in the sefrigerator

4
in the freazer

e you satisfied with the
ct(s) you use? yes

a) In general[
gluten-free pro

b) If no, what problems or difficulties have you
encountered?

-

a) Have .you had patlent complaints concernlng the
quality of gluten-free bread served?
yes - no *

b) If yes, please describe. ,

no

200
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N

13,

NAME OF HOSPITAL:

ADDRESS:

201

Would your hospital be willing to try a new
gluten-free yeast bread if it became available?
yes no

List the 5 quality characteristics that you
consider to be the most important in a gluten-free
yeast bread. List them in .order of importance, the
first one being the most important. (Quality
characteristics of food products include flavor
characteristics,; odor characteristics, visual
properties and textural properties.)

L] .

Most impgortant 1.

r

. -
Least important 5.

Would y6u like a copy of a summary of the'results,

of this questionnaire? vyes no -~
/

ADDITIONAL COMMENTS:

SIZE (NUMBER OF BEDS): ,

POSITION OF RESPONDENT

(DIETARY DEPARTMENT)
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Appendix 6 - Summary of the' results of the hospital
- survey

In February 1985, you were sent a questionnaire. I
would like to thank you for ahsqirlng and returning the
questionnaire and hglping me with my research. Your
kind support and encouragement is sincerely apprecxated.

The results of the questionnaire determined the
gluten~free products currently being used in hospitals
in Albertd, the problems encountered with the products
and. the quallty attributes in gluten-free bread
con51dered important -by dletary personnel. The
questlonnalre was necessary to ensure that, in my
research, I would address the problems and areas of
interest which you felt were important. We also wanted
to determine the extent of the need for a gluten- free
rice flour yeast bread and the potential market for a
new, gluten-free yeast bread product. Thus, .your
responses have helped in the-planning of the subsequent
stages of my research, which is to develop a gluten-free
rice flour yeast bread, comparable to wheat flour
(white) bread, using response surface methodology (RSM).
RSM, a statistical technique, is particularly
appropriate for product formulation and recipe
development since it can consider several ingredients at
different levels in a product, as well as the
corresponding interactions among these ingredients and
levels. However, thus far, RSM has not been utilized
for the development of yluten-free bread products.

The response to the survey was extremely
encouraging. Twenty questionnaires were mailed to the
dietary departments of hospitals in Edmonton and
surrounding areas in Alberta, and.l5 hospitals .
responded, representing a 75% response rate. Two of the
hospltals that responded, however, could not complete
the questionnaire since they had not had the opportunlty
to use gluten-free bread products.

Overall, the hospitals that had used glutenfﬁ;ee
bread products for patients on gluten-free diets.
appeared to be making appropriate recommendations. The
majority of hospitals (77%) used some form of the
gluten-free diet pamphlet prepared by the Edmonton
"Hospitals Diet Therapy Committee and distributed by the
University of Alberta Hospitals, for disttibution to
patients. Three hospitals provided additional
gluten-free recipes to patients and three provided

202
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information to patients about where to obtain ’?/ i
gluten-free recipes, products and additional

information. One hospital provided information to

patients about the Edmonton Celiac Association,

distributing an application form for membership.

Most of the hospitals did not have gluten-free
breads on ‘the menu daily but 69% of the dietary
departments would provide gluten-free bread daily if a
patient required it. Commercially prepared gliiten-free
bread was used by 54% of the hospitals, while others
used commercial dry\mlxes (23%) or made their own

‘recipes (31%).

The need for toasting many gluten-free yeast breads
was evident as 11 of the 13 hospitals, who used
gluten-free breads, reported serving gluten-free bread
toasted. Ten of the hospitals served gluten-free bread
plain and seven served the bread as sandwiches.
Seventy-seven percent of the dietary departments also
substituted rice cakes, potatoes, muffins, rlce and rice

crackers for bread on the menu for patients requ1r1ng a

-

gluten-~free diet.
Five of the respondents were satisfied with the

available gluten-free.yeast breads and four hospitals

were not satisfied. Almost all of the respondents (93%)

~indicated a willingness to try a new product. Thus"”
‘there appears to be a need for and a potential market
. for a-new.gluten-free yeast bread. - ‘_(/“

.

