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Table 1 Range and their levels of each independent variable in response surface methodology model

Overall Acceptability

Independent variables Symbols
-1 0 +1
Potato fiber A 2 4 6
Nigella sativa Linn concentrate B 5 10 15

cde [N] sl Ko 0L SuS Oped ol Sl s
5 el o, BLS Ol LRIl L ced 06 als L5
GRIA s s ofan s Ol Dl (el e b
Ob oy pln 4 pn blacsl pile w53 5 Jasms a3 Sy
O YL polie 5 0L e sl il Sl el s
5 sl (IS 5b 4 aal et VL el 5l 6 Wl e
P8 SRl s e N Sl 4 e ol et gl
Gl Ob o sasie g EaS[YY]53 S o pesa anl 3
i Ol or B fe o3 el 5 0 g Ol
e (o3 Y) sl e 83 03533 iz [TY ]
Iodoms o (o3 V) W slie 5o 5 das o (2l 53l 15 0L
S LS EIE () OhKas 5 oS5 SVl e ials
s3Ws 3 5 SRl 0L e 1l b g 55 5 d gl 03581 L
LS f e 055 s o st 53 il oo RS O e 5L
0ol A edalin 06 g2 sl gre JIYL slis o
Wi banglie 1315 00 oo aom OIS 5 Ly 05

.[‘\];\;V;&ls,uu

b 3od Jelss s ~Y-F

SIS Ssb a5 o b ke e bl Sl S s
e bbb 5SS a0 0L e 5o ke sl 4 6, La

[Ye]sss0 slod & 0L jae &S (ol s 5o

1. Crockett et al.

Yoo

ow @L‘b -y

L god atndls @L:; -\-¥

35500 e 4 2l 5L Y pmmme 3 g Dl (S5 ardls
SMEE kS Gpan g Jpame SRS Sy L
Ry N R R NS R A I AL (O
oS 5 ) e e &S b Ol andls p alaals
Sl e G Gl 4 e Sl 85,
clzm 02 oS e ol flie Sl ety (Spe/ed)
3 ar Sl S 4 o mllS bl sme A0
VIKE a5 b isls OLES s pme 8 5 (SPr/e0) Hls o
e Gl LS 8 S and Ol e Y s
sl 505 0,8lS Olpe Lalpl b s Ll s
S0 ety Olee 5 O 5l e 5 S a5l azels
Loslad,ble L Ol & glelade LB 55k 4 0L 0o
g bl (Ko ase e 53 5 S S S5 035
(ol Sl 5 me Slyda 5 S Olsee (Jrags opl 53 &Sl 4
03 e Dsline pUls @ Ol e 1 atdls et 500 5
S s Bl b S AaS] g @S
O ey 505 5lrs WU (glos s a8 ds Coly a5y 5 ) s
Ladd slS 5 5l b g lle sla ol Olgie 4 5 L5

ERST bl by s slele (K0 LUy aesS Jae



\Y’QI\)}_{J@;‘ c\-\ 092 A\AJLAJ&

e @W}f}lﬁ

Table 2 Regression coefficients of responses models fitting for effect of potato fiber and Nigella sativa
Linn concentrate on the physical characteristics of gluten-free toast bread

Term Density Porosity
KO 0.8150%** 16.91%%*
A -0.1298%* 10.07%%*
B -.0487%%x 6.69
AB 0.0171* -146
A’ 0.0102%* -0.69%*
B? 0.0023 -033

A’B - -
AB’ -0.00075%* 0.0731%*%*
Lack of fit (p-value) 0.387 0.441
R’ 0.800 0.685

Significance level: * p<0.1; ** p<0.05; *** p<0.01.

