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CHAPTER 1
INTRODUCTION

A sizable economic loss of bread industry is resulted from bread staling which
characterizes by crumb firming, development of crumbliness and flavor change
(Barcenas and Rosell, 2006; Ribotta and Le Bail, 2007). Zobel and Kulp (1996)
estimated that approximately 3% of the bread produced in the U. S. A. was returned as
“unsalable,” causing an econemic burden ensboth producer and consumer. Over the
years, food scientists have been:irying to,elucidatebread staling mechanisms as well as
searching for a means.terreduce bread staling. The majority of bread staling studies
have been focusing onsstarchrreirogradation. However, ithas been shown that moisture
migration, gluten changes and glassy—rut)bery transition of the continuous amorphous
domain also play a rolegn bread stalmg (\/edovotz Hallberg and Chinachoti, 1996; Baik
and Chinachoti, 2000; Hallberg and Chtnac*notl 2002).

Soy flour is a goodisource of high QUallty protein. It contains about 40% protein
on a dry basis. Soy protein providé§'not on.l';t}futritional value but also various functional

.n'

properties including solub|I|ty, emul31f|cat|0ﬁ foammg gelation, and water-holding

e

capacity (Kinsella, 1979). Soy proteln as weII as soy ﬂber helps enhance moisture

retention in baked godds, thereby prolonging thelrfreshness.(WoIf, 1970).

Soymilk residue'_-.or okara is a by-product of soy_ﬁwilk and tofu manufacture. It
contains high amounts of fiber (56%, db) and protein (27%, db) (Taruna and Jindal,
2002; Wachiraphansakul and Devahastin, 2005). (Even: though okara was known to
provide many desirable nutritional and functional properties, it is currently underutilized
in human diets. At present, okara from soymilk and.tofu plants is mainly used as animal
feed. Due to its large amounts of fiber and high-quality protein, there has been an
attempt to use okara to fortify various food products. The protein fraction in okara
possesses excellent water holding and emulsifying properties (O’ Toole, 1999) which
could be advantageous to the keeping quality of bakery products. Okara had lower
solubility than commercial soy protein isolate at both acidic and alkaline pH, which is

probably due to protein aggregation. However, their functional properties (i. e.,



2
emulsifying, water and fat binding, and foaming properties) were comparable to

commercial soy protein isolate (Ma et al., 1997).
The objective of this study was to investigate the substitution of soy flour or okara
to wheat flour in white bread and its effect on the freshly baked bread quality, as well as

on staling and keeping quality of the stored breads.

¥
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CHAPTER 2

LITERATURE REVIEW

2.1 Wheat flour

2.1.1 Wheat flour composition

Chemical composition

’l/ marized in Table 2.1. Starch is the

main component, constituti e flour (Belitz and Grosch, 1986).

Wheat flour contains v h is less than 1% by weight

(USDA, 2008). Th 1d¢ 1S ose, maltose and other

oligosaccharides. De an important role in bread

making. Besides servingas garbon squ e ne tatlon they also provide the

(=
desirable golden brown crtist€o r'@m z)

Xiey
ety

brownlng during baking.

Table 2 C” on of wheat flour

Composit| =
M

-

mbid 2.2
ﬂu?ﬁm&mwiﬁhm

AW ARSI UM INENA Y

(Source: Adapted from Belitz and Grosch, 1986)

Wheat flour contains trace amount of cellulose and hemicelluloses (Naivikul,
1997). Both polysaccharides are not digested in the human upper digestive system and
hence considered dietary fibers. Pentosan, a water-soluble polysaccharide consisted of

5-carbon sugars (such as arabinose and xylose), is also found in wheat flour. With its
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good water holding capacity (fifteen times of its weight) and viscosity-providing
property, it increases water absorption of the flour and therefore reduces dough mixing
time, resulting in bread with higher loaf volume and better texture.

Small amount of lipids is present in wheat flour, including triglycerides, free fatty
acids and sterols. Linoleic is the major fatty acid of wheat lipid, followed by palmitic and
oleic acids. The lipids affect keeping quality, nutritional value and properties of the
bread.

Wheat flour for bread-making contains: 12-13% protein, which is higher than all-
purpose (10-11% protein) and cake flour (8-9% protein). Wheat protein is divided into
four different fractions based on their“Solubility~(Table 2.2) being the water-soluble
(albumins), salt-soluble (globulins), alcohol-soluble (prolamins, in wheat also known as
gliadin) and acid-solubles(glutelins, inllwheat also known as glutenin). Gliadin is
preferentially responsible §or visgosity while glutenin is responsible for elasticity (Belitz
and Grosch, 1986). These gluten protéins ?glu:tenin and gliadin), together with the wheat
glycoprotein, provide viscoglasticity “and jlig.la.s—fetaining capacity of the dough. Other
proteins play a role in non-enzyma@é_browh{iﬁrj?ﬂc‘iuring baking.

7l
e

Table 2.2 Wheat protein distﬁ[titjﬂ,on in Osborne-fractions

Fractioq’@ Designation in wheat %

Albumin : a7
Globulins - ©70
Prolamins Gliadin 3216
Glutelins Glutenin 45.7

(Source; Adapted fromBelitz and Groseh, 4986)

Owing to the gluten ability to provide elasticity and retain gas, gluten protein
quality and gluten content are the major factors affecting dough handling and bread
quality. Gluten proteins interact and associate with one another to form elastic and
coherent dough. Chemical interactions among proteins include hydrogen bonds
(providing dough strength), disulfide linkages (providing dough cohesion), hydrophobic

bonds (providing dough expansion with increasing temperature and therefore important
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in the early stage of baking) and ionic bonds (providing minor roles in dough
consistency).

Cysteine side chain plays an important role in maintaining tertiary structure in
polypeptide chains by forming intra- and inter-chain disulfide bridges between pairs of
cysteine residues. The inter-chain disulfide linkages are of great importance in providing
cohesion and elasticity. This is especially so for glutenin, which owes its high molecular
weight to the disulfide crosslinking of smaller protein chains.

Proline, with its unusual ring structure, is known to disrupt the regular helical
structure of polypeptide chain and thus lower the O-helix content of gluten protein
(Bushuk, and Wrigley, 1974)=This results in chainirregularities which contribute to chain
entanglement and elasticity ofthesgiuten.

'1

2.1.2 Starch molecules and'stafch granule.

— =t

i
| #

Starch consists™ of ftwo dlfferentJ types of polysaccharides, amylose and
amylopectin. Amylose is a'linear polymer Cér;&sted of glucose units linked by Ol-(1—>4)
glucosidic linkages (Figure 2.1):_.Whgat amykj_sda‘{s composed of 1,000-6,000 monomeric
glucose units (Sriroth and Piyaechemkwan, ZEQQJL—Amonse molecule may contain a few
o-(1—6) branches Hmueien,_tbe_bcangb_pmnm_aﬁe_separated by several linearly-

linked glucose umts so-that properties of amylose are essenhally governed by the linear

portion. Wheat starch contains about 28% amylose (BeMiller and Whistler, 1996).

o+ L) linkage

w0 Hyon citgon iy
1 " " Ko
=i e
on an o

Figure 2.1 Amylose molecule

Amylopectin is a branched structure composed of glucose units linked together
by 0-(1—>4) glucosidic linkages in the main chain and by 0-(1—>6) glucosidic linkages

at the branch point (Figure 2.2). About 5% of all glucose units are O-(1—>6)-linked.



6
Wheat amylopectin is composed of approximately 2x10° glucose units (Sriroth and

Piyachomkwan, 2000).

w—(1-+6) linkage

glé,)olewe

—‘—.

The branched s three types of chains, namely

A-chain, B-chain and ontaining the only reducing end-
group is called a C- n molecule has only one C-
chain. C-chain has B-ch: ins, to which A-chains are
attached. A-chain is an u attached to another chain at only
one position. Amylopectin i sists’of A-C \n and B-chain in the ratio of 0.8-

0.9:1. The branches of amyl inare clus tered, and occur as double helices.

§
AULINENINYINT
AN TUNM NN Y

Figure 2.3 Branched structure of amylopectin molecule (Source: Chaplin, 2008)

Starch granules of wheat vary in sizes (Figure 2.4), ranging from 2-55 Um
(BeMiller and Whister, 1996). Starch granule consists of amylose and/or amlopectin

molecules which radially arrange, resulting in alternating layers of crystalline and
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amorphous regions. The linear amylose molecules, together with the clustered double-

helix branches of amylopectin molecules, form highly ordered crystalline structure
(Figure 2.5). Meanwhile, ordered arrangement could hardly form in the branching areas
of amylopectin molecules due to steric hindrance, resulting in less dense amorphous
layers. The radial, ordered arrangement of starch molecules in a granule as observed
under a microscope reveals alternating layers of amorphous and crystalline regions,
resembling growth rings in wood or layers of an onion (Figure 2.6). The ordered

arrangement of starch molecule:

& t when observed under a polarizing

Ei"_;'

irefringence (Figure 2.7).

C Chain

Semicrystalline
growth ring

Figure 2.5 Radially arranged structure of alternating amorphous and crystalline regions

in starch granule (Source: Nowjee, 2004)



Figure 2.6 “Growth rings” or “onion-like structure” of starch granule (Source: Nowjee,

2004)
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2.1.3 Granule gelatir&zé;tion and pasting e

o —

Undamaged starch“granules swell slightly in cold water and form a suspension.
Cold water can penetrate into the amorphous areas,.but notithé crystalline regions due
to their ordered and dense structure. By applying=heat to a starch.suspension, starch
granules suddenlylabsorb water and swell beyond the reversible point. Water molecules
enter between starch chains, break inter-chain hydrogen bonds, and establish hydration
layers around the separated molecules. This leads to the loss of crystalline structure with
the concomitant swelling of starch granule. The immediate swelling of starch granule is
termed gelatinization. Wheat starch has a gelatinization temperature in the range of 52-
63 °C (BeMiller and Whistler, 1996). Viscosity of the starch suspension starts to increase

due to the friction among the swollen granules until reaching its maximum or peak
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viscosity. Upon continued heating, the fragile granules become disrupted, causing a

decrease in viscosity (Figure 2.8).

A
g
© AL VNSNS
TS e Tt N
Figure 2.8 Viscosity changés dufing’ r‘ i of starch suspension (Source: E-KMUTT,
2005) |

dissolved starch beco
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more rapid rate tha opectin. rogradation depends on several factors, such

moleotﬂ sent’ in system. effec tar retrogradation could be

demonstrated in various food systems including staling of bread and loss of viscosity

cause the starch molec e while a gel can form in the

and precipitation in soups and sauces.
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food shortages have brought 19%}%%

protein. Health ben £ tent also stimulate the soy

product market.

Stored matureasoybeans contain about 13%ﬂwoi5ture to ensure stability.
Soybeans have-35% llri§1 % Oil, 1°oj’r hydn % ash on a wet basis.
Based on sol tj&ﬁn y ja ZJIM eﬁﬁjtaﬁjjclasses, albumins and
globulins. ins_are water- fﬁ while_glob re_salt-so . .The majority of
soy prﬁtqirwzlaig aci fﬂﬁﬁ(ﬁﬂhﬂiﬁl & ins. Globulins of
legume species are divided into legumins and vicilins. In soybeans, legumins and
vicilins are commonly known as glycinins and conglycinins, respectively, after the soy
genus name Glycine.

About 10% of the total soy carbohydrates are soluble carbohydrates. This

soluble carbohydrate fraction consists of monosaccharides (such as glucose and

arabinose) in very low concentration. Most of the soluble carbohydrates are the
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disaccharides and oligosaccharides, with 2.5-8.2% sucrose, 0.1-0.9% raffinose, and
1.4-4.1% stachyose. Raffinose and stachyose are known to cause flatulence and
abdominal discomfort, thus limiting the use of soybeans and soy products. However,
recent studies demonstrated some beneficial effects of dietary oligosaccharides, such
as reducing toxic metabolites, reducing blood pressure and providing anticarcinogenic
effects (Slavin, 1999; Arslanoglu, Moro and Boehm, 2007).

Insoluble carbohydrates in soybeans include cellulose, hemicelluloses and
pectin. These insoluble carbohydrates are’ found mainly in cell walls. Kikuchi et al.
(1971) reported that soybean cell wallse #€ontain about 20% cellulose, 50%

hemicelluloses and 30% peetin:Soybeans contain'negligible amount of starch.
2.2.2 Soy flour

Soy flour is available as full-fat anci:defatted products. Full-fat soy flour is made
from dehulled whole seybeans. The dehull]fed _soybeans are steam treated to destroy
anti-nutritional factors (sueh as trypsin inhiﬁiigéz,mhemagglutinins, goitrogens and urease)
and to inactivate lipoxygenase, an-enzyme ehdd‘genous to soybeans. Full-fat soy flour is
similar to whole soybeans in composition (Figgute 2.10). Defatted soy flour is obtained
after fat removal, either by mechanical means or by solventextraction. Defatted soy flour
contained about 5% fatias compared to that of 20% in full-fat soy flour (Mangino and

Harper, 2007).

100% -

80%=

60% -

40% -

20% -

0% -
Soy beans Full-fat flours  Defatted flours ~ Concentrates Isolates

Protein O Oil @ Carbohydrates ® Ash & Fiber

Figure 2.10 Composition (dry basis) of soybeans and soy protein products shown as

approximated values (Source: De Meester, Kempener and Mollee, 2000)
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2.2.3 Soymilk and soymilk residue (okara)

2.2.3.1 Soymilk and okara production and composition

Traditionally, soymilk is made by grinding soaked soybeans with water, filtering
to remove the residue and then heating the extract. Composition of soymilk, and
therefore soymilk residue, varies depending on variety and quality of soybeans, ratio of
soybeans to water, type of equipment aand processing conditions. Chemical
compositions of soymilk at various ratiosef.dry.soybeans to water as reported by

Tanteeratarm, Nelson andWei(1993) were summarized in Table 2.3.

Table 2.3 Composition of seymiik atiarious ratios of dry soybeans® to water

Ratio of dry Total solidsg” Rrotein+ _ ‘Ol Carbohydrates Ash
soybeans to (%, wb) (%, Wb) (%, Wb) (%, wb) (%, wb)
water 4

1:5 9.2 45 -j‘JZIa_.,il 1.9 0.48
1:6 8.7 4905 2;"2?} 1.9 0.44
1.7 7.9 3.8 19 1.8 0.39
1:8 7.2 = 3.4 1.7 17 0.35
1:9 6.3 2.9 145 1.6 0.30
1:10 5.6 ' 2.6 1.4 .3 0.27

° Sherman variety

(Source: Tanteeratarm et al., 1993)

The residueleft from soymilk production is called okara or soy pulp. It consists of
insoluble parts of the soybeans. About 1.1 kg of fresh okara is produced from every
kilogram of soybeans processed for soymilk (Khare, Jha and Gandhi, 1995; O'Toole,
1999). Fresh okara contains about 80% moisture. Préstamo et al. (2007) reported that
okara contains 49.0% dietary fiber, 33.4% protein, 19.8% oil and 3.5% ash on a dry

basis. Roughly 18% of the proteins present in soybeans are recovered in okara.
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Ma et al. (1997) reported that the protein isolated from okara had essential
amino acid profiles similar to the FAO scoring pattern, with methionine and cysteine as
the limiting amino acids. Their solubility was lower than commercial soy protein isolate
which might be due to protein aggregation. However, other functional properties,
including emulsifying, water and fat binding, and foaming properties, were comparable
to the commercial soy protein isolate. O'Toole (1999) reported that okara had a protein
efficiency ratio (PER) of 2.71, compared to a PER of 2.11 for soymilk, while the maximum
PER of about 4.4 is reported for egg.

Redondo-Cuenca, Villanueva-Suarez .and. Mateos-Aparicio (2007) reported
okara dietary fiber contentof65:48% on'a dry basis:The insoluble fiber-to-soluble fiber
ratio was 11:1. The insoluble” fieer comprises of cellulose and hemicelluloses while
pectic substances represent the majority of soluble fiber.

_—

2.2.3.2 Okara utilization L 4
4

Okara is generally'used as énimal feﬁd for livestock producers (Noguchi, 1987;
O'Toole, 1999). The use of okara'as human feod is very limited. A very small proportion

of the okara produced is used..in‘some tp;djﬁional East-Asian and Southeast-Asian
(a Japanese side dish)-and tempe gembus (an Indonesian Ofkara tempeh).

At room temperature, okara spoils quickly due to its high moisture content
(Noguchi, 1987;-O'Toole, 11999); Fermentation loy: lactic acid-bacteria is one method that
can be used to preserve okara (O'Toole, 1999). As lactic fermentation occurs, pH value
is lowered dosless than 4.2, which«inhipits sthe growth.of, spailage-microorganisms. The
fermented Okara' can be'stored*“at“room temperature for<4 days' or<longer. Another
method used to prolong the shelf-life of okara is drying. This must be done soon after
the okara production. O'Toole (1999) reported that dried okara containing 7.4% moisture
had a storage life of 8 months at 5 °C.

Because of its abundant dietary fiber, okara is suitable for use as a source of
dietary fiber and to reduce caloric intake. It also contains high-quality protein which

possesses beneficial functionalities such as water holding and emulsifying properties
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which could be incorporated in many food recipes. Due to its high nutritional value,
researchers have been trying to increase the use of okara as human food. However, in
some products, its used is limited by the high fiber content (O'Toole, 1999).

Khare, Jha and Sinha (1995) fortified biscuits with okara at the levels of 20-
100%. It was reported that biscuit with 60% okara supplementation was the most
acceptable to consumers. Protein and dietary fiber contents of the biscuit were 8.72 and

5.98%, respectively, and the biscuit can be stored for at least one month.

2.3 Bread
2
Bread is a staple foodsprepared by baking a dough of flour and water. Primarily,
the flour used for bread.making /s wheat flour. The bread could be leavened or
unleavened and could be added wijth various ingredients such as yeast, salt, fat, sugar,
milk, malt, other cereals, ffuit-and, vegetébl}tl—‘:‘ purees and spices. Additives such as
antimicrobial agent and dough enhancer{-_could also be added in order to improve

dough handling and increase the bréduot s-f;w%ll_f—}i.ife.

22k

2.3.1 Bread ingredients and the_i[_functionalitie_s_;_';_ .

Basic white bread ingredients comprise of wheat roU‘r, yeast, salt, water, fat and
sugar. Wheat flour provides the bulk and gives structure“to the bread. Wheat flour for
bread making must hayve;sufficient protein content (usually-12:43%) in order to provide
elasticity, strength and stability to the*dough.

The, yeast used, in. bakery products. is. Saccharomyces cerevisiae or Baker's
yeast. Upon fermenting“sugars, the'yeast produces carbon’ dioxide aleng with ethanol
and water. Carbon dioxide is essential for dough expansion and this gives the baked
product desirable soft and porous texture. The ethanol produced also gives
characteristic flavor to the bread.

In most bread recipes, salt is required in small quantity. Apart from bringing out
the flavor in bread, salt helps strengthen the dough and thus increase the loaf volume.

Salt also slow down the yeast fermentation rate which results in bread with finer grain
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and evenly distributed air cells. Water in a bread recipe acts as a plasticizer and a
solvent. With proper water content, a homogeneous mixture could be obtained and
gluten could be formed. Water also activates enzymes and induces starch
gelatinization.

