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Fig 1-Loading plot of quantitative and qualitative parameters in gluten-free cookie without quinoa flour
replacing.
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Fig 2-Loading plot of quantitative and qualitative parameters in gluten-free cookie with 25% quinoa
flour replacing.

5> 2l e sl s sl labaly omes 2D
s Ol gl Olge 4 3L el b e oL
VL (138 5 saasilis ol ) oA sdalive J yeames
00 £ YO SIS 5L a3l Sl plaw o
s 5 VRS e 5 0ad U e S 5y Ao
A e 53 1S syl 0 s 2l 53 St
L3S 3T Sl eslizad 31 oy 0 (YOVA) O 5 Lo
Goio ol gl sy 58 Oy S 0¥ e 8 50
Ol B e DY g3 53 LS 35T Lol oL

] sl 2als el miw g

Spec iall wolurme

0.4

0.3

0.2

0.1

S AS 5 oS sl Obe Laily, Jles-Y-Y

5 3,1t y3 00 (3l o5 4l8 0
S 5 oS sl ull Obe ks, sdasOlis YIS
lad 3 158 350 doys 00 (sl 58 Ol Ly e
s DL ks 8 5 hailn ol Lol slaadl o Ll
1L g 3T 5l a3 00 o Sl mhaw 31
Slakaly b 55 sbaaised IS 2l slaal S
P b et 5 s glabaly 5 O S peenl
Glaaly oze 5 3 bl K05 (gom 5l s p b s ISS
Sy bl 55 5 ogase pm gl jull b it

0

Smell and taste

Chewiness

0.0

-0

Second Component

owversll acceptance

-0.2

0.3
Shape and form

0.4

-0.2 04

M oisture

| Color

0.0 (18 0.2 0.4

First Component

134



\24"'}5‘\'\ 092 c\iq d‘)Lo...;

Ol M mls 5 o le alos

Fig 3-Loading plot of quantitative and qualitative parameters in gluten-free cookie with 50% quinoa
flour replacing.
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Fig 4-Loading plot of quantitative and qualitative parameters in gluten-free cookie with 75% quinoa
flour replacing.
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flour replacing.
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This study aims to investigate the effect of substituting different levels of
chickpea flour (0, 25, 50, 75 and 100%) with quinoa flour on the relationship
and dependence between the amount of protein, ash, moisture, specific volume,
texture, color changes and sensory characteristics. Gluten-free cookies were
analyzed using principal component analysis (PCA). The obtained results
showed the dependence and relationship between the evaluated parameters to
the change in the level of substitution of chickpea flour with quinoa in the
formulation of gluten-free cookies. By replacing 25%, the relationship between
the parameters changed significantly. With the increase of substitution level
change from 25 to 50%, with the predominance of smell and taste and change in
texture, the relationships between the evaluated parameters in the space of
principal component analysis were rearranged relative to each other. By
increasing the substitution level from 50 to 75%, the influence of the presence
of quinoa flour on the textural characteristics of the manufactured product and
its relationship with other parameters showed the variation of the examined
traits. This indicated the critical level of relationship change towards the
predominance of quinoa properties in the formulation. At the replacement level
of 100%, based on the position of the special volume parameter with the
parameters related to tissue characteristics, an opposite relationship was
observed between them. Based on the results, it shows the applicability of
principal component analysis as a useful tool in identifying the substrate of
relationships between quantitative and qualitative parameters in the direction of
designing and developing food formulations, and finally, the maximum
replacement of 50% of chickpea flour with quinoa flour in Chickpea sweet
formulation is recommended.
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