A (%)

A (%)

Fig 1 Counter plots showing the effect of potato fiber and Nigella sativa Linn concentrate on the density (A) and
porosity (B) of gluten-free toast bread
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Fig 2 One factor plots showing the effect of potato fiber and Nigella sativa Linn concentrate on the moisture content
of gluten-free toast bread (m,Black: Day 1; A ,Red: Day 2; @ ,Green: Day 4)
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Fig 3 One factor plots showing the effect of potato fiber and Nigella sativa Linn concentrate on the hardness of
gluten-free toast bread (m,Black: Day 1; A ,Red: Day2; e ,Green: Day 4)

S Slen 5 (IS Ol 5 wlab s 0 ol
556 e ol Ll e At s e 149 e
il e ls omxe 744 clzm 53 (Ol 5 o mlics Oloj 5 ,ub)
wldalow 055 5 0 BluiS 5 fee) o b Todr 4 a5 L
O (S ol 51060 a)55 (b LT Jlise 1 5

sl olis cs
350 0% cormmen L3l el Ol G ess 5 Jl S
S s 5 Jsl S 4 S S SUE L (Sase eoler
39y 3 L;:Mﬁ ldalow 85 5 0 BleS 2ol L sl ol
FeS Dl w polex 5 es Sas 03 Jy a8 s 4 Jl
Ol 0Ly (b5 S o5k il S Jsl o) 4 cond
Gb oy oob Ol el Wy cls 06 S oluw
23S 5 kb IS S5 TSSO (kS slatagy

.[YV]MR&ﬁ)\sdm&hS@ﬁm

s

03 b e i b MBI LTSS 4 s L
S P S e Iy Rl Il pole 5 e (Jl slass,
Sl b clialon o 5LiS jogas 53 il o ks O O
ol ess 5 dh Glasas o wldalw 55 5 6 BlaS Ol
s 385 i OT 51 e 5 SRl Il polex 555 53 5 3L
Ll Rl B Gt OB (s Sl i Olgoe Oloj (b 55 (S
ol s 03 5 S pss s dol slassy (b OT Ol Ll
Sl Slosat S A IS agk s ol s
ol 3 5 Sl IS 5 5T 0358 S o et
(SP/0) Jlspmn sl b (2Ken s o LS sl 1 L
(o3 Ol SRl Ll o150 a3 s 4 oS o

Dv]est Sl sl ae i
Sh bl S Ol (S ¢S Sl e 1 K
L ol Sl g sy SV pams kS o oS oS
AV o et b e GOL s a8 sla et
Sb s S Sl @B a4 ey L[S e sl

(i b 3SBoaw s oS sl Ol Y s Ol



Qbﬁjéﬁuﬁ‘j}fm‘M@oﬁmubjﬁ‘j‘ J"b-)‘wj&lﬂ;:l"‘dbf

Cohesiveness (-)
Cohesiveness (-)

Cohesiveness (-}

Time (Day)
Fig 4 One factor plots showing the effect of potato fiber and Nigella sativa Linn concentrate on the cohesiveness of
gluten-free toast bread (m,Black: Day 1; A ,Red: Day2; e ,Green: Day 4)
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Fig 5 One factor plots showing the effect of potato fiber and Nigella sativa Linn concentrate on the springiness of
gluten-free toast bread (m,Black: Day 1; A ,Red: Day2; e ,Green: Day 4)
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Fig 6 One factor plots showing the effect of potato fiber and Nigella sativa Linn concentrate on the chewiness of
gluten-free toast bread (m,Black: Day 1; A ,Red: Day2; e ,Green: Day 4)
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Table 3 Regression coefficients of responses models fitting for effect of potato fiber and Nigella sativa
Linn concentrate on the moisture content and textural properties of gluten-free toast bread during storage

Term Moisture content Hardness Cohesiveness Springiness Chewiness
KO 15.48%4* 2777000%** 0.03405*** 0.01641 35000%**
A 15.25%4* 22715000%** 0.12725%** 0.02971 228000%**
B 1.90 8000000 %+ 0.06076*** 0.13636 382
T 55.99%#* 2853000%** 0.04853*#* 0.01870 543
AB 17.71%%* 38000 0.00019 0.000111 71000%**
AT 2.72 89000 0.00350%*** 0.00026 1000
BT 3.06 17000 0.00706*** 0.00365 5000
A’ 0.22 1311000%** - 0.00666 59000**
B’ 0.02 383 - 0.00604 12000
A’B 36.11%** - - 0.01282 24000
AB’ 6.51%* 353000%** - 0.00422 43000%*
B’T - 270000* - 0.00251 -
Lack of fit (p-value) 333 117000 0.00076 0.00084 12000
R’ 0.648 0.863 0.887 0.781 0.373

Significance level: * p<0.1; ** p<0.05; *** p<0.01.
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Table 4 Regression coefficients of responses models fitting for effect of potato fiber and Nigella sativa
Linn concentrate on the colorimetry of gluten-free toast bread

