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Introduction

Celiac disease is one of the most common digestive disorder. Chicken nugget is one of the most popular instant and
ready-to-eat foods, and wheat flour is one of its main coating ingredients, which contains approximately 60% gluten.
Quinoa is a gluten-free grain, as a good source of dietary fiber, has various applications in the meat products processing
system as a stabilizer, fat substitute, structural components, etc. The addition of hydrocolloids also helps to improve the
rheological properties of gluten-free products. The purpose of this research was to evaluate the effect of quinoa-corn
mixed flour in the preparation of nugget batter as a gluten-free combination as an alternative to wheat flour, and also to
investigate the effect of adding HPMC hydrocolloid on the final product characteristics. In this research, a rotatable central
composite design was used to investigate the effect of two independent variables including different proportions of
quinoa-corn flour (0-100, 50-50, 100-0%) and different levels of hydrocolloid (0.5-1-1.5%) on the quality characteristics
of nugget. With the increase of quinoa replacement level, moisture content (0.60), batter pick up (138) and redness level
5.5 (a*) increased, and oil content (11), hardness (7.5), brightness level 41(L*), yellowness level 20(b*) decreased. The
increase of HPMC also caused an increase in moisture content (0.59), brightness level (L*) of 0.39, batter pick up (137)
and decrease in oil content (10) and hardness (7). Optimum conditions for the production of gluten-free nugget were
determined by considering the optimal amounts for the production of high quality and healthy products, contained 90%
quinoa and HPMC at a level of about 1%.

Materials and Methods

Corn flour was purchased from the pilot of Ferdowsi University of Mashhad. The de-saponified quinoa was prepared
from Kashmir and then ground. In order to make the grains more uniform, both flours were sieved using a 30 mesh.
Hydrocolloid hydroxypropyl methylcellulose was also prepared from Kian Shimi Mashhad. Oyla frying oil was used for
frying the samples.

The chicken nugget formulation was a mixture of 86% minced chicken, 10% onion, 1.5% garlic powder, 1% salt and
1.5% pepper. After complete mixing, these materials were poured into a freezer bag until a homogeneous and uniform
mixture was obtained, and they were flatted until they reached the desired thickness (1 cm). Plastics containing chicken
paste were stored in the freezer for 2 hours to facilitate cutting. Then molding was done with a circular mold with a
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diameter of 4 cm (Dehghan Nasiri et al., 2012).The batter formulation consisted of flour, water, baking powder, salt and
hydrocolloids. In order to investigate the effect of quinoa and corn flours, and hydrocolloids, these substances were added
to nugget water paste in different percentages (quinoa-corn ratio: 0-100, 50-50, 0-100 and hydrocolloids at the level of 1-
1/5-0.5%) and then mixed with water by mixer for 1 minute. The molded samples were first coated with flour and then
immersed in the batter for 60 seconds and dripped for 30 seconds. Finally, deep frying was performed in the fryer at 170
° C for 3.5 minutes. The fried samples were taken out of the fryer basket and the excess oil on the surface of the nuggets
was removed with absorbent paper. The oil was changed after twice frying. After cooling the samples at room temperature,
the tests such as moisture content, oil content, texture (hardness), color, batter pick up, peroxide and overall acceptance
were performed.

In this study, Design Expert 10.0.7 software and a rotatable central composite design to investigate the effect of two
independent variables including different ratios of quinoa-corn flour (0-100, 50-50, 0-100%) and hydrocolloid (0.5-1-
1.5%), Was used on the quality characteristics of the nugget. Finally, different models were fitted to the data obtained
from the experiments and the best model was selected according to the results of analysis of variance.

Results and Discussion

With increasing quinoa replacement level, moisture content, redness (a*) and pH increased and oil content, batter pick
up, texture (hardness), brightness (L*), yellowness (b*) and cooking loss decreased. Increasing the HPMC also increased
the moisture content, brightness (L*), cooking loss, batter pick up, and decreased oil content and hardness. Optimum
condition for production of gluten-free chicken nuggets, considering the appropriate properties was found to be 90%
quinoa flour and 1% HPMC.

