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Introduction

Bran-enriched bread is a source of dietary fibers and other nutritional compounds; However, wheat bran also contains
phytic acid, asparagine, a high ratio of insoluble to soluble fiber, insoluble arabinoxylans, and glutathione that cause
nutritional and technological problems in the product. Therefore, to produce bran-enriched bread, it is necessary to use
pre-processed wheat bran. Despite the modifications made in wheat bran to improve its nutritional and functional
properties, wheat bran-rich cereal products have a dark color, rough texture, and small loaf volume. To improve the
quality of bran-enriched bread, common additives in the bakery industry such as enzymes, alcoholic sugars, emulsifiers
can be used. Xylanase is one of the important classes of hemicellulase enzymes that delays the aggregation of amylose
chains, and consequently, bread staling. Moreover, the xylanase enzyme increases the loaf volume by converting water -
insoluble arabinoxylans into soluble ones. SSL emulsifier can interact with gliadin protein and prevent its participation
in crosslinking bonds, which softens the bread crumbs. Polyols can reduce water activity and improve the softness of
bread. Sorbitol is commonly used in starch-based foods to improve their quality by modifying starch gelatinization and
retrogradation. So far, no article has been presented on the simultaneous effect of enzyme, alcoholic sugar, and emulsifier
improvers on bread enriched with processed wheat bran. In addition, the amount and composition of improvers used in
combination with each other can cause various effects on different properties of bread. This study aims to improve the
technological, physicochemical, and finally stalling of optimal bread enriched with 15% of pre-processed wheat bran
while benefiting from the nutritional properties of wheat bran.

Materials and Methods

In this study, the effect of sodium stearoyl-2-lactylate emulsifier (0-0.8%), xylanase enzyme (0-0.05%), and sorbitol
sugar alcohol (0-6%) as improving agents on The physicochemical and technological parameters of bread enriched with
15% pre-processed wheat bran were investigated based on the response surface method in the form of a rotatable central
composite design. After that, design-expert software determined the optimum percentage of improvers to achieve the
minimum amount of firmness and cohesiveness of bread and the maximum amount of specific volume, moisture of bread
crumbs, lightness of bread crust, and solidity of bread pore structure. Finally, optimal and control samples were compared
using the Differential Scanning Calorimetry and Scanning Electron Microscopic experiments.
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Results and Discussion

The experiments showed the bread's firmness under the influence of SSL emulsifier and sorbitol alcoholic sugar and
chewiness, by adding SSL emulsifier and xylanase enzyme decreased significantly. All three improvers caused a
significant increase in the specific volume of bread. The pore characteristics of bread crumbs, such as solidity and
circularity, were significantly improved by adding an SSL emulsifier, and roundness was considerably enhanced by
adding sorbitol alcohol. The brightness of bread crust was also increased significantly by the SSL emulsifier and xylanase
enzyme. In addition, the Xylanase enzyme improved the moisture content of bread by substantially increasing the
moisture content of bread crumbs, and alcoholic sugar and SSL emulsifier with a significant reduction in crust moisture.
Moreover, the chewiness of bread on the first day after baking, specific volume, moisture of bread crust on the third day
after baking, and the solidity of bread crumbs were significantly improved due to the interaction of SSL emulsifier and
sorbitol alcohol. Also, the interaction of the xylanase enzyme and SSL emulsifier improved the specific volume, moisture
of the bread crumbs on the first day after baking, the lightness of the bread crust, the pore area fraction, and the circularity
of the bread crumbs. Finally, the optimal formula was obtained, including 0.563% of SSL emulsifier, 0.040% of xylanase
enzyme, and 2.356% of alcoholic sugar sorbitol. The results showed a significant decrease in enthalpy and an increase in
the initial gelatinization temperature in the optimal sample compared to the control ones. Also, a weaker gluten network,
more swelling, and amounts of starch granules in the microstructure of sample bread were observed.

Conclusion

In conclusion, SSL emulsifier by interaction with amylose and amylopectin in starch granules, sorbitol alcohol via
interacting with water molecules surrounding starch chains or by bonding between starch chains in amorous regions, and
xylanase enzyme through reducing rate of crystallization can reduce the gelatinization of starch granules, enthalpy, and
finally the retrogradation process of amylopectin and stalling rate of bread with their synergic effects. In this research,
we formulate the wheat bran-enriched bread that not only benefits from the nutritional features of wheat bran but also
preserves the quality characteristics of bread.