Term Crust Crumb
L* a* b* L* a¥ b*
KO -54 2¥** -3.95%** 20 5%** 84 8% ** -1.120%* 25.5%**
A 78.1%%* 1.35%** -11.3 -8.43%* 1.1012%* -6.12%*
B 2.49%** 1.26 -0.78%** -7 A5%** - -2, 13%**
AB -4 Q5% ** -0.292 0.343%* 1.29 - 0.557**
A’ -10.9%** -0.047 1.61%** 1.03** 1.027* 0.652
B’ 0.299%** -0.0668 -0.067 0.186%** - 0.0288**
A’B 0.877*** - -0.0863%** -0.152%** - -0.0609**
AB’ -0.120%** 0.0153*** 0.0217*** - - -
Lack of fit
0.899 0.238 0.686 0411 0.147 0.988
(p-value)
R’ 0.970 0.667 0917 0.945 0.283 0.887

Significance level: * p<0.1; ** p<0.05; *** p<0.01.
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Fig 7 Counter plots showing the effect of potato fiber and Nigella sativa Linn concentrate on the colorimetry
characteristics (Right column: bread crust; Left column: bread crumb)

Table 5 Experimental and estimated values using models for physical properties of gluten-free toast bread

Parameters Estimated value * Experimental value”  Error (%)
Density (g/cm’) 0.535+0.015 0.563+0.029 5.0
Porosity (%) 52.2+1.0 54.0£1.9 34
Crust L* 52.6+1.1 54.6+£2.0 3.7
Crust a* 1.5+0.1 2.7+0.3 46.1
Crust b* 7.34£0.5 10.1+0.9 28.1
Crumb L* 41.7+0.6 46.0+1.2 93
Crumb a* 0.7+0.1 52404 85.7
Crumb b* 7.5+0.3 13.24+0.6 428

*and ” indicate the mean=standard error and meanstandard deviation , respectively.
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Table 6 Experimental and estimated values using models for chemical and textural properties of gluten-

free toast bread
Time (Day) Parameters Estimated value * Experimental value”  Error (%)
1 Moisture content (%) 449404 46.8+0.9 4.1
1 Hardness (g) 14954108 17124216 12.7
1 Cohesiveness (-) 0.531+0.007 0.499+0.016 6.3
1 Springiness (mm) 0.586+0.023 0.632+0.011 7.8
1 Chewiness (g.s) 50173 497+34 0.7
2 Moisture content (%) 43.9+04 43.8+0.9 0.2
2 Hardness (g) 1763+£108 1980+216 10.9
2 Cohesiveness (-) 0.455+0.108 0.424+0.016 74
2 Springiness (mm) 0.576+£0.011 0.530+0.023 8.7
2 Chewiness (g.s) 457+34 445+73 6.8
4 Moisture content (%) 42.6+0.4 40.5+0.9 5.1
4 Hardness (g) 2205+108 24224216 8.9
4 Cohesiveness (-) 0.407+0.007 0.376+£0.016 8.3
4 Springiness (mm) 0.543+0.011 0.500+0.023 9.2
4 Chewiness (g.s) 467+34 455+73 2.7

“and " indicate the mean=standard error and mean-standard deviation , respectively.

2 Ol S 0mley JBlas 6 5 glte & 06 0 g e 3 Koo
ot @l on Sl BB e s (SASSS Sl e
doys V0 gol= s OU &S sls Olis Oa¥ge 3 (g5l
G e b Lo s V/0 5 dlialis S 5,

.::;yswﬁyjjgﬁ-juﬁ%w;@

@L:.a -¢

1382. Cereal and cereal
ISIRI number

[1] Anonymous.
products-Flat bread-Sangak.
6943, [In persian].

[2] Mohsen S M, Yaseen A A, Ammar A M,
Mohammad A A. 2010. Quality characteristics
improvement of low-phenylalanine toast bread.
International Jornal of Fodd Science and
Technology. 45: 2042-2051.

[3] Lazaridou A, Duta D, Papageorgiou M, Belc
N, Biliaderis ¢ G. 2007. Effect of hydrocolloids
on dough rheology and bread quality
parameters in gluten-free formulations. Journal
of Food Engineering. 79: 1033-1047.

