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Abstract

One of the best ways to increase the fiber contetiie diet is supplementing wheat
bran in bread. Wheat bran is known to affect tHiilee structure of the dough, resulting in
lower final bread volume. The present study wasised on analyzing the effect of wheat
bran in throughout the bread making process; tlselte were compared with the recipe
without bran. Wheat bran at different level viZ$08 %, 16% and 24% w/w on flour basis
was added into the wheat flour for the preparatbsandwich bread. Results showed that
wheat bran significantly 0.05) affected the dough kneading parameters. Dpugperties
like stickiness and extensibility decreased witlspext to increase in bran quantity.
Unexpectedly, wheat bran enhanced the aeratiomadid during mixing and the expansion
rate of dough during fermentation. However, wheainbdecreased the specific volume of
bread upto 10.81%, which was confirmed using 2Dgenanalysis method where it was

observed as the wheat bran alters the pore sizéditon in bread crumb.
Keywords: wheat bran, kneading, rheology, expansion rates piae
1. Introduction

Wheat bran is rich in fiber and is an importantrsewof fiber for diet and nutritional
concerns. Increased intake of dietary fiber plagsdiicial role in the reduction of chronic
diet related disorders namely cardiovascular desealsesity, diabetes, colorectal cancer and
constipation (Lairon et al., 2005; Rodriguez et 2006). In the last two decades, consumers
started to prefer dietary fiber rich foods due t®o health benefits (Drzikova et al., 2005).
Wheat is the most commonly available cereal crofhéworld and wheat bran is the major
by-product from the wheat industry. Generally, whiiread prepared from refined wheat
flour is consumed in western countries which lesdseduced intake of dietary fiber. The
main aim of supplementing wheat bran in bread is¢é®t the consumer demand, in order to
increase the dietary fiber level in bread. Addit@nwheat bran considerably affected the
dough properties and final bread qualities (Ogretaal., 2006). Therefore, it is necessary to

analyse the effect of wheat bran on dough and bread

Bread is considered as one of the oldest procdesed Each ingredient used in bread
has its own function throughout the bread makingcess and also it enhances the quality
such as freshness, softness and mouth feel oindleproduct. Therefore, a proper balance of

ingredients should be acquired to produce highityubltead (Giannou et al., 2003). Bread
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making can be divided into three main stages narkegading, fermentation and baking.
During mixing and kneading, mechanical energy ipliad to convert flour mixture and
water into a homogenous viscoelastic dough. Eféédtber in the properties of dough and
bread mainly depends on the particle size, comipasiand amount of fiber added
(Ktenioudaki & Gallagher, 2012). Banu et al. (201@)nd that different w/w concentration
(i.e., 3% to 30%) of wheat bran significantly atkt the rheological properties of dough. It
has been concluded that refined wheat flour witht 2Bheat bran has higher nutritional value
with ash content similar to whole wheat flour araluges minimum damage to the bread

quality.

Calderon-Dominguez et al.,, (2004) noted that theimgi time and temperature
affected the dough extensible characteristics. dinebubbles incorporated into the dough
during mixing acts as a nucleation site during prgvHowever, at the time of fermentation
these bubbles will get inflated with carbon diexighich gives foam like aerated structure to
the dough (Bloksma, 1990). The final loaf volumel &mead texture depends on the stability
and growth of these bubbles (Sliwinski et al., 200%e two basic mechanisms involved in
the bubble destabilization during proving are dgartionation and coalescence.
Disproportionation is the process of migration @fron dioxide present in the smaller
bubbles to larger bubbles due to Laplace pressitferahce whereas coalescence is caused
by the rupture of thin dough films which leads tasdoss and formation of irregular and

coarse crumb structure (Kokelaar & Prins, 1995).

The dough expansion (Zhang et al., 2007) and dgastren capacity (Gomez et al.,
2003) during fermentation depends on the rheolbgicaperties such us elasticity and
viscosity of the cell membrane in the dough. Bottygical and chemical mechanism of
wheat bran involved in affecting the propertiesghften network. The interaction between
gluten and fiber prevented free expansion of daliging fermentation (Ragaee et al., 2011).
Different level of wheat bran in the dough affecteden re-aggregation during mixing. This
lead to coalescence or disproportionation of the gglls during fermentation and, hence,
resulted in reduced gas retention in the doughastbeen proposed to use coarse bran rather
than fine bran because the interaction between firem and gluten was more which
adversely affected the gluten network (Noort et 2010). Zhou et al. (2004) and Li et al.
(2012) believed that arabinoxylan gels, formed ulio oxidative gelation of ferulic acid,

affected the gluten network and resulted in lowakihg quality of bread. Zhang and Moore
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(1999) evidenced that bread with medium partickediwheat bran (mean particle size 415
pm) had significantly higher specific volume tharedd with coarse (609 pum) or fine (278

pum) bran.

