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Table 1- Box-Behnken design and responses
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Independent Variables Responses
Run Peanut Brown Rice Flaxseed Rice Water Hardness Width General
(%) germ (%) (%) (%) activity (N) ratio(mm) acceptance
1 15 5 15 79 0.3 22 3.1 3
2 10 15 3 79 0.23 24 3.4 4
3 5 15 15 79 0.22 23 3.3 4
4 5 10 15 68 0.38 22 3.1 2
5 10 10 15 79 0.26 22 3.3 4
6 10 15 15 90 0.21 26 3.4 5
7 10 10 3 90 0.25 22 3.1 3
8 15 10 15 68 0.36 22 3.2 2
9 10 15 15 68 0.35 21 3.4 2
10 10 10 0 90 0.27 24 3 3
11 15 10 15 90 0.21 21 3.2 4
12 15 10 3 79 0.25 20 3.2 3
13 15 15 15 79 0.2 24 35 4
14 5 10 0 79 0.29 27 3 4
15 15 10 0 79 0.28 20 3.1 3
16 10 10 15 79 0.26 22 3.3 4
17 10 10 3 68 0.3 21 3.1 2
18 5 5 15 79 0.35 21 3 3
19 10 5 3 79 0.27 23 3.1 4
20 10 5 0 79 0.32 23 3 3
21 10 10 0 68 0.38 23 3 2
22 10 5 15 68 0.38 20 3.2 2
23 10 10 15 79 0.26 22 3.3 4
24 10 15 0 79 0.29 24 3.3 5
25 5 10 3 79 0.26 24 3 4
26 5 10 15 90 0.23 27 3.1 3
27 10 5 15 90 0.23 24 3.2 4
28 10 10 15 79 0.26 22 3.3 4
29 10 10 15 79 0.26 23 3.3 5

Water activity = +0.2600 - 0.0108 X1 -0.0292X2 -0.0225X3 -0.0625X4 +0.0075X1X2 +0.0000X1X3
+0.0000X13(4 -0.0025X2X3 +0.0025X2X4 +0.0150X3X4 +0.0025X1* +0.0050X2° +0.0100X3°
+0.0300X4

Hardness= +22.20 -1.50X1 +0.7500X2 -1.00X3X4 +0.0000X1X2 +0.7500X1X3 -1.50X1X4
+0.0000X2X3+0.2500X2X4+0.0000X3X4+0.1917X1%+0.4417X2+0.4417X3°+0.1917X4%+0.0000X 1
X2X3+0.0000X1X2X4+0.0000X1X3X4+0.0000X2X3X4+0.2500 X12 X2 +0.2500 X12X3 +0.5000
X12X4 +2.00 X1X22-1.25 X1X32+0.0000 X1X42 +1.00 X22X3 +1.75 X22X4 -0.2500 X2X3? +0.0000
X2X42 +0.0000 X32X4 +0.0000 X3X42 +0.0000 X132 +0.0000 X23+0.0000 X33+0.0000 X43

width ratio= +3.30+0.0667X1+0.1417X2+0.0417X3+0.0000X4+0.0250X1X2+0.0250X1X3
+0.0000X1X4+0.0000X2X3+0.0000 X2X4+0.0000 X3X4-0.0917 X12+0.0458 X22-0.1542 X32-
0.0667 X4?

overall acceptance= +4.20 -0.0833X1+0.4167X2+0.0000X3+0.8333X4+0.0000X1X2
+0.0000X1X3+0.2500X1X4-0.5000X2X3+0.2500X2X4+0.0000X3X4-0.4750  X12+0.0250  X22-
0.3500 X32-1.10 X42
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Table 2- Response modeling results