[4] Moore M M, Schober T J, Dockery P, Arendt
E K. 2004. Textural comparisons of gluten-free
and wheat-bread doughs, batters, and breads.
Cereal Chemistry. 81: 567-575.

[5] Belitz H, Grosch W, Schieberle P. 20099.
Food chemistry. 4"ed: Springer-Verlag. Berlin
Heidelberg, Germany.

[6] Marco C, Rosell C M. 2008. Breadmaking
performance of protein enriched, gluten-free

Y4

P G5 St
)sdfy,uljjd»‘cmliclz.ﬂdijJAS;bQLiJ&tEmj@u
Salgdy Gladds 5 8 4 Cud O Sl s (5l ang
ple Opo3l Lsg o ol gme 5 YU s cu e )
Sl eslgliy sladie L8 Kl oS s s 2515
sk el Lol g Sy e i o edd
s o 5lS g JaulE JS L Ol e oS sl 0L
Cod mlie St S L s 00 a4 s s ud 5 sl
Osd OL OV g0 b o5 28, LS 5 5l eslanal Loil
@, 0L CdS 5 et Slosat  Solie Sl 58
L e obtle s sl s o mleS 5l eslinal (IS 5 5b
Ob Llle » bappsisn b bies (2800 S o Cidn
Sl s e 3L Sy e S s dmes LIS 3G
L;b.-q.guﬂjﬁﬁﬁbéw\ﬁbypygjsdw
Sl OLE G 4 e 8Os SV 5 ke
oslizal L Ol oS 555 s G 6,93 b I
Sheslial sped o 1y JSC0e ) e 5 s Olesen
s U Sl sar 5 ol pme sk 4 dldal dbes
Olser & LOL Sloosast 555 OF G333 o 3 M58
S Ol 4 W5 e Sliab o BLiS 3l (Siew OF G uze
oslizal 5518 Oal slaot O}:—A—NYJAJAJQ‘;\_EMJJ\@M

slye B 5l ole Osa¥se ol el s ol L 3s S



OB AS 5 (S ol p el o Sl 03558 S

b e 5 M 53

Analytical Chemists. Washington, DC.

[18] Wang J, Rosell C M, de Barber C B. 2002.
Effect of the addition of different fibres on
wheat dough performance and bread
quality. Food chemistry. 79: 221-226.

[19] Majzoobi M, Ghiasi F, Habibi S, Hedayati
S, Farahnaky A. 2013. Influnce of soy protein
isolate on the uality of batter and sponge cake.
Journal of Food Processing and Preservation.
1-7.

[20] Jia C, Huang W, Ji L, Zhang L, Li N, Li Y.
2014. Improvement  of  hydrocolloid
characteristics added to angel food cake by
modifying the thermal and physical properties
of frozen batter. Food Hydrocolloids. 401: 227-
232.

[21] Ziobro R, Witczak M, Juszczak L, Korus J.
2013. Supplementation of gluten-free bread
with non-gluten proteins. Effect on dough
rheological properties and bread characteristic.
Food Hydrocolloids. 32: 213-220.

[22] Phongthai S, D’ Amico S, Schoenlechner R,
Rawdkuen S. 2016. Comparative study of rice
bran protein concentrate and egg albumin on
gluten-free bread properties. Journal of Cereal
Science. 72: 38-45.

[23] Storck C R, da Rosa Zavareze E, Gularte M
A, Elias M C, Rosell C M. Dias A R G. 2013.
Protein enrichment and its effects on gluten-
free bread characteristics. LWT-Food Science
and Technology. 53: 346-354.

[24] Rostamian M, Milani J] M, Maleki G. 2011.
Utilization of maize and chickpea flour for
gluten-free bread making. Journal of Research
and Innovation in Food Science and
Technology. 1: 117-128. [in persian]

[25] Pouresmaeil N, Azizi MH, Abbasi S,
Mohamadi M. 2011. Formulation of Gluten
Free Bread Using Guar and Microbial
Transglutaminase Enzyme. Journal of Food
Research (Agricultural science). 21: 69-81. [in
persian]

[26] Tung M T, Kahyaoglu T. 2016. Improving
Rheological and Baking Properties of Gluten-
Free Breads Using Defatted Hazelnut Flour
with Various Gums. International Journal of
Food Engineering. 12: 343-353.

