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4. 15 4-benzene diol oxidoreductase
5. Glycosylated polyphenol oxidase
6. Chenopodium quinoa Willd

7. Chenopodiaceae

Yo

s —

ot i 5033 e 681 ol b 51 S Ol sea OU
Oramad 0N Slss L s Gelisn 5 55 el s
5 S oal wile Ol o n s Slad
22 O sl STos sl el en g B oy S slaeln s
&l i S S0 06 coy Js 358 e eslizal 0L W5
ol e S 03y S8 s sl S o
s sphe 00 3 b 4 s (60 Shes Do
R e Ol SIS Sl s S A S e
ph 4 el 0 Pl S s SV 5 sl xS
g 2l Sl el ) S S e SUL
SNBSS gt S 1 63 3 S S e, Golew 0l 055 e
D] s e 13 50 cos s 1 0T 55 0 4t

O oy 3l (St Ol 30 Oloys g5 S il S
N g e sl L 1 il s plas s S
i S Al A g Ll il T S O
sbShs 2 S bl s 0L Ule o2
F{PSIRSVVRE S COE N WSROI BV O 90 P gt
SIS 05k Glall W s ol (o5 Shee e
233 ol S (e Sl s Sl Sl skl Sl
ol 5laa S e OBAS S pae G b I OL G gl pie culg
Vpame ol 3 (Son G b 0LSaasn (e
bt el 4 e 5 Laes e (SIS Ds 50
05 N pame M5 55 5508 e 03Kl L ol
g Gln Bl mle (el ol ol il (58
o plicd ol ot glSsods 5l 58 Wb Y s
Loled e oslinal OsraVsn 3 Ll 5 b dainss
]

Pl (S O S g s b Sas3 sl 5 S
5 OLLS daz B glyil laus o oy (EC 1.10.3.2) T3

Sl S s 03 1S b4 g s WS s SL S

1. Celiac disease
2. Gluten-free products
3. Laccase enzyme
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TablelGluten-free bread formulation

Bread ingredients

Amount in formulation
in 100g flour

Flour (total flours of corn,

quinoa, and rice)
Corn starch
Sugar
Salt
Dry yeast
Water
sunflower oil
Laccase enzyme
Xanthan gum

100g
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2. Response surface methodology
3. Rotatable central composite designs
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1. Differential scanning calorimetry
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Table 2Independent variable values of the process and their corresponding levelsin the rotatable central
composite design

Variable Component Unit Low level (-1) High level (+1)
X4 Quinoa flour % 0 50
X, Laccase activity U/g 0 2
X3 Xanthan gum % 0 0.5

Table 3 Random treatments experiment based on gluten-free bread formulation variables in central
composite design

Std Block Coded levels
X X, X3
1 Block 1 1.0 1.0 1.0
2 Block 1 -1.0 -1.0 -1.0
3 Block 1 1.0 1.0 -1.0
4 Block 1 0.0 0.0 0.0
5 Block 1 0.0 0.0 0.0
6 Block 1 1.0 -1.0 1.0
7 Block 1 -1.0 1.0 -1.0
8 Block 1 -1.0 1.0 1.0
9 Block 1 1.0 -1.0 -1.0
10 Block 1 -1.0 -1.0 1.0
11 Block 1 0.0 0.0 0.0
12 Block 2 -1.0 0.0 0.0
13 Block 2 0.0 -1.0 0.0
14 Block 2 0.0 1.7 0.0
15 Block 2 1.7 0.0 0.0
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Table 4 Comparison of the nutritional values of flours (100 g).

Flour Ash Lipids Protein Moisture Total fiber Carbohydrate
Quinoa flour  2.3440.14™  5.04+0.44° 14.22+0.68° 9.04+1.18° 9.3+0.14° 60.06+0.16°
Rice flour 1.1940.15°  2.52+0.06° 6.76+0.10° 8.51+0.12° 2.35+0.17° 78.67+0.09
Corn flour 1.2940.08°  4.62+0.06° 7.34+0.15° 7.22+0.07¢ 4.31+0.02° 75.2240.8"
Wheat flour 1.1940.02°  2.35+0.08° 11.01+0.11° 10.26+0.12*  8.13+0.17° 67.06+0.10°

*Values of three independent repeats (n=3) are expressed as mean+ SD. Values with different letters in the same
column are significant at p<0.05
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Fig 1 Response surface plots of the interaction of laccase and quinoa flour (a, d, and g), xanthan gum and quinoa
flour (b, e, and h), and xanthan gum and laccase (c, f, and i) on the hardnessof breads during 1%, 4th, and 7" days of
storagetime.
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Table 5 Experimental design and results of the 2° factorial designs augmented to central composite
design (CCD) for measuring the hardness of the breads during 1%, 4™ and 7" days of storage time.