In bread making, various types of fat could be used. Examples are butter,
shortening, vegetable oil and lard. Fat helps provide bread with higher loaf volume,
softer crumb, thinner crumb cell wall and improved flavor. Sugar provides sweetness as
well as serving as a substrate for yeast fermentation. It also retains moisture and gives

the crust a golden brown color.
2.3.2 Bread-making

2.3.2.1 Dough preparation

Generally, there™are four methodf_s: of_ dough preparation, the “sponge and
dough,” “straight dough,” “brew process,’-i‘jd;?p-(‘j “continuous mixing” methods. In the
sponge and dough method, there-are two mi'x'i'ri@]".H periods and two fermentation periods.
First, the sponge is prepared by mixing part‘{—)f."tbe.ingredients which generally consists
of 60-70% of the flour, yeast, yeast food and 65% of the water in the recipe. Then, the
mixture is allowed to ferment for 3-5 hours. The fermented-sponge is then mixed with the
remaining ingredients 10 form a dough. After gluten has fully developed, the dough is
fermented for the secondtime forashorter periodiof16-20.minutes.

In the straight dough method, ingredients are mixed all at once and the dough is
prepared using-a single, fermentation steps Generally »fermentation.time, for the straight
dough method lasts 'about 1-3“hours. ‘At about 80% of the“total fermentation time, the
dough is punched to release the gas and the dough is let to ferment for the remaining
time. The bread produced using this straight dough method has coarser grain and the
crumb is not as soft as those produced by other methods. The loaf volume will be lower
than that made with the sponge and dough method.

For the brew process, the yeast is mixed with small amount of sugar and a

portion or all of the water in the recipe. The mixture is allowed to ferment for 10-15
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minutes. This yeast mixture is then mixed with the remaining ingredients to form a
dough which is then allowed to rise for 1-2 hours. This brew process is also used

commercially with continuous, computerized process called continuous mixing method.
2.3.2.2 Changes during bread making

Physical properties of bread dough vary according to the process being used.
In general, bread making process includes hydration of raw materials, mixing and other
mechanical handling steps, which modify thesphysical form of the ingredients in the
dough that determines initialrheological‘property of the system.

In the initial stages ofsdough preparation, wheat flour is mixed with water to form
viscoelastic dough. This _@€curs 4n two Vbeparate stages, the rapid hydration of flour
components and the chafnges of protein phase caused by intensive mixing of the
dough. In the first stage, proteins in the fIE)UQ hydrate to their full capacity while starch
granules hydrate within.theigamorphous reg'iqns_. The water was distributed between the
continuous phase of protein gel, Wh_i?h also:f'ép_n-tains the hydrocolloid pentosan, and the
dispersed phase of native starch-granules ah-d;_t;hose starch granules which have been
damaged during milling. Damaged starch g"'g;_n'g;les lose their crystallinity during milling

(Beckett, 1995; Guy, ;1&95) and the starch polymers caf] be fully plasticized by the

available water, so thatthey swell and form a viscoelastic gé|. Within the hydrated flour,
native starch granules remain almost intact. Upon continued mixing, wheat proteins
transform into sgluten, gwhich has thegability o iflow «ander dow stress (i. e., dough
expansion) as well as to retain air bubbles inthe structure.

Dough fermentation, occurs, in two  differentstagess, The first stage involves the
action of-enzymes of wheat flour (Ol-"and B—amylases) andthose 'in' yeast (maltase and
invertase). These enzymes digest carbohydrates from damaged starch and converted
them into maltose and dextrins. The small carbohydrates produced by enzyme action,
as well as free sugars of the flour, are further digested by the yeast zymase enzyme
complex in the second stage, with the production of carbon dioxide which causes the
dough to rise. Ethanol, carbonyl compounds, esters and acids which are also produced

in this second-stage fermentation contribute to aroma and flavor of the bread.
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Upon baking, various physicochemical changes occur, including water
evaporation, moisture migration, gas formation, volume expansion, protein denaturation,
starch gelatinization and non-enzymatic browning (Maillard reactions and
caramelization) (Mondal and Datta, 2008). The quality and shelf life of the product are
mostly governed by the time and temperature of the baking process (Mondal and Datta,
2008).

During heating, dough temperature begins to rise as the heat transfers from the
outside towards the center. Water vaporizes from the dough surface and a portion of
water condenses in the cooler inner part of dodgh.Therefore, final moisture content at
the center of the freshly baked bread may be-as-high as the initial dough. The dough
expands due to the inside pressure which continues to increase. The temperature of the
loaf keeps increasing uniil* reaching thél melting temperature of the starch granules,
which is about 65-70 °C 4At this point, thé viscosity of the bread cell wall increases
abruptly and the cell ruptures; releasing t_,‘helgas pressure. This event occurs from the
outer surface of the loafftowards the cente#r.ﬁve_ntually, the center of the bread is set so
that porous structure is formed thrq@ghout tﬁj%__](-)af. Confocal scanning laser microscopy
of the bread revealed a continugus‘protein bhéée and a discontinuous non-gelatinized

starch phase in the crust while a gelatinize"q:_Sthch network associated with a protein

network was observed;in_the crumb (Mondal and Datta, 20@8).
2.3.3 Bread staling

Freshly baked bread can be characterized by its crisp crust, soft crumb and
appealing aroma. Bread staling refersyto, all.updesirable changes-that take place after
baking, as ‘the crust'and crumb age, which ‘are’ caused by physicochemical reactions
but not by the action of spoilage microorganisms. Such undesirable changes could be
those changes in sensory characteristics (such as loss of aroma, changes in mouthfeel)
or physical properties (such as increase in hardness and crumbliness). Because it leads
to decreased consumer acceptance as well as important economic losses, bread
staling has been studied extensively during the last decades. In spite of this, its complex

mechanism is still not fully elucidated.
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2.3.3.1 Roles of starch on bread staling

During earliest studies, moisture loss was believed to be the sole factor affecting
bread staling. However, it was later proven that bread can stale without any loss of
moisture (Chen et al., 1997). Presently, it is generally accepted that changes occurred
in the starch gel component and in the crumb are the major causes of bread staling.
Colwell et al. (1969) proposed that the basic mechanism of bread staling involves
changes that are analogous to crystallization of the starch fraction of the crumb. Hug et
al. (1999) later confirmed this statement by.feporting that during aging, bread crumb
regained birefringence frem=reordering of amylese~and amylopectin fractions. This
increase in crystallinity is coneomitantly observed with the increase in crumb firmness,
for which average consumer has been "ysing a “squeeze test” as an index of bread
freshness. Axford et al. (1968) répoited a high correlation between firmness level and
taste panel assessment of staling. Char;,v‘ge,g, in starch properties were identified to
correlate with bread staling..Enzyme suscem?pt!bi_lity, swelling power, solubility and iodine
absorption were reported to decrea_sée as th:g:fs_térch molecules become reassociate. On
the other hand, crystallinity, firmhess and C}Uﬁ{b rigidity were found to increase with
aging of bread (Zobel and Kulp; 1996). — =%

Amylopectinisﬁi@!ieved to have a major role in bri‘ead staling (Zobel and Kulp,

1996). Kim and D’Appolonia (1977a, b) reported its decréésed solubility upon aging.
Ghiasi et al. (1984) demonstrated the role of amylopectin in bread staling using
“refreshing” experiment.] Agedr bread rcould abes “refreshed” and became more
acceptable by wsing moist heat at"85-90 “C. This Teflects the ability of retrograded
amylopectindo becomesredispersed,uponsheating.-Development .of crystalline order of
amylopectin is readily monitored using differential thermal amalysis{(DTA) and differential
scanning calorimetry (DSC) (Zobel and Kulp, 1996). Several researchers have been
using these techniques to investigate bread staling (Eliasson, 1983; Russell, 1983;
Zeleznak and Hoseney, 1986; Rogers et al., 1988; Vittadini and Vodovotz, 2003;
Gavilighi et al., 2006; Ribotta and Le Bail, 2007).

While amylopectin plays such a major role, amylose was not as important

regarding bread staling because it becomes reassociate and retrograde rapidly in the
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first 24 hours after baking and shows little change after that (Zobel and Kulp, 1996).

Biliaderis and Zawistowski (1990) reported that amylose molecules quickly crystallize as
observed by x-ray diffraction in 2.4-7.0% starch gels. This retrogradation of amylose,
however, is important pertaining to the setting of fresh bread structure as demonstrated

by the work of Stampfli and Nersten (1995).

2.3.3.2 Roles of non-starch constituents on bread staling

Although starch has been proven to" play.a dominant role, other components

may also exert an effect onsbread staling (Rogers-etal, 1988; Chen et al., 1997).

2.3.3.2.1 Gluten

e

i

Even though many studies _k;évga been conducted to investigate the effect
of gluten on bread staling, there is_ still nc‘;*.s.iglrjiﬂcant evidence that wheat proteins or
gluten contribute to crumb firming_:f_)f breétﬂ:l;e__dkatz (1984; cited from Zobel and Kulp,
1996) reported that, while solubility of Carbdh.y:g_a{;rates decreased during bread staling,

protein solubility remained unchanged. '-I}t;_t-,l's_'-,-_the author concluded that starch

retrogradation, rather ’Ehan gluten changes, was associated;with bread staling.

With 'fﬁodern techniques like x-ray diffréétion and DSC, Hoseney,
Zelesnak and Lai (1986) reported that upon drying, gluten gave no indication of
crystalline order<ongin atherwords, it actually-isya iglassyypatymer. Kim and D’Appolonia
(1977a) explained that breads showed similar crystallization process regardless of the
flour proetein content, Gerrard et ak (2001)replacéd gluten, in bread with other proteins
(soy and milk proteins) “and“reported ™ no “significant " difference” in~staling rate as

compared to the gluten-containing bread.
2.3.3.2.2 Pentosans

Bread flour typically contains about 3% pentosans. Approximately half of

the pentosans present are soluble in water while the other half is associated with starch
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fraction (Zobel and Kulp, 1996). Wheat pentosans consist of a linear backbone chain
of anhydro-D-xylopyranosyl units linked by B—(1—>4) glycosidic bonds and possibly

arabinose branching point at the C2 or C3 position of anhydroxylose units (Figure 2.11).

Figure 2.11 Structure of wheat*pentosans with arabinose branching point at C2 or C3

position of anhydroxylos?hjt(designate? by *) (Source: Zobel and Kulp, 1996)

Pentosagza/re-believéd'to Ea've anti-staling effect. Michniewicz, Biliaderis
and Bushuk (1992) repo}&j that with addgd pentosans the firming rate of wheat bread

& |'J

decreased significantly. Denh and Ercan (2001) later confirmed this finding. The water-
rF

insoluble pentosans were reported to be mé’&eﬁ‘ectwe in retarding bread staling than
oy ffj

the water-soluble fraction (Kim ahd—D Appeiﬁfna 1977c). Fessas and Schiraldi (1998)

reported that pentosans had no effect on staroh retrogradahon Later, these authors

proposed that the agtﬁstallng effect of pentosans could be plue to their excellent water

holding capacity. The béntosans act as moisture sinks in the crumb. The water which is

slowly released during the course of bread storage would pose a plasticizing effect and

the crumb stays'maist and soft for a'longer time (Schiraldi and Fessas, 2001).
2.3.3:2:3 Lipids

Russell (1983) reported that lipids have a significant anti-staling effect.
Earlier, Willhoft (1973) suggested that monoglycerides, especially unsaturated
monoglycerides, could retard bread staling by interacting with gluten. By adding native
lipids to defatted flour, Rogers et al. (1988) found that the firming rate of bread

decreased.
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2.3.3.3 Bread staling mechanism

Zobel and Kulp (1996) proposed a bread staling model which is shown in Figure
2.12. This model explains the changes in bread from the dough stage, to freshly baked
bread, to staled bread and also to bread that is refreshened from staled bread by

heating.

: : Stale Bread ]
Figure 2.12 A schemamUmodel of bread crumb staling (Sarce: Zobel and Kulp, 1996)

o Q

In the Quy El‘Jg’eg walng mrcj ya{wﬂs,lajicted to indicate their
unswollen t te \% e‘ ranul urﬁ, as wi Iﬁ ridging between
granuleq ﬁnﬁﬂnimsﬁ;ﬁ j]wy p?c]iﬂj s%ﬁh their helical
structure aggregate and form a crystalline region.

During baking, the crystalline region of amylopectin is disrupted. Starch
gelatinizes and the granules become swollen. Part of the amylopectin molecules, as well
as amylose, leaches from the swollen granules into intergranular gel phases. Upon

cooling, amylose becomes retrograde and form junction points. This initiates starch

gelation and provides initial loaf firmness. In fresh bread, some of the amylose interacts
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with polar lipids and forms a complex. This complex formation would reduce the
amount of amylose available to retrograde.

Upon aging, helical structure of amylopectin reappears. Aggregation of
amylopectin leads to the formation of crystalline region. In the intergranular phases,
helical structures are formed and ultimately crystallize, interlock adjacent granule and
cause an increase in crumb firmness. Upon reheating the staled bread, reverse

changes occur.

2.4 Soy uses in breads and related products
v

Increasing acceptance._of soy products might'stem from the recognized health
benefits of the isoflavones whichhave belen linked to lowering cholesterol, reducing risk
of heart disease, breastand presiate cancers, and bone deterioration. A study of Dalais
et al. (2004) suggested that a daily diet qbnlt_aining bread fortified with soy grits could
reduce the risk of prostate cancer develogmént and progression. Scientific researches
have been extensively conducféd to in;';\'/iiésfi'gate numerous arrays of soy bread
properties, from nutritional valugg f@florganéféﬁiig, chemical and physical properties of

freshly baked bread and changes inihose properties upon storage of the bread.

g =i

2.4.1 Effect of soy add(i'ti_on on nutritional quality of breads

Dhingra and Jood (2001) studied the“effect of soy flour substitution on nutritional
composition ofi wheat breadi Wheat.flour inithe bread recipe was substituted by either
full fat (SF) or defatted soy flour (DSF). The contsol (wheat) bread contained 11.5%
protein“while. the 10%, SF| andyDSF; samples cantained! 13.73and [13.8% protein,
respectively. Protein content was found to increase with increasing level of soy flour
substitution. The increase in lysine content also followed similar trend as the protein
content. The 10% SF and DSF samples contained 3.02 and 3.05 mg lysine/100 g
protein, respectively, compared to that of 2.36 g/100 g protein in the control. The SF
samples exhibited increased fat content (6.32 and 6.83% in 5 and 10% substitution

samples) as compared to the control (5.44%). On the other hand, fat content of the DSF
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samples was not significantly different from that of the control. The control bread was
found to contain 8.90, 3.95 and 4.95% of total, soluble and insoluble dietary fiber,
respectively. Interestingly, the total and insoluble dietary fiber contents of SF and DSF
samples decreased with increasing substitution level. Meanwhile, soluble dietary fiber
content of the soy-containing samples was found to increase slightly as compared to the
control. The authors explained that the decrease in dietary fiber content in soy breads
may be due to the fact that soybeans used in the study were dehulled. The content of
insoluble fibers, which are mainly presentiin‘the hulls, therefore decreased while that of
soluble fibers, which are in the cotyledons, wasfound to increase. Despite the increase
in protein content in soy breads; Dhingra and Jeed«(2001) reported that in vitro protein
digestibility decreased with«increasing soy flour substitution. The 15% SF and DSF
samples exhibited a protein‘digestibility d'f 69.1 and 70.7% as compared to 74.0% of the
control. The authors sug@ested that this' could be attributable to the increased
concentration of trypsin inhibitors, _.polypﬁ:engls and phytic acid in soy-supplemented
samples. Trypsin inhibitors:are responsiglel f_or inhibiting the activity of proteolytic
enzymes whereas polyphenols anoﬂl_?hytic 'éé_idd-could Pecome associated with proteins
and form insoluble complexes, resulting in thé-ﬁdécreased in vitro protein digestibility.
Similar results were also-reported lé}'én}by. Olaoye, Onilude and Idowu (2006).

Wheat flour in the brgeﬁ recipe was substituted by full_fét.vsoy flour at 5-15% levels.

Protein content of the bread increased with increasing scy ﬁbur substitution from 7.01%
in control (wheat) samiple to 8.39% in the 15% substitution sample. However, the
increase in crude fiben contentrwithy soy flour sulsstitutionswas reported. The control
contained 0.03%; crude fiber whereas the 15% substitution sample contained 0.14%
crude fiber Crude~fat .and, ash contents ;also«increased;, while ecarbohydrate content
decreased, with increasing level of soyflour substitution.

Lysine and tryptophan are the first and second limiting amino acids of corn while
soybean has been known as a rich source of lysine. Waliszewski, Pardio and Carreon
(2002) supplemented corn tortilla with okara and reported that upon fortification with
10% okara, lysine and tryptophan contents of the tortilla increased from 56 and 70% to

93 and 92% of the FAO profile, respectively. The authors suggested the fortification of
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okara to tortilla to help alleviate lysine and tryptophan deficiency in the poorest
sectors of Latin American society where tortilla is the main protein source.

Soy isoflavones have been recognized for their numerous health benefits. Zhang
et al. (2003) investigated isoflavone profile and biological activity of soy-containing
bread. The ability of isoflavone extracts from whole soy bread and two soy bread
fractions, which are crumb and crust, to modulate the proliferation of human prostate
cancer PC-3 cells was monitored. It was reported that total isoflavone content in the
crumb and crust were similar (3.17 moal/g/day basis). However, conjugate patterns of
the isoflavones found in these two fractions.were different. Both fractions of soy bread
contained similar concentration of isoflavone aglyeones. Wheat bread extracts were
found to increase cell proliferatien at all concentrations tested. Low concentrations of
soy bread extracts increased PC-3 cell éroliferation as compared to untreated control.
However, at higher extraci’cancentration the PC-3 cell proliferation was reduced. This
indicated the potential’health benefit of so;%—:cqmaining bread in reducing risk of cancer.
2.4.2 Effect of soy addition on physﬂigﬁﬁal, Che:ijé_(ia-ll and sensory characteristics of breads

ey

Dhingra and Jood (2001)- e'valuatedjééjjsory characteristics of soy-substituted

bread using a 9—poingmdonic scale. It was reported th_af bread samples substituted

with up to 10% full faf or defatted soy flour received scoreé"lin crust color, appearance,
flavor, crust texture, taste and overall acceptability similarto those of the control (wheat)
sample. With shigher gsoy~flaur; substitutionglevel 1 (>y 40%);* the breads became
organolepticallygunacceptable. The authors also confirmed this finding in another study
(Dhingra, and dood, 2004).~Olaoye set nal. ~(2006), seported .thaty bread samples
supplemgnted with*up to 5% with fullfat soy flour'were 'simifar to ‘controf(wheat) bread in
aroma, crumb texture, taste and general acceptability. However, crust texture, shape
and appearance of soy-substituted breads were different from the control.

Waliszewski et al. (2002) studied the effects of okara supplementation on
properties of corn tortilla. It was demonstrated that up to 10% okara substitution, the

tortilla still possessed aroma, flavor, after taste, appearance, manual texture and oral
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texture similar to the control. However, okara substitution of over 10% would result in
an organoleptically unacceptable product.

