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ABSTRACT

Soy ingredients that have unique functional and nutritional properties have found wide application in bakery
products .During storage of bread, several different physical and microbiological changes occur, lowering the
quality of bread. The bread crumb becomes hard, the bread crust changes from crispy to leathery and the
characteristic and favorable bread flavor disappears. Addition of sourdough in the bread recipe can be used to
retard the staling process of the bread. Sourdough addition is the most promising procedure to preserve bread from
spoilage, since it is in agreement with the consumer (demand for natural and additive free food) products. In this
research, defatted soybean flour in 3, 5 and 10 % was mixed with wheat flour. For sourdough preparation, fresh
microbial cells were collected by centrifugation from LAB primary cultures, and with wheat flour and tap water
and 0.25% (w/w) active dry yeast extract, containing Saccharomyces cerevisiae were mixed, then sourdough
Lactobacillus Plantarum (ATCC43332) was added to each of soy and wheat flour mixture in amount of 25% of
flour weight. Specific volume, sensory characteristics, molds spoilage and firmness of bread, were measured in the
period of 0,24,48 and72 hours after baking bread. In comparison with control bread, Specific volume in all of
blends decreased. Results showed that by adding 25% sourdough, the rate of molds spoilage of bread decreased.
During the storage of breads, increase in firmness was suppressed by adding soy flour and sourdough. The results
showed that sourdough had significant effect (p<0.05) on shelf life of soy bread in comparison with control sample.
Finally the results of sensory evaluation showed that toast bread which contains 5% soybean flour and sourdough,
has the most acceptability regarding to the other samples.
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INTRODUCTION

The unique properties of wheat flour to form a @&astic dough which is able to retain gas are tduprotein
characteristics of wheat gluten when it is mixethwiater. However, wheat flour is considered niatnially poor,
as the cereal proteins are deficient in essentih@ acids such as lysine and threonine [29,34Y. iSahe only
legume that contains the nine essential amino acidke correct proportion for human health. Theref soy
protein is categorized as high quality completetgiro Also soy is a better source of tocopherds excellent
natural antioxidant and B-vitamins compared to alstealthough it lacks B and vitamin C. Defatted soy flour,
generally by a hexane extraction, is one of theest isoflavone sources, with levels as high asi®y(@er gram of
soy protein [20].Soy flour has three basic funcdioit gives a white bread crumb, it contributesgés retention
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through oxidation and it increases the level ofevahat needs to be added to the dough[E®wever, when
defatted soybean flour was used, only about 10%esay flour could be added successfully to the prhduhen
incorporated simultaneously with higher amountsvafer[25]. Soy isolate —whey blends have succdgsfeplaced
up to 100% of the nonfat dry milk in shortened cakeducts without affecting quality as long as themula
included additional water[17Lactic acid bacteria (LAB) are the most promineah+pathogenic bacteria that play
a vital role in our everyday life, from fermentatigreservation, and production of wholesome foads, vitamins
to prevention of certain diseases and cancer duleio antimicrobial action[33]. Sourdough has bemed for
leavening of bread dough for several hundreds afsyeand sourdough bread was made in Egypt as @300
B.C.[37].There is considerable consensus with kgapositive effects of sourdough addition fordatgproduction,
including improvement in bread volume and crumhdtire[7,9] flavor[36], shelf-life[13].Sourdoughrfaentation
with interaction of lactic acid bacteria and yeastsonsidered to play a key role to get improvesidr and texture
properties of bakery products[21]. The accumulatibramino acids during sourdough fermentation enbarthe
formation of flavor volatiles during baking[8].Thaese of selected LAB with specific activities likenytate
degrading enzymes as starters for bread makingldmila good alternative for obtaining whole whea@d with
low phytate content and in consequence with inegasnutritional value regarding mineral
bioavailability[11].Bakery products have a very ghghelf-life and their quality is dependent oe feriod of time
between baking and consumption. Firming is onehefrhost apparent changes occurring in bread dstalmg,
which has been traditionally used to characteriaéing rate. Factors such as retrogradation of apedtin and
changes in water states have been linked to thredsed firming during prolonged storage[25].Chandsng
staling occur in both the crumb and the crust eftthread .The crust loses its brilliance and becain#swhile its
crispness also disappears. It may either hardesoften, depending on storage humidity, and it bexohess
pleasant to the taste. The crumb loses it supplenagilow qualities and becomes more opaque. It bé&smmes
granular or grainy to the touch, with a tendencyctiomble. It is less easily moistened, and consetiyués less
pleasant to chew, while the taste changes and toseh of its appeal [2,6]. In some investigatidre addition of
sourdough resulted in lower bread firming. Howevasurdough wheat bread has higher bread volumettand
measured resistance will thus be lower[21].Corsttél., (2007) showed that the addition of sourdoughviheat
bread reduced crumb firmness and slowed down fgniin comparison with breads made with no additién o
sourdough[10].Bread and bakery products can beacuntted by a variety of molds, mainfspergillus and
Penicillium [35],but sourdough is capable of controlling ankibiting spoilage organisms during fermentatiome d
to different factors especially low pH value andimicrobial compounds produced with LAB.