0 day Hardnes:t(l:g (ii)a;)fbreads I day Coded levels Std
Predicted Observed Predicted Observed Predicted Observed X3 X, X,
3435.03 3475.35 2665.52 2812.12 2084.28 2097.50 1.0 1.0 1.0 1
6303.46 6269.00 4546.68 4825.20 4629.72 4616.50 -1.0 -1.0 -1.0 2
498148 445125 319833 327330 268128 269450 1.0 1.0 10O 3
3653.34 3684.23 2776.37 2728.30 1631.17 1664.50 0.0 00 00 4
3653.34 3451.26 2776.37 2862.30 1631.17 1664.50 0.0 00 00 5
5365.54 5536.80 3385.26 3358.14 3075.28 3088.50 1.0 -1.0 1.0 6
6273.21 6632.23 3826.93 3639.40 2750.72 2737.50 -1.0 1.0 -1.0 7
4726.76 4515.23 3294.12 3329.20 2295.72 2282.50 1.0 1.0 -1.0 8
5011.73 5217.40 3918.08 3752.12 3214.28 3227.50 -1.0 -1.0 1.0 9
6657.27 6657.22 4013.86 3859.30 2848.72 2835.50 1.0 -1.0 -1.0 10
3653.34 3824.52 2776.37 2738.50 1631.17 1564.50 0.0 00 00 11
5266.06 5124.36 3192.11 3377.40 1981.43 2077.50 0.0 00 -1.0 12
4650.28 4452.36 3237.68 3125.20 1562.74 1423.00 0.0 -1.0 0.0 13
3335.69 3625.21 2272.58 2123.50 1133.10 1182.50 0.0 1.7 0.0 14
4375.26 4425.36 2349.22 2425.50 1488.74 1483.00 00 00 17 15
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Fig 2 Response surface plots of the interaction oflaccase enzyme and quinoa flour (a), xanthan gum and quinoa flour
(b), and xanthan gum and laccase enzyme (c) on the color attribute of bread samples.
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Table 6Experimental design and results of the 2° factorial designs augmented to central composite design

(CCD) for measuring the sensory attributes of aroma, crust color, porosity, taste, firmness, and overall
acceptability of the bread samples. (Obs. and Pred. are abbreviation of observed and predicted,

respectively)

Sensory characteristics

accoe;:;;::i ty Firmness Taste Porosity Crust color Aroma Coded levels std
Pred. Obs. Pred.  Obs. Pred. Obs. Pred. Obs. Pred. Obs. Pred. Obs. X3 X, X