Baking is the most important part of bread makingcpss which converts dough into
bread by applying heat (Khater and Bahnasawy, 2Q@d)or role of baking is to alter the
sensory properties of foods and to destroy enzyames microorganisms (Fellows, 2000).
While baking, fiber directly interacted with thewsttural elements of the three dimensional
gluten networks and ruptured the starch—gluten ima#ssulting in the interconnection of
adjacent gas cells (Gaat al., 1995). Generally, wheat bran is richotamylase, which
directly causes damage to the gluten network adaeictly to the baking quality with the
loss of crumb texture and loaf volurtevery et al., 2002). When the level of extrudeceath
bran increased from 15% to 20% (w/w) in bread fith@ volume of bread as well as porosity
was decreased (Basinskiene et al., 2008). Thefgpeclume of the bread decreased and in
turn the density may increase from 0% to 40% dejpgnoin the bran type and level of bran
added in the recipe as indicated by (Katina et2l10). Incorporating fermented wheat bran
in bread formulation significantly reduced 20% bk tbread’s specific volume and also
affected the physical and sensory properties oéthdicead (Hassan et al., 200Bhis study
aims to asses the effect of adding different le@®lsv) of wheat bran viz., 8%, 16% and 24%
to the sandwhich bread. It helps to optimize thenfdation by understanding the effect of
wheat bran on dough porosity at the end of mixing &neading process and final bread

volume.

2. Materials and Methods
2.1 Raw materials

The wheat flour used for this study T65 (0.62%-0668sh content (Whitley, 2006))
was provided by Minoterie Girardeau, France. Othgredients such as wheat bran, water,
salt (Les Salins du Midi - France), sugar (Beghay S France), purple ibis (bread flour
improver, Lesaffre - France), soybean flour (Giradttance), milk powder (skimmed milk-
Regilait, France), dry yeast (Saf instant, Lesaffrerance) and colza oil (Transgourmet,
France) were also added in order to increase thie tand final quality of bread. The

formulation protocol of sandwich bread was givefable 1.
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Generally, most of fibrous materials are hydroghiti nature. An increased level of
pentosans in fiber leads to higher water absorppimperty (Hoseney, 1984). Rosell et al.
(2001) stated that the water binding capacity leéifienriched dough is higher, because, more
number of hydroxyl groups present in the fiber inee permits to hold higher amount of
water through hydrogen bonds. Therefore, the watguired to hydrate the mixture increased
with increase in the level of wheat bran addedhia tecipe. Thus, the amount of water
required to be added in the mixture with respeat/h@at bran was determined by using the
the following formula.

(Mass of water with bran—Mass of water without bran)

(Mass of bran) (1)

A Hydration =

Where, A Hydration=1.041

The delta hydration coefficient value (1.014) watedmined by making DSC tests on the
free (freezable) water, in order to keep it constaren wheat brans were added to the dough.

LOCATION OF TABLE 1

2.2 Dough preparation and bread making procedure

The water temperature was adjusted in such a watyttie cumulative sum of the
temperature of flour, ambience and water shoulddeal to 50°C. Prototype planetary spiral
mixer (VMI, Montaigu Vendee, France) was used t@dad the dough. There were two
different stages carried out during dough mixintpws speed mixing (50 RPM for the
gyratory motion of the spiral hook and 6 RPM foe tiotational motion of the mixer's bowl)
for 5 min followed by fast speed mixing (120 RPM foe gyratory motion of the spiral hook
and 10 RPM for the rotational motion of the mixdytawvl) for 5.35 min.The temperature
inside the bowl of the planetary mixer was mairgdify cooling water which was supplied
by the heat exchanger fixed inside the mixing sysfEhe bowl temperature was fixed as
20°C, to maintain uniform dough temperature ateéhd of mixing. The power required to
mix the dough and dough temperature with respectmiging time were recorded
automatically. The dough development time was datexd by overmixing the dough. The
optimum time required to develop the dough was dolowy plotting the graph between dough
mixing time and maximum power consumed by mixerrdumixing. The optimum mixing

time of the dough varied with amount of bran adttethe recipe. After mixing, bulk of the

5
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dough was divided into small pieces of 560 g (wkidetermined according to the final

weight of bread) and shaped into balls. Then, treped dough was allowed to rest for 20
min. This rested dough was sheeted and mouldedrati® by passing through the dough
moulder (Deleume L’Artisane® 2004 AVE.BP, Saint-El&rance) in order to maintain

uniform size and shape of dough, by fixing constatier speed of 208 RPM and roller gap
of 2.8 mm. The moulded dough was fermented (He#j68, Parigny, France) at a

temperature of 37°C and 80% relative humidity. Fjnahe fermented dough was baked in
oven (MIWE CO 1.1208, Germany) at a temperaturg26PC for 20 min.

2.3 Wheat bran particle size analysis

A Laser Diffraction Granulometer - Malvern InstrumiéSA Parc club de l'universite,
France) was used to determine the particle sizé&ilison of the wheat bran. This
instrument can detect particle size ranges frond .o 3.4 mm. A laser beam is passed
through wheat bran to measure the angular variatiantensity of light scattered from the
bran (dry channel). The light scattered from langgrticle at smaller angle and from smaller
particle at larger angle. The particle size wasoreal as volume equivalent to sphere
diameter. A sample of 5 to 10 g was required taycaut the analysis. The results were
expressed as iy Dsp and D based on volume distribution of the particles, \uhic
represented the size of fine ;) median (B and coarse (§) bran. From these values,
specific surface area and span value of the braicies were determined. Specific surface

area is defined as the total surface arag’(4er unit volume of a particle.

