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Abstract White wheat flour is a poor source of dietary

fiber. Therefore a demand exists for enrichment of bread

with non-digestible prebiotic ingredients that exert health-

promoting effects. In this study, the effects of beta-glucan

(BG) and resistant starch (RS) on the dough properties and

bread-making characteristics were investigated. The water

absorption of doughs increased with increasing BG and RS

levels. Also, development time and farinograph quality

number of BG-enriched doughs remained similar to that of

the control while the doughs stability decreased, and all of

these values decreased when the RS was added. BG was

more effective in increasing the dough softening than RS.

The resistance to deformation, energy, maximum resis-

tance and ratio number values; increased with the addition

of RS or BG, but their extensibility was decreased in

comparison to the control. Formulation containing BG/RS

combination showed the best farinograph (development

time, stability) and extensograph (resistance and extensi-

bility) parameters. The application of BG and RS had

similar effect on specific volume, and moisture content

while it caused a decrease in firmness after 5 days of

storage.

Keywords Prebiotic � Bread quality � Beta-glucan �
Resistant starch � Dough rheology

Introduction

White bread is a staple food in the human diet in many

countries and a popular and convenient cereal product.

However, it is a poor source of dietary fiber, containing

typically\2.5% fiber. In fact, white wheat bread is com-

monly used as a high glycemic index reference in glycemic

response (Brouns et al. 2005). A demand therefore exists for

the development of bread with substances that are non-di-

gestible polysaccharides or partially resistant to the digestive

process. Some components such as skim milk, fat, hydro-

colloids, bran, acids, emulsifiers, carbohydrates, dietary

fibers and gluten could be added to breads formulation to

improve its organoleptic properties, nutritional value, and

shelf life (Kaur and Singh 1999; Gujral and Singh 1999).

Functional foods either contain (or be added as) a

component with a positive health effect or eliminate a

component with a negative one, as they must be safe,

healthy and tasty (Ejtahed et al. 2011). Addition of healthy

components such as prebiotics to food products is a com-

mon approach to the development of these kinds of foods

(Ferdousi et al. 2013). According to the definition by

Roberfroid (2000), prebiotics are non-digestible food

ingredients that beneficially affect the host by selectively

stimulating the growth and/or activity of one or more

bacteria (probiotics) in the gastrointestinal tract, and thus

improve host health (Homayouni 2009; Homayouni et al.

2012a).

Beta-glucan (BG) could be found in many natural

sources such as barley, oat, yeast, bacteria, mushrooms and

algae (Zhu et al. 2015) and they have different biological
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activities due to different molecular weights and sources

(Du and Xu 2014). For example, BG from cereals

decreases blood glucose and cholesterol levels (Zhu et al.

2015), but fungal BG improves the function of immune

system (Du et al. 2015). Oat BG is a water soluble dietary

fiber which mainly consists of the unbranched polysac-

charides composed of (1 ? 3), (1 ? 4) linked b-D-glu-
copyranosyl units (Zhu et al. 2016). BGs are main

components of starchy endosperm and aleurone cell walls

of commercial cereals such as oat, barley and wheat grains.

The cereals have BG from 1% in wheat grains, to 3–7% in

oats, and 5–11% in barley (Lazaridou and Biliaderis 2007;

Tessari and Lante 2017). Barley is the richest source for

BG but has not been used in bakery products because it

lacks gluten proteins and the end-products have poor sen-

sory characteristics. Recent studies have demonstrated that

BG-enriched wheat flour can produce dough with accept-

able properties. BG has several physiological effects

including the regulation of blood sugar and the lowering of

the glycemic response because of viscosity development in

the gut after a meal, therefore assisting in the control of

diabetes, the reduction of serum cholesterol levels and the

prevention of cancer (Daou and Zhang 2012; Tosh 2013;

Ekström et al. 2017).

Starch is classified into three general types based on its

rate of digestion: rapidly digestible (RDS), slowly diges-

tible (SDS) and RS. RS, which commonly used as the

dietary fiber in bread making, is resistant to digestion in the

stomach, small intestine and colon, because RS is passing

directly through them and is a natural component that is

present in many foods, having some nutritional benefits

such as positive effects on the digestive system, blood

cholesterol levels, and glycemic response (Altuna et al.

2015; Hoffmann Sardá et al. 2016; Wang et al. 2016).

