CHAPTER IV
RESULTS AND DISCUSSION

4.1 Gluten Content ! %\

The percentage of wet gluten content of the control and other ﬂo?ﬂ presented in

Table 3. The range of gluten content was from 11.58 to 1§ 887 The highest wet

oluten was present in sample C, while the lowest gluten t whs present in the
g I p g p

control sample D. The flour samples A, B, and C ilh\ycontrol
| &

sample D, in term of gluten content. The averag% 1 '*for three
N

study were high gluten flour, but samp (%ls the hgf;‘:g
(]
The results obtained in this study \M o1 No Yesult obtained by Malomo

bowdPh 14.00 and 18.30%. In this

et al. (2011). The results in@hgic Work v@ried b
s
study, the highest wet gl /as ples } sal)éé C which was almost the same as

| | Ny |
the highest value obtgn®{by a.lo <l ak‘)@l 1). The lowest value was present in

’
D, the control sa@lﬁ Y0) 4 a d§was lower than the value obtained by
&P !

Malomo et (204 )Wl'he variatior vcu_’g.ascribed to the genotype and difference in
\

growing congigns of the wheat used to produce the flour (Wieser and Kieffer, 1999).

he §

=)

Accor Wthe levels of the gluten contents were closely associated with protein

levels of the breads (Malomo et al., 2011).
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According to Saleh and Brennan, (20 9), it is assumed that
4 &
storage and growing conditions dm cuyly of s& wheat has impact on the
' e\
gluten quantity. Past researc haveflals pt'o@this statement to be true. The
' &
difference of gluten co ' ssu@’ to have a slight contribution to
uality wheat flour has a very strong

protein content in fi

gluten yield whig in the end product (Ames et al., 2003;

Edward et al., Z8Q3 N \T
& <9

It was re d that quantity and quality of gluten have a fundamental significance

in bagad wking performance of wheat flour (He and Hosseney, 1991; Jan et al.,
1995). Wadhawann and Bushuk (1989) reported that gluten is used for its capability to

increase volume and improve bread crumb and texture.
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4.2 Physical analysis of bread

4.2.1. Cell Structure

Carbon dioxide (CO,) gas which is produced by the leavening agent spread\ ugh.
As a result, gas cell is formed and the density of the dough is reduc nlon and

Zghal, 2001). When the bread is put into the oven, the gas bubbles ﬁwzmg to escape

from the intense heat. The structure of the crumb is maintained columns of cooked

dough, not only by trapped gas. These columns formed !z some of the gluten

stands clumped together (Wing and Scott, 1999). The ggn n \\Mned to trap
g

gas during swelling of the dough. Furthermore pore cfeated for i*q.é'higration

£

\ﬁm\ ncen%zgn levels of

gluten influence bread quality which includec@ s 31‘3 risti

NapL

ey

(Rosell et al., 2009). Olinda et al. (2004) indicatedW' :

&S

T
&wure 8: Cell str@le and appearance of bread A

COI‘[]@]C structure of four breads (Figure 8-11), it can be seen that all of them

contain various size of isolated cells. The largest cell around two centimeter was
observed in bread B (Figure 9), located in upper side of crumb, closed to its crust. This

happened when the CO; gas produced by natural leavening agent, trying to escape the
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crumb but failed during baking process. The highest amount of cells can be seen in
bread D (Figure 11). Although all breads showed different final shapes, but their cell
sizes are considered about the same, where each bread contain small and large cells

arrangement, distributed in various unique ways.

&
N
:"’gJ

zﬁa’bpearance of bread C

¥

Figure 11: Cell structure and appearance of bread D
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It is a mutual agreement that good quality bread should possess a high porosity and
fine, regular gas cell structure in the crumb (Liu and Scanlon, 2003; Van Vliet, 1999:
Lassoued et al., 2008). Grain characteristics are even more important in bread crumbs
because grain attributes act a key role in bread acceptability (Collar etg& 5). All

the bread samples showed a more opened crumb structure but it was% pronounced
in bread sample C (Figure 9). ?
4.3.2 Crust Colour test Y ’

The colour of the bread crust was measured using huntcWabs 31M01 [ values

S
were recorded as "L" (0, black; 100, white), "a" (-a, nness, 4. ne!sénd" b" (b,
4

; N
blueness, b, yellowness). The colour value averaM wa \eq

Table 3. \
NN

%

S&" b DE*

Samples L* a¥

S 4 §
“37.91“ IS RG0 2T

gk 15.84°  60.99°

Q} B0 FaY 15.81°  66.80"

: : {l
D 54.78"“% 52 4) 1’\(')46.67" R4 16.44*°  60.27°
*Me s!Qolumns Witg d'{,Rr'ent superscripts differ (p < 0.05)

S

Concerning t lour of the bread samples, significant differences were detected
amon@ “the samples except the attribute “b™ which denotes the yellowness of
the bread samples.