Keywords: Differential Scanning Calorimetry, improving agents, Response Surface Methodology, Scanning Electron
Microscopy, Wheat bran enriched-bread.
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YV s IS8 g 50015 0 T (dLSY- Y- 59 yLiaa! w3 Limand gol yT (o 2 csl )50 g L)y

LS'L“")’ UPgw D P‘.& ).u.B L5)"§ o)'IJJI .(DOSt and Tokul, 2006)
Syl 3,5kl (glo Jslomo L ialojl )50 digas  oilosdly 25
O e e 5 005 J 58 Ll o8 s 4S50 g ol
&layes (AOAC, 2000) iy plocl 0)s8 ba, 4 5usShs 4
S35 o3l Gyl ookl b ugas)> Jobrali 5 Jolre (25
5,5 )5 ogeil 3y30 AOAC — AAVEY 3wkl sl
ol jl ool b Logaw jd ol (g pSsjll . (AOAC, 2000)

(Kassem and é )5 < yg0 4105l SFF 250 Job o (ol Gl
JAmin, 2013)

IS gaes pana (L dagd Gl

Il 3em 2 4883 Y ke 4 £ 9.3,] (6509 dlgo Il )
W48 bglee ,5uS L uiS” 595 L (HGE50TMEM e Huger)
5 o g B03,5 ALl bglste 4 i aids U ol 0 Of yusaw
3 8 Pl (jem A5 593 b (935 bglsee olel ads ¥
ol )5 YO+ ()59 b (Sledad &y e ¢35 bglos als s plosl
Olej ey W pod day dls po 50800 )8 0,5 w9 00D (e g
Joyd VO s Cagboy g 01,8 il doyd ¥o glod jd 4dds Y-
/0 sl b ogunall LB 315 ;5 0 Jgy yusww 53,5 o yiaol
Odo dy (g yeesS dls o plsl gly g Bus aLBlIS /0 % VA/0
2 o A il Cugby 5 0,8 Bl da 0 YV glod o el )
il INCO2/108 s Memmert CO2 Incubator) albke
A8B YO o 4 1 jrad  SLL als e y3 0505 00l )5 (el guiS
Jde SiNMag) oleb cou y3 45 31,5 Ble a0 YA+ gled o
Lo (glod 15 ulis | oo dy yapus 505 45y ((SM-TO5E-E
(Ghoshal w3 )5 )18 Al b guis 5l olbdius 10 5 0as S5
(etal., 2013

Ob Yo g diuugs gl ) 5 puSo 3wl
o e 9 Jol 59y 0 L she g atwgy Cogb) (lyie
(AOAC, 2000) 15 (¢ xSo;l5l AOAC _jbg, (wluly ey

b oo gads paa (5 S0 il
bl (U (a8 3pm 9 €3yl o) V o b w2 (S0l
O35S o b s 9 35 plol 0] s ol (bl eslitnl

(AACC, al canddty pogase po jlde dac)l o » e
(2000

2o 3 puiS ol )] (ol (slab 3 pogatie p2e (gen
slidgol) K03 02im335:: 3lge ol sy 5l al (199381 do sty
A5 w3 g 03l )18 el cow 1y ol 2 Shas (5515 g il
(Da Silva et al., cuwl ails Jogase w2 p 2y B
39581 45 395 s oyl §) Slo ,%d sladllas gl Ll .2016)
ol g M-l glaes 3T b S5 0 b olesay JLM; o5
Cubly (b cdl (ghe g pogate w2 p Sy S jlalslS
(Grausgruber et al., 2008)