When it reaches the large intestine, RS is fermented by

large bowel microbiota. This increases the production of

short-chain fatty acids (SCFAs) and fecal volume, but

reduces the pH of feces. As a result, RS lowers blood

glucose levels and therefore assists in the control of dia-

betes and plasma cholesterol levels, and therefore posi-

tively influences the function of the digestive tract and

microbiota (Jenkins et al. 1998). RS is a linear polysac-

charide of (1 ? 4) a-D-glucan, essentially derived from the

retrograded amylose fraction, and has a relatively low

molecular weight (1.2 9 105 Da) (Tharanathan 2002).

Therefore, RS levels are slightly increased by certain food

processing methods, such as retorting, baking or drying at

high temperatures (Homayouni et al. 2014).

Prebiotic dosage of BG and RS

In fact, the US Food and Drug Administration has claimed

that the consumption of at least 3 g of BG per day, or 4

servings of a food product that supplies at least 0.75 g of

BG per serving, has cholesterol lowering properties, with

an effect on reducing the risk of heart disease (FDA 2008).

Although the minimum healthy dose of RS is about

20 g/day (Cassidy et al. 1994), a low dosage in the range of

2.5–5 g/day has showed prebiotic effects as well (Bouhnik

et al. 2004; Homayouni et al. 2012b; Homayouni et al.

2014).

The amount of RS and BG used in flour fortification

depends on the particular starch being used, extraction

procedures, the application, and other factors such as

dosage and molecular weight. To our knowledge, no sys-

tematic studies have yet been performed on the effect of

the supplementation of wheat flour with purified BG and

RS in prebiotic dosage on dough rheology and bread

characteristics. Therefore the present investigation was

done to study the dough rheological and bread-making

properties when supplemented with BG and RS in prebiotic

dosages, in order to improve the nutritional quality of

bread.

Materials and methods

Materials

White wheat flour, salt and yeast were purchased from

local super markets. RS (high amylose corn starch) was

obtained from Hi-maize 260, National Starch, USA. BG

was supplied by promOatTM, Biovelop international AB

Company, Sweden.

Methods

Flour quality assessment

All of the quality tests for white wheat flour were per-

formed in accordance with established official procedures

used to characterize wheat flour properties: protein, mois-

ture, ash, wet gluten, gluten index, sedimentation value and

falling number were determined by using standard AACC

methods (AACC 2000).

Farinograph tests

Separate doughs were fortified with at levels of 0.8, 1,

1.2% w/w BGs, 5.5, 8, 10.5% w/w RS, and one sample

with the combination of 0.5% BG and 4% RS (w/w). All

samples were calculated on a flour dry weight basis and

were tested according to the AACC Method 2000 (method

54-21). The BG and RS in a dry powder form were first

blended well with the wheat flour into the mixing bowl

(300 g) of the farinograph (Brabender, Duisburg,
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Germany) that was connected with a circulating water

pump and a thermostat which operated at 30 ± 0.2 �C.
Farinograph water absorption, dough development time,

dough stability, softening degree and farinograph quality

number were then determined.

Extensograph tests

The control (unfortified), BG, and RS-enriched dough, as

well as BG and RS enriched dough, at first were each

prepared in the 300 g mixing bowl of the farinograph

(Brabender, Duisburg, Germany). Salt and water were then

added to produce the dough samples with a consistency of

500 BU (Brabender Units), followed by 5 min of mixing. A

test piece (150 g) was shaped into a ball, shaped into a

cylinder and clamped into the fermenting cabinet. After 45,

90, and 135 min reaction times in the fermenting cabinet at

30–32 �C, each dough piece was stretched in the Brabender
extensograph by a hook until rupture, as described in the

AACC Method 2000 (method 54-10). The stretching force

was recorded as a function of time, and the resistance to

constant deformation (resistance to extension), the exten-

sibility and energy in 45, 90, 135 min. Only the maximum

resistance at 135 min and ratio number values were

discussed.

Bread-making process

A uniform dough bread-making process was employed. The

basic (control dough) formula on 100 g flour (at 14%

moisture basis) consisted of salt (2 g), compressed yeast

(2 g) and the amount of water required reaching 500 BU of

consistency by the farinograph. Wheat flour was blended

well with each of BGs at levels of 0.8, 1, 1.2% w/w (wheat

flour basis), RS at levels of 5.5, 8, 10.5% w/w, and one

sample with the combination of 0.5% BG and 4% RS (w/w).

