[ Downloaded from fsct.modares.ac.ir on 2025-07-14 |

V\Q/\jﬁjg\-\ a)ﬁ‘/\‘\ n)l.a.\i Lfl"\'cél“p)f}l&

x> 0 SRS g (939098 S T g 3 L o,T 5l oslaiw! it
Pl 9w

Vj)\.pﬁl.o V‘BK c*Y@jsm sl U c\L;.aLaJ.é JEw

2 oS (650 5LES 0aSEs (plle mlis wikign 5 ke 058 ) S wt gel s =)
o olils (g,slES e aSiils (ol Blho s psde os 8 oliE mlio adige 5 psle 0y S skl =Y
s oKl Al b w5 (65558 0aSils (e mlis wkige 5 p5le 05 S Lskiul
QA E/AY 2 3 0y G AVNA iEdh e W)

0 LS~

2 P Sl s WS s des Olge 4 NS e SN pame ol sl wdis 235 (I s edle ol50 SN same 3 L ails 1 eslizad
Olge 0 (0 33/ 555 Aoy VY 54 X slie 53) Lo wilan, T aslinad Ol oy i ssil 5l Gaables Jes 5508 O &Y puass
(G slaparls 5 s (il i (o) Se3pSala Siis 01 26 s 5 58 Osiam QLA 53 as gl i 5580
350 dos il g 58 05k O e 5 (ISt (ST b 5 i 55008 DS 5 ¢ b DS 5 aSbE b (S 0) ladss
e (S dals &ed 5 Jolsi e i L 3TANY (sl O s QU gLl 5 o5s pomm o il A4S Gla S5 s Sl L
o M s A 06 he s atay (0) 6355 5 (L) i, S5 slaanli slie L 551 L sSile dops il 3l Lsls 0L 1 sl
STTAY sl gas @ bog e il the o %S odal o @ @l el il (551 (p0.05) (5l sme sbar dals & sl 4 S @)
b oS palieglylsdals wped banlie 3 L 30T (sl Sla0 e Vsn posls ol g5 4 Iy phe op it dald Wgad 5 2y L
Ol olsgmn sb 4 15 06 eS| BT e 5 s (S LS 5 sl 5T S 53 Gl sy VL o s eSS

Sy b dald ﬁﬁ\iwszlﬂ-sj'/.‘\—\‘ﬁsw ol slasles IS 50 a8 sl Ol e L) @L:j.sb

peighambardoust@tabrizu.ac.ir:c5i. J

YAV


https://fsct.modares.ac.ir/article-7-29887-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-07-14 |

qu/\jﬁS c\-\ 092 ‘/\‘\ QJLQ.\:'

&‘-LG GL&)(}R

s ol 5 5 e sLOISI ST 2 e
s AelS ot S S sl SIS (s pncdensl S35 08 s
5 ds iS5 dads pl g plianb sladlins! 1T 50
om0 e B LS S pl s oS a3 s badkd s
Olag Jaalidl 5 Lo es) O gpliben S Slonbans 221065
Ol Yoot Jle s byl bt [V-1] s luT g 8wk
wdlo 3 0 L5 15 0T s 58l 5 Al aie glis Ol
e DS 5 K 5l [A] el 03508 4o 5 0L 05
a4 3,8 oyl &ils ol 3o g0 4 Ol o L 4l
[8]555 00 48 s b slasils T 3 Jone au)
So fS 5 s ol 53 63l sk S L e
Lombaailbsdans o ol laclale 5o 55805 sl sl
54l ok a1 51 (S sk 4 s sl b LS
5o IS A0l w3 5 s e ol s geas
[V ] O me S (le 4 0L Lo 5 il 5
NV gz s 53 L ls 3l eslanad o gt 53 oS Slallas
(YY) OS5 1y e ol 4 8 planil (558 05
O e N ge 3 3 1 L 314 Y0 —V/0 sl
4 138 Oy Oliies L3 JISG 355 35T 4l o508
S ol s ool L 55T V0 03558l
OLlSen 5 atlinsS [V o3 o0 308 05 o e
5035 ol Ly ol /e Ll el S 458 53 (Yo 8)
(s sl 53 Ll Eel el &S L3S sdalie
ST BT b 5 Jb LS 5 Sl
aS Aol i 50 (Y E) 0L 5 SVl [V Y]us
O3 0L OV go 8 53 e ST 100 oSl
5 e e 53 (Rl e 55 RS e 518
Loy 5 LS [IV]cs 0L S5, 00 o5 a4 e 38
31 Sl 1Y/0 0 V/e slie 31, L 3,1 (YY)

STLY/0 gl QU«SJ;:.L\;QL:{jJJ;JSLiysﬂjG'ﬂ

YAA

dodo — )

