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Introduction

Quinoa, which is known as the mother grain,has higher protein content than common cereals and possesses a large
lysine content. Quinoa is composed mainly of carbohydrates (60-75%), of which 10-13% is dietary fiber. Quinoa also has
a slightly higher protein content (12-16%) compared with cereal grains and fat content (5-9%) that is rich in unsaturated
fatty acids. Quinoa seeds contain similar or slightly higheramounts of bioactive compounds such as polyphenols (2.7-3.8
o/kg). Moreover, quinoa is gluten-free, thus providing the ability to enhance the selection of gluten-free products
forconsumers with celiac disease, but this type of characteristicis challenging to development of bakery products from
quinoa with desirable physicochemical properties. Processing of cereal grains and pseudo-cereals into products that
deliver a nutritive valueto consumers represents a considerable opportunity for large scale food processing. There
havebeen some reported studies on roasting, extrusion, steam pre-conditioning and pearling of quinoafor further uses.
Extrusion cooking is a promising technology for improvement of functional properties of quinoa flour. The Evaluation
of physicochemical properties and microstructure of Expanded quinoa as affected by extrusion conditions was the main
goal of this project.

Material and Methods

In this study, a parallel twin-screw extruder (Jinan Saxin, China) with die diameter of 3 mm was applied. The effects
of extrusion process parameters including feed moisture content (14 and 16%) and die temperature (130, 150 and 170 °C)
on final moisture content, bulk density, water absorption index (WAI), color parametersL* (lightness), a*(redness),
b*(yellowness), hardness, and microstructure of Expanded quinoa were studied. Extrusion was carried out using a co-
rotating twin screw extruder with L/D ratio of 10:1 and die diameter of 4 mm. The feed rate of flour and the screw speed
were set at 40 kg/h and 200 rpm, respectively. The physicochemical properties were measured using standard methods.
The hardness measurement was performed by a texture analyzer. The cylinder steel probe (2 mm diameter) was set to
move at a speed of 1 mm/s The samples were punctured by the probe to a distance of 10 mm . The color parameters of

the samples were determined by the Hunterlab machine. The morphology of samples was assessed using a scanning
electron microscopy (SEM).
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Results and Discussion

A comprehensive study on impacts of extrusion processing conditions on quinoa flour was conducted. The effect of
process variables on the physicochemical attributes of the extrudates was observed. the expanded quinoa with higher feed
moisture content had greater moisture and those extruded at higher die temperatures showed lower moisture content
(p<0.05). Moisture can reduce the shear force as a plasticizer and increase the amount of moisture absorption of the
product. While increasing the die temperature, the effect of shear force on starch dextrification increases and reduces
moisture absorption (p<0.05). WAI was significantly influenced by extrusion variables. In fact, feed moisture content and
die temperature both positively changed the WAI of quinoa flour so that all extruded samples had significantly higher
WAL than the untreated sample (p<0.05). Moreover, the sample with the higher feed moisture content (24%) treated at
the highest extrusion temperature (170 °C) showed the largest and lowest water absorption and Hardness respectively
(p<0.05). Another important feature of expanded quinoa is the lightness index, the results revealed that extrusion cooking
caused a reduction in L* and enhancements in a* and b*. While changes in color parameters were more pronounced at
more severe die temperature, higher feed moisture content counteracted the effects of cooking temperature on the color
of the products. As expected from changes in the abovementioned color parameters, the sample with lower feed moisture
content (16%) treated at the highest extrusion temperature (170 °C) experienced the greatest color change (AE). The
texture profile analysis (TPA) indicated that higher feed moisture content yielded extrudates with harder texture whereas,
extrusion at higher temperature resulted in lower hardness. The scanning electron micrographs showed that the native
quinoa flour encompassed both small- and large-sized starch granules while the extruded sample mainly consisted of
disaggregated particles. Furthermore, extrusion cooking of samples with higher feed moisture content caused formation
of more uniform starch aggregates with smoother surfaces.
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Fig. 1. The effect of die temperature and feed moisture on final moisture content of extruded quinoa product
Different English letters indicate statistically significant differences at the 95% confidence level.
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Table 1- Water absorption index of extruded quinoa product
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Water absorption index (g/g)
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Different English letters indicate statistically significant differences at the 95% confidence level.
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Table 2- Results of color change and Hunter-lab test
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Different English letters indicate statistically significant differences at the 95% confidence level.