Dal Bello et al.,( 2007) reported that sourdoughs and breadsupest with Lactobacillus plantarum showed
consistent ability to retard the growth of mold ipge microorganisms[13]. Mooret al.,(2008) showed that
L.plantarum FST 1.7 can be used to produce gluten-free braddmereased quality and shelf-life[27].

The aim of this study was to evaluate the effeétsonrdoughlactobacillus plantarum (ATCC43332) to improve
the quality and shelf life of toast soy bread.

MATERIALS AND METHODS

Initial ingredients

Wheat flour with extraction degree of 68% was preddrom Sahar Bread Co., defatted soy flour washased
from Behpak Co., bakery dried yeaShgcharomyces Cerevisiae) was prepared from Iran Molasses Co., vacuum
dried of cultureLactobasillus Plantarum (ATCC 43332) was obtained from scientific and isiial research center
of Iran. Treatments include: C: control (Wheat flouS;. 3% soy flour, $ 5% soy flour, $.10% soy flour, SB.

3% soy flour + 25% sourdough, $B% soy flour + 25% sourdough and $SD0% soy flour + 25% sourdough.

Chemical tests of wheat flour and soy flour

Chemical tests of the wheat flour were used: moéstli3.33 % (according to international standardo&A44-16),
ash, 0.46% (according to international standard S&A@3-01), protein (N.5.7), 10.62 (according to tintdional
standard AACC 46-12), wet gluten, 29.75 (accordimgCC 38-11), pH, 5.9 (according to AACC 52-02)dan
sedimentation value 35(according to AACC 116). Cicahtests were used of soy flour included: fa#3B% and
fiber, 5.99 (according to AACC 32-10), moisture652% ash ,6.53% and protein (N .6.2) 53.13% (alicg to
the said standard methods)[1,22].

Sourdough preparation method

At first, vacuum dried ofLactobasillus Plantarum (ATCC 43332) was transferred to culture environmeh
"Sourdough Media Broth" and then was incubated 28C3for 48 hours according to direction issued tgnl
industry and scientific research center. Biomasmfactively growing lactic acid bacteria culturesnwrvested by
centrifugation (5000g, 15 min and 4°C) washed twécel resuspended in 180 ml sterile tap water theg w
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immediately mixed with 300g of wheat flour and @2%ctive dry yeast extract, containi8gerevisiae (w/w) of
flour, until dough formation. Fresh cells were adlde sourdough at a level &€fu/ml [13,24], and the LAB cell
counts were determined by spectrophotometer. Weeatdough was prepared with the mentioned straie T
dough was covered and fermented at 32°C for 24h RBially 25% sourdough by soy and wheat flourgiiwas
added to each blend with three percents of 3, 51886. The mixture was stirred for an additionada finutes (60

rpm).

Baking test

At first, soy flour was added in amount of 3,5 drfi%6 to wheat flour, then sourdough mixture to eachoy and
wheat flour in amount of 25% of flour weight withaBI| , sugar , oil and active dry yeast extract,taimng S.
cerevisiae mixed at 60 rpm for 20- 25 min. The amount ofavaivas adjusted according to the water absorption
(60%) determined by farinography [8].The dough Wefs for bulk fermentation for 30 min at 30°C an@%
relative humidity. Then the dough was re-mixed aas replaced for re-fermentation for 45min.Baking éach
4009 dough piece was at 220 -230 °C for 45 minthad cooled in aseptic condition for 1h.

Organoleptic evaluation

Most acceptable blended breads were used for sems@luation. Samples were coded following coolarg
cutting. Their organoleptic characteristics weraleated by panel group (4 judges) for crust catbgpe, texture,
chewiness, flavor, taste, loaf volume and finaligling of breads were determined in the period 4#2 and72
hours after baking bread. The highest point fotuexand taste was 15, for chewiness, flavor avaf Volume was
10, crust color was 8 , shape was 3 and finalyhighest point for staling was 6.

Crumb firmness measurements

Crumb firmness was measured at 0, 24, 48 and 7@h béking. Bread crumb firmness during storage was
determined as maximum compression force (40% cossfme, AACC 1998 modified method 74-09) Height of
each bread slice was 2.5cm and edges of the sioe eut off before measurement.

Specific loaf volume
Specific loaf volume was measured by rape seedadisment method after cooling.