From Table 4 and Figure 12, it was observed that sample C had the highest value of L

(54.30). This could be attributed to its high gluten content (18.88%). Al-Saleh and
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Brennan (2012) reported that in their study of bread wheat quality that bright colour in
bread is likely related to its high protein (gluten) content. The results in this study

agreed with their findings. As reported by Du and Sun, 2004, Papadakis ¢t aNZ000

N

and Mendoza et al., 2006; colour is regarded as a fundamental physical %y of the

4

bread. They stated that it has been generally proven that the colo lates well
with other physical and sensory indictors of bread quality. It W :e led that the

bread samples tend to be yellow in colour. The sample ze highest value of

yellow was sample D. This was as a result of the baking (®agniqu 0 nsmuents
of the flour. The red colour (“a”) in bread could bg to 1h p :LQQ visible

brownish bran particles in the flour (Alessandro an o 1

\,

The positive correlation between “L™ ar lODin cont

i
n L@‘ﬁ' work was also

observed in this study. The redness v, a T di *I @gniﬁcant difference

3

among samples A, B and D; only tl d samgle @ was &&nﬁcamly different from

other samples. This was due tgthe onsmu'nts h@n sample used for the bread
09 ;

P 4
(Alessandro and Concha, 2 1e|r \{ mg@? cant difference in b values of

'ngsé’/\l -Saleh and Brennan (2012), who

2]

the samples. This was rar

@of the samples. The difference was due

¢
observed §1<v|1|llc<11 i ncefin -
tns oé‘nmz andgadgments of the wheat (Al-Saleh and Brennan

to the growing
A \’

2012). A n) correlation belwe}n yellowness and ash was observed in this study,

also obkgrveg by Al-Saleh and Brennan (2012).

The “L° values obtained in this study were lower to the values obtained by Al-Saleh
and Brennan (2012). The values in their study ranged between 89.93 and 92.97. The
<" values in this study ranged from 46.67 to 54.30. Sample C was lighter in colour as

shown by higher “L™ value than other bread formulations. The values observed in this
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research were due to the Maillard reaction, browning and caramelization which were
affected by the distribution of water and the reaction between amino acids and
reducing sugars (Siddiq et al., 2009). Sample A had the lowest value of “aYgViich
means that its crust colour was greener when compared to other sample 'Qcolour.
The same observation was found in b values. The values of “a” anv;ranged from
7.91 t0 9.73 and 15.77 to 16.44 respectively. V

In contrast, "b" value showed no a significant difference am@ug R cru'qts. The average

percentages of bread samples A, B, C and D were 15. 15.8 ,Wand 16.44,
X
s crust

respectively. Bread D had the highest "b" value @ whigh i c‘teﬁ
Y.

£
colour was more bend to yellowness. Y' \ Y\"
Wing and Scott (1999) stated that there three % ol ad{% ese are brown,

ur, the brown crust

=
[¢)

(@]

tan and dark brown. All the bread san esxr

N
a @sult >

colour of the bread samples were fo lven chemical reaction

catalysed by acid produced during fe

DE*

Bread Samples

Figure 12: Colour analysis of the bread samples
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4.3.3 Texture Analysis

Firmness is an important characteristic, and it is commonly used as index to determine
bread quality, as change in firmness is frequently accompanied with loss %Zilience

during storage (Wang et al., 2007). The averages of energy force for m;d samples
are presented in Table 4. Y'

Table 4: Energy force (firmness) for control and otl§e ';ad 'amples

Samples ’

Firmness (g) A Cs -5_/ \,V' D
79.28° 119.40m G\4 )

Means that do not share a letter are SI(’HI@IHGICH :
‘:;ma )elﬁ"un 79.28 to 142.79g.