Jadhav ) P;)?"" (X% .)5)1@5‘ Jya:u d‘)’. Pl diged (Jw
o %135 35 (Mazumder et al., 2007) <> 4 (et al., 2013

4 150,8 sdalie 30 (Meng et al., 2010) 4, Sen 5 S !
(st S (1,5 5l 2,3 WmA0e) ST slos il
38 ol 1S il ol pen 4 1) 3656 5] 59 y5ST a4l Sl
YOIYA G STV o 198 o mumes 039l 18w )l jao cimgs oy
(Taverna et al., )\Ken g Uygli cbliyl pl )3 0g yuxie (yigu
3yl sddmazes 039l (el |y pgs VAN B ADY awls (2012
Ll SThgs S 5 gl b o5 b a8 0,8 5155 Iglwls g TgiS

ol a5 HB odd sdaliie ciglds ¢ g)l> Limeh b

JbaLa

2 ontiyled TguS 3] gy S9rSI Sy e sl
b olS b am 3 V0 (lod j> ol oadng ST (lion b aulio
o odly L ¥ S 0 duopd VY 5V Shed (634)9 Cugbs,
L Oygeo 4y dtwlds Ol wd e o JSS 0 &S jghailen ol
ke M> (5998,90 (Mahasukhonthachat et al., 2010)
OIF Sy 2] 3 s sladgl S sl Ty 9,5 g whatel
C3y 939 SeS 9 S O 5 93 1 > ol wiges 53)S
o2 5l o SSE 53,5 ol LSl cuw 198 3] 559,581
solel &5 393 55l el 2 (DUraetal., 2014) o) \San o s> 13
S olsis 4 oigras] coy ld by aelss oS cuts
oo 4 S)h g SesS Ol Jlail s 5 03505 Jos odiine Jals
2945 (g )See plal 3 Dedee FS )il LSS
2ol ol & sl e analis G JgilS LS 3 GSsn sl
poage Dl GhepSl sy 4 ke GBI »
Lol 0 sdalie 35 (Mahasukhonthachat et al., 2010)

5 lod bulps )5 Ton8 5] sdpumes 03y9l8 Bww lie
ow 93y 3 lod ol 38l .l ol 31 Y Sy glite ueboy
@ 1) <8l (B (PO.05) jine EaL (wyp 2)90 Cush,
cslalod 1S 5 ) Cugh) (I3 S5 (ggw 53 Jg el ol on
Sged bl nl b (B 3 ine Rl 4 ot (2 3)90
V) yiaS gl yg (31,5 ol 4 pd WY+ ) Lod o 5V 50 0039 yiasS]
W) Lod (5 mly 53 04839 juS| iges g (5w (3 yieS” jl 40y
e YLl e YY) e Cogb) 5 (5 5l 42
039S diged (5w & Cunl 1S3 & o3V (uinen dgs 13)05
wges g )T Ol dayd We slod 5 loyd NV Cusby jo el
wlie o5 e 430 10+ slod 5 Joyd V¥ Cugb; 10 oudjlows
0153 S| iges (gl ¢ B (Lol 45 me Ciglds pas vy o
0l jlawd digad 5 01)S Gl 4o )0 VA (glod g Moy V& Cugbsy jo
W odnline 3 0,8 ol ax 3 We glod 5 o) Y cugby 1
by (2als 53 5 (e » 53959 Shhss Cush) (el 56
328 el 9 el U s e Sl plgiien |y ol 2 )5S
sloodyglyd bludl Jole p 5ol plgie @ awalds ogmilisY)
(Aluwi et al., 2016) sl> ;1,3 wyy 3 50 64535 yianS]
o d oSy GRS sl (g STl (b o> 38l
Cols o)led Cubus Jials yusen 5 Of Hlou jlid (il
Ol dons pd o2l 3l pesl) 5 s ols Wby 5 0ad  slan
OWen 5 il 3l polde @l b o Sials cél o
5 WY+ 08) o Kam g Sips (Y4+) o] Kam g bl (-9
AT s s o)l (Yoo ¥) ohlKen 5 (S (Vo A) o, K
ly (B (3Bl g riges (adpems (il « Sy 5VL Cugbs,
(Karwe & Dogan, 2003) g 59> g 5,5 .l atils olyor a
TguS 3,1 blul jgals «Syes cogb, yiulisl a8 il olgie 0
5t gy Sl 55 cadls (g 53 gy T e 3y



VEo¥ ol.gT — yeo F oylod Nl oyl pl (2108 Lo g pole SLldghy 4 i A\t

[ ) | g

Hardness(N)

Feed moisture (%)

1
—_—
70

" 130°C
® 150°C
" 1720°C

B 195 3,1 Gadigeil (gl Sl CBL (e olime p2 STysh Cugby g Lo I ¥ K
ol 203 A0 el gaws ;3 5 cme (g bl BB osimdUts Cglise oSl gy
Fig. 3. The effect of die temperature and feed moisture on the texture hardness of snacks produced from extruded quinoa
flour samples
Different English letters indicate statistically significant differences at the 95% confidence level.
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Fig. 4. Electron microscope images of quinoa flour

untreated and extruded at 150°C in two feed moisture
levels of 16 and 249% (SS: small starch particles, LS: large
starch particles and PB: protein part)
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