12.56(212%)
\'"4

Specific surface area gfm®) =

)

where r denotes radius of the total volume distrdsuof the bran fractions and v
represents the total volume of the bran. The spdurevdenotes the width of the particle size
distribution i.e., distance between two points \whace equally spaced from the center of the

particle. It was calculated by using the followiegmula:

Span = (D9o—D10) A3)

Dso

2.4 Dough properties
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2.4.1 Dough extensibilty

The dough extensibility and resistance to extensims measured by using
TA.XTplus Texture Analyser-Stable Microsystems witkieffer dough and gluten
extensibility rig (Collar et al., 1999). After mixg, a small amount of non-yeasted dough was
made into small strips of 5 cm length by using dotaym and clamp. Then, the dough strip
was placed over the sample holder and insertedtl@aig. The test was performed with a
5 kg load cell, at a pre- test speed of 2 mm/g, gpsed of 3.3 mm/s, post-test speed of
10 mm/s with distance of 80 mm, trigger force @ &nd trigger distance of 2 mm. Once, the
trigger force has been attained the hook, it vidttsto extend the dough until it gets ruptured.
Thus, the extensibility of dough (mm) (distancemaich the maximum force is experienced
by the sample before it ruptures) and resistanextension (N) (Maximum force required to
stretch a sample until it ruptures) were determibgdusing in-built programme in the

exponent software. Ten such measurements were takeach dough sample.
2.4.2 Dough stickiness

The stickiness of the dough was measured by usiT plus Texture Analyser-
Stable Microsystems with the SMS/Chen-Hoseney dowgitkiness rig (A/DSC)
(Grausgruber et al., 2003). A small amount of do{igh) was placed inside the chamber and
tightly closed with the lid. Then, the dough wasreaed through the small holes in the lid by
rotating the internal screw and allowed to rest30rseconds. The perspex cap was placed
over the sample surface to minimize the moistuss.ld@hen, the cover was removed and the
dough stickiness rig was placed under the 25 mrapger cylindrical probe attached to the
load cell of the texture analyser. Now, the tess warformed with a 5 kg load cell, at a pre-
test speed of 0.5 mm/s, test speed of 0.5 mm/s;tesisspeed of 10 mm/s, applied force of
40 g, contact time of 1 s, return distance of 4 amd trigger force of 5 g. Finally, the dough
stickiness values were recorded in the force-timaply Three parameters such as dough
stickiness (N) (measure of maximum positive foraedrk of adhesion (g.s) (positive area
under the curve) and dough strength or cohesivemasy (distance to which the sample is
extended towards the returning probe) were measused the in-built programme in the

exponent software. Ten such measurements were takeach dough sample.

2.4.3 Dough porosity
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The apparent density of the dough was determinaasing oil displacement method.
Ktenioudaki et al. (2009) proposed a similar methoadhich dough sample was immersed in
xylene using a double cup system. The apparentitdemgasurement setup works on the
basis of Archimedes’ principle, i.e., oil displacamh method. This set up consists of a glass
beaker filled with known density of 500 ml of cola#, a stand to hold the sample inside the
oil and a weighing balance. The weight of the doumghir (m) and in oil (m) (Colza oil;
density- 916 kg/rf) was noted down. From these values, the appasssitst of the dough

was calculated from the following equation:

Volume of dough (¥) = Vb, + Vgas (4)

Volume of gas free doughry ) = p’:l (5)
of

Volume of gas (Ya9 = W (6)

Whereas, m = Vb,yPoit * VgasPoit ()

Where,ngf: density of gas free dough, kglmpei = density of oil, kg/r, Vgas volume of
gas in dough, V), = volume of gas free dough,’m/o= volume of dough, th

True density of each ingredients in the recipe weeasured by using helium gas
pycnometer (AccuPyc 1330 Pycnometer, USA). Thea, dbnsity of the degassed dough
(kg/m® was calculated by applying mass; amd density of all the ingredients, in the

following formula:

Ppgr =2(mMi*pi)/3m; (8)

True density of the dough without bran and withnbnaas calculated as 1299.9 kﬁ/m
and 1393.5 kg/th Finally, the dough porosity was determined byngsthe following
equation (Sahin et al., 2006).