Response Water activity Hardness width ratio overall acceptance
Model Quadratic Cubic Quadratic Quadratic
p-value 0.0002 0.0078 < 0.0001 < 0.002
R-Squared 0.892 0.967 0.956 0.838
Adj R-Squared 0.784 0.847 0.912 0.676
Adeg-Precision 10.84 10.87 16.72 8.62
Lack-of-fit N.S N.S N.S N.S
CV.% 8.91 3.18 1.35 15.76
A-Peanut 0.1541 0.0060 < 0.0001 0.5999
B-Rice germ 0.0012 0.0832 < 0.0001 0.0178
C-flaxseed 0.0074 0.0325 0.0047 1.0000
D-Rice < 0.0001 0.2157 1.0000 < 0.0001
AB 0.5566 1.0000 0.2639 1.0000
AC 1.0000 0.0832 0.2639 1.0000
AD 1.0000 0.0060 1.0000 0.3683
BC 0.8438 1.0000 1.0000 0.0841
BD 0.8438 0.5149 1.0000 0.3683
CD 0.2483 1.0000 1.0000 1.0000
A2 0.8019 0.5245 < 0.0001 0.0411
B2 0.6171 0.1706 0.0167 0.9074
c2 0.3238 0.1706 < 0.0001 0.1197
D? 0.0083 0.5245 0.0014 0.0001
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Figure 1- Response level diagram showing the effect of factors a) peanuts (%) and brown rice germ (%0), b)
peanuts (%) and flaxseed (%), ¢) peanuts (%) and rice flour (%), d) Brown rice germ (%) and flaxseed (%), €) rice

flour (%) and brown rice germ (%), and) seed (%) and rice flour (%) on the water activity of the treatments.
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Figure 2- Response level diagram showing the effect of factors a) peanuts (%) and brown rice
germ (%), b) peanuts (%) and flaxseed (%), c) peanuts (%) and rice flour (%0), d) Brown rice
germ (%) and flaxseed (%0), e) rice flour (%) and brown rice germ (%), and) seed (%) and rice
flour (%) on the Hardness of treatments (N).
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Figure 3- Response level diagram showing the effect of factors a) peanuts (%) and brown rice germ (%), b) peanuts
(%) and flaxseed (%0), ¢) peanuts (%) and rice flour (%), d) Brown rice germ (%) and flaxseed (%6), €) rice flour (%0)
and brown rice germ (%), and) seed (%) and rice flour (%) on the Width ratio of treatments (mm).
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Figure 4- Response level diagram showing the effect of factors a) peanuts (%) and brown rice germ (%), b) peanuts
(%) and flaxseed (%0), ¢) peanuts (%) and rice flour (%), d) Brown rice germ (%) and flaxseed (%0), €) rice flour (%)
and brown rice germ (%), and) seed (%) and rice flour (%) on the general acceptance of treatments.

232 9 (%) (030130 (b () (slogrd a2 wilg 9 (7)) (o jpldl (a (slo, 95518 (51 oaids (4L ey b 3905 —€ JSUS
Sloged g5y dilga o (1) @520, (0 o)) OUS 53 9 (7)) slogrd 52 dilga (d (%) &5,20,1 9 (%) (swojplals (e (%) oybs
oyl (IS 58y ol 2 () @250 9 () U8 5 (F ()