Bread doughs were prepared by mixing all ingredients and

fermenting in two-steps. After the first step, the fermented

doughs were divided into four 500 g pieces, hand-moulded

and put into tin pans for 45 min of proofing at 30 �C and then

baked at 230 �C for 25 min. Following baking, the bread

loaves were cooled at ambient conditions (for 2 h). Subse-

quently, for the aging effect on some quality parameters,

breads were packed in sealed plastic bags at room tempera-

ture for 1, 3 or 5 days.

Specific volume

Weight and volume were measured 2 h after removal of

bread loaves from the oven. The loaf volume was deter-

mined by the rapeseed displacement method and specific

volume was calculated by dividing the volume by loaf

weight (cm3/g).

Moisture content determination

Bread samples were stored for 1, 3 and 5 days (at 25 �C) in
plastic bags, moisture content was determined according to

the AACC method 44-16 (2000).

Bread firmness

Bread samples were stored at room temperature in plastic

bags in order to determine the bread staling at 1, 3, and

5 days after preparation. This was performed with the

Instron M350-10CT (500 N load cell, Rochdale, England)

texture analyzer, using a probe of 36 mm diameter,

according to the AACC method 74-09 (2000). Compres-

sion tests were recorded on two slices from the center of

each loaf, with an average thickness of 25 mm, cut with a

knife. Samples were compressed to 40% at 100 mm/min

speed. Measurements from 3 bread loaves were taken for

each formulation and sampling time.

Sensory analysis

Bread samples were subjected to sensory evaluation by a

panel of eight trained individuals (ranging in age from 25

to 35, non-smokers) at room temperature. The parameters

were evaluated using the scoring system recommended by

Pyler (1973). The maximum scores for each parameter

were: chewiness 15, crust 15, texture 15, color of crumb

10, appearance 10, aroma 15 and taste/flavor 20.

Statistical analysis

All experiments were carried out in triplicate and data were

collected as mean ± SD or Median (Minimum to Maxi-

mum). Differences among means were identified by

ANOVA (Analysis of Variance), followed by the Duncan’s

multiple range test and considering significant P\ 0.05.

Kruskal–Wallis and post hoc tests were used to analyze the

sensory data. These calculations were performed by the

SPSS version 13 (SPSS INC, IL, Chicago, USA).

Results and discussion

Physicochemical properties of wheat flour were: 10.43%

protein content, 0.629% ash content, 13.15% moisture

content, 24.90% wet gluten, 72 gluten index, 22 (ml)

sedimentation value and 557 (s) falling number value.

Farinograph measurements

Figure 1 compares the water absorption results of prebi-

otics dough and control dough (without prebiotics
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addition). Both BG and RS increased the water absorption

capacity however BG caused greater increase. RS

increased moisture content of dough because of higher

amylose content which has higher binding capacity than

native starch (Zhiqiang et al. 1999). Also, increased water

absorption has been reported in other studies where BG

from different sources was used to fortify wheat flours

(Skendi et al. 2009).

According to the findings of Rosell et al. (2001) and

Lazaridou et al. (2007), different hydrocolloids and dietary

fiber increased water absorption due to the great number of

hydroxyl groups existing in the fiber structure, which allow

more water interactions through hydrogen bonding.

Therefore, in this study, increasing dough water absorption

was expected due to the high water absorption capacity of

BG and RS. Such effects have been related to the high

water absorbing capacity of these polysaccharides and their

ability to compete for water with other components in

dough system.

The amount of water added to the flour is usually

adjusted to reach 500 BU at optimum development time; at

this hydration level, high quality bread was produced.

Therefore, the addition of these substances to the flour

showed beneficial impact on bread-making properties.

Table 1 shows effect of supplemented BG and RS on

farinographic character of flour. Addition of RS to the

dough formula decreased the development time signifi-

cantly (except for 8% RS) but the doughs with combination

of BG and RS or only BG were similar to the control dough

(except for 1% BG). Overall, the magnitude of the changes

in development time of dough fortified with RS was greater

than control dough.