Porosity @ = —4%  — 1 _ Pap 9)

Vgas+VDgf ngf
Where,pap= Apparent density of dough, g/mppgr = Gas free dough density, g/mL
2.5 Dough behavior during fer mentation

Fermentation time is the time required to triplthg initial volume of the dough. The
dough fermentation time and expansion rate wagmé&ted where a small amount of dough

was placed in a cylindrical flask and a displaceimeansducer (VRVTO50/E/TM, Penny &

8
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Giles, UK) was introduced into the flask which wiectly connected with the data logger.
Data logger records the change in height of thegdowith respect to time during
fermentation. The volume expansion of dough wapaesed to be equal to GProduced by
the yeast during fermentation assuming that n@ G& escaped from the dough (closed
dough porosity, and negligible mass exchange with dmbiance). From these values, a
graph showing the volume of G@roduced during fermentation as function of timasw
obtained. The linear expansion phase of the cuae fitted with a linear trendline and the

slope gave the rate of expansion of dough duringéetation in crifmin.
2.6 Quality characteristics of breads
2.6.1 Specific volume

The baked bread was allowed to cool for an houenThhe mass of the bread was
noted down and the volume was determined by usoigmeter (TexVol BVM-L370LC,
France). Bread specific volume {ikg) was calculated from the ratio of volume andssnaf

bread.
2.6.2 Bread crumb por osity

The true density of the bread was determined bygubelium gas pycnometer and
apparent density was determined by the ratio cidmeeight and volume. From these values,

the bread crumb porosity was calculated.
2.6.3 Bread crumb pore size distibution

The bread was sliced (Sofraca, France) after sf@ird°C for a period of 24 h. The
pore size distribution in the bread crumb was as®yby scanning the bread slices with the
flat bed scanner (HP Scanjet G4010-HP, USA). Thanser delivers the scanned image
instantaneously. The scanned image was analysedsing imageJ® software (version
1.51j8). Initially, the software was calibrated nthihe image was duplicated and converted
into 8 bit gray scale image. A mask for the imagasvereated for applying threshold.
Thresholding is one of the most important stepylinch the gray scale image was segmented
and converted into binary image. The major advaniafgobtaining this binary image is to
reduce the complexity of the data and to simplifg process. Auto local threshold method
provided in the software was used for image segatient Morphological filters such as

erosion and dilation, opening and closing were u$ed structuring the pore area.
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Morphological reconstruction is another major pErtmage processing whiclias used for
constructing an image without altering the origishbpe of the pores present in the bread
slice. Then, particle analysis was performed faalying the bread crumb structure. The
selected parameters measured in the particle analgse the pore area and total pore count.
The range of pore size and circularity of the paoebe analysed was fixed and the analysed
values were exported to Microsoft Office Excel @ren 12.0.6612.1000)to generate
primary information of the pores. Atlast, imageccddtor performed arithmetic and logical
operations between the original and duplicate irmageleliver a final labelled RGB image in
the new window. A macro file was created in ordeanalyse uniformly and to determine the

pore area easily throughout the study.
2.8 Statistical analysis

The data was statistically analysed by using oseefaANOVA with three replication
at 5% level of significance with the help of STATGRHICS XVI. Fisher's least significant
difference (LSD) method was followed to determirgngicant difference between the bran

incorporated recipes.
3 Resultsand discussion

3.1 Wheat bran particle size distribution

Particle size distribution is the number of paescthat can be categorized into various
size ranges. The specific surface area and widtheparticle was calculated from particle
size distribution values (Table 2). The median diten (D) of the wheat bran was observed
as 750 um which specifies that 50% of the volumpaoficles falls greater than thed¥alue
and 50% of the volume of particles falls lessenttiee Dy, value. Noort et al. (2010) quoted
that wheat bran particle surface area increasell edtrease in particle size i.e., when the
median diameter of the wheat bransdDvas 491.5 um and 47.9 um then the specific sairfac
area was noted as 40,626/m’ and 590,063 Aim>. Thus, the increased surface area of bran

leads to more interaction between wheat bran auémginetwork.

LOCATION TABLE 2

3.2 Dough kneading parameters

10
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Dough kneading parameters such as dough developtimat maximum power
consumption and specific energy input requiredraurixing (Table 3) were calculated by

using the data recorded during mixing.

The dough developmental time is the optimum mixtimge at which maximum
energy is required to develop the gluten netwoitie §luten network started to breakdown
upon further mixing. The dough developmental timesviound to be 5.4 min for the recipe
with 0% bran and 7.1 min for the recipe with 24%rbwhich indicated that the dough
developmental time increased with addition of whaain. It was also observed that recipe
with 24% wheat bran showed significant<@O05) change in dough development time.
Similarly, Almeida et al. (2010) and Sanz Penetlale (2008) stated that the slower water
absorption property of wheat bran and dilution aften protein, delays the formation of

gluten network.

The maximum power consumed during mixing is the imar power required to
develop the gluten network. Further mixing weaketiedgluten network which causes linear
decrease in the power value. The power consumggpends on the type and amount of bran
added in the recipe. Wheat bran disrupts and weattengluten structure (Pomeranz et al.,
1977). So, less power was required to mix the leraiched recipe. The power consumption
was 322.7 W in the recipe with 0% bran and 281.ih\tie recipe with 24% bran. There was
significant (p<0.05) difference between all the recipes excepuden 16% and 24% wheat
bran added recipe. The specific energy input isetinergy required to mix per unit mass of
the dough. Specific energy input was minimum 418l in the recipe with 24% bran and
maximum 554.6 J/kg in the recipe without bran. Aswobserved that the wheat bran

significantly (p<0.05) affected the specific energy input requiradrdy mixing.
3.3 Dough por osity

The effect of different proportions of wheat bramndough porosity was given in the
Table 3. Dough porosity depends on the type andtgyaf ingredients used in the recipe
and on the mixing parameters. The highest poresilye was 25.6% observed in recipe with
24% bran and lowest value was observed as 14.6¥eimecipe with 0% bran. It could be
explained by understanding that once the amounttafat bran was increased, the dough
mixing time and dough porosity after mixing alsoreased and the specific energy input was

decreased. Campbell et al., (2008a) investigatecetfect of wheat bran on dough aeration

11
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and concluded that the wheat bran increased doegiti@an during mixing. This causes an

increased air entrapment into the dough and hezseéts in higher dough porosity.