Slssl So G 4 el L I L SULe gl
g&\;wwojygéw\wlwl{h;f
@A )3 B 53 3 ge slaee¥s  ple b p kS (slS
Sl opl asd R s datee (S35 kS 5l aS
Pl Dlas 5 2l slgs Sl s s ope a Lo
5l Sl ol e S 5 Sl S 00 2
[V s o 0L 508 G peme a5l e (S5 I 50 e
el 5330 5l SUla o8 W o s |3 Il T 5l
Gyl 53 A dras o wBS gans 55 sk s s
e Sl gy s 65 5 03,55 56b S (5 ole
ol Laseie a 285 g dalS Gl L ol il
PRI |\ ) OVt S W B S| ) PRV S CIW
o lacanl > s LSULe 4 S Ol (21530 S5l
Gl S AL Y a gl LIS (SIS e
Sy N game ($55 0 oLl Sy IS el wsl
s oS Ok SN peame 53 OT OB 5 0355 0L o505 &
-l B 5 e oS S 3l L les sl b a5
LT REPR I PU LA PRURCH PSS RT3 Wev |\ FPR:
30 o=l Shekmens 2ol ladss Bl S gl
IPU N e 850V 5 55 (Sl L Ol Siass
salvia Hispanica ) Uz Xzes a5 05318 0500
Olpbind o3l sl 4 Glame Wl b 5 e S aLS (L
i 5 S8 o Gblis asm oLS ol [E] e
d3 Il Ol a0 OF S el 5 cul YLa31S
5 (IY0=NA) s 5l 28 mie Olyie o Ly s 23 5 e
Shls L by (raman 558 o0 (AL (FV=Y0) a5y b
o by ye OT/T= el 5 aS ol i, 7 TATY

L seoils [o]amul sl S sd W (55,0 2 Aol


https://fsct.modares.ac.ir/article-7-29887-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-07-14 |

qu/\jﬁS c\-\ 092 ‘/\‘\ QJLQ.\:'

di\.l.'c GL&)(}R

byl ol o 4 b s 8 SIous 055 5 SE2
N

e3gdme 3 et pls S o ol L N
PO WP SV T S (P VST RAR DR
Jis Clatronic s S US Y Jlpul Sl oS
Syl t o w b ols 5 sl as o KM3067
eSS N Ole 4 et s S bl aiBs N Se
s TOXE XA slal 4 S S el s 5 el
ahaios 53 LB A3 oy g 0 o WOT o)l &S
o TN s Casby a8 Bl 53 YO gLy 3 e
Slesss s ol Gl il osls 13 adds £r Ol
Gy b oS 5 akds YO e I S sl ax s YT
b)) AL 00 coy ol 31 0L coy gl Ll
5 e Bl sladhizes 4 e (OLJT VOSS &S 5
S 3 ey S eslinal o3 03 Sl Gau i SGhB L oy
A Gl sles 53 5 e s LB 0L (G ke O

A S sl o S
K5 sl O a5l Y=Y
Ul 5 o3y oo (5 Se3l -1 Y-
S Glaasils glomlr ) 5l e s Seslisl Cgr
palis s B IS glaals Sy, opl ss [V0]as eslina
S A e A Bl OF o 5 iy (5318 alaions
Ly i osls 5l 5 JUs adaises 51y JB OU (glad sas
mwlis b By s, 0 Oy 1S wls el i
sl gz M s Ol &S Ladils ediladl, A S
o ke e 2 OB e 5w e Wil 053
N TR I o S K JUIR P I
e gt 05 e 3 S e OU 05 4 codal ey
plosil 3 g L) S o3I g s S Jol=cm3/g
PSh Lol 2L a3 gl 0L o 3 Sk

RIS NTIX TSIt

YAQ

WS5) e sl a5 o Sl a5l Ly
[VE]s58 J xS wsai b (ls me oslis slls (alb (oabs
Ol ls e L gl ot S5 e 4 a5 L
5 SIS Gla S 2 S el LSS
Shbaans 8 5 eslinal 5,5 (58 050 0L gl dis
FAK sk OB 5 ol e eV a5 L] a5
Lo 3,1 3l pasnin (5 3lie OF 53 o8 55555 axalis wly
L s Glp eolasl a5 ol ot O3 aalinn 5Kl
LeSUw Olas landss 5L WUl 8 o aiioman 5035 151

Lled G b

Lhu.fbj) K] .3'"# —Y

ad gl 50 —V-Y

O o AN s L) b 3T b analis
MY MEV 55 L) S5 (VY zsls
Jo/oY s L) Lo wils 5 LS S s 5 (V/EY muss
Jpae) H50 b &S 5 5 (1T S FVTY
Lagy &S0 51 0Ll o Al (gl = (5 535S
e loa L) eslial 355 jazme Al (oM 5 (il )
Sy Sy 4 9 b S e 3 IS 4 (g e
OEa0 5 SE S 5 a8 5SS 583 LS 8 5 e aSs s
3B 3o bt slse adS ad (ol 2 e SL S R
A ag Ol S e oS8 5l s et L

Ol sy —Y-Y

03,50V s 3 anlllas 5550 e slajleg O gV s b
S S e U o s 510 e Sl o

OS5 eled Il 53 oS s 5 s [V 0]l eslaxa


https://fsct.modares.ac.ir/article-7-29887-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-07-14 |

qu/\jﬁS c\-\ 092 ‘/\‘\ b)Lq.\:r

61\.1.'9 Glﬂp}(}l&

Table 1 Gluten free formulations containing corn starch, rice flour, soy flour and different levels of
chia powder.

