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Table 1The effect of quinoa and monoglyceride emulsifier on the amount of protein and ashof gluten-
free cookie.

Treatments  Quinoa Flour (%) Emulsifier (%) Protein (%) Ash(%)
1 0 0 11.69+0.23° 1.16x0.03°
2 0 0.5 11.65+0.05° 1.14+0.01¢
3 0 1 11.61+0.03* 1.15+0.01¢
4 25 11.154+0.02% 1.32+0.02¢
5 25 0.5 11.08+0.08% 1.3120.02¢
6 25 1 10.98+0.08* 1.33+0.03¢
7 50 10.25+0.21° 1.43£0.01¢
8 50 0.5 10.21+0.31° 1.46+0.01¢
9 50 1 10.14+0.27° 1.49£0.00°
10 75 9.04+0.03¢ 1.7240.01°
11 75 0.5 90.0140.09° 1.75+0.06®
12 75 1 9.00+0.23¢ 1.73+0.02°
13 100 0 8.17+0.12¢ 1.8240.01%
14 100 0.5 8.07+0.13¢ 1.76+0.00%
15 100 1 8.02+0.08¢ 1.86+0.01°

Different letters in each column represent significant difference from one another (p<0.05).
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Table 2The effect of quinoa and monoglyceride emulsifier on moisture, specific volume and
firmnesof gluten-free cookie.

Specific volume

Treatments  Quinoa Flour (%) Emulsifier (%)  Moisture (%) (ml/g) Firmness (N)
1 0 0 1.21+0.03% 0.67+0.12°¢ 45.35+0.35°%
2 0 0.5 1.24+0.05% 0.88+0.16™ 41.34+1.29
3 0 1 1.28+0.02°¢4¢ 0.71+0.13% 40.68+1.12¢
4 25 0 1.15+0.01¢ 0.87+0.00™ 44.42+1.08°
5 25 0.5 1.26+0.0%% 0.98+0.16" 31.37+1.028
6 25 1 1.38+0.01% 0.81+0.08° 41.64+0.44°
7 50 0 1.22+0.02°% 0.73+0.12" 44.15+0.42°%
8 50 0.5 1.41£0.04*% 0.75+0.11% 36.66+0.54fg
9 50 1 1.47+0.01™° 0.67+0.04 40.90+2.63¢
10 75 0 1.24+0.03%¢ 0.57+0.04° 55.72+2.19b
11 75 0.5 1.44+0.1%¢ 0.74+0.30 48.94+2.03%
12 75 1 1.53+0.04™ 0.66+0.08> 48.73+2.06°
13 100 0 1.29+0.01°¢%¢ 0.44+0.04° 71.35+1.61°
14 100 0.5 1.47+0.05% 0.57+0.16° 68.44+3.50°
15 100 1 1.59+0.01° 0.45+0.02¢ 51.08+1.86"

Different lettersin each column represent significant difference from one another (p<0.05).
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Table 3 The effect of quinoa and monoglyceride emulsifier on color of gluten-free cookie.

Treatments  Quinoa Flour (%) Emulsifier (%) L* a* b* EA
1 0 0 70.25+0.14*  5.84+0.43"  36.55+1.31° 0.00+0.00"
2 0 0.5 69.62+0.25*  6.22+0.23"  37.05+0.27° 1.30£0.74"
3 0 1 65.72+0.27°  7.24+0.17%  37.15+0.01° 4.87+0.11¢
4 25 0 61.67+0.15°  7.81+0.12"  33.62+0.04>  9.33+0.04
5 25 0.5 61.03+0.32°  8.16+0.01%"  33.81+0.23 9.93+0.23"
6 25 1 57.15+0.79%  5.59+0.52°%  32.63+0.04*%  13.98+0.78°
7 50 0 56.56+1.91¢  9.31+0.49*¢  31.48+0.15%"  15.02+2.03°
8 50 0.5 55.81+0.31¢  9.35+0.11°¢  31.61£0.23°*  15.67+0.13°
9 50 1 52.41+0.46°  9.54+0.19™  30.89+0.33%"  19.09+0.22¢
10 75 0 51.45+0.46°®  10.49+0.11° 30.59+0.11%%  20.75+0.30*¢
11 75 0.5 52.11£0.56°"  10.10+£0.55® 29.91+0.49°®"  19.79+0.34%
12 75 1 50.70+£0.49°®  10.26+0.21  29.46+0.06®"  21.36+0.60"
13 100 0 49.82+1.03°®  10.94+0.47°  28.71+0.338"  22.49+0.93%
14 100 0.5 48.66+0.23%  11.15+0.60°  28.26+0.42"  23.28+0.95°
15 100 1 48.8740.228  11.07+0.00°  28.05+0.52"  28.13+0.99"