Z 'ON /02 'IoA / €202 Buiids 7 uoniinp 7% ABojouyos] pooo

AF

I (P 6 arrie | PN L3\ e B [ emyfa g




Z 'ON / 0Z ‘10A / £20¢ Buiids / uoninnN 7 Afojouyos] poo-

AY

I 0@ 6 prriv | T L o3\ [ e Fveed [ emyCa |

Ol on g aiudgy o5 dltliuw! coms

el 5 Cogb) (lgiome 4 dalog i il
oRIPI L gly > sl bgrpe gl S50 <S5
5 soipbl cslosed @y Wl @y o)l Sl e
o S cou cdl i o il o culld (kS i,
SSLS g e o e ) &S il il
INEI WV NT NI PN S I R
Chevallier et al., ) x> d959 awlis sl Jsl,S
.(2000; Christ-Ribeiro et al., 2021
sdalie ¥ S5 0 o5 wSlen Limgh cpl
e dbyasy it clysSls ilidl L 03,5 o
A bl o 5 Wb GRIP e
(P<+/+0) ai osalie ow line p Jaiwe (slaygS1h
e il 38l a0 5 s (Sl psie Ao p> GialjS1 L
b oSen oSl (S clasles > o
Olpe A (S8 8l e sl g ond ST oy
Naseer .cuol ysio g YW U Ve 5l bojlos oy (5w
Jsb 3 b &5 23S (WIS VYN Jlo 5 olSen 4
Cusl 00 a5 303 Jols (g b VL slod 53 9 ey
o @B 5 b S pacow 4 e
Wb ogasys (Y4)0) lKes 5 Mancebo
S5 Sl SE S Sl Shy p o) Sluogad
4 bgye e Glise oYL &5 0 LS (59l g
D Ciyd g s oSl syl 5l sadans cla S
Cagly g & o)l ) Jols cla S8 b e
9 Jan .cul 0dg Lmb)] Oﬂ‘ gy <YL 6‘917“ JﬁJMg
i eadans oSS e plie (V0VF) ol)lSen
)35 ol & 5,1 5l eS8 1, Chenopodium )1 «lgs
b gy g wwlis dle cyBS S
3l b SsS it il Lol s Sy e 5ales
orle JSi5 4 o sSgegSle 055 ol domyd
iy ey cdldbul ey 9 (S8 Jms
@) e (I Bjles oy )by g jlad
S ixe yebas ejpbl 9 U ) sloged g6 Sl
P2 oolaSy ol Rl Ll sl (ps<+/-0)
OBl g Juke paS 2)1 b Sl 5 oSS
sl IS 56 Gl bt i g 295 cpl o 8l

bdte -

OGS & olid cpbdie I San adlas oyl 5
EnhobyinS st (i orybe g o ol e
oololy ol b S8 3 IS i g Clsde
by ol dgy e Yee,d wasolbal e Jse
mobe DBl cwl eudal) ¥ Joue > ol5dle
pLxl ¥ Joio b Billas (igmu¥ga )b &5 S)y90yd 2S00
b sl (o oIV bl S o el liee 093
5 seude YI¥E L pln niibyns (s YOIYA
g Jalgs YV jlael bl (S codgido

JEo (g, dpa sBo 3 Y Joua

Table 3- Optimal percentages of independent factors

Rice

flour Flaxseed Brown Rice Peanut
[0) 0, 0,
(%) (%) germ (%) (%)
88.23 1.55 15 11.45

4S Sal cuwdas +/ARS (Desirability) cbglas sae

Ll CJLAJ ,\.ub o,\i.mdhiu

S0 e b e & Ylan! Ll el jials

G ¢y Ol Gl b s> oS Conl bgaye (S'sS
OB )k 3 dmge b wade ol ol el
=oipbl  (Khouryieh & Aramouni, 2012)
Shokri ) (slosed gy «le> (Settaluri et al., 2012)
Ty ssbowen o (Ghaleh & Saremnejad, 2018
Aob ials sl Lele wlg o (Man, et al., 2010)
Sluogad )y b (Y+)0) Duta and Culetu
> 9 S (Sl olerdsSiid (gl
L oS bl jwsd s> by gl e sl S
e (g ¥g0d )3 ywgd (G (gme Mo Il
B R
Karami .l o LialS 3o ol culld aseisys o ials
355 3 il o) Gl 53 (V00) e
b S5 sloaiges & 33,5 SIS (sl gn S
oS ol 03gr ol cllsd e opgieS lyls o)l L0

ol 3 5,1 YL 2 Olie 4 bgaye

L Teff



O B9n (T pa¥ 903 g3 lwainty

(S 5 A
Al dge cage (S gmeVeed > (wejelly
P 5 SpdobnS il cdld (e s iS50
bug  Jpaze B (hpd g )il )
Gl mdaw hgy | edlatel b S BAS G pas
Jolis as Jgoyd g el Cundty Cglhe slaclile
TN (loged gy ales JNO @y 3,1 T ANYY

oL @S 3,5 (Byre (eejpbls TIVFD 5 (LS4
Wlg oo cawbio clale (5 LS5 ol 5l plys eolil sl
09 (EphpbyeS GEzed 9 B il pegde
S b S e Slusgas p glhasl L3l sl
S ol it de g Gl i ol
Sy &S .S )8 eolatwl Dyge yielS ek Jouaee
43 Moo 381 oM gl 2 B psboay Sl e ]

Al dpe Sl (g )lo

&bo

Bolarinwa, I. F., lim, P. T. & mohammad,
KH. (2019). quality of gluten-free cookies
from germinated brown rice flour. Food

Research, 3(3), 199-207.