LOCATION TABLE 3

3.4 Dough extensibility and stickiness

Dough extensibility is an important parameter inedast making process. It
predetermines the dough raising quality. The vabfesxtensibility (mm) and resistance to
extension (N) were measured after mixing. Tabledicates that wheat bran decreased dough
extensibility and resistance to extension from 6#&m to 55.8 mm and 0.32 N to 0.15 N.
Thus, the increased concentration of wheat braherrecipe reduced the dough strength and
extensibility property, by interrupting the starghuten network (Gémez et al. 2011) and

minimized the force required to rupture the dough.

Dough stickiness is a combination of adhesion, ititerface between dough and
surface, and cohesion, the interface within thegtlo@rherefore, both surface and rheological
properties of dough plays major role in stickinddsugh stickiness should be considered for
handling and machinability property of dough. Ta#lshows that addition of wheat bran to

the recipe significantly 0.05) reduced the dough stickiness and adhesiveness

LOCATION TABLE 4

3.5 Dough behavior during fer mentation

The effect of wheat bran on dough behaviour dufergnentation was given in the
Table 5. It was observed that the bran decreasadghdfermentation time to 58.3 min and
increased expansion rate of dough during fermemtaty 1.5 criymin for the recipe with
24% bran. The faster expansion of dough during éatation was owing to the fact that bran
enriched dough produced ¢@as more rapidly than the control sample. Thishinige due to
the presence of higher amount of simple sugargogk and fructose, as these sugars are
consumed earlier by yeast than maltose. (Ralet.et1@90; MacArthur & D’appolonia,
1979).

3.6 Quality characteristics of bread

12
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3.6.1 Specific volume of bread

The bread volume depends on the volume expansiaowdh during fermentation
and on the baking parameters. The effect of wheat bn bread specific volume was shown
in the Table 5. The maximum specific volume wasr8L7g observed in recipe with 0% bran
and minimum volume was 3.3 mL/g observed in reciéh 24% bran. Wheat bran
physically disrupted the foam structute of the doagd minimized retention of gas during
fermentation. This lead to reduction in bread lealume (Mosharraf et al., 2009; Polaki et
al.,, 2010 and Majzoobi et al., 2012).

3.6.2 Bread crumb por osity

Bread pores are the air pockets present in thedbbkead. Carbon-di-oxide created
this interconnected void structure during fermeataprocess. The degree of porosity plays
major role in crumb texture and appearance. Theorporosity was maximum (79.4%) in
recipe with 0% bran and minimum (73.7%) in recipth\24% bran as shown in Table 5. The
bread crumb porosity decreased with an increadeain content. Similar trend was observed
in specific volume of bread. Ognean (2015) stalted ¢rumb porosity was related to specific
volume of bread. Analysis of variance showed tlid¢rnt level of wheat bran significantly

affected the bread crumb porosity.
LOCATION TABLE 5

3.7 Effect of wheat bran on poredistribution in bread crumb

Scanned 8 bit images of the bread slices with @iffe bran content is shown in
Fig. 1a. From these images, it appears clearly thate was differences in the crumb
structure. These images were analysed to quatiyet differences by calculating the pore
surface area distribution in bread crumb. The éff#fcwheat bran on pore surface area
distribution of bread crumb was visualized by ptatmid area of the pores as a function of
cumulative frequency of pores present in the serfaicbread slice as shown in the Fig. 1b.
From the figure, it was observed that in recipehvdi% bran, most of the pores present in the
mid area ranging between 0.5 Mn25.5 mm whereas in recipe with 24% bran the pores are
present in the range of 0.5 mm44.5 mm. This vast difference in pore surface area
distribution may be due to the effect of wheat brEme bran alters the actual pore structure

of the bread crumb. The pore surface area of ttadocrumb depends on the turnover of gas
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during mixing, growth of bubbles during proving amdmogeneity of crumb porosity
(Campbell et al., 2008b). It was observed thatbiead crumb median pore area increased
with increase in bran content. The focused segmieatmulative frequency of bread crumb
pore surface area was shown in the Fig. 1c. Thespore area distribution varied depending
on the amount of wheat bran added in the recipéin&at al. (2010) studied the effect of
wheat bran in bread crumb morphology by 2D imaghlys&) and concluded that crumb

evenness and finesse were decreased depending addition of different level of bran.