Different letters in each column represent significant difference from one another (p<0.05).
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Table 4 The effect of quinoa and monoglyceride emulsifier on sensory propertiesof gluten-free

cookie.
. . Sensory properties
0 0
Treatments  Quinoa Flour (%)  Emulsifier (%) Form &Shape Surface Texture
1 0 0 3.60£0.52°°  3.30+0.67°  3.40+1.07™
2 0 0.5 420£0.79"  4.00+0.47® 4.30+1.05
3 0 1 3.30+£0.48%¢  3.50£0.52°  3.90+1.19®
4 25 0 4.10£0.74®  3.90+0.87® 4.30+0.81°
5 25 0.5 4.80+0.42° 4.50+0.52° 4.50+0.53"
6 25 1 3.70£0.67°°  3.50£0.97°¢  3.60+0.69%
7 50 0 3.50+£0.52°  3.60+£0.52%°  3.40+0.52%
8 50 0.5 3.90£0.93°  4.00+0.81% 3.80+0.79%
9 50 1 420+£0.63"  3.40£0.52°¢  3.30+£0.67"
10 75 0 2.90+0.57% 2.70+£0.67% 3.30+£0.67"
11 75 0.5 3.60+0.84°  3.30+0.67°%  3.60+0.84%
12 75 1 3.60+0.84°  3.40+0.84°%  3.40+0.96™
13 100 0 2.40+0.51¢ 2.50+0.53¢ 3.10+0.66°
14 100 0.5 2.90+0.57°  3.00£0.71°¢  3.50+0.53™
15 100 1 3.60+0.84°  3.20+0.42° 3.20+£0.57°
Sensory properties
o 0, 3 0
Treatments  Quinoa Flour (%) Emulsifier (%) Chewiness Odor&Taste overall
acceptance
1 0 0 3.40£0.96"7  4.10+0.74™  3.59+0.38™%
2 0 0.5 4.20+0.92% 4.30+0.82° 4.16+0.39™
3 0 1 3.90+£0.71®  4.00+0.82°¢  3.69+0.55"¢
4 25 0 4.10£0.60™  3.90+0.99™%  4.01+0.46™
5 25 0.5 4.60+0.52° 4.20+0.83% 4.54+0.38°
6 25 1 3.90+0.74®  4.00+0.82¢  3.76+0.49"¢
7 50 0 3.70£0.95™°  3.60+0.96™%  3.46+0.49°%
8 50 0.5 4.10£0.7*"  3.40+0.96™%  3.77+0.61°
9 50 1 3.30£0.48™¢  3.30+0.82%°  3.40+0.33%°
10 75 0 2.70+0.82  3.00+0.81™%  2.91+0.44"
11 75 0.5 3.30+0.48"¢  3.20+0.63™°  3.27+0.36""
12 75 1 3.40£0.69°¢  2.80+0.78%  3.30+0.57%
13 100 0 2.50+0.71¢ 2.70+0.67¢ 2.60+0.34"
14 100 0.5 3.30+0.67  2.90+0.56°°  3.08+0.44°"
15 100 1 3.20£0.63°¢  2.80+£0.79%  3.20+0.53%

Different letters in each column represent significant difference from one another (p<0.05).
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The purpose of this research is to investigate the replacement of different
levels of chickpea flour (0, 25, 50, 75 and 100%) with quinoa flour and the
addition of monoglyceride emulsifier at levels of 0, 0.5 and 1% to the
formulation of gluten-free cookies. In this research, the amount of ash,
protein, moisture, specific volume, firmness and sensory properties (form and
shape, surface, texture, cheweness, odor and taste, and overall acceptance) of
the samples were evaluated. The results showed that the moisture, ash and fat
content of quinoa flour was higher and its protein content was lower than
chickpea flour. By increasing the level of replacing chickpea with quinoa
flour in the formulation of gluten-free cookies, the amount of moisture and
ash was increased and the amount of protein was decreased. The sample
containing 25% quinoa flour and 0.5% monoglyceride emulsifier had the
highest specific volume (0.98 ml/g) and the lowest firmness (31.37 N). The
presence of quinoa flour and the increase of its level in the formulation
showed L* value decreased and a* value increased. The sensory evaluation
showed the sample containing 25% quinoa flour (without emulsifier) and the
sample containing 25% quinoa flour and 0.5% monoglyceride emulsifier had
better than other samples. It should be noted that the samples containing 50%
quinoa flour in the presence of 0.5% monoglyceride emulsifier were of high
quality and quantity, and the overall acceptance score and physicochemical
characteristics of these samples were favorable. Therefore, samples containing
25 or 50% quinoa flour and 0.5% monoglyceride emulsifier are introduced as
the best samples of gluten-free cookies in this research.
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