The major problems in gluten—free yeast breads
reported by the dietary personnel were dryness and
crumbliness. The most important quality characteristic
desired in bread by respondents was texture, followed /
closely by flavor. Odor, visual characteristics, '
shelf-life and price were also considered important :
quality attributes of gluten-free breads. I will
attempt to solve some of the problems, most importantly J
the texture. The flavor and texture of the product are
interrelated and methods of improving bread texture will
also inevitably enhance bread flavor, as well as the
visual appearance and odor.- Initially I will kegp the.
number of ingredients to a minimum so that the resulting
gluten-free bread can also be consumed by individuals
with other intolerances and allergles, such as for milk
and eggs. Since rice flour is lower in protein than
wheat flour, rice flour bread can also be used for .
patients requiring a reduced proteln intake. I hope to
counteract the many problems by using gluten-free gums
and emulsifiers. Gums,  such as xanthan gum, thch sQme

)
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hospitals reported using in gluten-free bread recipes,
are important as gluten replacements to stabilize or
give structure to gluten-free breads. While gums may
work e¥fectively individually, many work motre
effectively when a number are combined. Using response
surface methodology I hope to find a combination of gums
which will work together to produce an acceptable
product; one which is not dry and grumbly and more like
a wheat flour (white) bread.

At present, I am baking breads and will be
measuring the quality characteristics, such as texture,
volume and color, using a variety of instruments. The
evaluation of bread quality will also be obtained from
trained and consumer panels. I hope to have -an
acceptable rice bread product by December, 1986.

In conclusion, thank you for your support and.
assistance. I can be reached in the lab (432-3833) or
at home (437-6858) if you have any further questions or
suggestions. -

Gladys Ylimaki

~Graduate Student

Department of Foods and Nutrition
University of Alberta
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Appendix 8 - Analysis of variance table for a replicq;ed 3x3
GraecorLatin square desifn -
- Flour C standard rice bread formula

o . DEGREES SUM OF MEAN ' F
URCE .OF VARIATION ~ OF FREEDOM  SQUARES SQUARE ~ VALUES
" ‘Proofer. shelf 2 2281.82  1140.91  1.89
Oven 2 —3958.16. 1979.08 3.28
Replications 1 956.30 . 956.30 1.59
Baking order 2 821.27 . 410.63 .68
Tim~ ~f day 2 3001.25 1500.63 - 2.49
, Tesas: 1 - 8 4825.11  603.14
N TOT 17 . 15843.98 ‘ .
. j — . V’ - - N L3 . . .
i .
L]
9
o
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Appendix 9 - SCbrecard use for rice bread loaf

&7

»

shape

- LOAF SHAPE SCORE

5
. LOAF SHAPE ’
LOAF NUMBER: DATE:
6 5 4 3 2 1
LOAF BOTTOM SURFACE flat very sl sl ‘concave very ext
. - concave concave . concave concave
o J‘. .
L S T . N
LOAF SIDES straight very sl sl caved very ext
caved caved caved caved
N v :
x
LOAF TOP SURFACE ext very round sl . flat caved
. ‘ . round round ) round
TOP SURFACE SYMMETRY . very symmet sl sl unsyimet | veTY
' . symme t : Symme t ungymmet -} unsymmet
- 3 1 mod ver ext .
OAF TOP-SIDE YNDENTATIO no very sl 8 b :
I_ ND; N'}' N indentc indented indented indented | fndented indeqted
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Appendlx 11 - Confoundlng pattern for main effects and two-factor

interactions?@ -
VARIABLESP CONFOUNDIﬁQ\PATTERN
X, 1 ;Sfﬂf<{ 35 + 67
X, 2 + 14 + 36 + 57
X, : 3+ 15 26 + 47
X, 4 + 12 + 56 + 37
X, 5+ 13 + 46 + 27
X, 6 + 23 + 45 + 17
x 7434 % 25 + 16

o

a8 Adapted from Box et al.,

y

1978, pg.

392
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_b When all 7 variables were included in the design, x,=CMC,

xz=xanthan gum, x,=HPMC, x =guar gum, x,=SSL, x,=GMS,x,=water
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Appendix 15 - Organoleptic evaluation instruction sheet

1.

2.

3.

b,

o5

6.

" testh (DO NOT BITE RIGHT THROUGH).

«Tice flavor, adhesiveness and graininesa of the sample.

- RICE BREAD EVALUATIONS

{

|

Eat a plece of apple, Then, rinse your mouth with water, swooshing the water
around in your mouth, '

Evaluate the bread samples in the order ‘indicated on your tallot.