Conclusion
In general, it can be concluded that the addition of quinoa and HPMC leads to the production of high quality products
with high moisture and low oil content and high nutritional value.
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Table 1- Levels of independent variables

Independent variables Code Sample level
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Table 2- Chemical compounds of quinoa flour, corn and wheat

Title Moisture %0 Fat % Protein% Ash % Fiber %
olye Cugb, @2 O SSE d
Quinoa ly.s 6.522 5.768 17.142 2.651 13.1
Corn &) 9.821 5.135 7 1.465 4.4
Wheat g pai5 10.248 1.218 9.4 0.529 1.2
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Table 3- Results of analysis of variance of response surface methodology for experiments

Source Sum ofSquares Df MeanSquare F Value p-value
e O ggome (@3lilan s Oluye ke Fllin! Pl

(Moisture content) b, (clgxe
Je 8.203E-004

5 1.641E-004 10.13  <0.0042
(Model)
A 2.40E-004 1 2.407E-004 14.86  <0.0063
B 2.282E-004 1 2.282E-004 1409  <0.0071
A2 2.667E-004 1 2.667E-004 1647  <0.0048
B2 2.077E-004 1 2.077E-004 12.82
5 G 1.686E-005
LRI e 5.058E-005 3 1.07  0.4545"
(Lack of Fit)
ot gl 6.280E-005 4 1.570E-005
(Pure Error)
(Oil content) ¢4, 5o
Jo 0.56 6 0.094 7308 <0.0001
(Model) ' ' ' '
A 0.047 1 0.047 36.64  <0.0001
B 0.043 1 0.043 33.79  <0.0001
AB 0.22 1 0.022 174.83  <0.0001
53l e Chrs
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A 5520.67 1 5520.67 463.46  <0.0001
B 3952.67 1 3952.67 331.83  <0.0001
AB 72.25 1 72.25 6.07  <0.0001
A2 1015.22 1 1015.22 85.23  <0.0001
53l e Chrs
LRI e 46.18 3 15.39 1.66  0.3120m
(Lack of Fit)
oAl gl 37.20 4 9.30

(Pure Error)

Lol ()b dxe pis xe 4 NS
ns means not significant.



VP Cllqm 8yl 205958 ) oylods Yo ol (ol pl (2198 2olo g pole sledidrg}y 4 s Ia) g

b* ga* L* s yadli gl p fewly g Joo (il ly 50T gl —€ Joua
Table 4- Results of analysis of variance ofof response surface methodology for L *,a * and b *

p-value (a*) p-value (b*)
(@*) PJlis!  (b*)P Jloxsl

Source p-value (L*)
F (L*) PJlezs !
Je <0.0001

Model

A <0.0001
B 0.0280
AB
A? <0.0001
BZ
Gily s g 25071
Lack of Fit

<0.0001 <0.0001
<0.0001 <0.0001
<0.0001 0.0008
0.0022 0.0015
<0.0001 0.0015
0.0422

0.0672m™ 0.0590™

Ll ()b dze pis xe 44 NS
ns means not significant.

Alodges )55 S SVgamme ol WAl g edmd
Olje (Sanz-Penella et al., 2013) )L San g5le pizen
0jlal (390 Sy s g clylol wild oy 5 iy Jeleel (gla pod
clapd bwg O o Gl g iyl ab acwlis @l
OIS Casb) w0 Gl Jele 1) calylol ol 5 Jolrels
Slsisar) (10,500 b) 1gS 3,1 51 (Shokry, 2016) (¢,Ss .l
ioxe o) 08 o3l S S (Sl o > (g 3] 55l
S5 men 31y o Slsie 5 Caghy 15 3 & 05 IS

Pl Sgnp W g pl-

X

N

SR
3

2
X
5

XX
3
¢
X5

R

Moisture (%)