The farinograph properties of wheat flours are strongly

dependent on protein content and quality. There was a

direct relationship between the protein content and devel-

opment time of different kinds of flour. Thus this reduction

can be resulted from decreasing protein content that led to

rapid development and hydration. There was a progressive
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Fig. 1 Comparison of water

absorption values in dough

supplemented with prebiotic

components

Table 1 Farinograph characteristics of dough supplemented with beta glucan (BG) and resistant starch (RS)

Sample Water absorption

(%)

Development

time (min)

Stability

(min)

Degree of softening

(BU)

Farinograph quality

number

Control 54.10 ± 0.00a 1.95 ± 0.25c 4.65 ± 0.15e 97.50 ± 0.50a 49.00 ± 1.00c

0.8% BG 59.05 ± 0.15f 1.60 ± 0.20a,b,c 2.95 ± 0.15c 122.00 ± 2.00c 38.50 ± 1.50b,c

1% BG 60.45 ± 0.75g 1.55 ± 0.35a,b 2.20 ± 0.90a,b 133.00 ± 15.00d 31.00 ± 16.00a,b

1.2% BG 62.80 ± 0.00h 1.75 ± 0.05b,c 2.70 ± 0.20b,c 125.00 ± 1.00 c,d 43.50 ± 2.50c

5.5% RS 55.50 ± 0.20b 1.50 ± 0.00a,b 3.25 ± 0.15c,d 105.00 ± 4.00a,b 27.50 ± 0.50a

8% RS 56.35 ± 0.05c 1.60 ± 0.10a,b,c 3.10 ± 0.40c 103.50 ± 2.50a,b 28.00 ± 2.00a

10.5% RS 57.45 ± 0.25d 1.30 ± 0.10a 2.00 ± 0.20a 111.00 ± 0.00b 23.50 ± 1.50a

4% RS ? 0.5% BG 58.10 ± 0.20e 1.70 ± 0.20b,c 3.80 ± 0.10d 102.50 ± 3.50a,b 46.50 ± 3.50c

Presented data are mean value of three replication ± SD. Means in columns followed by a different letter are significantly different (P\ 0.05)
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(P\ 0.05) decrease in dough’s stability value when BG,

RS and their combination were added.

The combination of BG and RS in dough resulted to the

same stability as the control dough. In contrast Mohamed

et al. (2005) found that, with increased level of BG, there was

no significant reduction in dough stability. It was noticed that

the degree of softening increased with increasing the amount

ofBG, but RShad less effect thanBGondough softening and

only the dough containing 10.5%RS increased the softening

significantly (Table 1). The soften of doughs containing both

of BG/RS was similar to the control. Dilution of gluten and

interaction between fiber and glutenmay result in an increase

to the degree of dough softening. This conclusion confirmed

the findings of MIŚ et al. (2012) which investigated the

impact of adding fiber and oat whole meal to bread. In gen-

eral, in comparison with the control dough, RS has affected

softening less than BG. Although there was no significant

difference between control and all samples, the addition of

RS and 1% BG to the doughs formula decreased the

farinograph quality number (FQN) which seems to be the

result of BG and starch wheat flour complex.

According to Miyazaki et al. (2006), gluten makes the

original dough network structure and plays an important

role in dough and bread-making properties. Therefore, the

dilution of gluten by bran leads to dough deterioration,

breaking of the starch–gluten network structure and a

decrease of consistency (Miś et al. 2012). Thus the sub-

stitution of some part of wheat flour with RS and BG

resulted in protein content reduction, which was more

significant in greater substitution levels. In contrast, some

studies showed that, a few kinds of hydrocolloids and

dietary fibers improved rheological properties of wheat

flour such as water absorption, dough development time

and dough stability and resistance (Lazaridou et al. 2007;

Skendi et al. 2009). On the other hand, the dilution of

gluten with fiber solely cannot explain all of the observed

changes in the addition of fiber to wheat flour. The dif-

ferent results from the impact of various kinds of fibers on

dough properties can be explained by reaction between

fibers and wheat flour gluten protein. Also, discrepancies

related to the influence of BG and RS on the dough and the

bread quality properties may arise from differences in the

molecular size, solubility and the concentration range of

the polysaccharides, as well as the flour types used for

supplementation among the various studies (Skendi et al.

2010).

Effect of BG and RS on extensograph parameters

The effects of BG, RS and combination of RS and BG

addition on the extensograph parameters throughout

135 min of proofing time are shown in Table 2 and Fig. 2.
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resistance to extension values than did the control (except

for 45 min). On the other hand, the lowest resistance values

were obtained in the control dough. Overall, the resistance

to extension values at all resting times for RS-enriched

doughs were higher than BG-enriched doughs (except for

BG 1.2% dough). The dough supplemented with both BG

and RS seemed to result in resistance to extension values

similar to the doughs with RS. This confirms the findings of

Skendi et al. (2010) that showed that the addition of BG to

poor bread-making quality flour increased extensibility and

resistance to extension values up to the good bread-making

quality flour. Thus, the addition of BG and RS resulted in

an enhancement of the gas retention properties of dough

and possible improvement of the gluten network structure

during proofing.