Chevallier, S., Colonna, P., Della Valle, G.
& Lourdin, D. (2000). Contribution of major
ingredients during baking of biscuit dough
systems. Journal of Cereal Science, 31(3),
241- 252.

Christ-Ribeiro, A., Chiattoni, L. M,
Mafaldo, C. R. F., Badiale-Furlong, E. &
Souza-Soares, L.A. (2021). Fermented rice-
bran by Saccharomyces cerevisiae: Nutritious
ingredient in the formulation of gluten-free
cookies. Food Bioscience, 40, 100859

Chung, H., Cho, A. & Lim, S.T. (2014).
Utilization of germinated and heat-moisture
treated brown rices in sugar-snap cookies.
LWT-Food Science and Technology, 57(1),
260-266.

Dhankhar, P. & Tech, M. (2013). A study
on development of coconut based gluten free
cookies. International Journal of Engineering
Science Invention, 2(12), 10-19.

Duta, D.E. & Culetu, A. (2015). Evaluation
of rheological, physicochemical, thermal,
mechanical and sensory properties of oat-based

255 W Sy gop el (ABUSYS (pizen
@l ol b 3 sl B SsS (s s Ll
WU wyp » (Y4V0) oKe» 5 Mancebo
S5 s S S slaShy » o) Cluogas
Lo opsls oo sl SeS 0 o8 28l (5ol (e
Gl SRS Cund (an lgee 38l
oIS (YY) ohker o Chung uoes b o
Jole (oS pe piign lee  ioliEl a8 Wb
O)Sen 5 Hadnadev .cul b SsS (opds i yins
oo Jite suS 28 5 CagSl 3,1 136 oy b (V0)Y)
Ogh S o 0Sles g ped Sjolg 1)
oSl b @ o)l il Gl LAl gl
ORIPB Bl (B eSS (cpd b S s
h cogsl b ord s glaSeS sphiphins Ol
CogSl g @p atelld (MBS ) Oglil @ lyie
So Sl @y 3yl 4 cogSl S a8Lsl b by s
e g 4l Jials (abaisY ok ) (5)gldS (g9
SphpbynS GRIPl g ped dbjeSumy lalS «
a5, J(Karami, et al., 2019) . b S¢S
5 04l ALl g (£ p0dy B8 (i (Siurod
135 saalie S Ol (oS el
.(Mancebo, et al., 2015)

o ghl Vo ceas b b S5 (L b
S5y a8 5ol (Waig Vb gl b gl
Lld )JA.JJ W"L’ 9 )L:.c 9 u‘» ).Zon ‘6‘09@
Comd 030 5 pab (S5, (Hamdani, et al., 2020)
i o b5y )3 @ly 3 sl e als 4,
S 1y Coonl oyt b s 5 8L b g Jlas
¥ USs » o 48l (Naseer, et al., 2021)
e 9 OB Olie GIPI L dede oanlis
ol b g 4Bl Gl (IS ol Tl > (deejell
S i S IS oy oF a8 ] oy
y S5 €l Sabpy Cacls st Mg el )
Sharma ..l YL slacdale 5 Clgdbe pas doni)d
Olipe QRIBI L & WS (B)ls (VVF) oes
Jser oS5 53 o) gz 3 Job Jito S 05 o
28l alS JS s Saih

Z 'ON / 02 "IoA / €202 Buiids 7 uoniinN 7 ABojouyos pooo

AA

I (P 6 arrie | PN L3\ e B [ emyfa g




Z 'ON / 0Z ‘10A / £20¢ Buiids / uoninnN 7 Afojouyos] poo-

A4

I 0@ 6 prriv | T L o3\ [ e Fveed [ emyCa |

Ol on g aiudgy o5 dltliuw! coms

gluten free cookies. Journal of Food
Engineering, 162, 1- 8.