[}
almﬁerenceq among all the

3
=7

From the Table 4, the trend of the

Statistical analysis showed that th

samples in term of firmness. z
Rosell and Santos (201@16

fresh and stale bake o%\d héir sheyved that fiber had a great impact on the

crumb firmness %k ltf.l 1S $;

v, \hmhe@l fibre content was present in bread

C, and also 11 1e highest value @?ﬁg other breads in term of firmness.
The fi 01 the bread samples were significantly different (p < 0.05). Weegels et
al. ¥.nd Johansson and Svensson (1998) reported that the firmness of bread is

related to the protein content of the flour. Bread sample C had the highest gluten and
protein contents; these are attributed to its highest value of firmness. Al-Saleh and

Brennan (2012); obtained the values of firmness that were higher than the levels
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obtained in this work. The values in their work ranged from 498.04 to 965.90g. The
values obtained in this study were not as high as those obtained by Al-Saleh and
Brennan (2012), possibly because of different sample of flours and baking IYMds.
There was a relationship between protein contents and firmness. Thes %S are in
general agreement with several studies emphasized the close assggiation between

bread-making quality of the wheat flour and the flour protein corfagt gSapirstein et al.,

2007: Huebner et al., 1999; Borghi et al., 1995; Randall and OR 19%0).

Alessandro and Concha (2009) stated that textural atigibut®aref vit anao%;istics
| &
that consumers appreciate in bread. Crumb freshnes%te(} tqfits pec@stmcture

Y, _ .
Y air cells in

and, mainly with the mechanical properties of tl%gil w

bread (Ponte and Ovadia, 1996; Liu and %2003; d nlon, 2004). The

bread samples had good firmness as a 1% of the & hh: firmness values as

shown in Table 4 and Figure 13. \€ o 4“’
. s N

Gram

B Firmness

B C D

Bread Samples

Figure 13: Firmness ol the bread samples
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4.3.4 Bread height and weight

From Table 5 and Figure 14, the weight of breads ranged between 806.00¢g to 819.70g.

While for height, it ranged from 9.83cm to 13.43cm. When ANOVA was Nc out
s&wed no

to test the significance difference between bread samples, all sam

significant difference except bread A for the weight. Loaf wcight?’ction during

baking is an undesirable quality attribute as consumers are %‘acted to bread
fo' the same price

with high weight and volume believing that it has more sut

(Ndife et al., 2011). ‘X
| &

A
As regards to height, there was no significant dif? betwe ea and bread
D. The highest height was recorded by brea w coﬂ\'ains he 12{1\3; amount of
protein. Bread volume increases with the pﬁgwr in, anorted by Finney
(1984). From the Table 6 and Figure lag, Cst IIC (g'éweight to height ratio

9 Q’
was obtained from sample D, showi at Jt hia.\éi[t density in cell structure
(Figure 10), compared to Oth%z Samp%jﬂp@ had the lowest weight/height

ratio, 60.16g/cm among al M san‘p\ ‘e
N
Ndife et al. (2013) il%\su y'%yllat&g‘ead with wheat flour and soya bean

\Q d f .
flour blends and £egoMed bgedd flghwb.'@l ranged from 550 to 800g. All the bread

samples in ll\A’k had more weig@lan the weights obtained by the authors. This

can be 1%‘ high gluten contents of the flour samples in producing the bread

sam®ss. Nhlomo et al. (2011) produced bread with a composite flour containing
breadfruit, breadnut and wheat flour. They obtained loaf of breads whose weight
varied between 550 and 600g. All samples in this study had more weight, all greater

than 800g. This is in accordance with the result of Akobundu et al. (1988) that

highlighted the effect of protein forming structure contribution to loat weight.
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Table 5: The values of weight, high with weight and height ratio of bread

Samples Parameters

Weight (g) Height (cm) Weight?lglt

A 819.70° 11.63" .& S0°

B 3l bl b 9.97° Y~81.56"

C 810.77° 13.43" \, 60.16°

D 806.00° 9.83¢ 82.50°
Means that do not share a letter are significantly differe e si HSD, p<0.05).