Control 3% Chia 6% Chia 9% Chia 12% Chia
Corn starch(g) 800 770 740 710 680
Chia flour(g) 0 30 60 90 120
Rice flour(g) 100 100 100 100 100
Soy flour(g) 100 100 100 100 100
Xanthan(g) 18 18 18 18 18
CMC(g) 2 2 2 2 2
Salt(g) 15 15 15 15 15
Sugar(g) 60 60 60 60 60
Yeast(g) 20 20 20 20 20
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Fig 1 The image capture and acquisition system.
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Table 2 Volume, specific volume and height of gluten-free breads.

Specific volume

Hardness(N) Porosity (%) Height (mm) (ml/g) Volume (ml) Samples
0.283+0.06 a 23.87£0.99 ¢ 483+ 1e 2.62+0.03 ¢ 120.3+4 ¢ Control

0.257+0.07 b 24.89+0.89 d 49.6+£2d 2.69+0.02d 123.0£3d 3% Chia
0.235+0.04 ¢ 26.69+ 0.65 ¢ 51.0+2c¢c 2.75+0.03 ¢ 125.6+£2 ¢ 6% Chia
0.217+£0.09d 27.92+0.82 b 523+1b 2.82+0.05b 128.6+4b 9% Chia
0.206+ 0.06 ¢ 30.28+0.43 a 540t1a 2.90+0.02 a 132.0+3 a 12% Chia

* Different letters in the same column represent significant differences (p<0.05) between means.
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Table 3Crumb and crust colorof gluten-free breads.

Color of crumb

Color of crust

b a L b a L
30.26+1.80a 1.50+£0.12d  71.57+2.86a  32.84+1.41a 10.19+0.74d  61.46+3.27a Control
26.81+£2.09b  2.54+0.49c¢  66.38+1.32b  29.71+1.03b  11.46+0.63dc  58.21+2.43b 3% Chia
23.97+0.97¢  2.90+0.37bc  63.84+2.48¢c  27.47+3.24c  12.74+1.08bc  57.30+1.98b 6% Chia
21.08+1.29d  3.35+0.71ab  60.12+1.56d  26.1+1.96dc  13.77+0.71ab  52.09+3.85c 9% Chia
19.41+1.73d  3.55+£0.27a  58.36+3.04d  24.63+2.15d 14.71+£0.82a  49.30+2.62d 12% Chia

* Different letters in the same column represent significant differences (p<0.05) between means.
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Fig 2 Exper

imtal bread slices and crumb structure: Control (A), 3 % Chia (B), 6 % Chia (C),9 % Chia (D),12
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Table 4 Chemical composition (g/100 g of dry weight) of experimental bread samples.

Carbohydrate (%) Fiber (%) Protein (%) Lipid (%) Ash (%) samples
92.26 0.67£0.04 ¢ 5.76£0.20 ¢ 0.46£0.01 ¢ 0.85£0.03 ¢ Control
90.23 1.37+0.11d 6.09+£0.12d 1.27+£0.03 d 1.04+0.02d 3% Chia
88.06 2.00+0.09 ¢ 6.54+0.14 ¢ 2.27+0.02 ¢ 1.13£0.01 ¢ 6% Chia
85.5 298+ 0.11b 7.34+0.11Db 2.92+0.05b 1.26+0.02 b 9% Chia
83.53 3.45+0.14a 7.68+ 0.06 a 3.90+0.05a 1.44+0.01 a 12% Chia

Phenolic content

* Different letters in the same column represent significant differences (p<0.05) between means
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different levels of chia powder.

Data are mean of triplicate measurements (n=3).
Error bars indicate SD values. Different letters
indicate significant (p<0.05) difference between
means.
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Data are mean of triplicate measurements (n=3).
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means.
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The use of Chia seed in bakery products, in addition to increasing the nutritional value of these
products, can act as a hydrocolloid and gluten substitute in gluten-free products.The aim of this study
was toexplore the use of Chia flour (at weight concentration of 3, 6, 9, and 12%, based on flour) as a
functional ingredient in gluten-free (GF)breadmaking and to evaluate its impact on the technological
(volume, hardness, porosity andcolor), nutritional (protein, lipid, fiber, ash, phenolic content,
flavonoid content and antioxidantactivity) and sensory properties of the obtained loaves. Increasing
levels of Chiasupplementation improved technological features of GF breads such as volume,
specificvolume and loaf height. Breads containing 12% Chia powder showed the highest
porosity,whereas the control showed the least porosity. By increasing the percentage of Chia powder,
thebrightness (L) and yellowness (b) values of the crust and crumb decreased and redness (a)
valueincreased significantly (p <0.05) compared to those of control. The lowest and highest
hardnessvalues were found in 12% Chia bread and control, respectively. Results indicated that
breadsincorporating Chia flour showed higher amounts of protein, fiber, ash and lipid.
Increasinglevels of Chia led to a significant (P<0.05) increase in phenolic and flavonoids
contents.Furthermore, the overall sensorial acceptability of GF breads containing 3% and 9% Chia
flourswas higher than that of control.
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