Einhorn-Stoll, U., Hatakeyama, H. &
Hatakeyama, T. (2012). Influence of pectin
modification on water binding properties.
Food Hydrocolloids, 27(2), 494- 502.
https://doi.org/10.1016/j.foodhyd.2011.08.019

Hadidi, M., Motamedzadegan, A., Jeylani,
A. Z & Khashadeh, S. (2020).
Nanoencapsulation of hyssop essential oil in
chitosan-pea protein isolate nano-complex.
LWT - Food Science and Technology, 144,
111254,

Hadnadev, T. R., Dapcevi¢, T., Aleksandra,
M. & Hadnadev, M. S. (2013). Influence of
buckwheat flour and carboxymethyl cellulose
on rheological behaviour and baking

performance of gluten -free cookie dough.
Food and Bioprocess Technology, 6(7), 1770-
1781.

Hamdani, A. M., Wani, I. A. & Bhat, N. A.
(2020). Gluten free cookies from rice-chickpea
composite flour using exudate gums from
acacia, apricot and karaya, Food Bioscience,
https://doi.org/10.1016/j.fbio.2020.100541

Jan, R., Saxena, D. & Singh, S. (2016).
Physico-chemical, textural, sensory and
antioxidant characteristics of gluten—Free
cookies made from raw and germinated
Chenopodium (Chenopodium album) flour.
LWT-Food Science and Technology, 71, 281-
287.

Karami, F., Aalami, M., Sadeghi Mahonak,
A. & Shahiri Tabarestani, H. (2019).
Evaluation of functional properties of millet
flour for use in gluten-free cookie formulation
based on rice flour, Journal of Food Science
and Technology, 87 (16) 15-1. [In Persian]

Khouryieh, H. & Aramouni, F. (2012).
Physical and sensory characteristics of cookies
prepared with flaxseedflour. Journal of the
Science of Food and Agriculture, 92, 2366—
2372

Naseer, B., Naik, H.R., Hussain, S.Z.,
Zargar, ., Beenish, Bhat, T.A. & Nazir, N.
(2021). Effect of carboxymethyl cellulose and
baking conditions on in-vitro  starch
digestibility and physico-textural
characteristics of low glycemic index gluten-
free rice cookies, LWT - Food Science and
Technology, 141, 110885.

Mamat, H., Hardan, M. & Hill, S.E. (2010).
Physicochemical properties of commercial

semi-sweet biscuit. Food Chemistry, 121(4),
1029-1038.

Man, S., Paucean, A., Muste, S. & Pop, A.
(2014). Studies on the formulation and quality
characteristics of gluten free muffins. Journal
of Agroalimentary Processes and
Technologies, 20(2), 122-127.

Mancebo, C.M., Picén, J. & GOmez, M.
(2015). Effect of flour properties on the quality
characteristics of gluten free sugar-snap
cookies. LWT-Food Science and Technology,
64(1), 264-2609.

Monks, J. L., Vanier, N. L., Casaril, J.,
Berto, R. M., Oliveira, M. & Gomes, C. B.
(2013). Effects of milling on proximate
composition, folic acid, fatty acids and
technological properties of rice. Journal of
Food Composition and Analysis, 30(2), 73-79.

Olawoye, B., Gbadamosi, S.0,,
Otemuyiwa, I. O. & Akanbi, C. T. (2020).
Gluten-free cookies with low glycemic index
and glycemic load: optimization of the process
variables via response surface methodology
and artificial neural network, Heliyon. 6,
e05117.

Pirouti, Sh., Faraji, A. & Naghipour, F.
(2020). Evaluation of the synergistic effect of
quinoa flour and whey protein as a gluten
substitute in the production of Yazdi cake
based on rice flour, Journal of Innovation in
Food Science and Technology, 12 (1) 47-62.

Schmelter, L., Rohm, H. & Struck, S.
(2021). Gluten-free bakery products: Cookies
made from different Vicia faba bean varieties.
Future Foods, 4,100038

Schober, T. J., Messerschmidt, M., Bean, S.
R., Park, S. H. & Arendt, E. K. (2005). Gluten-
free bread from sorghum: quality differences
among hybrids. Cereal Chemistry, 82(4), 394-
404.