The extensibility of BG-enriched dough at 45 min

proofing time remained similar but decreased after 90 and

135 of min proofing times compared to the control

(Table 2). However, then were lower for doughs supple-

mented with RS at 135 min proofing time. RS produced a

greater decreasing effect on the extensibility than BG

(except for at 135 min) and the dough sample containing

both BG and RS was similar to the control dough in

extensibility values (except for 90 min). Desirable dough

properties are usually associated with good dough

resistance and extensibility values (Skendi et al. 2010).

Therefore, desirable extensograph parameters (resistance

and extensibility) were observed in the dough containing

both BG and RS (Fig. 2).

At all resting times, the lowest energy values were

obtained for control dough, whereas the dough supple-

mented with RS and BG had increased energy values.

Generally, the results showed that increasing supplemen-

tation level increased the energy value of dough, with the

exception of the sample containing 10.5% RS. Besides,

energy values of dough with both BG and RS were gen-

erally higher than those of doughs with either BG or RS.

The energy values of all doughs after 135 min of proofing

time had decreased. The maximum resistance and ratio

number values of doughs with BG, RS (at all substitution

levels) and those with both of them were significantly

higher than the control dough (only 135th minute values

were discussed). It has been reported that maximum

resistance and energy under extensograph can be used as

indicators of dough strength (Preston and Hoseney 1991),

thus the results of maximum resistance and energy at

extensograph indicated that BG addition increases dough

strength.

Fig. 2 The impact of prebiotic beta glucan (BG), resistant starch (RS) on extensogram of doughs. The blue curves indicate proofing time during

45 min, red and green curves indicate it during 90 and 135 min respectively (colour figure online)
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Specific volume

Specific volume values for loaves of bread are presented

in Table 3. The volume of bread with addition of BGs

was similar to the control whereas the addition of RS to

flour reduced the specific volume of the bread and was

similar to the control at 8% RS supplementation.

Besides, the lowest specific volume was observed when

combination of BG and RS was used. Similar behavior

was observed by Korus et al. (2009) for gluten-free flour

substituted with RS. Izydorczyk and Dexter (2008)

reported a reduction in volume of wheat bread fortified

with BG. This may depended on the molecular size,

concentration of BGs and quality of wheat flour used

(Skendi et al. 2010). It is generally agreed that addition

of some hydrocolloids to wheat flour reduces loaf vol-

ume. This result can be explained by several

phenomena:

1. Dilution of gluten.

2. Disruption of the gluten network structure by interac-

tions between gluten and hydrocolloid material.

3. The strong water absorbing properties of hydrocolloids

may suppress the amount of steam generated, resulting

in reduced loaf volume (Gill et al. 2002).

Another possible explanation for the decrease in bread

volume with addition of RS to wheat flour is that during

baking RS undergoes gelatinization (Miyazaki et al.

2006), while starch was not hydrolyzed by amylolytic

enzymes produced by yeast. Yeast is therefore not able

to utilize RS during fermentation, slowing down the

overall fermentation process. The presence of undam-

aged starch granules could induce instability in cell

walls (Liu and Scanlon 2003). These factors can nega-

tively impact bread volume and cause uneven distribu-

tion of gas cells. The results of this study demonstrated

that BG-enriched breads had greater specific volumes

than those supplemented with RS. Therefore, the type

and level of prebiotic supplementation seems to affect

the rheological properties of the dough and consequently

influence the specific loaf volume of the fortified bread

loaves.

Influence of the BG and RS addition on moisture

content of stored breads

By increasing level of BG addition, there was a con-

tinuous increase in moisture content of bread on the first

day of storage (Table 3). Wang et al. (2017) enriched

wheat flour with oat b-glucan, in a way that substituted

wheat flour with oat b-glucan at levels varying from 1 to

5% (g/g), and showed similar behavior (Wang et al.

2017). T
a
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After 5 days of storage, all samples showed higher

moisture content than did the respective control breads.

Whereas, at the first day storage, only those breads made

from BG had higher moisture content than their control.