Y.

breads. European Food Research and
Technology, 227: 1205-1213.

[7] Witczak T, Juszczak L, Ziobro R, Korus J.
2016. Rheology of gluten-free dough and
physical characteristics of bread with potato
protein. Journal of Food Process Engineering.
40: 1-11.

[8] Aprodu I, Badiu EA, Banu L. 2016. Influence
of protein and water addition on gluten-free
dough properties and bread quality.
International Journal of Food Engineering. 1-9.

[9] Crockett R, Ie P, Vodovotz Y. 2011. Effects
of soy protein isolate and egg white solids on
the physicochemical properties of gluten-free
bread. Food chemistry. 129: 84-91.

[10] Korus J, Witczak M, Ziobro R, Juszczak L.
2017. Hemp (Cannabis sativa subsp. sativa)
flour and protein preparation as natural
nutrients and structure forming agent in starch
based gluten-free bread. Accepted.

[11] Shevkani K, Singh N. 2014. Influence of
kidney bean, field pea and amaranth protein
isolates on the characteristics of starch - based
gluten - free muffins. International Journal of
Food Science and Technology. 49: 2237-2244.

[12] Khan M A. 1999. Chemical composition
and medicinal properties of Nigella sativa
Linn. Inflammopharmacology. 7: 15-35.

[13] Lunn J, Buttriss J. 2007. Carbohydrates and
dietary fibre. Nutrition Bulletin. 32: 21-64.

[14] Yaghbani M, Mohammadzadeh J. 2007.
Optimization of extraction and precipitation
conditions on preparation of protein isolate
from rapeseed meal. Journal of Agricultural
Engineering Research. 7: 129-138.

[15] American Association of Cereal Chemists.
2000. Approved Methods of AACC. St.Paul,
MN.

[16] Sahraiyan B, MazaheriTehrani M,
Naghipour F, GhiafehDavoodi M, Soleimani
M. 2013. The effect of mixing wheat flour with
rice bran and soybean flour on
physicochemical and sensory properties of
baguettes. Iranian Journal of Nutrition Sciences
& Food Technology. 8: 229-240. [in persian]

[17] AOAC. 2003. Official Methods of
Analysis.(17th ed.). Association of Official




JFST No. 91, Vol. 16, September 2019 ABSTRACT

Effect of the Nigella sativa Linn concentrate addition on the physical
and quality characteristics of gluten-free toast bread during storage

Alishahi, F. ', Fazel, M. **

1. Master student of Food Science and Technology, Islamic Azad University, Branch of Isfahan (Khorasgan),
Isfahan, Iran.
2. Assistant Professor of Food Science and Technology, Islamic Azad University, Branch of Isfahan (Khorasgan),
Isfahan, Iran.

(Received: 2018/09/25 Accepted:2019/08/24)

Celiac disease is an autoimmune disorder in which the patient is permanently exposed to gluten
intolerance during their life. The only effective method for celiac disease is strict adherence to a gluten-
free diet. So, attention to the high quality food production without gluten is important. The aim of this
study is to produce gluten-free bread toast using Nigella sativa Linnconcentrateas an alternative to gluten
and potato fiber. The Response Surface Method was used with two variables of potato fiber (2 to 6 %) and
Nigella sativa Linnconcentrate (5 to 15 %). With increasing potato fiber and Nigella sativa
Linnconcentrate, bread density increased significantly (p<0.05). Potato fiber resulted in a significant
decrease in porosity, but Nigella sativa Linnconcentratewas ineffective (0.01%). Potato fiber and Nigella
sativa Linnconcentrateshowed a linear effect alone at the level of 0.05. Moisture content decreased with
increasing fiber and Nigella sativa Linnconcentrate, but the effect of protein concentrate was not
significant (p>0.05). In addition, moisture content of bread decreased during storage. Potato fiber and
protein concentrate had a significant effect on the hardness of bread texture and the texture increased
during the four days storage period. The non-fit index for all models was not significant (0.05%). The
optimization of bread formulation showed that the toast containing 7.5% of Nigella sativa
Linnconcentrateand 2.5% potato fiber had the best quality and is recommended for production.

Keywords:Gluten-free, Nigella sativa Linn concentrate, Bread, Texture, Color
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