B: HPMC (%)

Lis a8 cuol ond 4T Sldllas 51 6yl 5> ol 2 ogdle

g sl dgpke Slg g SIE 3T L ol g sladiges ) g,
Lo 5 B9 = (nSgn (iiSeny | (B0 598 )iSLo > 4 oyl
Alakali et al., ) culosd a4V awlis lawgs odd byl (598
(Sabzi Belekhkanlu et al., 2016) |,Ken 5 oLl (2010
35 e g 90,9 50 cillel &l o)) u3ols a5 w0 o)l S
Sy>g0 il Lol sl ;,Tﬂg,@m @quub Ol 40
OhlSen golS !y oegMe b Cuns S ped omwYge,d )
Jlasl Jole & olgisas 1y cilylol 5, (Gamel et al., 2006)

100

60

A: Quinoa (%)

Cugb, lgow 5 HPMC g lgis @il -y JSWS
Fig. 1. Effects of quinoa and HPMC on moisture content
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& o 2 LoSan Gl Gamlypld 8l Al lacSL
Kim ) sjll oo 5sb 4y 1) o) il 45 035 o sl (s 9,5
S ol Olesa (Moyd Ve B) 19aS 5)1 5l et al., 2015
A ogh &5 48 (1S g odlisel g5 CdS (slayS pen )3 (2
Ptz 05) el So S pen Mg 4 oxis s b)) 2 ike
(Baioumy et al., 2021) > o (s yud 5 pgpm (Slgixe g
il plgea 19nS 51 5l 5 (Penaetal., 2015) ., San 4 L
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Sy 292 dod A+ 1eiS oy 0l eolatwl b guls oy iy &S
el Canddy (oy> il aoyd FA) Ses

0938 s CSU sy e L2l s 35 HPMC Liyl38l
hd JSi5 3ok Sl Sy (el dw ol Sl e HPMC
Mellema, ) uS™ Jugeus Wl adgl as J5 slod 51 5YL (slod o
2 Pobs Clitie b gew ) odlitl o lxe oy 4 (2003
@ Jpaze gaw 69y 2 0Fg) Bl 4Y S S L gV g0y
Ol WS (oo xS sk At 4 29y Gl I (Sesd sk
(Shih etal., 2005) sl o L2alS 53,5 ¢ Jsb 15 b5, i
bise ol gl g e dawly (o9 d gohw ;o> Oln
sbaoslSg,an Sl (Altunakar et al., 2006) ) San 5,54l
CSLX3)S IS 9 83)S awyp Epe 5L S ) il
Al ipgn el ) o Glyze upeS HPMC (g5l
A5 oy p PP o Shigw Slgd S8l g (489, > » HPMC
b paiS sals lgd ¢0)S e Sl )3 Lo j0 a8 ol L guls
don g (Sbgs p)S Vv [ (o2 p)5 YOIY) (o2 iee 02 VL
LD pAS A Cand (65508 (0 Mo )d VYA Lgw (slaclisd
Her 5 e hawg (6,53 adllas L &5 (Kim et al., 2015)
&S olapuslSe lolwl (Mohamed et al., 1995) sl célles
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Fig. 2. Effects of quinoa and HPMC on oil content
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Fig. 3. Effects of quinoa and HPMC on hardness
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Table 5- Comparison of control sample and optimal sampleaverages
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)loﬁ" "’"3910) 09 4\-",.:.09 "\'ff‘ws‘)" L* a* b* ‘:gv‘;:;jl i
Treatment  Moisture Qil Batter Proxide acceptance
pick up
Optimal
s 0.6052 10.782 250 47°/43 95%/6 25.60° 4/28
Control
als 0.495P 9.65° 552 15%/64 26°/0 24.862 3/2b
(P<0/05) canl I simo ol oimd Ui ygiw p 55 Sglito by y>
Different letters in each column indicate a significant difference (p <0.05)
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