4 Conclusion

From the above work, it was concluded that suppigimg different level (w/w) of
wheat bran in the recipe significantly<(p.05) affected the properties of dough and bread.
Wheat bran delayed the formation of gluten netw&dx. the dough developmental time was
increased with 24% bran content. At the same tioman decreased the maximum power
consumed and specific energy input required dummging by weakening the gluten
structure. Wheat bran increased dough aeratiomglumixing and hence resulted in higher

dough porosity which was an unexpected result naiva in previous literature.

Wheat bran reduced dough extensibility and resigtaio extension. It has been
observed that the recipe with 24% bran contentedesed dough stickiness and adhesiveness
and increased cohesivess. During fermentationt yed®n the fermentable sugars present in
the bran and rapidly produced €@as which resulted in increased expansion rattoagh
and reduced fermentation time.

Wheat bran increased the carbondioxide productionlaugh during fermentation
which caused decrease in specific volume of breaddcaumb porosity. The specific volume
of bread and crumb porosity decreased by 10.81%7&k&% respectively as compared with
the recipe with 0% bran. Similarly, by image anaysethod it was confirmed that wheat

bran altered the pore area distribution in the do@amb.
Acknowledgement

This publication is financially supported by ONIRGEPEA and by the “MIXI-LAB” ANR
project (LABCOM “MIXI-LAB” - Project ANR-15-LCV3-0®6-01). Thanks to Luc Guihard

for his technical assistance for this entire researork.

14



401

402
403
404
405
406

407
408
409

410
411

412
413
414
415

416
417

418
419
420

421
422
423
424
425
426

427
428
429

430
431

References

Almeida, E. L., Chang, Y. K., & Steel, C. J. (2018ffect of adding different dietary fiber
sources on farinographic parameters of wheat flGereal Chemistry, 87(6), 566-573.

Banu, I., Stoenescu, G., lonescu, V. S., & Aprdd@012). Effect of the addition of wheat
bran stream on dough rheology and bread qudlity.Annals of the University of Dunarea
de Jos of Galati. Fascicle VI. Food Technology, 36(1), 39.

Basinskiene, L., Garmuviene, S., & Juodeikiene(2B08). Effects of enzymes and extruded
wheat bran in fibre—enriched bread bakingrisceeding of 3rd Baltic Conference on Food
Science and Technology. Jelgava, 15-19.

Bloksma, A. H. (1990). Dough structure, Dough rloggl and baking qualityCereal Foods
World, 35(2), 237-244.

Calderon-Dominguez, G., Vera-Dominguez, M., FarRedollo, R., Arana-Errasquin, R., &
Mora-Escobedo, R. (2004). Rheological changes afgjd@and bread quality prepared from a
sweet dough: Effect of temperature and mixing timgrnational Journal of Food
Properties, 7(2), 165-174.

Campbell, G. M., Koh, K. C., Keung, Y. M., & Morggtern, M. (2008a). Effect of wheat
bran particle size on aeration of bread dough dumixing. Bubblesin food, 2: 355-368.

Campbell, G. M., Ross, M., & Motoi, L. (2008b). Bran bread: effects of particle size and
level of wheat and oat bran on mixing, proving doading, 337-54. Eagan Press, St. Paul,
Minnesota, USA.

Collar, C., Andreu, P., Martinez, J. C., & ArmeE, (1999). Optimization of hydrocolloid
addition to improve wheat bread dough functionalidy response surface methodology
study.Food hydrocolloids, 13(6), 467-475.

Drzikova, B., Dongowski, G., & Gebhardt, E. (200Bjetary fibre-rich oat-based products
affect serum lipids, microbiota, formation of shohain fatty acids and steroids in
rats.British journal of nutrition, 94(06), 1012-1025.

Every, D., Simmons, L., Al-Hakkak, J., Hawkins, & Ross, M. (2002). Amylase, falling
number, polysaccharide, protein and ash relatipsshi in wheat
millstreams Euphytica, 126(1), 135-142.

Fellows, P. (2000). Food Processing Technology-ipies and Practice, 348-352. Second
edition. Woodhead Publishing, England.

15



432
433
434
435

436
437

438
439
440

441
442
443

444
445
446

447
448

449
450
451

452
453

454
455

456
457

458
459
460
461
462
463

Gan, Z., Ellis, P. R., & Schofield, J. D. (1995)asGcell stabilisation and gas retention in
wheat bread doughournal of Cereal Science, 21(3), 215-230.

Giannou, V., Kessoglou, V., & Tzia, C. (2003). Quyabnd safety characteristics of bread
made from frozen dougfirendsin Food Science & Technology, 14(3), 99-108.

Gomez, M., Jiménez, S., Ruiz, E., & Oliete, B. (PD1Effect of extruded wheat bran on
dough rheology and bread qualib}'T-Food Science and Technology, 44(10), 2231-2237.

Gomez, M., Ronda, F., Blanco, C. A., CaballeroAR.& Apesteguia, A. (2003). Effect of
dietary fibore on dough rheology and bread quakiy.opean Food Research and
Technology, 216(1), 51-56.