@
Borla et al. (2004) reported in their research tl@e waI a 1‘qcf_\Q¥(:cialion

between protein content and loaf weight: breadYQﬂ eic vill\p‘.rcentage of

protein in the flour sample used for the bél his

(1984). Uheln et al. (2004) reported that prot8m cogter

influence on the baking potential of w ogy. This vas@ason for the higher loaf
é d

&
weights recorded by bread samplesmns 'N eé

® Weight (g)

Weight (g)
[o]
Height (cm)

D

® Height (cm)

s

N

Bread Samples

Figure 14: Weight and height of bread samples
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Figure 15: Weight to Height ratios of the bread samples

Weight/Height Ratio of the breads

W319H/1Y319M
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4.4 Proximate Analysis of Bread Samples

4.4.1 Moisture content

T

Table 6 and Figure 16 shows average percentage of moisture content \comml
and other breads. The average percentage of the moisture content I the bread
samples A, B and C are 40.947%, 40.493%, 27.997%, respectivaly. SMtistical analysis
gave significant different between bread sample C and o mYn.p]cs. There was no

sionificant difference between samples A, B and D. ‘\d
®

=9

R

1),
4

U

Table 6: Proximate analysis result for bread sampl
Samples \"O"

a

%
Parameters A \‘? - 64 D

Moisture (%)

Ash (%)

Protein (%) 10.54° g 374
Fibre (%) 1.066° 1027
CHO (%) 56.66 5127°
Energy (Kcal) 292.59° 24939
Means that m X -are glghificantly different (p< 0.05).

Sample C \\?gniﬁcamly different (P< 0.05) from other bread samples and was the
lowgest 1Mmoisture content. This study was compatible with study obtained from (Ali,
2009) which showed that moisture content relates negatively to gluten content. The
moisture contents obtained in this study could be compared to the work of Joel et al.
(2013), their result ranged from 26.40 to 38.74%. The moisture results of the samples

were within the regulatory specifications of moisture 40% maximum (Son, 2004).
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High moisture content has been associated with short shelf life of breads as they assist
microbial multiplication that lead to spoilage (Ezeama, 2007). All ingredients were
kept constant in amount, so the differences in moisture content were due to the use of
different flour. According to Marie and Dana (2002), the moislux%\Y:u

depended significantly on the temperature course during the storage

Ndife et al. (2011) produced functional breads with whole whc@m bean flour.

The moisture contents in their study ranged from 28.50 to 9 o. The results of this
study were in the same range with their findings. aleh 1 nan (2012)
obtained moisture contents that ranged between 11.1 14.5(0%. e’r @T\ were
different to those obtained in this research; this \ - 1en«$ux samples
used and the baking conditions; ven u?&, \m(v rocedm es and
environment factors. Malomo et al. (2 1) 1 t} ) pO\lte flour breads
from breadfruit, breadnut and wh at el m e \cnts that ranged from

&
35.51 to 39.06%. The levels of 101 re n @ work were comparable to
r bafhg! %
hg t‘gl 1

their result. Sample C in tNus®® y w nmslmc content to the bread
produced by Malomo Ll 1) l é)
&
’ | c,g)

4.4.2 Ash contcnt ’ &

\

J' () ‘ :
The bread sam re anal cdefor wye a sh content by using the dry ashing method,
\f

and results yown in Table 6 anch’igure 16. It can be seen that ash content of bread

sampl d between 0.67%- 1.02%. The lowest ash content is presented in bread

D which#rved as control. There was no significant difference among the ash content
of the breads A, B and C (p < 0.05). The average ash percentages of breads A, B and

C were 0.98%. 1.02% and 0.99%, respectively. The ash content of bread B was within
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the range obtained by Ndife et al. (2013). The results in their work varied between 1%

and 2.23%.

The finding obtained in this study was different from result obtained by \; et al.
(2011). The results in their work varied between 1.24% and 2 ‘& hey used
composite flours in their study. Generally, the ash content of bread \gnples increases

as the level of supplementation increases implying that COIHY'@ flours positively

impacted inorganic nutrients in composite flour brea loMio l‘ 011). This

might be the cause of higher ash contents in their éwhen chmp i lo‘dg..blead

samples of this study. Y-

\ Y'
Ndife et al. (2013) reported that the ash cmew w]l

eat d samples they

analyzed contained 1.00 to 2.23%. All 1e aswrc 1 'Qar to the results of

Ndife et al. (2013) except sample D, t 1tml ample,. @ple B actually fell into
the range (1.02%). Al- Saleh and Br 1anl(ﬁgla ash levels between 0.630