Roccia et al. (2009) studied the effect of soy protein addition to rheological
properties and water retention capacity of gluten protein. They found that the
substitution of wheat protein by soy protein negatively affected the dough rheological
properties due to weakening of protein network. This resulted from both the dilution of
gluten protein and the interference of soy protein in gluten network. This study
supported the work of Mohamed et al. (2006) which reported that dough mixing time
became increased with increasing substitutien of soy protein isolate. The authors
concluded that soy proteinspresent in the bread formula delayed gluten formation and
thus lengthened the dough mixing time.

|

2.4.3 Effect of soy additionson Kegping quality of breads

_—

)
Vittadini and Vodovotz (2003) subsﬁtuted wheat flour in white bread recipe with

20, 30 and 40% defatted say ﬂou_h Chanfg;?dsmin physical properties of breads were
investigated during 7-day ‘Storage at room-"t;ejvnperature (25 °C). By using a DSC
technique, it was found that, for freshly balgéd»_bread, soy flour substitution caused a
slight increase in freezable water content as_compared-1o.the control (wheat) bread.
This was due to the fact that the soy-containing formulas héd higher moisture content.
As storage time increased, freezable water content of all Samples decreased. At Day 7,
the control showed; a higher,degree of;freezablejwater-reduction (5.1%) than the soy-
containing samples (2.0-3.8%). This indicated greater stability of the soy-containing
breads., Thew authors ,alse, monitored, recrystallization, of, amylepectin using DSC.
Amylopectin ‘recrystallization ‘was”observed in all samples ‘during=7-day storage.
However, the increase in amylopectin recrystallization was significantly lower in soy-
containing samples. The staling retardation effect could be due to the strong water-
holding capacity of soy flour. This could be explained using the work of Ryan et al.
(2002) which proposed that the hydrated soy fractions could interact very strongly with
starch. This soy-starch interaction interfered with interactions among starch molecules

and thus hindering amylopectin recrystallization.
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Lodi, Abduljalil and Vodovotz (2007) studied water distribution in breads

containing 19.92% soy flour by weight. Using a magnetic resonance imaging (MRI)
technique, homogeneous water distribution was reported for soy-containing bread while
inhomogeneous water distribution was found in control (wheat) bread. The authors
proposed that this homogeneous water distribution help retarding the bread-staling rate

during prolonged storage.
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CHAPTER 3

MATERIALS AND METHODS

3.1 Materials

3.1.1 Bread ingredients

The following bread in redien ‘- n th|s study:
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- Methyl red, AR grade (Merck, Bangkok, Thailand)

I -
The following c;lmical reagents were used in th

- Methylene blue, AR grade (Riedel-de Haén, Seelze, Germany)

Petroleum ether, AR grade (Fisher Scientific, Loughborough, U. K.)

Potassium iodide, AR grade (Ajax Finechem, Taren Point, Australia)
- Selenium reagent mixture, AR grade (Merck, Bangkok, Thailand)

- Sodium hydroxide, AR grade (Carlo Erba, Rodano, ltaly)
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- Sulfuric acid, 96.5%, AR grade (J. T. Baker, Phillipsburg, NJ)

3.2 Instruments

The following instruments were used in the study:
- Centrifuge, IEC Multi RF™ (Thermo Fisher Scientific, Waltham, MA)

- Color meter system, ColorFlex” (Hunter Associates Laboratory, Reston, VA)

- Convection kitchen ove | TFL1231 (Avanti Products, Miami, FL)
- Differential scanni C " Diamond DSC” (Perkin Elmer,

Waltham, MA)

Food blender,

1
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- Hot air oven, M

- Kjeldahl dig lawil, Switzerland)

- Kjeldahl distillation lawil, Switzerland)

- Muffle furnace, Model'¢ olite, Hope Valley, U. K.)

- Rotary evangator Ey ai, Tokyo, Japan)

- Stereomicroscope, ModerSMZ=1000; WithF no 1x WD-70 objective lens

(Nikon Instruments, Meﬂlle, \

- Tray dryer, Mo@e&A 100S (Yeo I—@g Bangkok, Thailand)

AT A e
QUASHRERTRMART I A )

Svacuum packaging machine, Webomatic” Easypack Model (Webomatic,

MA)

Bochum, Germany)

- Water activity meter, AquaLab® Series 3TE (Decagon Devices, Pullman, WA)

3.3 Methods

3.3.1 Flour preparation
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Commercial wheat flour (United Flour Mill, Bangkok, Thailand) and soy flour
(Doi Kham, Bangkok, Thailand) were passed through a US70 mesh sieve (0.210-mm
opening). This was also done for okara (Section 3.3.2) so that the three ingredients had

similar particle size.
3.3.2 Okara preparation

To prepare okara, a hot water blanching method adapted from that described by
Wilkens, Mattick and Hand (1967), was used#in.this study. Dehulled soybean (Thai
Cereals World, Bangkok, ‘Fhailand) was Soaked in-tap water (soybean:water = 1:10) at
room temperature (25 °C) fo rours to soften the cotyledons. The soaked bean was
drained, rinsed with tap water and groun“lépl with hot water (90+5 oC) using soaked bean-
to-water ratio of 1:8. Thé hot/ water freatment was used in order to inactivate
lipoxygenase, an enzyme endogenaus Tﬁo,’. soybean which is responsible for the
development of beany flavorin okara. The "’isjlu‘rr}{ was then filtered through several layers

of cheesecloth and pressed 0 remove ex'ng_ss liquid ‘using a hydraulic press. The wet

okara was steamed at 100" °Gfer 30 minutes 'to ensure a complete inactivation of

antinutritional factors present inv_r_aw:soybeah;r“:ﬂig steamed okara was pressed again to

remove excess quuid.‘:"';rhe okara was then transferred to aistainless steel tray and dried

in a tray dryer (I\/Iod.él"ﬁHA—1OOS, Yeo Heng, Bangkok, Thailand) at 60 °C until moisture
content similar to that 6f wheat flour and soy flour was Obtained (approximately 10%,
wb). The dryingitime lastedyaboutsl4dchours: Feodsprecessor(Model 2102240, Mara,
Taipei, Taiwan) was used to disintegrate any lumps present. The dried okara was then
passed«through-a US70 mesh.sieve and stered undersvacuum in, assealed aluminum
laminated bag at 4"'°C" until needed.“Figure 3.1 “summarized thé okara preparation

procedure.
3.3.3 Bread making

Ingredients of basic white bread are listed in Table 3.1.
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Dehulled soybean

l

Soaking in tap water (soybean:water = 1:10) at room temperature for 14 hours

l

Draining and rinsing with tap water

l

Grinding with hot water (905 °C) (soaked bean:water = 1:8)

—> Soymilk

Drying at 60 °C until obt -:——-A 5 ély 10% (wb) moisture content

¥

Passmg through US7O mesh sieve

ﬂuﬂqwﬂm@ﬂﬂwni
ammnmummmaa

Figure 3.1 Okara preparation
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Table 3.1 Ingredients of basic white bread (adapted from Woodall, 2007)

Ingredient Amount (g) Baker percentage
Wheat flour (bread flour) 334.0 100.0

Instant yeast 4.0 1.2

Shortening 16.0 4.8

Sugar 16.0 4.8

Salt 6.0 1.8

Water 20040 59.9

Calcium propionate® 1.0 0.3

*Calcium propionatetis'a mold inAibitor, The'maximum level permitted to be used
in bread is 2000 mg/g (Ministry of Public Health, 1984).
i

The bread contajping all wheat flour was. a control. For the soy-substituted
breads, wheat flour in the recipe was subsﬁtutgd by either soy flour or okara at 5, 10 and
15% by weight. 4 4

To prepare bread samplesd,_l_e_l methé_;{l_._la‘dapted from that described by Woodall
(2007) was followed. Dry ingredignts (i e., W@ffiflour, soy flour, okara, instant yeast and
calcium propionate) were mixed-and siftedf?’f;hé:dry mixture was then transferred to a
Kenwood food mixerfﬁModeLKMM_KﬁnmmdkﬂaManL;U: K.). Salt and sugar was
dissolved in the Wat'e‘r“specified in the recipe. The solutio‘ri-lwas then added to the dry
mixture in the mixer bowl. Using dough hook and speed level 3, the mixture was mixed
for 3 minutes. Shartening wasiadded (to! the" flour imixttrerand:the mixing speed was
increased to level 6. The dough was obtained after mixing for 10 minutes. The properly
mixed deughywilh aprear smoeth and can bestreteched intoya thin sheet.jThe dough was
then formed into a ball, transferred t0 a greased bowl and covered with moistened
cheesecloth. The dough was let to rise at 32 °C for 60 minutes. After that, the risen
dough was punched to release gas, hand kneaded and cut into pieces of 140 g each.
Each dough piece was spread into a sheet, rolled into a loaf and placed in a greased

loaf pan (3 /2 x 5 2 x 2 2 inch). Then the dough was let to rise for another 60 minutes at

32°C.
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The dough was baked in a Teba” convection kitchen oven (Model TFL1231,

Avanti Products, Miami, FL) at 180 °C for 25 minutes and cooled at room temperature
(25 °C) for 1 hour. The bread was then placed in a low-density polyethylene bag, hot-

sealed and stored at room temperature (25 °C) for a period of 7 days.

3.3.4 Proximate compositions of raw materials and freshly baked breads

Proximate compositions ( e, protein, crude fat, crude fiber and ash)
of wheat flour, soy flour, okara_ b ard crumbs were determined using
C

the standard methods ¢ Appendices A1-A5). Available

carbohydrate content was quation 3.1 (James, 1995):

%Available carb ) A4 ( moisture+%crude protein+%crude

fat+%crude fiber+%a

3.3.5 Evaluation of bread

etermined for their moisture

] _
and method outline by AOAC (200
¢

L REINENINYINT
ANABINIUHAIINEAAL, v o

using an AquaLab® water activity meter (Series 3TE, Decagon Devices, Pullman, WA).

content using the stan (Appendix A1).

Measurement was done at 25 °C.

3.3.5.3 Freezable water content, unfreezable water content and amylopectin

recrystallization
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Freshly baked and stored bread crumbs were monitored for their freezable
and unfreezable water, as well as amylopectin recrystallization, using a Diamond DSC”
(Perkin Elmer, Waltham, MA) according to the method described by Vittadini and
Vodovotz (2003). Bread crumb (10-15 mg) was accurately weighed into an aluminum
DSC pan (Perkin EImer, Waltham, MA) and hermetically sealed. An empty pan was used
as a reference. The sample was cooled to -40 °C in the DSC furnace and then scanned
from -40 to 85 °C with an increment of 5 °C/minute. An endothermic transition around 0
°C is attributed to ice melting (Vodovotz et al., 1996; Baik and Chinachoti, 2001).
Freezable and unfreezable water contents were'Caleulated using Equations 3.2 and 3.3

(Vittadini and Vodovotz, 2003): 4

!ll 1
x“—}xlOO (3.2)

# fus

%Freezable waier = [h %

Where h is peak'enifalpy (J/g),
AH

M is g watef pef g sample. /
i o

fus

™
is lateniheat of fusionsef ice (334 J/g).

e id 44
-

%Unfreezable water = ﬂ%moisture—%fré__eg'a_b_le water (3.3)

To investigate“amylopectin recrystallization, an endethermic peak around 40-70
°C corresponding to the‘melting of amylopectin crystallite-{Vittadini and Vodovotz, 2003)

was monitored..Peak enthalpy per g.sample.was recorded.
3.3.5.4 Water soluble starch content

Freshly baked and stored bread crumbs were monitored for their water soluble
starch content using the method of Shaikh, Ghodke and Ananthanarayan (2007). Fifteen
ml of distilled water were added to 200 mg of bread crumb. The crumb-water mixture
was placed in a shaking water bath at 25 °C for 20 minutes. The slurry was then
centrifuged at 5000 rpm for 5 minutes. Ten ml of the supernatant was later treated with 2

ml of standard iodine solution (2 mg of iodine and 20 mg of potassium iodide in 100 ml
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water). Optical density (OD) was measured using a UV/Vis spectrophotometer (Model
V-530, Jasco, Easton, MD) at 680 nm. A standard curve of OD at 680 nm (ODyg,) versus

starch concentration is shown in Appendix B1.
3.3.5.5 Baking characteristics

Freshly baked and stored bread samples were determined for loaf volume, loaf
weight, specific loaf volume and loaf height./L eaf volume was determined using sesame
seed displacement method. A 800-ml beaker'was first slightly overfilled by pouring
sesame seeds at a constantrate. Excess seeds werethen scraped off using a spatula.
The seeds in the beaker weretthen transferred to a 1000-ml graduated cylinder and the
volume was recorded. Bread.doaf was vl';then placed in the beaker. The beaker was
overfilled by pouring in sesame seeds. After scraping off excess seeds, the seeds in the
beaker were transferred tosthe gra.duétedf‘eyljnder and the volume was recorded. Loaf
volume was obtained by difference. Speéiffie J\'/olume was calculated by dividing loaf

volume by loaf weight. Loaf height was mee%u;red from the bottom to the highest point of

the loaf. e 2 -i_w

3.3.5.6 Textura_i_ characteristics

Texture profile dnalysis of freshly baked and storéd bread samples was carried
out using a madified method rofy Guarda et ala (2004)s Hardness, cohesiveness and
springiness werg; measUred using a universal materials testing machine (Model 5565,
Instron-Norwoeod, MA) ;equipped-with.5:kg doad Cells A 2x2x2 cm’ sample cube was
compressed using“a 6 cm-diameter cylindrical probe” with=a cross-head speed of 1.0

mm/second until 70% deformation was obtained.
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3.3.5.7 Crumb grain structure

Freshly baked and stored bread crumbs were investigated for their structure
using an SMZ-1000 stereomicroscope equipped with Plan Apo 1x WD-70 objective lens

(Nikon Instruments, Melville, NY).

3.3.5.8 Color

Color of freshly bak umbs and crusts were measured
using a ColorFlex” color iates Laboratory, Reston, VA). The
measurement was done In th » L* a* b*), using D65 light source.
L* is the lightness COOrd' 46 s | s inate, with +a* indicating red,
and -a* indicating green. 6™ | § ; te, with +b* indicating yellow,
ent positions were done for
each sample piece (5x8x4 ¢ Hue'an and ere obtained from a* and b*

according to Equations . 1:* Vhiten [ was also calculated for bread

Hue angle (3.4)
Chroma = (a ’“ ’ (3.5)
Whiteness indeX = 100 (100-L%° + a* +b*2]”2 (3.6)

Sssggu@t;.;mmwa'm
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Descriptive analysis was carried out for freshly baked and stored bread
samples. The sensory panel consisted of 14 individuals. The experiment was divided
into two phases: training and sample testing.

For the training phase, the panelists were first trained to familiarize with

each sensory attribute. Then, the panelists were trained to rate the intensity of sensory
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attributes on a 15-cm line scale (Appendix B2). Panelists’ performance was monitored

and additional training was provided to improve accuracy. For sample testing, panelists
individually evaluated samples which were served at room temperature (25 °C) in odor-
free white plastic plates. The experiment was carried out under fluorescent light in an

air-conditioned room (25 0C). Bottled drinking water was used to clear the palate.

3.3.5.9.2 Acceptance test

]
/&evaluate the degree of liking of the
freshly baked bread sam C pwd of 50 individuals. The scale
ranged from “dislike W )" (Appendix B3). Panelists

individually evaluated sa fe ¢ - * temperature (25 0C) in odor-

free white plastic plates. \\s out under fluorescent light in an

air-conditioned room ( u d to clear the palate.

‘:‘?:u
3.3.6 Statistical analysi é%f;
.3.6 Statistical analysis .rﬁ: o

Fo
dd ““ ia‘

Experiments were doneig,tgg{ a oletely randomized design (CRD) was

el
used for all experiments, except sensory evaluation pa 'J‘ ich was carried out in a

randomized complete-bloc vere analyzed using Analysis of

Variance (ANOVA). uncans New Multlple Range Test was used to determine the

TR T.T’ﬁ "'T‘foWf‘ﬁ WBNS
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CHAPTER 4

RESULTS AND DISCUSSION
4.1 Proximate compositions of raw materials

Proximate compositions of wheat flour, soy flour and okara are shown in Table
4.1. Moisture content of commercial wheat flour and soy flour used in this study was in
the range of 8.89-9.98% (wb). Dried okara was piepared in the laboratory by air-drying
wet okara from soymilk extraction-until the similarmoisture content was obtained (9.35%,
wb). Moisture content ofuthe three ingredients was therefore not significantly different

(p>0.05).

i

i

Table 4.1 Proximate compositions of wheatflour, soy flour and okara

i

Composition (%, wb) Wheat ffgu? Soy flour Okara
Moisture™ " 9-‘.98¢o.5';jd; . 8.89+0.32 9.35+0.87
Crude protein e "1'_2282@6;),3 39.84°+3.26 32.67°+2.24
Crude fat 1_.34%0.1?&__'? 20.50°+0.94  6.59°+1.45
Crude fiber . T 2s0h028 4,84°40.48 14.28"+1.69
Ash 7 05672000 5184057 2.59°+0.31
Available carbohydrates: 73.34°£1.69 20.25°+3.65 34.52°+3.42

*To calculate crude protein content,seonversion factors of .70 and 5.71 were used for wheat and soy ingredients,
respectively (FAO, 2003).

Values are means + SDjof three different determinations.

Sample means within a row which do not share a‘common superscriptietter differ significantly at p=0.05.

“ns” indicates no significant difference among sample means at p=0.05.

Soy flour had the highest crude protein content (39.84%, wb). Even though a
portion of soy protein was extracted into soymilk, okara was still high in crude protein
content (32.67%, wb or 36.06%, db). This was similar to that of 33.4% (db) reported
earlier by Préstamo et al. (2007). Wheat flour contained 12.28% crude protein on a wet
basis which is common for bread flour. Crude fat and ash contents were also highest in

soy flour, followed by okara and wheat flour. Okara contained the highest crude fiber
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content (14.28%, wb), which was about three and six folds higher than that of soy

flour and wheat flour, respectively. Available carbohydrate content was highest in wheat
flour (73.34%, wb). Starch is the major component in wheat, constituting approximately
60% of the flour (Belitz and Grosch, 1986). This starch makes up the major fraction of
available carbohydrates in wheat flour. The proximate compositions of wheat flour and
soy flour obtained in this study were comparable to those reported in the USDA National
Nutrient Database (USDA, 2008). Okara compositions reported previously (Van der Riet
et al., 1989; Taruna and Jindal,  2002;; Anenymous, 2005; Wachiraphansakul and
Devahastin, 2005; Préstamo et al., 2007; Redondo-Cuenca et al., 2007) were found to
vary within some extent.~Fhis discrepancy is-due to the differences in soybean and
production method used (Tantéeratarm et al., 1993). In this study, okara was produced
using a hot water blanching'methad, which was adapted from that described by Wilkens
et al. (1967). Soaked dehulled seybeans was ground with hot water (90+5 °C) using a
bean-to-water ratio of 1:8. |

)

4.2 Proximate compositions of freshly bake'q;bréads
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For convenience, the following term;k‘é»nd_'; abbreviations will be used throughout
this manuscript to represent different bread samples:“control” for wheat bread, “5SF”
for 5% soy flour-substituted bread, “10SF” for 10% soy flodr-substituted bread, “15SF”
for 15% soy flour-substituted bread, “50K” for 5% okara=substituted bread, “100K” for
10% okara-substituted Joread, and ~16QK” far [ 5%s0kara-substituted bread. Proximate
compositions of freshly'baked breads are fillustrated’in Figure'4.7.