This demonstrated that the water retention capacity of the

fortified bread with RS was higher than those containing

BG. On the other hand, the rate of moisture content

decreased in bread fortified with RS was lower than those

with BG.

The moisture content of each of the bread did not

decrease significantly during storage, except for those with

0.8% BG (Table 3). The results showed no significant

difference among moisture contents of breads on the third

day of storage.

Bread firmness

Generally crumb firmness of the breads decreased with

addition of BG and RS. In previous studies, crumb soft-

ening was reported with the addition of hydrocolloids

(Korus et al. 2009; Skendi et al. 2010).

Hardness increased by increasing BG and RS levels

(on the first and fifth day of storage), but the values were

generally smaller than the control (Table 3). The texture

results showed that the firmness values of all BG and RS-

supplemented bread crumbs, after 3 days of storage, were

similar to or significantly lower than the control (except

for breads with 10.5% RS and both BG and RS)

(Table 3).

The increase in hardness of the bread crumb fortified

with RS, at the high level of addition (10.5%), may be a

consequence of the thickening of the wall surrounding gas

cells, as proposed by Rosell et al. (2001). The bread for-

tified with both BG and RS exhibited higher firmness than

the control after 1 and 3 days of storage. Crumb firmness of

all breads was smaller than the control, after 5 days of

storage. However, the hardening of each sample increased

significantly during storage (expect for breads with the

combination of BG and RS).

The decrease in the crumb firmness observed when BG

and RS was added to the bread formula could be attributed

to their higher water retention capacity, and a possible

inhibition of the amylopectin retrogradation (Biliaderis

et al. 1995), or it may be a consequence of an increase in

the total area of gas cells (Skendi et al. 2010).

The effects of the hydrocolloids on starch gel struc-

ture and mechanical properties results from two opposite

phenomena. First was due to an increase in the harden-

ing as a consequence of the decrease in the swelling of

the starch granules. Hydrocolloid added to wheat flour

would compete for water with native wheat starch

granules in the dough. This, in turn, might limit swelling

and solubilisation of the starch during baking (Gill et al.

2002) and reduces the amylose leaking from the gran-

ules. The second was due to weakening effect on the

composite starch network structure may be attributed to

inhibition of the formation of cross-links among swollen

granules. When there are no changes in the moisture

content, the formation of a cross-linked network rather

than the development of amylopectin crystallites in the

ageing gluten–starch composite matrix causes bread

firming (Schiraldi et al. 1996). In the present study, no

significant losses of moisture in breads after 5 days of

storage were noted, whereas the firmness of the bread

crumbs increased significantly.

Hung et al. (2007) noticed that the rate of crumb hard-

ening is influenced by water content and it is considered as

one of the most important factors for bread staling. In this

study the water content of BG and RS enriched breads was

significantly higher than the control bread, so all breads

exhibited softer breadcrumbs than the control measured

after 5 days of storage.

Bread firmness is usually used as a tool to measure bread

staling. However, staling is a very complicated process that

cannot be explained by a single variant. It is perhaps a

combination of these factors that determine the overall

effect on the mechanical properties of the bread structure,

an effect that is dependent on each specific hydrocolloid

used for fortification.

Sensory

The sensory evaluation of the fresh bread was performed

by eight trained panelists. The median, minimum and

maximum ranks of breads characteristics supplemented

with BG and RS, such as appearance, crust, texture, aroma,

and taste/flavor are presented in Table 4. Only color and

chewiness scores of breads were not significantly influ-

enced by the addition of BG, RS and combination of RS/

BG compared to the control.

Results from sensory evaluation indicated that neither

adding BG nor RS had any significant effects on

appearance, crust, texture and total scores. Breads con-

taining both of BG/RS were less appealing than breads

containing 8% RS. RS has less effect on sensory prop-

erties than the other dietary fibers.

Panelists preferred the appearance properties of breads

containing RS more than the bread enriched with both of

BG/RS. Bread containing 8% RS was significantly better

than all the other samples. Breads containing 0/8% BG had

higher taste/flavor scores than breads containing both of

BG/RS, whereas all sample breads were similar to the

control. Increasing RS level from 8 to 10.5% caused a

decrease in aroma scores. Results from sensory evaluation

indicated that the use of these prebiotic compounds has no

adverse effects on bread quality.
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Conclusion

B-glucan and resistant starch affected dough rheological

properties significantly while not having an effect on the

sensory properties of bread. Both of them were found to

increase the shelf life of bread and decrease its staleness.
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