and 0.973%. The ash COI]lCl% s WQ , }*n‘& same range except sample B,

which is slightly higher &\ 0

|
Ndife et al. (201 1) 1 1 st d 0 (fhpocfﬂc flour bread of whole wheat and soya,

L

reported ash le t ragly ?m 1@7 to 2.65%. The higher ash in their samples
might hav npacted by lhe ean. According to Ndife et al. (2011), soybean
has hi vl ontenl (2.50%) than whole wheat flour (1.50%).

ein content

Protein contents of bread samples in this study which is shown in Table 6 and Figure
16 ranged from 8.37 to 10.54%. The protein contents were significantly different (p <

0.05) across all the samples. Bread C had the highest protein content; this could be
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traced to gluten content in flour sample. Gluten content in flour is directly
proportional to protein content in final product, bread. The protein contents of the
bread samples (A, B and C) in this research were comparable to the prou@s of
Al-Saleh and Brennan (2012). The protein results of these authors wer&bet®een 9.52

and 13.69%., Sample D did not within the range. This was attrw to its lower

oluten content. Malomo et al. (2011) obtained protein val ‘m varied between

_
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of Ndife et al. (2011). They obtained protein

12.50%. The samples in their study that had

work might be able to achieve this becaus soybean with the

whole wheat flour used in their brea SIKI 8 %Ol'lcd that increase in

] Q
srotein level of bread was as a re f th wion ni*!oybean flour. Singh et al.
1 il %\
(2000) and Awadelkareem «%%08) al;ﬁoh@ analogous increase of protein
'y

| &
content in sorghum-soy ¢ osite il ) ‘é
&

Pgl Sociated with the protein contents of the

@

The yields of glulm%\nl
ed"C has the highest protein content. This is in

bread samples (%%wl a}, OI)’) ,
v

line, becaus r C has the high@glulen content among the other flour samples.

.
Ames et a? 03) and Edward et al. (2003) mentioned that, increased protein is

accgmpageed by increased gluten strength. The results obtained in this work were
better to the work of Joel et al. (2013). The protein contents in their work ranged
between 5.25 to 9.00%. However, the average protein content for bread B and bread D

did not meet the standard specification of 10% minimum requirement (SON, 2004).

4.4.4 Fiber content
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The average crude fiber content varied between 0.082 and 1.066% as presented in
Table 6 and Figure 16. As shown in the table, bread sample C and D had the highest
fiber content 1.065%, 1.027 respectively, while the lowest fiber content (O was
obtained in bread sample A. The results in this work were lower tl@ alues
obtained by Alessandro and Concha (2009). The values obtained for th r white pan
bread samples ranged between 2.00 and 7.50%. Ndife et al. (2 1) rmulated bread
e fiber contents that

samples with whole wheat and soybean flour blends. They; bl

ranged from 3.30 to 5.60%. The crude fiber in their t samplos higher than
those obtained in this study because the hull of the soW®en might c’c@llcd to
the fiber contents in their bread samples. MannaTSh‘ s . S\\"J("OOD) and

Islam et al. (2007) reported that soybeans r@vt fa?‘al 13@@01 dietary fiber
including the lignin, cellulose and hgmice UIEK 01 Qs The crude fiber

/

contents of the bread samples were W thdrecan men range of not more than

.’?y

6g/100g dietary fibre and other

(Shubhangini, 2002). %
The increased fiber con \ h@mal l ealth benefits, as it will help in the

O

digestion of the bma%nu oforr? utg;!onslipalion often associated with bread

“f;_/

produced ﬁom ﬂouf dCani a Onwubali,ZO()(); Elleuch et al., 2011), and

"1

dietary ilbr A an important ml&?in prevention of disease such as; cardiovascular

diseasg,

% sulosis, irritable colon, cancer and diabetes (Slavin, 2005; Elleuch et

al=s



4.4.5 Carbohydrate content and Energy value

The carbohvdrate content was determined by difference, which was calculated by the
following formula: 100 — (protein + fat + moisture + ash+ fiber). ﬂz
Eneroy values of the bread samples were calculated by multiplying pro¥n by factor

of 4, fat by factor of 9 and carbohydrate content by factor of 4 %zlo et al., 2011).

