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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

b 3 e BE oo 4 sl Sl e 0ss S
Olye o b, bLE 4,5 bl cd gl 45 el s
A5 50 06 s e el

e s gl —E-YY

Opnil oedle Sl eslinal L Ob e 3L phe s
YV s ki L Loadeell 5N 4 jems (Ol i) g 508
B e e
V,Ja., (0 Slin & oyl s cd) mm/mine: -
U s ag 00 jreilie Lo YO/E Culies b sla s S
dn el YE g3l ol s S 3,25 adsl syl do s £
V)]s 3 el 06 ey

OU jre g atw g K (5 pSo)luil —0-Y-Y

Jlzs (Solo e sy 31 06 Gl e KOy ke &
Coge 4 0L ladipos A eslinal Y-V=Y Ly s e
Sl iy abis 0555 e Sl ¥ Calbis L o e
clags e« el Cwds plal S I8
slaadlse 5 Li Lizs (Adobe Photoshop CC2018)
() ol 5 HIL 0155 & Wl s W01 (L, a,b) K
) 5056 (VY b e pslie ) s @ (00) i b
23Ee) 3,5 6 (G slia) ol 51D 5 (Y e alie
A3 (e

P e e

Sl b gl e gl Shy il sl
Olylad gai & i 5 s A oslinal (glelals ey EWPRT
Slads Jaigel sl 5 a8 Ve lawy oy Jal Ss, o
e s esle 058 eSS e bl 0L il

1. Cross Head

Y4,

J:'J:'d gl ol -Y-v-¥

3 aS Ghay 5l 0L e sltle 5 RS ) 6l
SIle s psas la g alees 4 Slss eS L ObSs
o b laaadss sl i [V]As eslizul Imagel
0303 (e 345 0y e Bl ¥ Culidgnd o O 50
Orx0n sl 4 b oyl b (ola gl abiises
0503 b 558 b o pasin Sy sld oY 55 S e Sl
3505 OF o3 (S WS 558 iy 5 o 488 13 0]
b Jbhaas Geoss by ooy oS a5 18 (il
5«5 Canon IXY930IS s, s, o VY 53,
s 8 Gra tle Troadlols L )aisal 5 3508 Cndge
AL ol

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+0.89d 49.6+2d 2.69+0.02d 123.0+£3d 3% Chia
0.235£0.04 ¢ 26.69+0.65 ¢ 51.0£2c¢ 2.75+0.03 ¢ 125.6+2 ¢ 6% Chia
0.217£0.09d 27.92+0.82b 523+1Db 2.82+0.05b 128.6£4 b 9% Chia
0.206=0.06 ¢ 30.28+0.43 a 540+1a 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+1.41la 10.1940.74d 61.46+3.27a Control
26.81+2.09b 2.54+0.49¢ 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  63.8442.48¢  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  52.094+3.85¢c 9% Chia
19.41+1.73d 3.55+0.27a 58.36+£3.04d  24.63+2.15d 14.71+0.82a 49.304+2.62d 12% Chia

* Different letters in the same column represent significant differences (p<0.05) between means.
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Fig 2 Experimental bread slices and crumb structure: Control (A), 3 % Chia (B), 6 % Chia (C),9 % Chia (D),12
% chia(E).
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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 e 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£0.02 d 3% Chia
88.06 2.00£0.09 ¢ 6.54+0.14 ¢ 2.27+0.02 ¢ 1.13£0.01 ¢ 6% Chia
85.5 2.98+0.11b 7.34£0.11b 2.92+0.05b 1.26£0.02 b 9% Chia
83.53 3.45+0.14a 7.68+0.06 a 3.90+£0.05 a 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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Fig 3 Totalphenolic content of bread samples with
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).
Error bars indicate SD values. Different letters
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Fig 5Totalantioxidant capacity content of bread
samples with 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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The Effect of Chia Flour on the Technological and Nutritional
Features of Gluten-Free Bread
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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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