Moisture, content of the bread, samples differed significantly. (p<0.05) (Figure
4.1a). Soy-containing samplesi/in‘genéral, possessed higher moisture-content than the
control. Similarly, Sidhu, Al-Hooti and Al-Sager (1999) reported an increase in moisture
content with 10-30% wheat bran substitution in bread. The increased moisture content
upon substitution of high-fiber ingredient has been attributable to the high water-holding
capacity of fiber (Sidhu, Al-Sager and Al-Zenki, 1997).

Crude protein content (Figure 4.1b) was highest in 15SF (12.04%, wb) which

was attributable to the high protein content of soy flour and high level of substitution.
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However, this was not significantly different from that of 10SF, 100K and 150K. The

control had lowest protein content (9.63%, wb) but did not differ significantly from that of
SF and OK samples, except 15SF. Crude fat content (Figure 4.1c) was highest in SF
samples. Okara, with some fat still left after soymilk extraction, resulted in bread
samples moderately high in crude fat content. The control and 50K samples contained
the lowest crude fat content. Soy-containing samples (SF and OK) had increasing crude
fat content with increasing level of substitution.

Because okara contained large amount of crude fiber (14.28%, wb), the OK
breads had the highest crude fiber content(Eidure 4.1d). However, different levels of
okara substitution did notrsignificantly: affect-erude fiber content of the bread. As
compared to the control, soyflourwith 4.84% crude fiber which was only slightly higher
than wheat flour (2.50% crude fiber), yielded breads with higher crude fiber content only
at higher level of substitution (153F).
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Figure 41 Proximate compositions of wheat, soy flour-substituted and okara-substituted
breads. Sample means within each composition which do not share a common letter

differ significantly at p=0.05.
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(d) Crude fiber content
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Figure 4.1 (Continued)

Even though, ash content “was significantly different (£<£0.05) among the
samplesi(Figure 4.4e). This differenee was not quite large.in values. Ash content of the
samples was in the range of 1.40-1.78% (wb), with that of 15SF and control being the
highest and lowest, respectively.

Due to high available carbohydrate content of wheat flour, the control bread
possessed highest available carbohydrate content (Figure 4.1f). With increasing level of
soy ingredient substitution, available carbohydrate content became decreasing due to

lower concentration of available carbohydrates in soy flour and okara.
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The result of this study was similar to those reported earlier. Dhingra and Jood
(2001) reported that upon fortification of full-fat or defatted soy flour at the levels of 5 and
10%, bread exhibited increased protein content from 11.5% (wb) in control (wheat)
bread to 13.7 and 13.8% (wb) in 10% full-fat and defatted soy flour-substituted samples,
respectively. Fat content also increased from 5.44% (wb) in the control to 6.83% (wb) in
10% full-fat soy flour-substituted bread. On the other hand, the 10% defatted soy flour-
substituted bread possessed similar fat content (5.38%, wb) to the control.

Olaoye et al. (2006) substituted full-fatisoy flour to wheat flour in bread at 5, 10
and 15%. It was reported that the contents of erude protein, crude fiber, crude fat and
ash increased with increasing level of substitution. The 15% substituted sample
contained 8.39% protein (wb) as'compared to that of 7.01% (wb) for control (wheat)
bread. Meanwhile, available carbohydraté content became decreasing upon increasing

level of substitution, from#60:58% (wb)_in the contrel to 52.25% (wb) in the 15%
substituted sample. y \ 4
)

In summary, proximate compositions of bread varied according to the

concentration of those cempg@sitions’.in rawf_materials and the level of substitution. In

general, upon substitution of soy/flour or-okara, erude protein, crude fat, crude fiber and

ash contents increased while available carbé‘hyd_'[ate content decreased.

4.3 Effect of partial substitution of wheat flour by soy ﬂox]? or okara on properties of

freshly baked and stored breads

4.3.1 Moisture content

Moisture content of foods is«ne.of the comman indicators, for food quality. It is
therefore important to monitor moisture content of bread because of its potential impact
on sensory and physical properties, as well as chemical, biochemical and
microbiological stability of the bread (Hathorn et al., 2008). Moisture content of freshly
baked bread samples was in the range of 39.08-40.38% (wb) or 64.15-67.73% (db) as

already discussed in Section 4.2.
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Upon storage for a period of 7 days, moisture content of all bread samples
decreased in a similar fashion, but slightly more pronounced in the control (Figure 4.2).
Moisture reduction of bread during storage has been attributed to moisture migration
from wetter crumb to drier crust and also from bread to surrounding atmosphere (Baik
and Chinachoti, 2000). The result of this study was agreeable with the work of Vittadini
and Vodovotz (2003) which explained that the presence of soy fiber greatly increased
water-holding capacity, resulting in lower moisture loss in soy-containing bread. Similar
results were also reported by Fleming and Sosulski (1977), Porter and Skarra (1999) and
Doxastakis et al. (2002).

4.3.2 Water activity
)

Water activity (a,)dndieaies the intensity. of water association with nonagqueous
constituents. Strongly“bound water_.supp(;:rtsﬁdegradative activities and reactions to a
lesser extent than weakly bound water (Fe?mgrp_a, 1996). It was found that even though
a,, values of freshly baked SFand OK breééé_(-0.92—0.94) were slightly higher than that
of the control (0.92), this difference was not é’téfiétically significant (p>0.05) (Figure 4.3).
Sidhu et al. (1997) substituted.wheat flour inf',ﬁ—;_rabi.c bread (khaboos) with 10-20% wheat

bran and reported higl{jga, values in those substituted br_Qéds (0.78-0.80) as compared

to the control (wheat) bread (0.74).

The a,, of all bréad samples remained relatively constant during 7-day storage
(Figure 4.3). This imight jbey because ithe sbread samples-were kept in air-tight and
moisture-tight package. Similar to this study, Hathorn et al. (2008) substituted wheat
flour in bread.with sweet potato.flour and reparted A0 significant.changes in a, during 8-
day storage. ‘On' the other 'hand, Sidhu“et al. (1997) observed ‘slight'a, reduction in
wheat bran-substituted and control (wheat) bread upon storing for 4 days. This

reduction in a, over time could be attributable to moisture loss during storage.
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Figure 4.2 Moisture content of.wheat, soy flour-substituted and okara-substituted breads

during 7-day storage.

4.3.3 Freezable and unfreezableiwater con;td(;.nts

Freezable water can 'be «readily :.'-_m@;nitored using a differential scanning
calorimetry (DSC) technique (Vittadini and i\fodovotz, 2003). An endothermic transition
around 0 °C is attributed mainly to ice meltljng (Vodovotz et al.,, 1996; Baik and
Chinachoti, 2001). Typical-curvé of ice melﬁl.rlw"'g;"é{s' investigated using DSC is shown in
Figure 4.4. In the curfént Study, it was obseived that the onset temperature for ice
melting in bread samples was in the range of -14.35 to -12.45 °C, as compared to that of
-15.2 t0 -13.5 °C reported.earlier by Vittadini and Vodovotz (2003).

Freezable water content| can|be calculated from the peak enthalpy and
unfreezable water content is obtained.from the difference between moisture content and
freezable Wwater content. "Fréezable and" unfreezable \water contents of the bread

samples‘are depicted in Figures 4.5 and 4.6.
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Figure 4.6 Unfreezable. water content loféwheat,.soy! flourssubstituted and okara-

substituted breads during 7-day storage.

Freshly baked control bread contained 28.86% freezable water on a dry basis

(Figure 4.5). Upon substituting soy flour or okara, freezable water content became

significantly increased (p<0.05), with OK samples showing higher freezable water

content. The 150K bread contained highest freezable water (36.43%, db). Vittadini and

Vodovotz (2003) reported similar finding and proposed that the higher freezable water
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content of soy-containing bread may be due to their higher moisture content as
compared to the control.

Freezable water content decreased with increasing storage time for all samples
(Figure 4.5). This was also in good agreement with those reported earlier by Baik and
Chinachoti (2000, 2001). The control bread showed greater reduction in freezable water
over time than the soy-containing breads did. A decrease in freezable water content of
wheat bread during storage was common as reported by Rasmussen and Hansen
(2001) and Vittadini and Vodovotz (2008): Lodi et al. (2007) investigated moisture
distribution in bread using a magnetic resonaheé imaging (MRI) technique. It was found
that soy ingredients helpedpromote homogeneous moisture distribution throughout the
bread loaf. Minimal changessin freezable water content of soy-containing bread could
be attributed to the low degreeof moistuﬁe migration in bread during storage (Lodi and
Vodovotz, 2008). This relationship between moisture migration and changes in freezable
water content was also substantiated b§ the work of Baik and Chinachoti (2000).
Crustless wheat bread was used in order?tolm_inimize moisture gradient within the loaf
and thus prevent moisture migratioﬂr_ml.i Ihe a:{i:f:h_ga-rs reported that freezable water content
of the bread remained unchanged auring stObéééJ.

In the case of unfreezaple ‘water ([F—i_ggre 4.6), the content in freshly baked

breads was not sig,ni;figntlv different (p>0.05).- Moreover‘rj,.vit also remained relatively

constant during 7-day-storage. In an earlier study, Vittadir"fil and Vodovotz (2003) also
reported no significant €hanges in unfreezable water content during bread storage. The
authors suggestedithatithefreezable watergwhich is moreavailable, was the fraction to
undergo detectable changes during storage.

Up.tosthis peintthe-role.ofsayingredients,-which were-high insfiber, in retaining
moisture ;. became ‘very “obvious.“This "was demonstrated=by the smaller changes in
moisture and freezable water contents in SF and OK breads during storage as
compared to the control. Hallberg and Chinachoti (2002) proposed that moisture
distribution may play a role in bread staling. This statement was supported by the work
of Leung, Magnuson and Bruinsma (1983) which found that bread staling was

accompanied by an increase in water binding.



48

4.3.4 Amylopectin recrystallization

Starch is the major component of wheat constituting approximately 60% of the
flour (Belitz and Grosch, 1986). Soybean contains approximately 34% of carbohydrates.
However, this fraction is devoid of starch (Wijeratne, 1993). The presence of starch
strongly influences quality as well as storage stability of those products made from
wheat flour. As starch paste or gel cools, dehydration and insolubilization of starch take
place. Starch molecules become reassociated via hydrogen bonding. The collective
process of dissolved starch becoming less soltble is called retrogradation. In bread,
amylose retrogradation oeceurs-almost immeaiately-after removal from the oven. On the
other hand, amylopectin slowly retrogrades during storage, thus playing an important
role on keeping quality .of bread. ‘Therefore, researchers have been focusing on
amylopectin retrogradationfor amylopectin récrystallization in an attempt to elucidate the
mechanisms of bread staling. _d d

DSC is a highly efficient techéhue_ that has been used to investigate
amylopectin recrystallization. An en@qtherm:iépéak observed around 40-70 °C indicates
amylopectin recrystallization™ (Vittadini- and Vbdbvotz, 2003). In this study, melting of
amylopectin crystallite was observed aroundf_65_';0.C, peaked at 75 °C, and ended at 80
°C (Figure 4.7). BuesoUcles (2003) reported amylopectin Crystallite melting temperature
of around 50.3-57.4 “C for corn tortilla. ‘

Energy required to melt amylopectin crystallite” in the bread samples was
illustrated in Figurey4i8aForall freshly baked-breadrsamplesy norendothermic peak was
observed in thegamylopectin crystallite melting range. This indicated negligible amount
of amylepectin recrystallization-in freshly baked-breads, With increasing,storage time, the
melting enthalpy was found to increase; with the most pronounced-in the control sample,
followed by the 5%-substituted (5SF and 50K), 10%-substituted (10SF and 100K) and
15%-substituted (15SF and 150K) samples. The 150K exhibited the lowest amylopectin
recrystallization throughout the storage time studied. In general, OK sample possessed
slightly lower amylopectin recrystallization as compared to the SF sample of the same

substitution level. Amylopectin recrystallization seemed to rapidly occur during the first

two days of storage and leveled off after that.
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The role of soy ingredient in retarding amylopectin recrystallization was reported
by Vittadini and Vodovotz (2003) who found that soy flour substitution at 20-40% helped
decrease amylopectin recrystallization as compared to control wheat bread. Similar
results were reported in previous studies (Longton and LeGrys, 1981; Roulet et al.,
1988). Recently, Zhou et al. (2008) reported that tea polysaccharide could lower

retrogradation rate of wheat starch gel.
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Baik and Chinachoti (2001) suggested that there was a correlation between
lower amylopectin recrytallization and lower moisture gradient between bread crust and
crumb. Soy ingredients helped promote homogeneous moisture distribution and thus
lower moisture gradient within the loaf of bread (Section 4.3.3). This resulted in lower
amylopectin recrystallization in soy-containing breads as compared to the control. Anil
(2007) stated that the high water-holding capacity of soy components (soy protein and
soy fiber) resulted in less water available for starch component, thus lowering starch
recrystallization rate during storage.

Apart from water-holding and moisture-distributing effect of soy ingredient, Ryan
et al. (2002) also proposeerthatsoy components strongly interacted with starch, hence
interfering starch-starch interaction and retarding amylopectin recrystallization.

Plant fibers such as wheat branﬂhave been successfully used in various food
products. One of the outstahding/properties of these plant fibers is their excellent water-
holding capacity. At present, a'product ma;,;jeﬂfrom cell wall fiber and protein of soybean
cotyledon is available™ cammercially ({fhel _production method is a proprietary
procedure.). The manufacturer Q_I?ims ti:ﬁé__t_ -this fiber product provides moisture
absorption and control moisture/migration ir'r-'j‘c;)éd products (Pacific Soybean & Grain,
2003). T 7R

To investigate;ith_e effect of different ,ingrredients_cr‘qn.vmoisture absorption, flour

mixtures were determined for water-holding capacity and fﬁle result is shown in Figure
4.9. Different flour mixtures exhibited significantly different water-holding capacity
(p<0.05). Wheat flour/okarey, mixtures cexhibited igreater water-holding capacity than
wheat flour/soy flour mixtures and wheat flour. Upon increasing level of soy substitution,
water-heldings capacitysof«the«flour mixtures, increasgd. This«increased water-holding
capacity of‘'the soy=containing flour mixtures could e 'dueto the higher fiber content of

soy flour and okara as compared to wheat flour (Section 4.1).
4.3.5 Water soluble starch content

As starch retrogrades, the starch molecules (amylose and amylopectin) become

reassociate via hydrogen bonding with a formation of ordered crystalline structure. The
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increase in crystallinity results in lowered solubility of starch. Therefore, water soluble
starch content could be used as an indicator of starch retrogradation. Water soluble

starch content of the bread samples is shown in Figure 4.10.
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Figure 4.9 Water holdinggcapadity of wheat flour (WF), wheat flour/soy flour mixtures
(WF/SF) and wheat flour/okara. mixtures (WF/OK). The number in each legend
represents percentage of soy ingredient substitution in the flour mixture. Sample means

which do not share a common letterdiffer sigﬁifié’éntly at p=0.05.
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Figure 4.10 Water soluble starch content of wheat, soy flour-substituted and okara-

substituted breads during 7-day storage.
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Freshly baked control bread showed the highest water soluble starch content
(0.39%). Upon substitution with soy flour or okara, which contained less starch, water
soluble starch content was lowered significantly (p<0.05). Water soluble starch content
became lower with increasing storage time, with a sharper decrease in the control. The
decrease in water soluble starch suggested the formation of water insoluble starch
fraction (crystalline structure). This was also consistent with the increase in amylopectin
recrystallization (Section 4.3.4).

Shaikh et al. (2007) reported that water soluble starch content of Indian flat
bread (chapatti) decreased. from 5.23 to.0.80% during 1-month storage at room
temperature. It was foundsthat-water sollble starendecreased sharply during the first
12-hour of storage. This wassattributable to the retrogradation of amylose. After the first
12-hour, amylopectin slowly retrograded, resulted 'in a lower rate of soluble starch
reduction. 4 4

For the effect”of fibep substitutioﬁ on the changes of water soluble starch
content, Sidhu et al. (1997) measured wa;erl sqluble starch content of commercial all-
wheat Arabic bread (khaboaos) ar)_CLil comrﬁé_r_p-ial wheat bran-added khaboos. It was
reported that the fresh wheat bran<added bread exhibited lower water soluble starch

content (2.17%) as compared- to-the all—vvfhréal_';bread (2.35%). Upon 4-day storage,

water soluble starch,cgn_tent of both breads decreased Wif[hl the all-wheat bread showing

a greater reduction n-soluble starch than the bran-added bread (32.8% vs. 31.8%

reduction).
4.3.6 Baking characteristics

Baking characteristics“such” as “loaf' volume "and=loaf’ height” pose a strong
influence on consumer acceptance of bread product. Addition of soy ingredient to
wheat bread has been known to negatively affect those attributes so it is essential to
monitor changes in baking characteristics of soy-containing bread. Baking
characteristics determined in this study include loaf volume, loaf weight, specific loaf
volume and loaf height. These baking characteristics of freshly baked bread samples

are presented in Figure 4.11.
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A significant reduction in loaf volume (p<0.05) was observed when soy
ingredient was substituted (Figure 4.11a). At lower levels of soy flour substitution (5SF
and 10SF), the bread samples had similar loaf volume to the control. However, with
higher soy flour substitution (15SF), loaf volume became significantly decreased
(p<0.05) as compared to the control. Okara substitution was found to strongly affect loaf
volume in a negative way. The 50K had significantly lower loaf volume than the control.
Loaf volume of okara-containing breads decreased with increasing level of substitution.
The 150K had the lowest loaf velume, a 38.08% reduction from the control. This
depression in loaf volume. upon substitution” of non-wheat ingredient has been
attributable to the dilution-ef-gluten, a wheat proteinnecessary for bread structure and
carbon dioxide retention (Dhifigra and Jood, 2004). Moreover, the presence of high
amount of fiber could alsorinterfere with the formation gluten matrix, resulting in bread
with inferior loaf volume (Hingy Magda and Moarita, 2007). Decrease in loaf volume upon
addition of non-wheat‘ingredients have bexénJreported by various researchers (Sharma,

Bajwa and Nagi, 1999; Dhingra and Jood, 2004;_ Mohamed et al., 2006).
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(a) Loaf volume
Figure 4.11 Baking characteristics of freshly baked wheat, soy flour-substituted and

okara-substituted breads.
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Loaf weight of soy-substituted breads was significantly higher than the control
(p<0.05) (Figure 4.11b). Upon increasing level of soy flour or okara substitution, loaf
weight tended to increase. However, for okara-substituted samples, loaf weight did not
differ significantly among different substitution levels (p>0.05). Dhingra and Jood (2004)
reported an increase in loaf weight with full-fat and defatted soy flour substitution. This
increase in loaf weight could be due to that higher amount of moisture was retained by
the substituted breads after baking (Rao and Hemamalini, 1991). Increase in loaf weight
upon incorporation of non-wheat ingredients have also been reported by other
researchers (Mohamed et al, 2006).