g Sl poles I gheejpy el addllas (il ) Ban
Sl ol 2 9 (2lond g 18 (K JgleiSS Dluogiad dgu0 pAiS
1 bl o pAiS 00 (59l48 (womw do 3 VO b odds & dingy U
o3litul puiS 045 (5918 wgaes 31 b (3l i sl pglae cnl
pliedgal (gosin3900 £9 A (iiSen g Jiuwo SI g A
w2 (Bl sla Shg 2 S5 w3l g Jstaryge (JSIN 43 SSL
Ob jre Shis o Shy 5 SOy iy I agby (ogatte
odiaddgup 0dle £o5 duw (pl bl Ll 4 puioman w105 dslllas
ol dige oS5 g 3 b 2o 0ad S5 sla Shy p ke S
Ob Sl p b slen; 9 Gl ol s Gk I Slgie
Cuto SlBlen S puS 0dd (gysl g 20> VO Losd (8
ol 0395 Jaide (s b Al atisld

g, 9 290
ol (659l y3 pAS Logaw oy VY gl yScil a0 b paiS )
siligdgol (39,50 B0+ 31 5205 @3 03l b (oo yo 00 ypa3)
5 b 15§l iy Jlb Sits jase ¢ U5 o] SSL
Ao Lj“’?‘))é oKisls LS"J‘C é’Lu.O u9l)l) ‘(ulﬁr‘) Ly LS’MJ"
ol e 5 8 5 (S 1) Lo i) ol 35 ol i)
53] 3 o0lizul 390 (o dgo &S 105 k8 (e ) 532
58238 el (1,61) LoSms g (o)) S o slocS 5l 55 1o
uoy.a?u OB 03gaR ¢ 23> (H9N uT 29 so..cs) ‘)s\w «Sas
535 e e i 5 5 Jsienge (IS 05 5 e ol
Gl g 5 0)] Sladisel o2 g gy LSB Cagh,
oololy YomVe g FEOY CASVY FFNR ol oy b ullae
5 ian ez «asby 135 oy (AOAC, 2000) 3kl
MAA o )3 VIV o WWIYA G5 s paiS 5] ol S
o3litul b s ;0 Std Sl (6315 051051 09 Aoy /05 5 duo
b arle (31,55l ol alows 4 ool 8 L (3ol gy 5
CE )5 Oygo yegli PP gge Job 53 Sldd (SNIL YL
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8- Pore number

9- Pore area fraction
10- Circularity

11- Roundness

12- Solidity
13-MATLAB
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1- Weight loss

2- Hardness

3- Springiness

4- Chewiness

5- Cohesiveness

6- Differential Scanning Calorimetry (DSC)
7- Scanning Electron Microscopy (SEM)
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oo (5o puiin 180 (4 poS E5S o das Slado 1y i W1 oo
SSL emulsifier (%)
(3> ) SSL. plisulse 0 0.4 0.8 0.63784
Xylanase enzyme (%)
. i .02 . .
(53 o) 3015 o] 0 0.025 0.05 0.039865
Alcoholic sugar sorbitol (%) 0 3 6 478381
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4- R-squared (R2)
5- Adjusted R-squared (Adjusted-R2)
6- Coefficient of Variation (C.V.)
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1- Design Expert software
2- Central Composite Rotatable Design (CCRD)
3- Lack of fit
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Table 2- Physicochemical properties of processed wheat bran (mean + standard deviation)

Properties Processed wheat bran sample
S50 3,90 S S 59 o (55913 wgrw diged
Crude fiber (%)
(1> ) Py 10.075+0.085
Soluble fiber (%)
(g o) Jsloee o 14.35+0.0150
Insoluble fiber (%)
(1a0y> ) Jglonels s 44.516+0.0160
pH (%) 5.403+0.005
(M)J A.,u»)g) pH
Protein (%) 15.883+0.015
(o3> s ) (g 0
Fat (%) 7.190+0.020
(Mo cuns ) 22
Ash (%)
(23 comn ) Sl 7.033+0.035
Phytic acid (mg g%
(53 o) Sz g 14.41+0.410
Iron (mg 100g%)
(55 Ve 23 25 (oo e ) 2 23.840+0.030

Hardness 1 = +2.39 — 0.3175 * A — 0.0749 = B — 0.0786 * C — 0.1474 x AB — 0.2346 x AC + 0.0889 * A —

0.2443 * B? — 0.0653C?