Molds spoilage measurements

Bread mold spoilage were measured according talatdrand industry of Iran(10899-2).The breads ws&we=d for
5 days in room condition prior to the applicatiéw first step, liquid Ringer (90ml) were made fa@od 10g of bread
samples and added to the samples. Then after 10 products were cultured in Dichloran 18% glycefgjar
according to pour plate method and incubated &€ &#5°3 days .Finally mold counts were determined.

Statistical analysis
The statistical analysis was performed by SPSS ¥ofiivare and using completely randomized desigmdan’s
multiple range test was used to determine therdiffees among means.

RESULTS AND DISCUSSION

Result of staling assay

Staling is an important property which affects agnption and acceptability of the product. Force deeketo
aggregate produced breads 0, 24, 48 and 72 hdarsbaking was evaluated by Instron. Based on plasented at
table 1, addition of soy flour and sourdough ledatcsignificant decrease in bread firmness durirayage.
Immediately after baking, control sample showe@jaiicant firmness compared to other treatmergs ahere was
no significant effect between S; SD; SD,and SI3,

24 hours after baking control treatment had théndmsg firmness in comparison with other treatmelmseneral
adding soy flour decreased firmness. Also, 24 haftes baking there was no significant differenegieen § S;,
SD,, SD, and SR treatments. 48 and 72 hours after baking, breatplsawith 10% soy flour was significantly
tender than other treatments. This decrease iméissin attributed to the role of soy flour inistglretardation due
to absorption of moisture by protein and ash presérsoy flour [5]. By increasing storage time (YZamples
containing soy flour and sourdough had tough texeompared to samples just with soy flour. Basedesults
obtained from studies of Barabet al.,(1992) after storage firmness of bread sampledaguing sourdough
increased compared to control sample. Acidity afrdough is responsible for tenderness of breadtsite so that
strong acidity leads to firmness of the crumbed [4]
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Tablel.Staling of breads measured as crumb hardnesisiring 72(h) after baking.

Treatment 0 24(h) 48(h) 72(h)
C 1.15 1.365 1.450'  1.468

S 0.88%  0.9150 0.9500° 1.06%

S 0.63%° 0.6500° 0.8850 1.050°

S 0.5500 0.5850 0.7356  0.7500
SDy 0.6220" 0.685¢"  1.18% 1.25

SD, 0.560 0.58%  0.968° 1.365¢
SD, 057F  0.665" 0.95* 1.068

Means within column followed by the same letter are not significantly different (P<0.01).

Results of specific volume
Results of specific volumes are presented in t2bléis results showed that enrichment with soyrfldecreased

volume of bread samples. Control treatment hachthkest specific volume and as except witha8d SO had a
significant difference with the other treatments{®1). Among soy flour breadsz Beatment had the lowest
specific volume, probably due to addition of soyufl. Soy flour has negative rheological effectshsas volume
reduction (due to weakening gluten network andaegient of soy proteins in the network), enhancémén
density of SH groups and creating porosity in dowdfich leads to decrease in gas holding capacitgluten
network. These results are in agreement with Dakisét al., (2002), Rocciat al., (2009) and Maforimbet al.,
(2007) [15,26,29]. In addition SDand SI treatments had less specific volume than contedtient (p<0.01).
Specific volume of treatments with sourdough waghér than treatments without sourdough, (&) but this
different was not significant. This finding agreefcthe report Robest al., (2006) who studied on wheat bread [28].
However opposite reports on volume reduction [832A2] and volume enhancement[19] are availabléinkat
al., (2006) reported that volume of bread sample vanigk acidification, microbial strains and techngjyoused for
dough preparation. The amount of organic acidsywwed during fermentation of sourdough has a sicpniti effect
on specific volume since acidic compounds can ect&0 gas holding capacity in gluten. Also, bacteriaspre
in sourdough enhance metabolic activity of yeass goroducing more CJor dough expansion [23].

Although microorganisms in sourdough produce,@as, but the effect of sourdough on bread voluemgedds
mainly on enzymatic reactions during fermentat®araberet al., (1992) reported that excess increase in sourdough

acidity led to decrease in bread volume [4].

Table 2. Specific volumes of breads (city)

Treatment C S S S SDy SD, SDs
Specific volumes 585.8 530.3° 4952 480.F 51F 5184 509.3
Means within row followed by the same letter are not significantly different (P<0.01).

Results of mold count

Results obtained from mold count are presentetiyate 1, the highest count of mold was observes; ateatment
followed by S with a significant difference with the other tresints (p<0.05). Control treatment had the lowest
mold count. By adding soy flour, water absorptioiwl anold counts increased. In general sourdougttiadded to
significant decrease in mold count, probably due becteriocins produced by lactic acid bacteria rdyri
fermentation. Dal Bell@t al., (2007) and Mooret al., (2008) found similar results[13,27]. Anti- fungeffects of
lactobacillus plantarum in plates containing bread and sourdough comp#wetiread without sourdough are

indicated at figure 2.
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Experimental reatiments

Fig.1. Results of mold count.
Means within column followed by the same letter are not significantly different (P<0.05).
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Fig.2. Antifungal effect of sourdough fermented byL. plantarum (ATCC 43332) in plates with soy bread and sourdoug(A) compared to
soy bread without sourdough (B).