Specific loaf volumeris-ebtained by dividingeaf volume by loaf weight and it is
inversed with density. It wasJdeund that specific loaf volume differed significantly among
bread samples (p<0.05) (Figuse 4 11c). IEF breads had similar specific loaf volume to
the control while OK breads$ had decreased specific loaf volume with increasing level of
substitution. The decréase in specific :Ioaf_'.;)ougme corresponded to the decrease in loaf
volume and increase in‘loaf weight tpon j?S.u.b‘s'titution of soy ingredients. Vittadini and
Vodovotz (2003) demonstrated thé}_{gaf de'r:ﬁi'ds;:i_t_}/'directly correlated with level of soy flour

substitution. Sangnark and Neamhorm (2004) reported similar results for breads

substituted with dietary fiber.fr_pmgsugaroép:_e'__bagasse. It was found that with 15%

substitution of sugarc_éme fiber, the bread possessed deéreased specific loaf volume

(4.47 cm’/g) as comb‘a“red to the wheat control (6.81 cm’/g)
Loaf height was found to decrease with substitution of soy ingredient (Figure 4.11d).
However, loaf height jofiall SF breads (6SF:1QSE and 456SF) and the OK bread at low
levels of substitution (50K and 100K) was not significantly different from that of the
control,
Figure 4.12 shows the loaf*volume,“loaf weight,“specificloaf volume and loaf height
during 7-day storage. It was found that all the baking characteristics decreased slightly

during storage. However, these changes were not statistically significant (p>0.05).
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Figure 4.12 Baking characteristics of wheat, soy flour-substituted and okara-substituted

breads during 7-day storage.
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4.3.7 Textural characteristics

Texture is one of the important ché_racteristios of bread. Different ingredients
added to bread recipe play,an important Fole @n modifying its texture. It is generally
recognized that bread becomes-firmer as itjrs Né{'éing. For this reason, consumers have
been using a “squeeze test” to evaluate breéa:fr’ééhness.

In this study, =@ Téexttie Profile Analysis (TPA) Was used to evaluate textural
parameters of bread. TPA, also called a “two bite test”, is a popular technique for
characterizing food structure. TPA provides,textural parameters which highly correlate
with parametets obtained by sensory evaluation|(Stable Micro Systems, 1996). Seven
parameters, namely, hardness, cohesiveness, springiness, fracturability, chewiness,
gumminess and resilience, ¢could be obtained fram a TRA curve (Bourne, 1982). Typical
TPA curve is shown in Appendix B4. In the current study, hardness, cohesiveness and
springiness were reported for bread samples (Figure 4.13). Hardness is the peak force
of the first compression of the product. Cohesiveness reflects the ability of the product
to withstand the second deformation relative to the first deformation. Springiness
indicates the ability of the product to spring back after the first deformation (Bourne,

1982).
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Addition of ingredient high in fiber has been known to affect texture,
especially hardness of bread. Upon addition of soy flour (5SF, 10SF and 15SF) and
addition of okara at low level (50K), hardness of the freshly baked bread samples was
similar to the control (p>0.05) (Figure 4.13a). However, at higher okara substitutions
(100K and 150K), hardness dramatically increased (p<0.05). Waliszewski et al. (2002)
substituted okara in corn tortilla and reported that hardness of the okara-added tortillas,
as evaluated organoleptically, tended to increase with increasing level of okara
substitution. However, it was reported that'as high as 25% of okara could be substituted
without any detectable changes in hardness.ofortilla. This could be due to the fact that
tortilla is a flat bread whichris'nermally harderin-texture than leavened bread. Therefore,
the increase in hardness didehoirpose a significant effect on tortilla as it did on white
bread. Il

Similar changes .if @ohesiveness and springiness upon addition of soy
ingredients were obsefved (Figure _4.13b ei?id,p). It was found that upon increasing level
of soy flour substitutionythe value of each?t“egty_ral parameter was similar to the control

(p>0.05). On the other hand, those parame’-;'?(s of OK samples became decreasing with

increasing level of substitution. The decrease invalue of those textural parameters of OK

breads could be due to decreasing gluten é;dnbjarﬁration. Upon substitution of soy flour

or okara, the concentr?tion of gluten responsible for good étructure and proper porosity

of bread was decreéééd. In the case of SF samples, ever‘flthough there was a gluten
dilution effect, soy flouf itself was high in protein content. Soy protein has been known
for its structure=providing effectrinyvarious=foods suchvas~tofy (Watanabe and Kishi,
1984), yuba (Watanabe and Kishi, 1984) and meat products (Songkanlayanawat, 2007;
Herrerowetsaks 2008). Thiswtherefare, helped alleviate the, negative effect of soy flour

substitution'on bread texture.
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Figure 4.13 Textural characteristics of freshly baked wheat, soy flour-substituted and

okara-substituted breads.
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Changes of textural parameters of the bread samples during 7-day storage
are shown in Figure 4.14. Hardness of all bread samples increased during storage
(Figure 4.14a). The increasing rate was lower in SF and OK samples than the control.
This was likely to be due to greater changes regarding moisture and starch during
storage of the control bread (Section 4.3.1-4.3.5). All breads exhibited decreasing
cohesiveness and springiness with increasing storage time, which was also more

pronounced in the control bread (Figure 4.14b and c).
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Figure 4.14 Textural characteristics of wheat, soy flour-substituted and okara-substituted

breads during 7-day storage.
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Figure 4.14 (Continued)

4.3.8 Crumb grain structure <

Grain structure of the freshly-baked-jb.read crumbs and those stored for a period
of 7 days was investigated using & stereor%ﬁ_fé,foscope (Figure 4.15). The freshly baked
control bread crumb (Figure 4.15a) éppeareéﬁﬁ?ﬂter and more transparent as compared
to the soy-substituted.crumbs. Crumb alveolli‘f("é:i?' cells).of the control bread were round,
uniform in size and-@venly distibuted throtughout the crumb matrix. Upon soy
substitution (Figure 4.16c, €, @, i, k, m), the crumb was increased in yellowness,
especially for the SF sarmples. Crumb alveolj,became sméller and varying in shape and
size. The 150K exhibited the smallest alveoli'among the samples. The less porous
structure of soy-containing bread was due to dilution of gluten. Upon adding soy
ingredient, the coneentration of; gluten ‘necessary for dough elastieity ‘and gas retention
was decreased. All samples became more opaque as they were staling (Figure 4.15b,

d, f, h, j, I, n). However, changes in grain structure upon storage were not readily

noticeable.



(a) Control, Day 0 (b) Control, Day 7

, " (d) 5SF, Day 7

(g) 15SF, Day 0 (h) 15SF, Day 7
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Figure 4.15 Crumb grain of wheat, soy flour-substituted and okara-substituted breads

at Day 0 and Day 7 of storage.

(j) 50K, Day 7

(I) 100K, Day 7

Figure 4.15 (Continued)

4.3.9 Color

Bread color is one of the crucial factors affecting consumer acceptance. In the

case of basic white bread, crumb and crust with lighter color are generally preferred. In
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this study, CIE L* a* b* were measured. However, humans perceive color as a

combination of these values as they are represented in the color space. Therefore, hue
angle, chroma and whiteness index were calculated for bread crumb while hue angle
and chroma were calculated for bread crust. Color parameters of freshly baked crumbs

and crusts were reported in Tables 4.2 and 4.3.

Table 4.2 Color parameters of freshly baked wheat, soy flour-substituted and okara-

substituted bread crumbs

Crumb Hue angle Chroma Whiteness L*

sample .1 index

Control 91.50°+2.56 12.18+0.80 68.02°+0.50 70.43°+0.65
5SF 91.05°+0499 160581110 64.09°+0.96 67.40°+0.87
10SF 89.75 +0/76 17.60%0.69 62.12°40.65 66.46°+0.56
15SF 87.89°+0,09 »_21.298;,30.7;8 59.43%1.03 65.47'+1.03
50K 90.67#t085 £ 13.79°#0.33, | 67487:0.26  70.55+0.35
100K 89.87°+1.000 _1!_7.12%0;;}‘7' 67.11°£1.04  71.91°+1.37
150K 89.50°+0.79 19.04%0‘.’1‘8@_& 67.26°+0.84 73.36"+1.07

Values are means + SD of three different determina't"it;_n's_;-- e

Sample means within a.e8lumn which do not share a common supérscript letter differ significantly at

p=0.05.

Table 4.3 Color parameter§tof freshly baked' wheat, soy flour-substituted and okara-

substituted bread crusts

Crust sample Hue angle Chroma L*

Control 60.51°+0.86 32.79°+0.47 46.50°+0.58
5SF 56.15°+1.65 28.26°°+1.04 41.14%1.10
10SF 55.73°+0.78 27.5141.18 38.59°+1.04
15SF 54.15°+1.84 26.58°+0.98 36.24'+0.80
50K 56.83"+1.24 28.47°+0.67 42.87°+0.64
100K 58.65°+0.82 32.77°+0.66 46.88°+1.13
150K 62.77°+1.09 35.96°+0.93 52.61°+2.44
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Values are means + SD of three different determinations.
Sample means within a column which do not share a common superscript letter differ significantly at
p=0.05.

Hue is the actual color of an object such as red, yellow and blue (Figure 4.16).

Chroma is the intensity or purity of a color. High chroma color looks rich and full while

low chroma color looks dull and grayish (Adamson, 2009).
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Figure 4.16 Visual color wheelwith hu_e ang}e (Source: Handprint Media, 2001)
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Hue angle of all Crumb dsampl'e.é were  approximately 90° (Table 4.2),
representing yellow color. The hue angle repmiefd in this study was in good agreement
with that reported for okara substituted Corn't*ortHTa‘(WaIlszewsm et al., 2002). Chroma of
bread crumb was obvrousw—aﬁec’fed—by—soy—svbs’fﬁu’cron The intensity of yellowness
became increased W|th mcreasmg substitution level. Watanabe and Kishi (1984) stated
that isoflavones are respon3|b|e for the pale yellow Color of soybean. Isoflavones are
water soluble and therefore could be leached out fram okara tupon soymilk extraction.
This explained the more intense yellowness of SF crumb as compared to the OK crumb
of the same'substitution level=Whiteness index decreased with ificreasing level of soy
substitution. Similar results were also reported by Waliszewski et al. (2002). Substitution
of soy flour resulted in a decrease in lightness (L*) while substitution of okara caused an
increase in lightness. L* value was significantly different among the samples (p<0.05).
However, it varied within quite a narrow range (65.47-73.36).

Bread crusts exhibited hue angle in the 60° range (Table 4.3), representing
orange-yellow color. Two major mechanisms imparting color of bread crust include

caramelization of sugars and interaction between sugars and protein materials (Maillard
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browning) (Pomeranz and Shallenberger, 1971). The control crust exhibited a chroma

of 32.79. Chroma of the crust slightly decreased upon substitution of soy flour (5SF,
10SF and 15SF) and substitution of okara at low levels (50K and 100K). However, at
higher substitution of okara (150K), increasing chroma was observed. The changes in
chroma with no definite trend could be due to the fact that, with soy substitution,
concentration of sugars available for browning reactions (caramelization and Maillard
reactions) decreased, even though the content of lysine available for Maillard reactions
increased (Hallén, 1banoglu and Ainsworth, 2004). Changes in lightness (L*) of bread
crusts upon soy-substitution. were of similaettend. All crumb and crust samples

exhibited no significant changes in color attributes during storage (Figures 4.17 and

4.18).
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(b) Chroma

Figure 4.17 Color parameters of wheat, soy flour-substituted and okara-substituted

crumbs during 7-day storage.
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(a) Hue angle
Figure 4.18 Color parameters of wheat, soy flour-substituted and okara-substituted

crusts during 7-day storage.
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4.3.10 Sensory attributes

4.3.10.1 Descriptive analysis (DA)

The bread samples were evaluated for the intensity of the following attributes:

crust color (orange-brown), crumb color (yellow), porosity (pore homogeneity and pore
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size), texture (hardness, cohesiveness and springiness) and flavor (beany flavor)
(Appendix B2). The results are shown in Table 4.4-4.11.

From sensory evaluation of crust color, it was found that the intensity of orange-
brown color was not different among the samples (p>0.05) (Table 4.4), even though the
chroma values obtained using a color meter differed significantly (p<0.05) (Section
4.3.9). On the other hand, yellowness intensity of crumb samples as evaluated
organoleptically (Table 4.5) strongly agreed with the result obtained objectively (Section
4.3.9). Upon substitution of soy ingredients, the yellowness intensity increased
significantly (p<0.05). This was especially pronotineed in the SF samples. Upon storing
for 5 days, the panel rated-the intensity ‘of both-erust-and crumb color similarly to those
of the freshly baked sample (Day.0).

i

Table 4.4 Crust color (og@ngé-brown), as evaluated using DA, of wheat, soy flour-

substituted and okara-Substitutédbreads during 5-day storage
Y

samples Day0"™ ey Day 2% Daj3 & Day 4™ Day5"™

Control ~ 9.43+0.82  9.16+0.66 j9.25¢1-.;3§; | 950£0.94  951+152  9.80+1.68
£

5SF 0.88:084  9.664.55.  4045¢] .(?:5;),.‘9.6&1.28 9.83+1.78  10.001.53
10SF 1044:004 10524163 10.6010@5?'." 10.66+1.76  11.49+159  10.30+1.80
15SF  10.63+1.50 0.048168  10.76+1.37  10BBs1 58~ 9.61+1.78  10.35+1.60
50K 0.72+0.89 | “OBIETI0 10456122 976071 | 9.92+1.24 10.25+1.44

100K 9.76+1.58 10.42+1.28  10.80+1.46  9.45+1.28 9.92+1.51 9.80+1.29
150K 9.33+£1.08 "1-0.21i1.47 10.55+1.80  10.11+0.82  9.95+1.03 9.55%£1.14

Values are means™ SD of threerdifferentideterminations:

“ns” indicates no'significantdifference’among sample means-at p=0.05.

Pore homogeneity land pore izé"were also eévaluated for bread.samples (Tables
4.6 and 4.7). The soy-substituted samples received a significantly lower score for pore
homogeneity than the control (p<0.05). It was indicated that pores of the SF samples
were more evenly distributed as compared to those of the OK sample of the same
substitution level. There was no difference regarding to pore size among the SF samples
and the control (p>0.05). However, the OK samples had smaller pore size than the

control. The lower pore homogeneity and smaller pore size of the OK samples were due
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to gluten dilution effect (Dhingra and Jood, 2004) and the lower concentration of

proteins necessary for structure and gas retention.

Table 4.5 Crumb color (yellow), as evaluated using DA, of wheat, soy flour-substituted

and okara-substituted breads during 5-day storage

samples DayO0 Day 1 Day 2 Day 3 Day 4 Day 5
Control 2.33°+0.74 2.54°+0.99 1.90°+0.96 2.87°+0.66 3.03'+1.11 2.40°+0.46
5SF 11.07°+1.76  10.18°+1.39 1 11.25°+1.53 9.71°+1.30  10.28°+1.63  10.45°+1.80
10SF 12.58°+1.35  12.44°+1.36  12.70%445 +1256°+1.16  11.88°+1.27  12.35°+1.63
15SF 13.65°+1.35  13.35 £1.66 13.joa¢1 485 _4247°+155  13.41°+1.34  13.20°+1.62
50K 434°41.40  3.88°:429° 3.85°+1.08.4.59°+1.37  4.38°+0.90 4.20°+1.04
100K 7.77°+1.64 8% 40 4 //8.95°£1.67 . 7965°+1.51 7.87°41.28 7.75°+1.03
150K 1088°¢117 108 <A68 4 111.06°120 11604131  10.98%21.66  11.25°1.80

Values are means + SD of threg'different/déterminations.

Sample means within a celumnwhich do not shé]Tfé a common superscript letter differ significantly at

p=0.05.
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Table 4.6 Pore homogeneity;as evaiuated usjngJ..pA, of wheat, soy flour-substituted and

okara-substituted breads during 5-ciay stora@'

samples  Day0 , Day 1 ' Day 2 Day 3 , Day 4 Day 5
Control  13.24°+0.91 13.19°t1.25  13.65°+1.66 14.24310';9.1 13.55°+1.94  13.78°+1.28
5SF 10.51°+1.47 '_9.85%1.58 10.15°41.33 " 9.88°+0.90 10.39°+1.41  10.90°+1.27
10SF 411°5084 424114 4754102 5635094  487°+168  575°41.88
15SF 5665056 | falad"x1018) O uigsi+4780A] 619751 50y “5.65°41.52  4.60°+1.21
50K 10.45%1.22° 10.82°+1.96  11.50°+1.43 =~ 11.48°+1.43 ~11.95°+1.47  11.35°+1.40
100K 3.33°£0.99. .3.64°+1.53_ 3.10+0.91 374°4132 _ 434°+153  4.20°+0.87
150K 160°£0.70 1 1.48°:0168) 0 130°+1.23 | @.18+0.55! | 169'40.54 1.48'£1.03

Values are means + SD of three different determinations.
Sample means within a column which do not share a common superscript letter differ significantly at

p=0.05.

Hardness, cohesiveness and springiness, as evaluated organoleptically (Table
4.8-4.10), were found to be of similar trend as those determined using an Instron

universal materials testing machine (Section 4.3.7). At low level of substitution (5%),
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hardness of the soy-substituted samples (5SF and 50K) was not significantly different

from that of the control (p>0.05) (Table 4.8). Hardness of the bread increased with
increasing level of soy substitution, with OK samples being higher in hardness than the
SF sample of the same substitution level. Hardness of all samples was found to increase
with increasing storage time, with the control showing a greater degree of hardening. At
Day 5, the control exhibited a hardness score of 10.60, a 103% increase from that of
Day 0, while the 5-day old 15SF and 150K demonstrated an increase in hardness score

of 12 and 28%, respectively.

Table 4.7 Pore size, as evaluated using DA, of wheat; soy flour-substituted and okara-

substituted breads during 5-day storage

samples DayO0 [?_ay’ 1- Del‘ily 2 Day 3 Day 4 Day 5

Control 12.08°+1.10 "13..44%1.40 7-13':;66&1.35 12.84%+1.83  11.23°+1.52  13.85°+1.46
5SF 12.11%°+1.57 ;-"‘?'1.84%1.34 “1245°+1 64 12.66°°+1.20 11.95+1.50  12.00°+1.20
10SF 12.54°+0.76 13.36ai1.70" 12.@9“;3_4.13 18.40°+1.11 12.84°+1.36  12.55"+1.70
15SF 11.82°+1.29 124637 %0.96. 10.85_'“&1158 12.13°£1.63  11.57°+1.55  12.33°+1.30
50K 11.45°+1.65 1%.6Qb¢1.7g-"4" 11.6%54%1,.33 12.44°+1.08  11.31°+1.38  10.85°+1.41
100K 9.38°+1.31 9.23:&1.%%”; 9.65"@'}4:' 9.54°+1.04 10.07°+1.28  10.15°+1.53
150K 7.73°0.23 7 64 SO T 76006 6.88°£0.46 6.64°0.32 7.75%0.41

Values are means * SD,oﬁ.three different determinations.

I
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-

Y , v . S
Sample means within a column which do not share a common superscript letter differ significantly at

p=0.05.