Evaluate the yeasty and rice odors of the first sample by hringing the petri
dish up to your nose, lifting the 1id at one side and taking 2-3 short sniffs.

Evaluate the firmness of the sample ‘by inserting
a toothpick into the side of one round of the
sample and positioning the sample between your
molar teeth. / .
FIRMNESS: The perceived force required to )
ently compMpss the sample between the molar

Chew the sample, moving it around in your louth;
and evaluate the molstness, cohesiveness, yeasty flavor,

MOISTNESS: The perceived degree of moisture in the sample after 34 chews,
COHESIVENESS: The degree -to which the sample holds together during chewing,
ADHESIVENESS: The degree to which the sample sticks to the teeth d@ﬂg the -

later stages, of chewing. (Not mouthcoating or graininess)

GRAININESS: The perceived graininess 19 the mouth at the end of chewing;

After swallowing the sample and before rinsing, ev&luate the aftértaste of
the sanple,

7. Between each sample (petri dish), eat a rlece of apple to clear out‘your

8.

mouth and your teeth and rinse with water, swooshing it around in your mouth.
Evalua.te the remaining samples, one at a tine, wa.iting 30 sec. between each.
Swa.llow the tread samples if possibile, :

Uhen you have evaluated. all the samples, move on to thg‘ﬂeBeth Booth in the
lab to evaluate the appearance of some hread slices, -
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Appendix 16 - Visual evaluation instruction sheet
-

RICE BREAJ) VISUAL EVALUATIONS

1. View the visual reference which illustrates the line scale anchor
points for top crust color, crumb color, predominant cell size, cell size
uniformity and cell wall thickness. \

2. Visually evaluate the bread slices in the order indicated on your ballots.

3. ‘ Bring the first sample to the position in the booth marked by a black
circle. Remove the 1id of the petri-dish to view the sample, leaving
the dish flat on the black circle. Try not to touch the bread Sample as
it may crumble, Evaluate the top crust color, cxrumb color, predominant céll
size, cell size uniformity and cell wall thickness of the sample,
PREDOMINANT CELL SIZE: The cell size that makes up the largest percentage
of the slice,
CELL SIZE UNIFORMITY: The cell size uniformity is dependent on the number
; of different cell sizes pte:sgnt within the btread slice,
. If the cells are all the same size the slice is very
" uniform. As the number of different cell sizes within
_ a sample increases, the ‘sanple becomes more irreguiar.
CELL WALL THICKNESS: If a sample is so compact that t)‘w cell walls are
, indistinguishable (you cannot tell if they are very
R thick or very thin), score the cell wall thickness at
.thg right endpoint of the scale (IS).

.

4, Please comment on any irregularities in the tread slices ‘o'r about any’
difficulties you may have had evaluating the characteristics.

5. Replace the iid‘ on the petri-dish, so the samples do not dry out and return
. the sample to its original positien in the 'baoth. Move the second sample ﬂo
the viewing position and evaluate it, continuing until all the samples have

/—\\ been visually evaluated. -

g
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Appendix 17 - Consumer evaluation questionnaire

Rice Bread Consumer Panel

1. Are you on a special diet? Yes No *

If yes, please specify. Celiac - Otﬁer‘
& _—

2. Do you regularly eat gluten-free bread? Yes No

If yes, how many slices of bread woulqéxou eat per day?

\

Sex: Male R Age (years): wunder 18
Female » k k 19-25
26-35
3%-50
51-65

over 65

COMMENTS :
1Y . l
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Appendix 18 - Contour plots for Flour A rice bread abjective
responses, Levels of HPMC, water and CMC are coded
values, The shaded regions met reference standards.
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Appendix 19 - Contour plots for Flour B rice bread objective
' responses, Levels of HPMC, water and CMC are coded

values. The shaded regions met reference standards.
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Appendix 20 - Contour plots for Flour C rice bread objective
responses. Levels of HPMC, water and CMC are coded
values. The shaded regions met reference standards.
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Appendix 21 - Contour plots for Flour A rice bread sensory responses.
Levels of HPMC, water and CMC are coded values. The
shaded regions met reference standards.
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Appendix 22 - Contour plots for Flour B rice bread sensory responses.
. Levels of HPMC, water 'and CMC are coded values. The
shaded regions met reference standards.
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Appendix 23 - Contour plots for Flour C rice bread sensory responsgs.
Levels of HPMC, water and CMC are coded values. The
shaded regions met reference standards.
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