Table 3. Sensory evaluation of breads

Treatment shape Crust color chewiness texture flavor taste  Loaf volume

C 25 6.25' 8> 13.13° 8.875" 13 9?

S 2 7 8.5 1P 8375* 12.% 8.375"

S 2 7.375¢ 8.5% 12.88° 8 11.88¢ 8

S 1.12% 6.375° 7.25 10.63 7.37% 10.7% 6.625°
SD, 2.188 7.313" 8.25¢ 13.38" 9% 10.79 7.625°
SD; 2.438 7.878 8.813 1428 9313 13.25 7.250%
SD, 1.28 6.5° 7.313 12.13 7.87%° 11.88" 6.375

Means within column followed by the same letter are not significantly different (p<0.05).

Table 4. Sensory evaluation staling of breads

Treatment C S S, S SDy SD, SD;
24(h) ry 5 45° 475 A45° 475 475
48(h) 35 & 378 378 35 35 375
72(h) 2 228" 275" 3F 1.79 1799 2
Means within row followed by the same letter are not significantly different (p<0.05).

Results of sensory analysis

As shown at table 3, control treatment had the bkape fitness although no significant differenaes wbserved
between control and;SS,, SD, and SD treatments. The lowest score was related tg tBatment followed by S
which had a significant difference with the othexatments (p<0.05).It is probably due to more ipooation of
defatted soy flour into bread formulation. The t@ghscore of crust color was observed ir, 8illowed by S and
SD, treatments which had a significant difference ampared with control treatment (p<0.05). In otherrds
addition of sourdough in to formulation of soy ftdoreads led to improvement of quality and colorcafst. The
reason is that some acids and metabolites prodogddctic bacteria in sourdough have important rialdread
quality and can enhance appearance characteridtioeead samples. On the other hand addition odittkef soy
flour containing 50% protein leads to caramelisatend Maillard reactions between sugars and amaidsa
produced during bread preparation. Also this reastileads to improvement of crust color[14]. Resalttexture
and chewiness showed that the highest score watededio S and the lowest was related tgtBatment. Dhingra
and Jood(2001) found that crispiness and textusdityucorrelated with appearance shape of breathetirand
enrichment with soy flour decreased crispiness @agbto control sample[14].Also, based on literemrichment
with soy flour led to bolding and coarsening bulshdé bread [16]. Results of flavor showed signifita different
between seven treatments. Sfiad the highest score among all treatments angh®D the lowest score among
sourdough treatments. The accumulation of amindsaguring sourdough fermentation enhances the tiwmaf
flavor volatiles during baking and flavor improwglso, proteolytic enzymes present at sourdough @moteolysis
provides precursor compounds for the formationrofra volatiles during baking. Results of taste stwhat the
highest score was related to Siteatment and had no significant difference wibhteol treatment, the lowest score
was related to 3(p<0.05). Flavor quality decreased when breacckad with 10% soy flour. This might be due to
the beany flavor of soy flour. Results obtainedhis study agreed report of Dhingra and Jood (404@].) Control
treatment had the highest volume and the lowestseas related to Sfareatment therefore it is clear that results
of sensory evaluation by panelists correspond tohaneical results. Sensory evaluation of staling eae presented
in table 4. Results showed that control treatmet the lowest value and the highest staling ratb)(2dut after 48
h no significant difference was observed betweémemotreatments at this time. After 72 hours of ager, SR and
SD, treatments showed the highest staling rate antafl the lowest staling rate between seven expatahe
treatments. Results showed that texture of breaeiatments with soy flour and sourdough was hesdihan other
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treatments(72h) and bread sample with 10% soy fleas tender than other treatments . Therefore dteiar that
results obtained from sensory evaluation by patsetisrrespond to results obtained from mechanicauation.

Their Sensory evaluation were determined by a paingéljudges and acceptability using a six-poirite Hest point
was (6) and lowest point was (1).

CONCLUSION

Results of this study showed that soy flour breawtains a sufficient amount of minerals. Accordingeports high
amount of ash present at soy flour and phytaseneazyresent at sourdough increased bioavailabifityioerals in
produced bread. Results obtained in the presedy stiowed that addition of soy flour and 25% sougtoled to
significant improvement of texture properties aethrdation of staling process. Addition of Soy floncreased
moisture in produced bread therefore enhanced mplilage but by adding 25% sourdough mold spoilage
decreased. Finally, Results of this study showed slourdough addition at 25% combined with soyrflati5%
improved appearance characteristics, internal anday properties of produced breads.
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