Grausgruber, H., Hatzenbichler, E., & Ruckenbauer, (2003). Analysis of repeated
stickiness measures of wheat dough using a texmmalyzerJournal of texture
studies, 34(1), 69-82.

Hassan, E., Alkareem, M., Moniem, A., & Mustafa,(2008). Effect of fermentation and
particle size of wheat bran on the antinutritiofesdtors and bread qualiti?akistan Journal
of Nutrition, 7(4), 521-526.

Hoseney, R. C. (1984). Functional properties oftpeans in baked foodBood Technology,
38, 114-117.

Katina, K., Chiron, H., Requerre, A., Chanier, HPoutanen, K., & Della, G. (2010).
Influence of wheat bran on wheat dough rheologysurisequent texture of bread. vancouver
Talmud toran.

Khater, E. S. G., & Bahnasawy, A. H. (2014). Heatd amass balance for baking
processJournal of Bioprocessing & Biotechniques, 4, 1-6.

Kokelaar, J. J., & Prins, A. (1995). Surface rhegaltal properties of bread dough components
in relation to gas bubble stabilityournal of Cereal Science, 22(1), 53-61.

Ktenioudaki, A., & Gallagher, E. (2012). Recent adees in the development of high-fibre
baked productslrends in food science & technology, 28(1), 4-14.

Ktenioudaki, A., Butler, F., Gonzales-Barron, U.c Marthy, U., & Gallagher, E. (2009).
Monitoring the dynamic density of wheat dough dgrifermentationJournal of food
engineering, 95(2), 332-338.

Lairon, D., Arnault, N., Bertrais, S., Planells, Rlero, E., Hercberg, S., & Boutron-Ruault,
M. C. (2005). Dietary fiber intake and risk factdi cardiovascular disease in French
adults.The American journal of clinical nutrition, 82(6), 1185-1194.

16



464
465
466
467

468
469

470
471
472

473
474
475

476
477
478

479
480

481
482
483

484
485
486

487
488
489

490
491

492
493
494

495
496

Li, J., Kang, J., Wang, L., Li, Z., Wang, R., Cheh,X., & Hou, G. G. (2012). Effect of
water migration between arabinoxylans and gluterb@king quality of whole wheat bread
detected by magnetic resonance imaging (MRIpurnal of agricultural and food
chemistry, 60(26), 6507-6514.

MacArthur, L. A., & D’appolonia, B. L. (1979). Corapison of oat and wheat carbohydrates.
I. SugarsCereal Chemistry, 56(5), 455-457.

Majzoobi, M., Farahnaky, A., Nematolahi, Z., Mohath&lashemi, M., & Taghipour, M.
(2012). Effect of different levels and particle eszof wheat bran on the quality of flat
bread.Journal of Agricultural Science and Technology, 15(1), 115-123.

Mosharraf, L., Kadivar, M., & Shahedi, M. (2009)fféct of hydrothermaled bran on
physicochemical, rheological and microstructurareleteristics of Sangak breadurnal of
cereal science, 49(3), 398-404.

Noort, M. W., van Haaster, D., Hemery, Y., SchéisA., & Hamer, R. J. (2010). The effect
of particle size of wheat bran fractions on breashligy—Evidence for fibre—protein
interactionsJournal of Cereal Science, 52(1), 59-64.

Ognean, C. F. (2015). Technological and sensoffects of sorghum addition at wheat
bread.Agriculture and Food, 3, 209-217.

Ognean, M., Darie, N., & Ognean, C. F. (2006). WHieer as additives in reduced calories
wheat bread — Part one: Dough and bread propedtesnal of Agroalimentary Processes
and Technologies, 12(1), 37-42.

Penella, J. S., Collar, C., & Haros, M. (2008).€€tfof wheat bran and enzyme addition on
dough functional performance and phytic acid levets breadJournal of cereal
science, 48(3), 715-721.

Polaki, A., Xasapis, P., Fasseas, C., Yanniotis, &.Mandala, |. (2010). Fiber and
hydrocolloid content affect the microstructural asasory characteristics of fresh and frozen
stored breadlournal of Food Engineering, 97(1), 1-7.

Pomeranz, Y., Shogren, M. D., Finney, K. F., & BethD. B. (1977). Fiber in breadmaking-
-effects on functional propertieSereal chemistry, 54, 25-41.

Ragaee, S., Guzar, I., Dhull, N., & Seetharaman(2011). Effects of fiber addition on
antioxidant capacity and nutritional quality of vetebreadLWT-Food Science and
Technology, 44(10), 2147-2153.

Ralet, M. C., Thibault, J. F., & Della Valle, G.990). Influence of extrusion-cooking on the
physico-chemical properties of wheat brdwurnal of Cereal Science, 11(3), 249-259.

17



497
498
499

500
501

502
503

504
505
506

507
508

509
510

511
512
513

514
515

516

517

Rodriguez, R., Jimenez, A., Fernandez-BolafiosGiijlén, R., & Heredia, A. (2006).
Dietary fibre from vegetable products as sourcduoictional ingredientsTrends in Food
Science & Technology, 17(1), 3-15.