Table 4.8 Hardnessytas.evaluated using DA; of wheat, soy flour-substituted and okara-

substituted breads during 5-day storage

samples®y Day 0 Day 1 Day 2 Day 3 Day 4 Day 5
Control ' 5.22°+1.46  7.35°#1.92  8.00°+1.70  9.64°+1.74  10.57°+1.94  10.60°+1.57
5SF 523°+1.15  5.48°+1.16  570°+1.48  6.66°+0.91  7.33"+1.42  7.55%+1.54
10SF 4.96°+1.04  563°+0.84  6.15°+0.75  7.43°+0.87  7.83°+0.91  8.05°+1.68
15SF 8.30°+1.82  8.74°+1.34  8.88°+1.61 9.13°+1.78  9.44°+1.48  9.30°+1.41
50K 5.54°+1.43 5.76°+1.19 6.28°+1.23 6.75°+1.72 6.53°+1.11 8.25°+1.81
100K 8.67°+1.57  9.84°+1.65  10.75°+1.58  10.81°+1.45 11.20°+1.49  11.45°+1.54
150K 10.30°+1.47  11.63°+1.08  12.92°+1.26  13.68°+1.56  13.30°+1.56  13.20%+1.21




Values are means * SD of three different determinations.
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Sample means within a column which do not share a common superscript letter differ significantly at

p=0.05.

Table 4.9 Cohesiveness, as evaluated using DA, of wheat, soy flour-substituted and

okara-substituted breads during 5-day storage

samples DayO0 Day 1 Day 2 Day 3 Day 4 Day 5
Control 13.11°+1.51 13.82°£1.04 ~ 12.04°+1.51 11.57°41.36  11.61°+1.20  11.50°+1.18
5SF 10.88"°+1.85  10.69°+1.60 1066 #1.78  10.25™+1.47 9.33°+1.26  10.23"°+1.50
10SF 10.54°+1.72  10.35°%1.81  10.31%#1.86" 10.45°+1.31 10.32°+1.52  10.50°°+1.39
15SF 9.87"°+1.60  OB1NETA8.  JUSCL1EITTO0C:139  0.68°:1.83  9.50™+1.66
50K 9.55°+1.37  9.24°#1 14 8504145 866 +1.51  9.38°+1.30  8.52°+1.59
100K 8.76°+1.56 7 347167, 8.%5%1 49 7.81°+1.57 7.67°+1.51 8.74°+1.32
150K 8.59°+1.40 6.65°+ 123" [, 8.12‘}1 .04 7.88%1.55 6.72°+1.24 8.65°+1.40

Values are means + SD of three different determinations.

i
\ -

Sample means within a column which do net sha:fe a common superscript letter differ significantly at

dad

p=0.05. b ] Ak &

For cohesiveness (Tablé“"4.9}, there AALaS'J{’]O significant difference among the SF
samples and the control (p>0.05). With increasing okara supstitution, cohesiveness was

found to decrease. THi‘s—was—arso—due—to—the—gTuTenﬂﬁuﬁénléﬁect. Cohesiveness of all

samples was perceived to stay relatively constant over a period of 5 days.

Table 4.10 Springiness; as evaluatediusing DA, of wheat, sOy flour-substituted and

okara-substituted'breads during 5-day storage

samples. | Day 0 Day 1 Day 2 Day '3 Day.4 Day 5

Control 12.67°£1.83  854°+1.30  8.88°+1.03  7.31°+1.61  522"+147  4.36°+1.39
5SF 10.49°+1.01  6.30+1.04 5.55°+1.55 5.85°+1.49  4.74°°+1.24  4.33°+1.69
10SF 10.36°£1.62  9.76°+1.71  7.49°+1.45 6.11°+1.40  5.01°°#1.20  4.15°+1.54
15SF 9.86°+0.94  5.34°+1.55  4.10°+0.98  4.51°41.33  4.067+0.83  3.70°+1.74
50K 9.55°+1.82  847°+1.79  7.70°+1.70  6.44°+156 562°+1.50  4.43°+1.30
100K 8.59°+1.73  6.78°+1.65  505°1.54  4.18°+0.94  3.66°+1.48 3.65°+1.26
150K 6.32°+0.76  5.20°+1.61  520°+1.32  4.86°+1.64  4.53°"+1.44  3.50°+1.70

Values are means * SD of three different determinations.
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Sample means within a column which do not share a common superscript letter differ significantly

at p=0.05.

Table 4.11 Beany flavor, as evaluated using DA, of wheat, soy flour-substituted and

okara-substituted breads during 5-day storage

samples DayO0 Day 1 Day 2 Day 3 Day 4 Day 5
Control 0.40°+0.17 0.40°+0.14 0.30+0.13 0.50°+0.14 0.40°+0.12 0.50°+0.11
5SF 3.46°+1.28  3.15°:0.82  360°#1.73  3.28°¢1.18  4.19°+1.37  3.05°+1.17
10SF 12.54°41.55 11.42°+1.26  11.75 #126¢ 12.18°+1.82  11.66°+1.43  11.95°+1.63
15SF 12.94°+1.68  11.65"#1.67  13.40"#1.617.012.43°+1.56  13.59°+0.87  12.50°°+1.11
50K 1.72°:0.41 249067~ 2.50°:0.83M1%0.62 2334113 3.5541.27
100K 7.18°4125  6./7 &6 6150°41.03 801 +1.59  7.48°+1.00  8.10°+1.44
150K 12.65°+1.42 12 4"+ 1492 12.4¢ #1118 1169150 12.71°+1.56  12.857+1.29

Values are means + SD of'three different d‘eterminal.tions.

Sample means within a coldmn which do netshare a common superscript letter differ significantly at
p=0.05. : '

dad

\ F
The panel indicated decreased springiness upon substitution of soy ingredients
o 75l
(Table 4.10), with OK samples shewing a greater decrease in springiness. Springiness

o

of all samples decreased Wiil;l'“-i-nckreasing.”;s‘t'gr*amg‘e time, swith the control showing a

greatest reduction in} sfpﬁginess (66%). 7

Beany flavor wé_s noticed upon substitution of soy ingredients (Table 4.11). In
general, the panel indicated.that beany flavor was more intense in the SF samples than
the OK sample“of the same. substitution level. Theower [beany flavor of OK samples
could be due td the fact that the okara was prepared using a hot-water blanching
methodswhich couldinactivate lipoxygenase, an .enzyme responsible for beany flavor in
processed soy products (Wilkens et al., 1967). Beany flavor of all samples remained

unchanged during 5-day storage.
4.3.10.2 Acceptance test

The freshly baked bread samples were evaluated using a 9-point hedonic scale,

ranging from “dislike extremely (1)”, to “neither like nor dislike (5)”, to “like extremely
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(9).” A sample received a score of 5 or higher was therefore considered acceptable.
The bread samples were evaluated for the following attributes: crust color, crumb color,
texture, flavor, taste, and overall acceptance (Appendix B3). The results are shown in

Table 4.12.

Table 4.12 Hedonic scores* of freshly baked wheat, soy flour-substituted and okara-

substituted breads

Crumb Overall
Sample Crust color color Texture Elavor Taste ™ acceptance
Control 6.74°+1.87  7.80°#0.70 6.82°+1 19" 6.12°+1.24 6.28+1.09 6.92°+1.05
5SF 6.10°+1.80 @76 L1.04 6.44"°+1156 6104%155 582167 5.98°+1.61
10SF 5.06°+1.65 5. 4441 3 6.opb°i1.o1 5.38°%1.61 5504147 5.48°+1.23
15SF 5.34°+1.29 4 904187 56274137 540051 5438132 52074137
50K 65472147 Aookolod © 622°01 53 6 16%106 5845113 636°1.17
100K 6.48°+1.28 51984160 4.3073}14 8  462°+151 564+1.48 4.68°+1.42
150K 5.82°+1.79 4 4.90'+1. 83 45 10‘%'4-‘1 36 |8 18%41.29 5.36+1.55 3.12°+1.38

* A 9-point scale, with 1 being “dislike extremely anp 9 being “like extremely”
TN

Values are means + SD of three dlfferent determmaHons

Sample means within a column WhICh do not sharea a common superscript letter differ significantly at

p=0.05.

The score for chst color was significantly differenpamong the samples (p<0.05),
with that of the control goeing the highest, (6.74). However the scores remained in
relatively narrow range“(5.06-6.74)."In [cantrast, the" score for crumb color decreased
sharply with increasing level of soy substitution. This implied that the panel preferred a
lighter erumi color;

Upon substitution of okara, the score for texture decreased significantly. The
150K sample received the lowest score of 3.10. The score for the SF samples also
decreased with increasing level of substitution, but to a lesser extent than that of the OK
breads.

At low level of substitution (5%), the flavor score for both soy flour- and okara-

substituted breads was similar to that of the control (p>0.05). With increasing level of
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substitution, the score became decreasing, indicating that the panel preferred bread
with less beany flavor.

Taste was the only attribute that was not significantly different among the
samples (p>0.05). This could be due to the fact that both soy flour and okara used for
substitution were rather bland in taste.

For the overall acceptance, the control received the highest score (6.92) while
the 150K received the lowest score (3.12). The overall acceptance score tended to
decrease with increasing level of soy substitution, with the OK samples exhibiting a
greater decrease in overall ‘acceptance than.ihe SF sample of the same substitution
level. However, all samples;-exeept the 100K and*150K, received a score of higher
than 5 and were therefore considered acceptable.

Several researchegs'reporied thatvlsoy substitution posed a negative effect on the
organoleptic quality of bread. However, all of those researchers suggested that low level
of soy ingredient can be subsiituted WithOIJt resulting in an unacceptable final product.
Dhingra and Jood (2004, 2004 ) reported tlfjatlup to 10% of soy flour can be added and
still yielded a bread with high QYeraI! 'e:,aé__o_e-ptablility score (approximately 7.5 as
compared to 7.7 for the contrel).«The 10% §by flour-substituted bread received a
hedonic score not significantly different frd:r'g_--.'tbe. control in crust color, appearance,

flavor, crust texture aqd_taste. Olaoye et al. (2006) repor‘teéj that up to 5% of full-fat soy

flour could be added‘to- bread and still received a score si?ﬁilar to the control in crumb
texture and general acteptability. Meanwhile, the authofs also reported that 15% soy
flour-containing=Sample: received, a scoressimilar oy the .centrel in aroma and taste.
Waliszewski etgal. (2002) reported that up to 10% fortification of okara did not
significantly affect sensery-attributes;of, cornstortillas, including .aroma, flavor, after taste,

appearance, manual‘texture'and oraltexture.
4.4 Consumer acceptance and staling of soy-substituted breads
In the U. S. A,, bread sold in a supermarket is usually removed from the

shelf after about 2-3 days (Mikkelson, 2007) (Data for bread sold in Thailand could not

be obtained.). From the current study, it was found that a 2-day old control exhibited a
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47.8% increase in hardness as compared to the freshly baked bread (Figure 4.19).

Therefore, if one could assume that an increase in hardness of over 50% compared to
the freshly baked control would result in an “unsalable” bread, the 5SF, 10SF, 15SF and
50K could be displayed on the shelf up to approximately 5 days without unacceptable
changes in hardness. At higher substitution levels of okara, the breads were quite hard
even at Day 0. Hardness of the 1-day old 100K was 55.5% higher than that of the
freshly baked control while that of the freshly baked 150K was already 104.2% higher

than that of the freshly baked contrq[.\\ V/ ;

Consumer acceptan \(’J'F-—th,el‘ pro “also be taken into consideration.
RN

. . ‘ i .
From this study, it was found-that even td)ughfﬂﬁeﬁﬂ OSF, 15SF and 50K received a

.

significantly lower overall a ) sgore (pé'Wn the control, those samples
still received a score of { cf j‘was bbnspered acceptable. Therefore, it
could be concluded that ‘ % of séy flour and 5% of okara would
result in organoleptica ayed fresh for a longer time.
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Figure 4.19 Increase in hardness of bread samples as compared to that of the freshly

baked control



CHAPTER 5
CONCLUSION AND SUGGESTION FOR FURTHER STUDY

Conclusion

The substitution of soy flour and okara appeared to have mixed impact on the
quality of freshly baked and stored white bread. A negative effect was observed on the
quality of freshly baked bread which was especially pronounced in the okara-substituted
bread. Freshly baked soy-substituted Bread generally exhibited a decrease in loaf
volume, specific loaf volume and-loaf height, with-an. increase in loaf weight. Okara-
containing samples exhibited.an increasel in hardness and a decrease in cohesiveness
and springiness as compared 4o th{:‘ ccf_ntrpl. Crumb alveoli of soy-containing crumb

were smaller and varying in shape and siis. This negative effect was mainly due to the

i
\ -

dilution of gluten upon soy ingred’iént sut'v'i_stifution. Crumb color of the soy-containing

bread became more yellow, especiatly for_'-‘ﬁhe‘éoy flour-containing bread, and the soy
; J )
breads also possessed a beany flavor. — "

77l

In contrast, soy substitufion-was pr@;'ed to have a positive effect on storage

quality of bread. In-this stud-y_,'--it-’vilas demonstrated thatraddition of soy ingredients

helped retard bread"_s‘f'éling, as shown through the decreas%_é; in moisture loss, freezable
water reduction and arﬁylopectin recrystallization. The rqlve in controlling moisture was
mainly attributable to thedigh fiber content ef soy ingredients, especially okara. With its
high water-holding| capacity, fiber helped promote”homogeneus moisture distribution
throughout the loaf and thus minimized moisture.migration in bread during storage.
Apart fram the excéllent water-holding capacity, soy ingredients (i."€., soy fiber and soy
protein) were also reported to interact strongly with starch, hence interfering starch-
starch interaction and reducing amylopectin recrystallization.

Substitution of up to 15% of soy flour and 5% of okara resulted in
organoleptically acceptable bread which could be kept for 5 days without unacceptable

changes in hardness.
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Suggestion for further study

Different soy compositions (i. e., fiber, protein, fat) appeared to have a role in
determining the quality of freshly baked bread and the staling of stored bread. It is

therefore interesting to investigate the role of each composition on such quality of bread.

AUEINENINYINS
RN TUUMING AT
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APPENDIX A
ANALYTICAL PROCEDURES

A.1 Moisture content (AOAC, 2000)

Instrument

1. Hot air oven, Model 600 ( ert, Schwabach, Germany)

1. Weigh an alumi i '@y been dried and cooled to room
L —

temperature.

Method

2. Accurately to the pan.
3. Dry the sam ‘ ; air en 0 a constant weight.

4. Remove the om the oven. Place the pan in a desiccator and

Where W, is g of s

W, is g of sample after drylng

A.2 Crude proteq content (% ;ngiw ﬂnﬂj
e ARAINTUNNINGAE

1. Kjeldahl digestion unit, Model K-424 (Buchi, Flawil, Switzerland)
2. Kjeldahl distillation unit, Model B-324 (Buchi, Flawil, Switzerland)

Chemical reagents

1. Boric acid, 4% (w/w)
2. Hydrochloric acid, 0.1 N
3. Indicator (0.1% methylene blue + 0.2% methyl red)
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Selenium reagent mixture
Sulfuric acid, concentrated (96.5%, w/w)

Sulfuric acid, 0.1 N

N o A

Sodium hydroxide, 50% (w/w)
Method
1. Accurately weigh 0.7-2.2 g of sample onto a Whatman No. 54 filter paper and

place in a sample tube.

2. Add 5 g of selenium rea

3. Add 30 ml of conc

4. Place the rack | t@eldahl digestion unit. Connect
fume exhaust unit to the tubgs rm/ion et the thermostat to 400 °C and

be and place the tube in the
Kjeldahl distillation unit. and 120 ml of 50% sodium

hydroxide solution.

7. Place a conical ﬂas#g;.@ﬁﬁ?a‘try 50 ml of 4% boric acid and 4 drops of
indicator. “‘3
8. Run the disfillat manual.

9. Remove the ask from the distillation unit. Titré ammonia in the solution with

“NH?;“;i;'m;';i;monmmam
M)AN IANAINEAAEL,

Crude protein (wb) =
b P ( g of samplex10

Note: The following conversion factors were used: 5.70 for wheat flour, 5.71 for

soy flour and okara, and 6.25 for bread.
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A.3 Crude fat content (AOAC, 2000)

Instruments and apparatus
1. Hot air oven, Model 600 (Memmert, Schwabach, Germany)

2. Rotary evaporator, Eyela® Model N-N (Tokyo Rikakikai, Tokyo, Japan)
3. Soxhlet extraction apparatus (Gerhardt, Bonn, Germany)

Chemical reagent

1. Petroleum ether "
Method //
1. Weigh a rou sk uluc

room temperature.

iously been dried and cooled to

2. Accurately wel i : atman No. 1 filter paper and

place into a thimble. i 1 et ifto 1 ction chamber of the Soxhlet
apparatus. |

3. Add 250 ml ofspet tom flask

4. Heat the solven ss to proceed for 4 hours

5. Evaporate the sol -t he-st vent- xture using a rotary evaporator.

6. Dry the remalnlng Ilg_g_;&m v at 60 °C for 30 minutes and then cool
to room temperature » .............. .....,..'.. ................ »

7. Calculate

%Cwﬁw;r%%’wmm
Amaemm»ﬁrw URIINYIA Y

Instruments
1. Hot air oven, Model 600 (Memmert, Schwabach, Germany)
2. Muffle furnace, Model CWF1200 (Carbolite, Hope Valley, U. K.)

Chemical reagents

1. Ethyl alcohol, 95% (w/w)
2. Sodium hydroxide, 1.25% (w/w)
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3. Sulfuric acid, 1.25% (w/w)

Method
1. Accurately weigh approximately 5 g of dried defatted sample into a beaker.
2. Add 200 ml of 1.25% sulfuric acid and boil for 30 minutes.
3. Filter through Whatman No. 1 filter paper. Rinse with copious amount of hot
water to neutralize the residue.

4. Transfer the residue to a beaker. Add 200 ml of 1.25% sodium hydroxide

and boil for 30 minutes.
5. Filter through W Rlnse with copious amount of hot

water to neutralize the residuer *’

Rinse the re(

6

7. Dry the residu constant weight

8. Cool to room t

9. Weighac ited at 550 °C and cooled to

room temperature.
10. Transfer the eat the residue using a burner

until it is charred. Incinerat le in‘a nace at 550 °C for 4 hours or until

12. Obtain the

e weight after incineration

from the weight beforej;ineration

° C&ﬁﬁﬂ%ﬂwwmﬂ
i‘{ WA

Where M is moisture content of the sample (% wb).

L is crude fat content of the sample (% wb).
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A.5 Ash content (AOAC, 2000)

Instrument

1. Muffle furnace, Model CWF1200 (Carbolite, Hope Valley, U. K.)
Method

1. Weigh a crucible which has previously been ignited at 550 °C and cooled to

room temperature.

AULINENINYINT
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APPENDIX B

STANDARD CURVE AND BALLOTS

B.1 Water soluble starch content: standard curve
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Figure B.1 l andard curve for water soluble starch determination

ﬂ‘UEJ’J‘VIUVI?WEﬂﬂ‘i
’QW]Nﬂ‘imﬁJWTJﬂEﬂﬂU




96
B.2 Descriptive analysis: ballot

QUESTIONNAIRE FOR BREAD

Please rinse your mouth with rinsing water before testing a sample.
Please indicate the intensity of each attribute by putting a mark on the line scale at the point best represented the intensity you
have perceived.