Table 6 and Figure 16 show the average carbohydrate fog COYH and other breads.

The carbohydrate contents of the bread samples ranged 341 W% with the

]
wdrage co 1«,1t:(ﬁ‘. bread

lowest value in bread sample A. The average of ¢
.J“&pccti\‘ely.
Statistical analysis (ANOVA) showed that Wbrch S les & significantly

the lowest moisture content.

‘ j z (
Malomo et al. (2011) in their sStudlp of n’&ﬁj;ﬂl ‘ommulalcd with composite flours

made of breadfruit, brc& and lfl e obla@ carbohydrate contents that ranged
¢

. o

| : .
from 42.22 to 46.939 > br s &)thls study were better to theirs, higher

carbohydrate co%kblaﬁ

: N ; .
bread nmkw\Assandm and Cong}fa (2009) obtained values of carbohydrate content

that va tween 38.90 and 48.00%. Bread samples C and D had higher

car@cs content than their samples. The difference was due to the difference in

the flour samples, baking procedures/conditions and methods of analysis.

The carbohydrate contents of wheat bread produced by Ndife et al. (2013) ranged

from 45.74 to 59.40%. The carbohydrate contents in this study were lower than that of



44

Ndife et al. (2013), however, the carbohydrate contents in the bread makes it a quick

source of energy for metabolism that aids fat metabolism (Malomo et al., 2011).

Table 6 and Figure 17 show the average carbohydrate for control and cm;rcads.
The energy values of the bread samples varied between 243.36 and __%Kcal. The
highest energy value was observed in bread sample C becau%zqd the highest

protein and carbohydrate contents. There were no signiﬁcqu'cnces among the

samples, except sample C. Alessandro and Concha (2 ef ort\tl?the energy
.
values of whole white bread samples ranged from 232. 260.00Kc ’ .3

Ndife et al. (2013) obtained energy values that \/aw
energy levels of bread samples A and B iltl\%yarc
Research by Ndife et al. (2011) obtair g :
285.60Kcal. The bread samples w

and soybean combined. The rest thi

except sample C which had thhesl egarayN#lye, despite the composite flour used

in their study. &\ |
R
Malomo et al. (20%0- hulafed |§r d“sa@y es with composite flours from breadnut,

\
4 : . _
) The biFadKanmis in their study yielded energy values that

breadfruit and

1987). The energy values of the bread samples were within regulatory specifications
of and energy (1000 KJ/100 g) minimum (SON, 2004). The bread samples contained
energy values in the range of 243.36 to 292.59 Kcal, and hence conformed to the

(FAO/WHO, 1994) recommended minimum energy content of 1674 kJ/ 100 g.
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4.5 Sensory Analysis Results

Sensory evaluation is a quantitative technique in which numerical data are obgined to

establish lawful and specific relationships between product chamclcrislic(m uman
perception (Wang et al., 2007). The results for sensory properties of tlfkﬂd provide

interesting preliminary findings (Abboud and Charles, 2012).

4.5.1 Quantitative Descriptive Analysis method i ‘

Sensory evaluation of bread samples was undertaken agd th®nosf accoy

of colour, hardness, taste, dryness, aroma and appc%Th S

analysis of the bread samples are presented in zble \n& 191 R‘YS Detailed
NV é\

discussions of selected sensory attributes a‘\%cd be

Table 7: Sensory le:é 1 rcswb\vxz

sensory

SAMPLES Crust Hardne¥ ry]@s Aroma Appearance

[§9]
)

A 4.50° &S.oz“ .85“(5 4.70° 6.20%° 43

iy
B 6.7(,} 4R "6.6?)(") 485 675" 7.32°
3 oh :
G 3 2 527 7 83 For G 5.55"
b 4

D 6.78" 520" &V 6.68° 5.02° 6.75" 7.60°
X S

Means that share a letter are significantly different (p< 0.05).
For dygst c@lour attribute, the mean scores ranged between 4.50 and 6.78. The bread D

showed the highest intensity of crust colour. The brownish bread appearance could be
directly related to the increase in fiber content (Hu et al., 2007). In addition, browning
of the breads could also occur due to caramelization. Moreover the crust colour

formation is mainly due to Maillard reaction which happens during bread baking.
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Siddiq et al. (2009) reported that the change in crust colour may be attributed to the
Maillard reaction between proteins and reducing sugars. They also reported that
during baking the amount of water on the dough surface quickly decrcaseﬂg'iding
favorable conditions for Maillard reactions resulting in darker brown c&%alislical
analysis through ANOVA gave significant difference when compawmurol bread

(D) with bread A and bread C, while there was no signii‘ic;llmcrcnce between

N

C SC Ct' ra @w from
A

bread B and control bread, sample D.