(V-asles)

Hardness 3 = +2.80 — 0.1634 * A + 0.0199 * B — 0.2144 * C — 0.1728 = AC + 0.1419 * BC — 0.0641B?
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Chewiness 1 = +0.0044 — 0.0006 * A — 0.0003 = B — 0.0003 * C — 0.00003AB + 0.0005 * AC — 0.0008 * BC

+0.0004 * A2 — 0.0003 * B — 0.0002

(Y—dsles)

Chewiness 3 = +0.0056 — 0.0002 * A — 0.0003 * B — 0.0003 * C — 0.0001AB + 0.0002 * BC — 0.0006 * B2

—0.0006 * c?
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Cohesiveness1 = +0-3148+0-0013*A—0-0048+*B—0-0108*C+ 0-0085AC — 0-0020BC —

0-0148 * A> +0-0052 B2+ 0-0034 C?2
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Cohesiveness 3 = +0-2735+0-0052+«A—0-0101+«B—0-0067+C+0-0341* AB—0-0164+«BC+0
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Springiness 1 = +6.87 — 0.04294 = A + 0.0011 * B — 0.2035 * C + 0.0865AC — 0.1159 * B2

(V—dlsles)
Springiness 3 = +6.87 — 0.2391 * A — 0.0863 * B — 0.1599 = C — 0.1189BC — 0.1025 * B2 — 0.0821C?

(A—dsles)

g ‘il "
— ‘§ 2 %J 32
2 = z 3
E = n N 2.8
- —~ 2 BN i
= . 2
2 3 : 3
5 T X
&
- e 0.637841
17838 a 0.637841 S
~ N
~ ¥ \ 0.518921 S ~
S ; : . v S o
T e . +Jr 0.281079
& 22551 0.281079 0/0\ £ y 0/‘,‘
%Q N~ i;“ ? SS‘J( s \,; 1.21619 ° 0.162159 SS‘J\
N

s 2 2
: %3

:

R
o
SISO
SISO
COCEICITIITS
OIS
0RS
Q’Q‘

Chewiness 3 (Nm)

(0 998 ) oy Joy age s 5y,

0.0398651

Chewiness 1 (Nm)
(e 9w ) Jl 59y pgn s

~
S
A %
e
- 0.63784 SRS .~ %
S N — C. = 2
F S A DA
£ ; b  =¥%
) i\ '_\ : '1‘.7.’585 0.281079 J uv -
@ £’ 3 1.21619 " 0.162159 S \°/°‘ -
A S
NS
>
:]
= s
2 L2} 3
= 3 £ d
z @ Y
£ 3 £ 2
% a 2 D
g s 1
g .33 © o
v
3
478381 <5 = 0.0398651
0.0398651 S i 0.0324325
3 S A
is S :é S e\\° & 2355 0.017567¢ ,\‘g
%e s A x o 0.017567% s O = @ g’ 3 “7121619 7 0.0101349 —~ v ?: %
éi’ -,’ '1.21619 " 0.0101349 i C‘é E %‘ 2 \~]° ‘g :é; K
< ® - o
s - <
2

€8 3l om paw 9 Jol 595 3 OB (L S S 29 (12 e e 51-) S
Fig. 1- The interaction of variables for textural properties of bread on the first and third day after baking
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Fig. 2- The interaction effect of variables on the parameters of specific volume, weight loss and moisture of crust and crumb

of bread
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Fig. 3- The interaction effect of variables for the color of the bread image and the pore characteristics of bread crumb
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Table 6- Thermal properties of optimal and control samples (mean + standard deviation)

Initial A Initial Gelatinization
samples gelatinization Gelang;iatlon Gelatinization gelatinization peak Gelatinization
temperature tem gr ature on enthalpy onthe  temperature on temperature on enthalpy on the
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Optimal
sample 81.22+3.035° 101.34+32 58.10+3.0052 66.10+3.022 101.33+3.05% 113.16+3.01°2
At Aged
Control
sample 71.16+3.012 98.26+3.0352 163.26+3.035° 64+32 96+32 211.33+3.51°
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The presence of numbers with the same letters in each column indicates that there is no significant difference between the two

samples (p < 0.05).
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Fig. 4- SEM images of optimal and control samples from left to right respectively
(Red circles represent starch granules).
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