Rosell, C. M., Rojas, J. A., & De Barber, C. B. @2 Influence of hydrocolloids on dough
rheology and bread qualitizood hydrocolloids, 15(1), 75-81.

Sahin, S., & Sumnu, S. G. (2006). Size, shape,meland physical attribute®hysical
properties of foods, 24-33. Springer Science & Business Media, Turkey.

Sliwinski, E. L., Kolster, P., Prins, A., & Van \éi, T. (2004). On the relationship between
gluten protein composition of wheat flours and édgformation properties of their
doughs.Journal of cereal science, 39(2), 247-264.

Whitley, A. (2009). The essential ingredieri@sead Matters. The Sate of Modern Bread and
a Definitive Guide to Baking Your Own, 4, 3. Andrews McMeel Publishing.

Zhang, D., & Moore, W. R. (1999). Wheat bran péetisize effects on bread baking
performance and qualityournal of the Science of Food and Agriculture, 79(6), 805-809.

Zhang, L., Lucas, T., Doursat, C., Flick, D., & Wag, M. (2007). Effects of crust
constraints on bread expansion and,@&easeJournal of Food Engineering, 80(4), 1302-
1311.

Zhou, K., Su, L., & Yu, L. (2004). Phytochemicaladaantioxidant properties in wheat
bran.Journal of Agricultural and Food Chemistry, 52(20), 6108-6114.

18



518 TABLES and FIGURES
519
520

521 Tablel

522  Formulation protocol of sandwich bread.

Ingredient (g/per 100g of flour)

Ingredients

Recipe 1 Recipe 2 Recipe 3 Recipe 4

(0% bran) (8% bran) (16% bran) (24% bran)
Flour 100.00 100.00 100.00 100.00
Wheat bran 0.00 8.00 16.00 24.00
Dry yeast 1.33 1.33 1.33 1.33
Sugar 4.99 4.99 4.99 4.99
Salt 1.81 1.81 1.81 1.81
Powder milk 1.50 1.50 1.50 1.50
Purple ibis (improver) 0.49 0.49 0.49 0.49
Soya flour 0.26 0.26 0.26 0.26
Rapeseeds oil 4.01 4.01 4.01 4.01
Water 56.06* 64.39* 72.72* 81.04*
Total 170.44 186.78 203.11 219.43

523  *Amount of water required to hydrate the bran addedigh was determined usidg Hydration coefficient
524 (calculated as 1.014)

525
526 Table2

527  Wheat bran patrticle size distribution, specificface area and span value.

D1o Dso Dgo Specific surface area of Span
(Lm) (um) (um) particle (nf/m°)
Wheat bran 130+21.65750+16.19 1873+34.72 51,545 2.32
528
529
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Table3

Effect of wheat bran on dough kneading properties@orosity

Wheat  Dough development Maximum power  Specific energy Dough
bran (%) time(min) consumption (W) input (J/kg) porosity (%)
0 5.4+0.2 322.7+6.4 554.6+14.8 14.6+0.00
8 5.4+0.% 303.0+7.9 480.1+13.2 18.6+0.02
16 5.6+0.3 290.3+2.5 442.5+18.8 23.9+0.02
24 7.1+0.% 281.7+3.8 419.2+26.7 25.6+0.0%
Values are expressed as Mean * standard deviatlowéd by same letters are not significantly
different (p > 0.05)
Table4

Effect of wheat bran on dough extensibility andlstiess

Wheat  Resistance to Extensibility Stickiness Dough strength/  Work of

bran (%) extension, force (mm) (N) Cohesiveness Adhesion (g.
(N) (mm) s)
0.32+0.03 60.9+8.7  0.59+0.02 1.9+0.2 5.4+0.6
0.22+0.02 64.7+3.f  0.50+0.02 1.9+0.7 4.8+0.7
16 0.17+0.02 62.6+3.f  0.45+0.02 2.1+0.7 4.5+0.9¢
24 0.15+0.02 55.8+5.8  0.38+0.03 2.4+0.3 4.1+0.6

Values are expressed as Mean * standard deviatltowed by same letters are not significantly
different (p > 0.05)

Table5

Effect of wheat bran on dough fermentation and dbaaaality

Wheat Fermentation Expansion rate Bread specific volume Bread crumb

bran (%) time (min) (cm3/min) (mL/g) porosity (%)
0 65.9+1.5 1.4+0.03 3.7+0.12 79.4+0.003
8 66.6+0.7 1.4+0.0Z 3.5+0.08 77.9+0.004
16 62.9+1.8 1.5+0.04" 3.4%0.02 76.620.008
24 58.3+1.8 1.5+0.0% 3.3+0.04 73.7+0.002

Values are expressed as Mean * standard deviatlowéd by same letters are not significantly

different (p > 0.05)
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Fig. 1a. Scanned 8 bit image of bread slice.

(A) 0%, (B) 8% (C) 16% and (D) 24% wheat bran
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Fig. 1b. Cumulative frequency of bread crumb pore area.
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Fig. 1c. Focused segment of cumulative frequency of breachlbrpore area.
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