1. Crust color (Riaanuan)

Orange-brown (&1nA1adx)

slight intense

2. Crumb color (@iialw)

Yellow (Rmana)

intense

slight

3. Porosity (A3 Tugngn)

Pore homogeneity (A9NANTANDTE

slight

Pore size (1L1ATBIZNIU)

small large

i ..
4. Texture (1UadNg)

Hardness (A918LT4) E

ﬂUEl’J'VlEWI?WEI’]ﬂ‘i

Cohesiveness (ﬂ'mnqm'mumml.umuuﬁq

. . A 1
Springiness (ANNEINAE])

slight very

5. Flavor (NA494)

Beany flavor (NAWsAN)

slight intense
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B.3 Hedonic test: ballot

QUESTIONNAIRE FOR BREAD

Please evaluate the bread samples from left t right by indicate how much you like or dislike each sample by checking

the appropriate phrase.

Tdsanmaaeusietrsaunilaanndaelylaqn s

ANTALYE liTaLeIrinu

Crust color Flavor
(@wWasnuen) (NAUIA)
XXX XXX

_like extremely
_like very much

_like moderately

_like extremely
_like very much

_like moderately

_like slightly _like slightly

_neither like _neither like
nor dislike nor dislike

_dislike slightly _dislike slightly

_dislike moderately
_dislike very much

_dislike extremely

- AUBARENINYINI

_like extremely

like extremely

_dislike moderately
_dislike very much

_dislike extremely

R A N TN A Y

_like moder&ely _like moderately
_like slightly _like slightly
_neither like _neither like

nor dislike nor dislike
_dislike slightly _dislike slightly

_dislike moderately
_dislike very much

_dislike extremely

_dislike moderately
_dislike very much

_dislike extremely
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B.4 Texture Profile Analysis (TPA) curve

Force

= Gumminess * Length 2Length 1

i Text Speed T Posi Test Speed .
,LstCompression \ 1stWithdrawal | Wait , 2ndCompression , 2nd Withdrawal
| Fracturability is the force at Handness is the maximum foree
the Istpeak " efthe Istpenetration
e =N\ Time
Figure B.2 Typical TPA"Cur % -, ,'., * t at could be obtained from the

curve (Source: Texture Te ogl

—
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APPENDIX C

DATA TABLES

Table C.1 Proximate compositions (%wb) of wheat, soy flour-substituted and okara-

substituted breads

Available

Samples  Moisture Protein Fat Ash Crude fiber  Carbohydrates

Control  39.08°+0.53  9.63°+0.80 1.40°40.15 0.67°+0.02  48.56°+1.36
40.13  0.79°+0.08  40.95°+0.29

5SF 39.14°+1.04  10.00°:0.78  11.
10SF 39.83"°+0.54 11&13.@%0.@0.19 0.85°+0.10  37.87°+1.74
15SF 39.63°°£0.23 X/( 1 ' 1.03°£1.03  34.01°+2.18
50K 40.15°°+0.18 9! E

100K 40.34°+0.34

1.55°+0.16  46.74°+1.83
1.64°+0.10  41.22°+1.72

150K 40.38°+0.39 00°4 1,000 9.91°¢0 44 1.82°+0.16  39.47°+2.77

Values are means + SD of three différentdeterminat ris'? | :.;.l
A LY
Sample means within a column which do _shadrx_é"d_ Con Mion superscript letter differ significantly at p=0.05.

w f‘gé-f:jf Fdy

Table C.2 Moisture content oqq)%t-rhe / flour-substituted and okara-substituted
breads during 7-day storage -

Day  Control 100K 150K

0 64.15"%1.41 G5 6537 +167 6505189 659 = 66.21°43.05  67.73°+1.09

1 60.21°+1.01 ' 63.14°+3.34  63.48"+2.70

2 59.01°+0.78  59.9 - 66 ’ > / . 62.45"°+3.82  62.557+3.08
3 58.38"°+1.85 60.007+203., 58.807+248 60207°t3.64 60.897:4.12 61.26't435 61.427°+2.83
4 56.96°d1r4.7ﬂ %Eﬁjﬂ ﬂ;ﬁ?] ﬁ4Wﬁs€Tﬂ§ 60.35°+3.24  60.07"°+2.93
5 56.497'+3.8 m5 8981117 58.06™42.56 57434143 57.60°+1.99° 60.03°t4.76  60.22°+3.71
6 56.45°+1.66  56.807+1.37  57.42741.86 56.84°+1.38% 58.02°:3.22 58,38°:3.37  50.13°+3.38
7 : ' 56/15"+3.11 ‘ :

58.21+2.86

Values are Qeans + SD of three different determinations.

Sample means within a column which do not share a common superscript letter differ significantly at p=0.05.
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Table C.3 Water activity of wheat, soy flour-substituted and okara-substituted

breads during 7-day storage

Day  Control™ 5SF™ 10SF™ 158F™ 50K™ 100K™ 150K™

0 0.92+0.00 0.9240.03 0.93+0.01 0.9320.01 0.93+0.00 0.94+0.01 0.94+0.01
1 0.91+0.01 0.92+0.00 0.92+0.00 0.92+0.01 0.93+0.01 0.930.01 0.940.01
2 0.91+0.01 0.92+0.00 0.92+0.00 0.92+0.00 0.93+0.00 0.93+0.00 0.940.01
3 0.91+0.00 0.92+0.01 0.92+0.00 0.92+0.00 0.93+0.00 0.93+0.00 0.94+0.00
4 0.91%0.00 0.92+0.00 0.92+0.00 0.92+0.01 0.93+0.01 0.93+0.00 0.930.01
5 0.91+0.01 0.92+0.00 0.92+0.00 0.92+0.00 0.92+0.00 0.93+0.01 0.93+0.01
6 0.91+0.00 0.91%0.00 0.92+0.00 0.93+0.01 0.93+0.01
7 0.90+0.00 0.9120.00 ~0.92+0.01 0.93+0.01 0.93+0.00

Table C.4 Freezable wate ent. (%dk \ flour-substituted and okara-

substituted breads during

Day  Control 5SF \ 1:' 100K™ 150K™

0 28.86°+1.30 29.92°+1.84 34.44°+0.71 35.15+0.51  36.43+0.33

1 25504175  27.98%+2 10°+0.47  34.95:0.62  36.22+0.28

25.03°+4.83  26.667+2.39 33.22°°+1.87 34224155  37.01%1.58

abc

32.627+0.49 33.66+0.89  34.27+0.99

abc

22.85+1.91 25.7977+2.03

abc

24.59™+1.41 31.10 _+1.38 32.36+1.20  34.33+0.02

19.71°42.28 32.43+1.49  33.42+0.99

18.89°+3.59 31.75+0.01 32.59+1.06

21.06@81

2
3
4 19.91°42.57
5
6
7

13.72°+1.68 30.52+0.62  32.05:0.48

Values are means * SD of three d‘terent determinations.

Ris— b8 ﬁﬂﬁﬂ?ﬂﬂﬂ "
AR AINIUNAINYIANY
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Table C.5 Unfreezable water content (%db) of wheat, soy flour-substituted and

okara-substituted breads during 7-day storage

Day  Control™ 5SF™ 10SF™ 158F™ 50K™ 100K™ 150K™

0 26.77+2.26  24.81+1.12  27.69+1.74  27.09+1.46  27.65+026  2549+045  27.97+0.88
1 27.9120.79  26.35+2.16  26.97+1.37  26.68+1.03  27.59+0.03  28.78+327  27.06+0.50
2 28.1441.82  26.57+#3.95  27.61%2.01  28.44+256  28.59+0.01  27.45+0.81  26.44+0.46
3 26.75+2.45  28.76+2.36  26.24+0.11  26.15%1.05  26.85+1.15  27.66£0.06  25.95+1.17
4 26.50+1.17  29.37+1.36  27.16+0.60  27.25+1.25  27.96+1.46  28.18+0.62  26.43+0.98
5 27.5442.63  30.07+#3.05  28.14%0.15  26.51+1.86  28.12+0.97  2851+1.13  26.09+0.76
6 26.05£3.87  28.47+0.76 28.2740.49  28.34+0.31  27.01+0.55
7 27.49+1.94  27.86+1.34 30.68+1.12  29.06+0.29  29.37+2.49

Values are means * SD of three diffe

Table C.6 Melting e Dy of recry ized am (J/g) in wheat, soy flour-

substituted and okara- "

Day Control 100K 150K

0 0.00°+0.00 | +0. 0.00°+0.00  0.00°:0.00

1 0.45°+0.03 06 +o;,1gg1": 0.00°+0.00  0.00°+0.00
P

2 0.66°+0.11 0.34°+0.08 - : 0.31°+0.03 0.28°+0.03 0.20°+0.04

3 0.77°+0.12  0.47%°+0.04 0.43"+0.10  0.36°:0.06  0.23°:0.10

4 0.81°°+0.06 0.47°+0.02  0.32°°40.02

5 0.88%°+0.07 0.48°:0.10  0.40%+0.06

6 0.91%°+0.09 0.48°:0.06  0.43°+0.06

7 0.99°+0.14 0.62°+0.04 0.64°+0.02

Values are means * SD of three d‘;erent determinations.
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Table C.7 Water soluble starch content (%db) of wheat, soy flour-substituted and

okara-substituted breads during 7-day storage

102

Day  Control 5SF 10SF 15SF 50K 100K 150K

0 0.39°+0.08 0.23°+0.05 0.23°+0.01 0.14°+0.00 0.20°+0.02 0.23°+0.00 0.18°+0.01
1 0.24°+0.02  0.17°40.03  0.21°:0.01 0.07°:0.00  0.15°40.00  0.18°:0.00  0.18"+0.00
2 0.20°+0.01 0.14°+0.01 0.15°+0.00 0.07°+0.00 0.13°+0.00 0.13°+0.00 0.18°+0.00
3 0.14°+0.01 0.13°+0.00  0.08°+0.01 0.06°:0.00  0.10°40.01 0.12°0.00  0.13°40.01
4 0.08°+0.01 0.12°°+0.00  0.11°40.01 0.06°+0.00  0.10°0.00  0.11°x0.00  0.11°+0.071
5 0.09°+0.01 0.12°+0.00  0.10°:0.00  0.06°:0.00  0.09'+0.00 0.100.00 0.11°+0.01
6 0.09°+0.01 0.11°:000  0.10%0.00 « | 0 . 0.08°+0.00  0.09°#0.00  0.08°:0.00
7 0.09°+0.01 0.10°+0.01 0.07°+0.01 0.08"+0.00 0.12°+0.00

Values are means * SD of three differen

Sample means within a column whic ! I crlp! letter differ significantly at p=0.05.

Table C.8 Loaf volume

breads during 7-day storag

Day Control OK™ 100K 150K™

0 239.11°41.26 _ 217.08+2.72  168.33°49.43 148.54+5.01
1 2375204577 221.56%5. 24,5075 15 ” 2195141289  21557+6.46  163.007+11.38 142.53+2.36
2 236.48°°+2.02  227.36+3:18 ~f+ ' i‘ - *220.08+ 58 209.60+4.65  163.00"+8.91 147.5241.16
3 233.41°°+315  224.32+4.62 : 76" Sddo 5 505 212244317  161.67"+6.60 149.66+0.69
4 230.34™°1.74  219.44+1.56 S e - : +5. 215.41+2.25  157.65°+11.10 139.52+4.74
5 234.73%42.42 2235841 143 J@j@.% 7 213.06£3.45  156.87°°+2.22 140.35+7.50
6 231.29™+1.48 kﬁ 47 215.73" 147.15°+6.43 141.83+12.39
7 230.68°+0.45 85 21 b7 212,36 i +2. 146.71°+2.98 134.50+4.95

071,
Values are means * SD of thrﬁ| erent d 1

Sample means within a column which do not share a common superscript Iém differ significantly at p=0.05.

“ns” indicates no significant diﬁerm(ﬂmong sample meawt p=0.05.
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Table C.9 Loaf weight (g) of wheat, soy flour-substituted and okara-substituted

breads during 7-day storage

Day  Control™ 5SF™ 10SF™ 158F™ 50K™ 100K™ 150K™

0 131.20£0.28  133.50+3.80 134.95+0.35  136.40:0.85  135.35+1.20 136.30£0.42  136.95+0.49
1 131.05+0.35 133284532 134914356  136.10#0.57  134.85+0.78 135.18+6.58 135.71+2.76
2 122.8144.65 130.07+2.39  135.82+4.82  136.24+3.86  133.62+2.14 136.44£3.68 135.66+3.78
3 127.6640.35 132.93+3.17  134.60+13.65 135.93+4.95  131.74+339 135874583 134.83+5.53
4 130.62+0.95 131.99+3.05 133.64+1.74  133.4146.80  134.35+3.34 136.13x4.40 135.52+2.56
5 128.6746.07 129.74+6.26  134.86+1.34  135.76+1.77  133.15#526 134.7642.29 134.41+4.34
6 130.5040.42  132.81+4.81 133.9743.80 135.54+7.64  135.48+4.51

7 130.24+7.50  132.77+3.56 133.86+5.13 135.73x7.42  135.32+7.30

Values are means * SD of three differe

Table C.10 Specific 1oaf velus -/9) lour-substituted and okara-

substituted breads during

Day  Control 5SF™ l ﬁ W 100K"™ 150K"

0 1.82°+0.11 1.7140.01 a;o,gq;* Dy 1.60+0.07 1.23+0.07 1.08+0.03
1 1.81°+0.05  1.66+0.0 7+0,98':JJ‘:‘:{ 610.10 50+0.06 1.21+0.14 1.05+0.00
2 1.93"+0.09 1.7540.01 . 1:62:0.00 1.57+0.06 1.20+0.10 1.09+0.04
3 1.83°+0.02  1.69+0.08 1.65 = 002 1.61+0.02 1.19+0.10 1.11+0.05
4 1.76°+0.00 1.66£0.05 B es+é”5 ': 4 ”' 600,02 1.16+0.04 1.03+0.02
5 183°:010  1.43%047 1.62+0.04 : ‘ 1.16+0.04 1.04+0.02
6 1.77°°+0.01 1.68#0.05 1.61+0.03 56+0.0 1.09+0.11 1.05+0.13
7 1.77°£0.10 1.63¢E5 1.59£0.09 57+0. 55%0. 1.08+0.04 1.00£0.09

Values are means * SD of three d‘terent determinations.
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Table C.11 Loaf height (cm) of wheat, soy flour-substituted and okara-substituted

breads during 7-day storage

Day  Control™ 5SF™ 10SF™ 158F™ 50K™ 100K™ 150K™

0 6.42+0.13 6.450.49 6.230.38 5.94+0.08 6.2240.25 5.67+0.33 5.130.10
1 6.25+0.27 6.41+0.57 6.15+0.35 5.88+0.18 6.27+0.40 5.61+0.35 5.55+0.30
2 6.27+0.18 6.330.00 6.14+0.55 5.73+0.57 6.65+1.06 5.66+0.65 4.95+0.35
3 6.22+0.23 6.310.33 6.05+0.42 5.72+0.68 6.15+0.28 5.45+0.5 4.98+0.52
4 6.16+0.08 6.23+0.76 6.11+0.41 5.70+0.57 6.06+0.83 5.50+0.71 4.93+0.25
5 6.13+0.23 6.150.40 5.88+0.66 5.67+0.57 6.000.16 5.43+0.61 4.88+0.17
6 6.05+0.34 6.000.14 6.16+0.51 5.33+0.31 4.82+0.76
7 6.00+0.42 6.0520.64 5.97+0.66 5.33%0.52 4.80+0.28

Table C.12 Hardness Cé , tuted and okara-substituted

50K 100K 150K

Day Control 5SF

0 238.76'+16.57 242.26°+28.88  326.82°t18.52  487.54°+22.09

1 294.86°+28.63  231.75%% 247.57°+19.34  371.19°+16.75 541.17°+17.82

d
352.82°+16.01  268.40°'+15 'W

434.92°+29.57  258.43°£19.85 ‘QEF‘M' =

s
280.76°421.65 " 279,814 1

288.15°£14.82  390.67°26.23  566.59™'+21.21
334.75°+16.04  431.08°+37.41 593.55°+30.99

357.02%°+19.68 458.99°+23.00 625.75°+41.54

495.78°+35.80 :
521.48°+39.07 3440 . , 0.51360.34°:19. 0.92°+21.45  481.31°+30.64 646.27°°+26.94

458.&36.05

526.61°+25.32 386.39°+33.82  516.58°£25.27 656.967+23.34

~N O O A~ W N

533.77°+31.02 i15.68.ﬂ4oo.8oa¢25.26 523.84°+24.58  667.52°£65.29

Values are means * SD of three d‘;erent determinations.
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Table C.13 Cohesiveness of wheat, soy flour-substituted and okara-substituted

breads during 7-day storage

Day  Control 5SF 10SF 15SF 50K 100K 150K
0 0.36°+0.03 0.35°+0.03 0.35°+0.03 0.36°+0.03 0.32°+0.02 0.30°+0.03 0.15°+0.01
1 0.22°+0.02 0.31°+0.01 0.32°+0.03 0.34°+0.03 0.31°40.03 0.24°+0.02 0.13°£0.02

0.18°+0.01 0.29"+0.02  0.27°:0.02 0.29°+0.02 0.23°+0.02 0.20°+0.02 0.11°+0.01
0.18°40.01 0.30+0.02  0.247:0.02  0.27°:0.02  0.21°%%0.02  0.18+0.01  0.10°+0.01
0.17°40.01 0.28°+0.02  025%:0.02  0.26°+0.02  0.19°:0.02  0.19°:0.01  0.09°+0.01
0.15°+0.01 0.25°+0.01 0.24*£0.02  0.25%0.02  0.18°:0.02  0.17°40.01 0.09°°40.02

0.15°+0.01  0.24°:0.02  0.23"%0.01 .20°0. 0.19°40.01  0.16°:0.01  0.08"+0.01

~N O O A~ W N

0.13°+0.01 0.24°+0.02 0.16°+0.01 0.15'+0.01 0.07°+0.01

Values are means * SD of three diffe

Sample means within a column which d crlp! letter differ significantly at p=0.05.

Table C.14 Springiness of"whe: Subs and okara-substituted breads

during 7-day storage

Day Control 5SF 100K 150K

0 0.58°0.05  0.58+0.02 . 058 ‘ +0.03  044°t0.03  0.33°:0.03

1 0.20°+0.02 0.23°+0.02 0.26°+0.02 0.22°+0.02

2 0.16°+0.01 0.21°40.0 26 +0,0" ],_,‘ . ~~. 2°+0.02  0.21°:0.02  0.20°+0.02

3 0.15°40.01 0.20°°+0.02 192001 0.16°+0.01 0.15"+0.01 0.17°+0.01

4 0.16°40.01 0.20°°+0.02 2 0.17°+0.01 0.17°£0.01  0.14°+0.01

5 0.15+0.01  0.19%10.0 0.16°+0.01  0.16°:0.01  0.137+0.01

6 0.14°+0.01  0.48%%C 6 10 ‘ 0.16°:0.01  0.14°+0.01

7 0.13°+0.01 0.18240.0 0.14+0.01 0.12+0.01
|

Values are means * SD of threﬂifferent dete ations.