Al-Saleh and Brennan (2012) in their studies obtained st colo

ng‘\?orla et al.

hcy%ﬂincd sensory

258 to 5.77. The scores in this work were bettgk

(2004) obtained better results when compar‘@
scores for colour varied between 4.80 ai 30, Al-Sgleh e@ Brennan (2012)
O o b

gl ot a r(@ ontent. In this study

“« Q
bread A and bread C had the highcm) eip C and <é'eivcd the lowest scores in
NS
l

obtained a negative correlation betwee

(@]

crust colour.

The results for sensory ggrewof lln'dn S in@ study ranged from 4.02 to 5.25.
™ L

Malomo et al. (201 1)% ed fclrop @ge@%‘{)m 1.84 to 2.50. The samples of bread

in this work had <(,E extyrd whtn co@a\rcd to the bread samples of Malomo et al.

X
(2011). Rcsuh&/\l-Salch and Br ‘ﬁ@fn (2012) ranged from 3.75 to 6.84. The results

of this \\@c not too different from their findings. The little difference observed

ducag dilferent flour used in making bread. Ndife et al. (2011) formulated bread

—

samples with composite flour (whole wheat and soybean flours combined). The
texture (hardness) scores of their bread samples varied between 4.40 and 5.40. Their
findings and the results obtained in this research were similar. Borla et al. (2004)

obtained hardness scores ot 1.80 to 8.50.
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In their research, the breads were produced from wheat flour that contain no
commercial gluten and that enhanced the hardness (texture) of their samples. High-
gluten flours were used in this study and that was a reason for the little dislvgn the
levels of hardness. According to Gomez et al. (2003); Bakke and Vckow' (2007):
Akhtar et al. (2008) and Serrem et al. (2011), the baking condiliorythat include

temperature and time variable; the state of the bread comp nenz such as starch,

i mw of absorbed water

Rture %’Q Bread C
.

rdest grumb zr q%x:arcd to
A\

Q p 11‘04@?110 analysis

T
'cadamd the hardest
Q

fibres, gluten, weather damaged or undamaged and the

during the dough mixing, all contribute to the fin
obtained the highest score, and that means it was the
other bread samples. This result was correspondi
that has been discussed earlier, which als%wl

crumb. ANOVA gave significant differencd N
bread A and bread B, while no sigm?‘a dgfICren 'l@en bread C and control
bread. \

S
'S
The scores obtained for taste ofJthe Rrofigys nbl%ranged from 4.85 to 6.68. There

1CIRC

o

—

work were bettaig ¥ resfli ?inc Y Borla et al. (2004). The scores obtained for

: SO ., : -
taste in the ﬂ;« analysis of lhc&&Bread samples varied between 1.00 and 5.40. The

gluten,c in the flour samples used in this research for the bread production could
be ador that enhances the bread taste in this work. The result of this work was

also better to the results of Al-Saleh and Brennan (2012). The scores in their study
varied between 2.62 and 3.78. Ndife et al. (2011) obtained taste scores that ranged

from 2.00 to 5.00. The result obtained in this study was better than their finding.
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Ndife et al. (2013) did a comparative evaluation of the nutritional and sensory quality

of major commercial whole wheat breads and observed that the scores obtained for the

lower (2.06 and 3.89) to the levels obtained in this research. The poor resul®
to the breadnut and breadfruit flour mixed with wheat flour in w\ﬂ;x used for the

breads used in their study. Bread sample D had the hi score among other

as eWte bread 1is
‘X

There were no significant differences among the diyness > bregdFamples. The

scores ranged from 4.70 to 5.25. Sample@c highes scoé‘[or dryness. This
might be ascribed to its being produced %ﬂouﬁ& o8t gluten content. Al-
) S

Saleh and Brennan (2012) observed Sitive «Qrrelglidn ‘een water absorption of

flour sample and its protein cQnte our fsamfiie w'@gh gluten content has good
(

water absorption which enhanceg £ nétﬂ)@(/\l-Salch and Brennan, 2012).