Settaluri, V.S., Kandala, C.V.K., Puppala,
N. & Sundaram, J. (2012). Peanuts and Their
Nutritional Aspects, A Review Food and
Nutrition Sciences, 3, 1644-1650

Sharma, S., Saxena, D. & Riar, C. (2016).
Nutritional, sensory and in-vitro antioxidant
characteristics of gluten free cookies prepared
from flour blends of minor millets, Journal of
Cereal Science, 72, 153-161. DOI:
10.1016/j.jcs.2016.10.012

Shokri Ghaleh, S. & Saremnejad, S. (2019).
The effect of germination on phenolic
compounds, antioxidant activity and gamma
amino butyric acid concentration in different


https://doi.org/10.1016/j.foodhyd.2011.08.019

O B9n (T pa¥ 903 g3 lwainty

varieties of lIranian brown rice - lIranian
Journal of Food Science and Technology, 85,
23-32. [In Persian]

Taranto, F., Delvecchio, L. N., Mangini, G.,
Del Faro, L., Blanco, A. & Pasqualone, A.

(2012). Molecular and physico-chemical
evaluation of enzymatic browning of whole
meal and dough in a collection of tetraploid
wheats. Journal of Cereal Science, 55(3), 405-
414,

Z 'ON / 02 "IoA / €202 Buiids 7 uoniinN 7 ABojouyos pooo

I (P 6 arrie | PN L3\ e B [ emyfa g




Z "ON / 02 "IOA / €202 Buuids 7 uoniinN 7 ABojouyos pood

% (P 6 mrrie | PN o3\ e Fvend [ e g

Abstract of Persian Articles

Optimization of Gluten-Free Cookie Formulation
Containing Rice Flour, Brown Rice Germ, Peanut and
Flaxseed

H. AsadollahNejad Roudbaneh?, S. Jafarian® ", L. Roozbeh Nasiraei ®, M. Sharifi
Soltani ©

@ PhD Student of the Department of Food Science and Technology, Noor Branch, Islamic Azad University,
Noor, Iran.

b Assistant Professor of the Department of Food Science and Industry, Noor Branch, Islamic Azad University,
Noor, Iran.

¢ Assistant Professor of the Department of Food Science and Technology, Chalous Branch, Islamic Azad
University, Chalus, Iran.

Received: 12 August 2022 Accepted: 27 September 2022

Abstract

Introduction: Cookies are important sweets that are the most desirable products of the family
of sweets for people of all ages due to their long shelf life and low production cost.
Eliminating sugar, replacing unsaturated fats and producing a gluten-free product can help
improving the health level of society, and in this way, cookies can be used as a product to
deliver essential nutrients to the body of people with celiac disease.

Materials and Methods: In order to carry out this project, gluten-free cookie treatment was
performed based on the cookie formulation and based on the highest response level.
Independent variables included peanut flour (5 to 15%), rice flour (65 to 90%), brown rice
sprout flour (5 to 15%) and flaxseed powder (0 to 3%) and response variables included; water
activity, hardness, expanding ratio and overall acceptability were considered. The functional
relationship between the parameters affecting the formulation of gluten-free cookies was
determined using the experimental design of Box-Benken.

Results: In this study, the aim of optimization is to achieve the highest percentage of
expanding ratio, hardness and overall acceptability, as well as reducing the amount of water
activity, which are important quality indicators of cookies. Based on the selected models, the
optimal formulation selected by the software was introduced including 88.23% rice flour,
15% brown rice sprouts, 1.55% flaxseed and 11.45% peanuts. Based on the results, with the
increase of all 4 independent factors, the amount of expandability, the amount of stiffness and
overall acceptance increased and the amount of water activity decreased. In general, high
quality cookies have good hardness, high expanding ratio, less irregular appearance, brown
color, attractive appearance and pleasant flavor.

Conclusion: The combined use of these compounds in appropriate concentrations can be used
as a gluten-free product in addition to increasing the hardness and width ratio, without
adversely affecting the sensory properties of the cookie, with beneficial nutritional and health
properties, which can be significantly useful for the health of people with celiac disease.

Keywords: Brown Rice, Celiac, Cookie, Functional, Gluten.
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