7.09 7.00 7.81 7.60 6.14 6.00 7.42 7.60 7.06 7.20 6.74 6.60 1.0 1.0 1.0 1
2.56 2.40 3.83 4.00 2.76 3.00 2.00 1.80 3.48 4.00 2.91 2.80 -1.0 -1.0 -1.0 2
7.09 7.00 7.01 7.00 6.69 6.80 6.62 6.60 7.06 7.00 6.74 6.40 -1.0 1.0 1.0 3
6.61 7.00 6.08 6.00 7.27 7.40 5.31 5.00 6.55 7.00 5.72 6.20 0.0 0.0 0.0 4
6.61 7.00 6.08 5.60 7.27 7.60 5.31 5.40 6.55 6.80 5.72 5.60 0.0 0.0 0.0 5
6.18 6.00 6.50 7.00 5.69 5.80 6.70 6.40 7.06 6.60 5.55 5.60 1.0 -1.0 1.0 6
3.46 3.00 3.74 4.00 4.11 4.00 2.72 2.80 3.48 4.00 4.11 4.60 -1.0 1.0 -1.0 7
3.46 4.20 4.54 5.00 3.56 3.80 3.52 3.40 3.48 3.80 4.11 5.00 1.0 1.0 -1.0 8
6.18 6.00 7.10 7.00 6.24 6.00 5.90 6.20 7.06 6.80 5.55 5.80 -1.0 -1.0 1.0 9
2.56 2.80 3.23 2.80 2.21 2.00 2.80 3.20 3.48 3.00 2.91 2.60 1.0 -1.0 -1.0 10
6.61 6.00 6.08 6.00 7.27 6.80 5.31 5.20 6.55 5.60 5.72 4.60 0.0 0.0 0.0 11
3.50 3.00 3.41 3.00 3.19 3.00 2.93 2.80 4.05 3.00 3.62 2.60 0.0 0.0 -1.0 12
5.70 6.00 5.35 5.80 5.64 5.80 5.11 5.20 7.12 7.40 5.23 6.20 0.0 -1.0 0.0 13
6.04 6.00 6.16 6.20 6.84 6.80 6.09 6.20 7.12 7.60 6.84 6.80 0.0 1.7 0.0 14
5.96 6.20 6.68 6.60 4.73 4.80 7.07 7.00 6.52 6.80 5.51 5.60 0.0 0.0 1.7 15
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Table 7The equations to predict the response for certain levels

CV%) (Adj-R)  (R?) Equations
Hardness (1* day)=+1714.44-183.72 A-371.50 C+113.50 AB+187.50
0
429% 09848 0.9953 AC+108.50 BC-234.98 B2+1551.31 C- 223.00 ABC -494.50 A’B
S48% 09192 0.9440 Hardness (4" day)=+2827.09-314.30 A-359.87 B-266.41 C+829.73 C°
Hardness (7" day))=+3906.71-645.87 A-490.19 B-298.16 C-475.07 BC+460.11
o
686% 09171  0.9554 e
1020% 08898  0.9068 Crust color=+7.15-1.86A-1 4A2
9.74% 08692  0.89945 Aroma =+5.91+1 35A+0.6557B-0.7652A2
878 09394 09627 Taste= +6.96+1 56A+0.4660B-0.2500C-1.40A%1.51C2
6.61 09450  0.9661 Firmness—+5.91+1.69A-+0.2713B+0.1250C+0.3750BC-0.5502A2
1806 08155 08439 Porosity=+4.69+1.82A+0.6593B
921 09306 09573 Overall acceptability= +6.23+1.81 A+0.3505 B+ 0.2500 C-0.6828 A2-1.23C2
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Celiac disease is the most common disease caused by gluten consumption and the
only way to prevent it is to use gluten-free foods. The aim of this study was to
optimization the formulation of gluten-free bread based on quinoa flour, laccase
enzyme, and xanthan gum. For this purpose, the sensory properties and texture of
bread under the influence of independent variables including quinoa flour (0-
50%), xanthan gum (0-0.5%), and laccase enzyme (0-2 units of enzyme activity
per gram of flour (U/g) were evaluated using the response level method based on
the central composite design. Then some qualitative characteristics of gluten-free
bread sample in optimal conditions were compared with the control sample
(gluten-free bread containing rice and corn flours without quinoa flour, laccase
enzyme, and xanthan gum) for 7 days of storage. The results showed that quinoa
flour and laccase enzyme had a significant effect on sensory properties including
crust color, porosity, taste, aroma, firmness, and overall acceptibility(p<0.05) of
breads. While the effect of quadratic level of gum on overall acceptibilityas well
as the interaction of laccase enzyme and xanthan gum on bread firmness was
significant (p<0.05). The optimal bread formulation consisted of 40% quinoa
flour, 0.46% xanthan gum, and 2 U/g laccase enzyme. Comparison of the gluten-
free optimal sample with the control gluten-free sample showed that the enthalpy
and peak temperature of the control bread was higher than the optimal bread,
which indicates more staleness. In terms of textural properties and sensory
evaluation, the optimal sample was significantly better than the control sample.
However, in terms of L* color indice, the control sample showed higher values
(p<0.05).
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