However, according lo\ A B E} significant differences among all

¢
samples. The dlynesi% I maisture content. It can be seen that bread

C was the dries% dud @eli@erccptiolls and it had the lowest moisture
content wheK zed by using mo¥sgtire analyzer.

The%&:corcs for aroma, shown in Table 8, varied between 5.80 and 6.75.
Sample™© was significantly different from other samples and had the lowest aroma
scores. The results obtained for aroma in this study were not similar to the findings of
Al-Saleh and Brennan (2012). The aroma scores in their study ranged from 3.84 to

6.30. The aroma of breads in this work was better than theirs. The result in this study
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was better to the findings of Borla et al. (2004). They obtained values that varied
between 1.10 and 6.50. Malomo et al. (2011) produced bread samples from composite
flours. The aroma of their bread samples ranged from 1.22 to 3.74. The Y.

aroma attribute of the bread samples were higher than that of Malomo an : nh

[ﬁ

The composite flours used for their breads might have impacted on th %ma of the
breads. According to Hansen and Schieberle (2005), the uniqwzm of bread is
mainly influenced because of the generation of suffi 'mWaum of volatile

compounds, influenced by yeast during fermentation. \d
®

The overall appearance of the bread samples

ged .32 tof7. A%&’ﬂmplm
T

am éﬁ r samples
1211@t ed from 1.24 to
‘@91 this research was
N

o)

b in this study were also

AN
el ol@cd scores between 4.20 and
A Ny

rat
A and C were significantly difference from each 0%— I at

(B and D). Malomo et al. (2011) reported@ncc S

- O
better. The appearance scores of lhc\%ﬂu :
ranked higher than those of Ndife YVQO'I E
4.90. High gluten content in brcaa

.90. High ¢ S amyple® “mch might have enhanced their
appearance. However, tl&}t jthe )pca @ scores of the breads in this work
were similar to the ﬁ 0 N 11 ef( 13) They obtained appearance scores
that varied bel\ 02 ‘dﬂ Tl appearance of the bread samples could be
des ubcd as 'hcn (,Oll]pdlcd c bludy of Ndife et al. (2013).

The a I 0[ the bread samples in this work could also be compared positively
with th®™read samples studied by Borla et al. (2004). The sensory scores for

appearance of their bread samples were from 5.80 to 7.90. The scores of appearance in
this work were not different from their findings/results. Al-Saleh and Brennan (2012)

obtained scores that ranged from 2.62 to 7.19. These results were lower to the



appearance of the bread samples in this study. The high-gluten of the flour samples
used in this study might have contributed to the better appearance of the bread

samples.

N§
A

Sensory Evaluation of Bread sample

Scores
"3

’ (J")

Fig &'ﬁ v] a@results of the bread samples
& . 5
AN &
~



4.5.2 Hedonic/ Liking test

A 7 point Hedonic scale rating was used in evaluating the sensory attributes of bread samples,
where 1= dislike extremely and 7= like extremely. The results of hcd% est/ overall

acceptability of bread samples are presented in Table 9. : s )

Table 8: Hedonic scores/ overall acceptability of bread Symples

Hedonic Scores

Samples A B

)le{& us{é)&/lmving the highest scores for

75

U S
nul&ibn of bread with composite flours, and

’ >
they obtained scﬁ&t range 1‘1'8'111\3?2 to 3.89. This showed that the consumer

9
acccplancc& samples were better to their bread. Ndife et al. (2011) formulated
breads wilgawheat and soybean flours, and they obtained overall acceptability scores

rom 3.80 to 4.40. The results of this work in term of overall acceptability

A and C. The panelists pre%z
appearance, aroma, taste K&g[ S
B

Malomo et al. (201 1L&&Qgfated ftheo

[¢]

that rang
were better to the results of Ndife et al. (2011). This could be as a result of pure wheat

flours used in this study. Ndife et al. (2013) in their study of different commercial
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breads obtained 6.04 to 7.15 as their overall acceptability scores. Their result was

higher than the scores obtained in this research.

Scores
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