Sample means within a column Wf&ch do not share a common superscrlpt letter differ significantly at p=0.05.
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Table C.15 Hue angle (degree) of wheat, soy flour-substituted and okara-substituted

bread crumbs during 7-day storage

Day  Control 5SF 10SF 15SF 50K 100K 150K
0 91.50°+2.56  91.05+0.99  89.75°+0.76  87.89°+0.99  90.67°+0.55  89.87°+0.85  89.50°+0.79
1 9124210  90.83°+1.25 90.10°:t0.87 88.16°t1.42  90.26™+1.22 89.54°°+0.88 89.15°+0.64

91.07°+2.87 90.63°+1.40 89.90°+0.65 87.77°+1.29  90.19°+1.40 89.58°+1.37 88.79°°+0.78
90.88%°+2.50 90.65°+1.54  89.70°+1.08 87.63"+1.02 89.29°+1.28 89.19°+0.89 88.07°+0.62

abc

90.21°°£1.02  89.51°+1.71 88.31°+0.59  87.32°°+0.94 88.44°+1.56 87.43°:0.57 85.82°t2.36

88.23°+1.35 86.17°+0.90  85.15"+1.31

2
3

4 90.65"°+1.78 89.88°°+1.86 89.13°:0.80 87.51™°+0.95 89.057+1.42 88.76°:0.52  86.96°+1.30
5

6 89.357+0.65  88.74“+1.52

7

88.87°+2.04 88.55di1.31“ 88.12°+t0.71  85.47°+1.40  85.03°+1.22

Values are means * SD of three differen

during 7-day storage

Day Control 5SF 100K 150K

0 12.18"+0.80  15.05°+1. 80°50. W1, +o.33 17.12°+0.47  19.04°+0.38
1 12.12°°+0.82  15.02°£0.58 1§jb 97 40 +0.33 16.66™+0.28  18.82°°+0.44
2 11.99°+0.47  15.64°+0.6 8 3’5’1; l 75+0.19  16.21°+0.24  18.617°+0.69
3 12.31"°+0.40  15.48"+0.53 = 13.71£0.43  16.24°40.17  18.56"°+0.26
4 12.63°0.53  15.31%°+0.61 13.65£0.35  16.29°40.37  18.50"°+0.75
5 12.64°+0.22 15.3“’10.39 440 55 0 13.56+0.38  16.357+0.65 18.45+1.53
6 125874046  1533%40.24 80°+0.40  21.09°+0.82 13.48£0.56  15.97°+0.42  18.10°+0.65
7 12.53°+0.78  15.85"+ 59 16.80°+0.55 18.41%°+1.12

_.l% 18.

)

Sample means within a column Wf}ph do not share a common superscrlpt letter differ significantly at p=0.05.

RN ™ ETW‘?W@ n3
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Table C.17 Whiteness index of wheat, soy flour-substituted and okara-substituted

bread crumbs during 7-day storage

Day  Control 5SF 10SF 15SF 50K 100K 150K

0 68.02°t0.50  64.09°:0.96  62.12°:0.65 59.43"+1.03 67.48"+0.26 67.11°t1.04  67.2670.84
1 67.90°+1.79  64.34°+0.61 61.48°+0.86 59.50°t0.75  67.40°:0.72 67.45°+0.50  67.31°:0.37
2 67.75°+1.99 64.39°+0.65  61.27°:0.94 59.51°:0.60 67.70"+1.04 67.77°:t0.55  67.35°+0.64
3 67.69°12.38 63.74™+0.86 61.04°+1.71  59.51°:0.92 67.99°+1.70  67.10°t0.56  67.23°+0.46
4 67.32°+1.78  63.09°°+1.71 60.59°+1.27 59.19"°+0.81 67.35°+1.76 66.09°t0.68  67.03"+0.91
5 66.42°+1.48 62.74°°¢1.74 59.91°+0.79 58.71720.72 66.37°+2.12 65.06°t0.89  66.83°+1.58
6 65.53+1.92  62.21°°¢1.91 65.36°+2.66  64.02°+1.34  65.50°+1.63
7 64.63°£1.03  61.68°+2.20 64.99°+1.34  63.51°+0.87  64.99°+1.07

Values are means * SD of three differ

during 7-day storage

Day Control 5SF 100K 150K

0 70.43°40.68  67.40+0 +0.34  71.91°1.37  73.36°t1.06

A\ %ab
1 70.27°£0.93  67.66" £0.78 | 7046™:0.83 72.03+063  73.27°+0.43

2 70.06"0.67  68.00°+0.8 : : T71.14 72.14°1065  73.17°£0.56
3 70.13°:0.88  67.21°°+0.95 R -;‘ 5:22°%+0. 71.08°1.91  71.39°0.60  72.997°+0.51
4 69.86°+1.15  66.427°+1.73 s ©10.77  70.34°+1.90 70.26°:0.66  72.72°+0.72
5 68.89'+1.02  66.04"+1.83 _ 69.12°+0.85  72.43°+1.05
6 67.91°+0.70 6 ;;-. "+1.76 . 93 63.93°20.74—68.00% 67.76'+1.83  70.63°+0.71
7 66.92°+0.99  64.88 ».1 63.99° 67.61°+1.05  70.22°+1.03

Values are means * SD of threwifferent dete ations.

Sample means within a column Wr}ch do not share a common superscrlpt letter differ significantly at p=0.05.

ﬂumwamwmm
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Table C.19 Hue angle (degree) of wheat, soy flour-substituted and okara-substituted

bread crust during 7-day storage

ns

Day  Control 5SF 10SF 15SF 50K 100K 150K

0 60.51°40.86  56.15+1.65 55.73°40.78 54.15°+1.84 56.83°+1.24 58.65°+0.82 62.77°°+1.09

1 59.70°+0.48 56.10£1.24 54.69°+1.73 51.90°+1.12 57.72°°+1.08 58.75°0.63 62.24°°+0.53
50.68°+1.83 54.98+1.42 5252°+0.88 52.44°0.53 58.12°+0.69 58.85°+1.09 62.01°+0.97
59.16™+1.03 55.22¢1.70 50.99°+1.14 52.91°+1.03 57.97°+1.17  59.07°+1.02  62.47°'+0.92

58.61°+0.64 55.66+1.64 50.47°:0.63 52.54°t0.72 5851°0.72  59.69°+1.73  64.02°°+2.03

58.76°+1.34  61.76°+1.17 64.47°+3.53

2

3

4 58.62°0.61  55.44%2.24 50.19°+0.75 52.77°°+0.49 58.21°+0.74  59.38°+1.26 63.27°+1.34
5

6 58.59°+0.82  55.9240.91 50.74°+1.

7

58.56°+1.06  56.12+0.87 57.74%°+1.40 61.72°+0.91 63.28°+1.65

Values are means * SD of three diffi

Table C.20 Chroma o ara-substituted bread crust

during 7-day storage

Day Control 5SF 100K 150K

e

0 32.79°+0.47  28.26°7+1.04 5 2 .=‘ .o. 28.47°£0.67  32.77°t0.66  35.96°+0.93
1 J.J

1 31.81740.23  28.70"+0 224 J": +1 48 74°+0.58  32.63°+0.58  35.71°+0.36

31.85™+0.82 27.95°+1.20 °40,77  30.02°t0.38  32.49'+1.13  35.86°+0.45

31.39°+0.39  28.087+1.70 23.9 30.47°£1.09  32.92°+0.92  36.157+0.41
ab 6&“:"}‘-"’

28.21"+2.24 24267653 Vi),

313074044 285404135  24.71°+0.33 29°40.5 4674076 34.20°+1.09  37.53%+1.21

31.88™£0.99 29:03"4048 25.167+0

32.45°+1.63 29?%36 6.78%+1.10

0.86b°rt_9.48 33.56™+0.84  36.83%°+0.70

f‘f* 75  35.16°+0.96  35.67°+1.17

2
3
4 30.94°40.40
5
6
7 32..@1@.69 33.98°:0.42  37.36°:0.70

Values are means * SD of three d‘terent determinations.
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Table C.21 CIE L~ of wheat, soy flour-substituted and okara-substituted bread crust

during 7-day storage

Da

y Control 5SF 10SF 15SF 50K 100K 150K

0 46.507+0.58 4114°1.10  38.59°°+1.04  36.24™40.80  42.87°+0.64 46.88°+1.13  52.61°+2.44
1 44.35'+0.31 40.45°40.98  39.88°+1.20 36.27"+3.47  43.71°:0.57 47.26°+0.89  52.53°+1.72
2 44.77%+1.31 4169°+1.76  39.60"+0.44 36.01°40.67  45.24*+0.62 47.64°+1.10  52.46°+1.45
3 45284069  42.817+1.97  39.317°:071  36.97°+1.03  46.76°+1.71 47.42°+0.79  52.75°+1.14
4 4578°°+0.33  43.93:243  38.94°°+0.60  36.20°:0.61  46.46"+1.02 47.10°+0.55  53.43°+0.83
5 46.29°°+0.70  43.86°+1.68  38.38%x0.47 36.03°+0.36  46.02°°:0.44  46.77°:0.82  54.12+1.10
6 47.05+1.30 43.74°0.83  37.82°+0.45 331874093  45577°+1.31  46.69°1.15  55.61°+3.71
7 47.80°+1.92 43.63°+1.22 38.35%°40.91 31472% 1408 44.76"+1.66 48.90°+2.48  53.04°+1.58

Values are means + SD of three different determinatiorlﬁ.

Sample means within a column which desnot'share a common superscript letter differ significantly at p=0.05.

4 y il
Table C.22 Crust color _(orange—brown),ias evaluated using DA, of wheat, soy flour-

substituted and okara-substituteéd/breads during 5-day storage

ns

Day  Control™ 5SF™ 103F § - 1?SF”:. 50K 100K 150K

0 9.430.82  9.88+0.84 10.44“10.9§ 1'@@3;1 50 19.72%0.89 9.76°t1.58  9.33°:1.08

1 9.15£0.56  9.66+1.55 #1062°¢1:53. - 9.94%168 | 961:1.10 10.42°£1.28  10.217+1.47
2 9.25+1.38  10.45+1.09" 10.607+0'€9 10;&_2;1‘1 37 1045:1.22  10.80°:1.46  10.55'+1.80
3 9.50£0.94  9.65:1.28  #10.66"+176 10.5@{1&@3} 9.76+0.71 94574128 10.117:0.82
4 9.51£1.52  9.83+1.78 11.4-9@1139 9.61;{77’23 9.92+1.24 9.92"+1.51  9.95"+1.03
5 9.80+1.68 1030%21 80 (10356160 WI025:144 9807129  9.55°1.14

10.00£1.53

i
Values are means * SD of three different.delermination.

LM

w J o
Sample means within a column-which do not share a common superscript letter differ significantly at p=0.05.

“ns” indicates no significant difference among sample means at p=0.05.

Table C.23 Cruimb color- (yellow), as-evaluated using DA, of wheat, soy flour-substituted

and okara-substituted breads during 5-day storage

Day  Cofitrol 58F 10SF 15Sh 50K 100K 150K™

0 2.33%:074  [10007°+1.76 | 12587 #4850 13.65°1.350 4.34+1.40 7764 10.88+1.17
1 254099  10.18%+1.39 12.44"+1.35 13.35"+1.66 3.88+1.29 8.51"°+1.72  10.74+1.68
2 1.90°+0.96 11.25°41.53  12.70"+1.45  13.40°+1.43 3.85:1.08 8.95°+1.67  11.05+1.29
3 2.87°+0.66 9.71°+1.30  12.56"+1.16  12.47°+1.55  4.59+1.37 7.65°+151  11.59+1.31
4 3.03°+1.11 10.28+1.63 11.88°+1.27  13.41%%1.34  4.38+0.90 7.87°+1.28  10.98+1.66
5 2.40"°+0.46 10.45°+1.80 12.35°+1.63  13.20™+1.62 4.20%1.04 7.75°+1.03  11.25+1.80

Values are means + SD of three different determinations.

Sample means within a column which do not share a common superscript letter differ significantly at p=0.05.

“ns” indicates no significant difference among sample means at p=0.05.
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Table C.24 Pore homogeneity, as evaluated using DA, of wheat, soy flour-

substituted and okara-substituted breads during 5-day storage

Day Control 58F™ 10SF 15SF 50K™ 100K 150K

0 13.24°+0.91 10.5121.47  4.11°:0.84 5.66°+1.55  10.45+1.22 3.33%£0.99  1.60°°+0.70

abc

1 13.19°£1.25  9.85+1.58 4.24°+1.14 434°¢113  10.82+1.96 3.64°°+1.53  1.48%°+0.68
2 13.657+1.66  10.15¢1.33  4.757%1.02 475178 11.50£1.43 3.10°0.91  1.30°:1.23

abc

3 14.24°+£0.91 9.88+0.90 5.63"+0.94 6.19°+1.59 11.48+1.43 3.74°°+1.32  1.18°£0.55
abc

4 13.55"+1.94  10.39+1.41  4.87°°+1.68  565+1.52  11.95+1.47 43474153  1.69°+0.54
5 13.78°+1.28  10.90+1.27  5.757+1.88 460121 11.35£1.40 420"+0.87  1.48"+1.03

Values are means * SD of three different determinations.
Sample means within a column which do not share a commonsstperscript letter differ significantly at p=0.05.

“ns” indicates no significant difference.among sample means.at’p=0.05.

Table C.25 Pore size, aswevaluated using DA, of wheat, soy flour-substituted and

\
okara-substituted breads___dui'ing S=day sto_}age

ns

Day Control 5SF 108F I =2, 2013 588 50K 100K™ 150K

0 12084110 12112187 #12844076044.82"4129 114604165 038:1.31  7.73°:0.23
1 13441140 11.84+1.340 18.36+1.70 1%2.5’3;’10.96 11607£1.79  9.23:121  7.64°:0.14
2 1356°+1.35  1245:164 #1260+1.13 10854158 116574133  9.65:1.14  7.76':0.26

FRAd 4%
d

&

3 1284°+1.83  1266+12040 1840+1 14+~ A213°+163 | 1244°+1.08  954:1.04 68872046

4 1123°41.52  11.95:1.50 J12.84+1.36 11'.57_??11,.55 11.31°+1.38  10.07¢1.28  6.64°+0.32
# ) e -l_.v.-_-.i)i;

5 1385146  12.00+1.20  12.55&1.70- — 12.33#1.30 10.85+1.41  10.15£1.53  7.75'+0.41

Values are means + SD of three differentdeter’m?hations. f'ﬁ"‘ﬂ'-

Sample means within a coll_gm_'rj which do not share a common superscript Iette_ﬁ differ significantly at p=0.05.

- -

“ns” indicates no significantdiﬁerence among sample means at p=0.05. _-.,_.Hh

Table C.26 Hardness, as evaluated using, DA, of wheat, soy flour-substituted and

okara-substituted breads during 5-day storage

Day Control 5SF 10SF 15SF ™ 50K 100K 150K

0 5.22°+1.46 523115  4.96°+1.04 8.30+1.82 5.54°+1.43 867°+1.57 10.30°+1.47
1 7.36°%1.92 548116 | | 5.68°%0184 | 8.74+1.34 5761119 | 0.84°+165  11.63°41.08
2 8.00%1.70 5.70+1.48  6.15°10.75 8.88+1.61 6.28+1.23  10.75"41.58 12.92°+1.26
3 9.64°+1.74 6.66°+0.91  7.43°+0.87 9.13+1.78 6.75"+1.72 10.81%°+1.45 13.68°+1.56
4 10.57°#1.94  7.33°+1.42  7.83°+0.91 9.44+1.48 6.53"+1.11 11.20°#1.49  13.30°+1.56
5 10.60°#1.57  7.55°+1.54  8.05°+1.68 9.30+1.41 8.25°+1.81 11.45°#1.54  13.20°+1.21

Values are means * SD of three different determinations.
Sample means within a column which do not share a common superscript letter differ significantly at p=0.05.

“ns” indicates no significant difference among sample means at p=0.05.
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Table C.27 Cohesiveness, as evaluated using DA, of wheat, soy flour-substituted

and okara-substituted breads during 5-day storage

Day Control™ 5SF 10SF™ 15SF™ 50K™ 100K 150K

0 13.11+1.51 10.88°+1.85  10.54%1.72 9.87+1.60 9.55+1.37 8.76°+1.56  8.59°+1.40
1 13.82+1.04 10.69°+1.60  10.35+1.81 9.51+1.48 9.24+1.11 7.34°+157  6.65°+1.28
2 12.04+1.51 10.66"+1.73  10.31%1.86 9.45+1.59 8.50+1.45 8.25°+1.49  8.12°41.04
3 11.57+1.36 10.25"+1.47  10.45+1.31 9.19+1.39 8.66+1.51 7.81°+157  7.88°+1.55
4 11.61+1.20 9.33°+1.26 10.32+1.52 9.68+1.83 9.38+1.30 7.67°+1.51 6.72°+1.24
5 11.50+1.18 10.23°+1.50  10.50+1.39 9.50+1.66 8.52+1.59 8.74°+1.32  8.65+1.40

Values are means * SD of three different determinations.
Sample means within a column which do not share a commonsstperscript letter differ significantly at p=0.05.

“ns” indicates no significant difference.among sample means.at’p=0.05.
-

Table C.28 Springiness, as evaluated using DA, of wheat, soy flour-substituted and

okara-substituted breads.during 5-day stol}age

Day Control 5SF 10SF e “5SF 50K 100K 150K

0 12.67°+£1.83 10.49°44°01 410486 7%1.62 9186°+0.94 9.55'+1.82 8.59°+1.73  6.32°+0.76

i

1 8.54"+1.30 6.30°:1.040 76l 1T o wBI8A ™ 1.55 \ 84T £1.79 6.78°+1.65  5.20°+1.61
2 8.88"+1.03 5.55%+4.55 #7.48°+1.45 49074098 %70"1.70 5.05+1.54  5.20°+1.32
3 7.31°%1.61 5.85°+1.4980 GM1°£1.4000 1 4811+1.33 | 644°+156  4.187:0.94 4.86°+1.64

vl
4 522°+147 4.74°+1.24  J5.01°£1:20 4065085 | 15.62°+1.50 3.66°£1.48  4.53°+1.44
5  436°+1.39 433°4169  4.15"+454 370%1 74 4.43°£1.30 3654126  3.50°+1.70

o i

Values are means * SD of three differentdetérminations. - 4+

Sample means within a colymn which do-not share a- common superscript letteaiffer significantly at p=0.05.

Table C.29 Beany flavor, as evaluated using DA, of wheat, soy flour-substituted and

okara-substituted breads ‘during 5-day storage

Day Control 5SF 10SF™ 15SF 50K 100K 150K

bed

0 0.40°+0.17 8.46°+1.28 12.54+1.55 12.94°+1.68  1.72"°:0.41 7.18°°:1.25  12.65°+1.42

1 0.407°+0.14 3.15°+0,82 . 11.42+1.26 11.65°+1.67 " 2.49°+0.67 6.77°41.46  12.71°+1.92

2 0.30°20.13 360°+ 73| | 11751126 1340°+151 o 2507°+0.83 | 6.50°1.03  12.41°+1.18

3 0.50°£0.14 3.28°+1.18  12.18+1.82 12.43°41.56  1.11°:0.62 8.01"41.59  11.69°°+1.50
abc

4 0.40"°+0.12 4.19°+1.37 11.66+1.43 13.59°+0.87  2.33°+1.13 7.48°°+1.00 12.71°+1.56
5 0.50°+0.11 3.05°+1.17 11.95+1.63 12.50°+1.11  3.55°+1.27 8.10°+1.44 12.85"+1.29

Values are means * SD of three different determinations.
Sample means within a column which do not share a common superscript letter differ significantly at p=0.05.

“ns” indicates no significant difference among sample means at p=0.05.
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