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RAF IR AR SE .

1 RS

1.1 #MRENEE

FEE K. 48 CRE3IF). BEE O
#s55), HECHERAESRIVERAR,; T ik
A S B TR AR AE S, RIRIEH AR RAE s A
HFEFFEE (3260 U/mL), % /K=% Megazyme A #l; a-
VEREE . BEOMAMBECAR, 3% Sigma-Aldrich A#];
WRIEHT AR o A et

DSE-20/40 XU ¥ # $% J& AL, 4% [ Brabender 2 ] ;
XMTD-8 222 i S X T HR A, B ui K DA W& R
AH]; SCIENTZ-12N B IR TR, 7 B8 Z AR
WAEFRAT]; ZM200 #8533 2 ORI, 8 Retsch A F];
4500 HRLIECRS FE I 52 4% (rapid visco analyzer, RVA), 8
KFE perten 22 & ; CMS5 421X, H A Konica Minolta
2wl TA-XT2i i 73 #rA%, 9 [ Stable Microsystems
AF]; TM3000 48, HA Hitachi A#]; Smart Lab-
SEX-HHEATHAY, HAM SN 24k; Spectra Max—M2e
fEHRAY, 3£ [E Molecular A .
1.2 RIFFE
121 A H &Fm

Phk s, e B AE., afik. BRI,
BB RO EE, 1T 0.25 mm 7, BRIZEERSH.

1) FhbdH 4 e

o AN R s €8 32 32 JEURY (0 S R 20 40 BEAT I 52 o 7K 40
E: ZH GB 5009.3-2016; K40 llE: 21 GB 5009.4-
2016; AN E: 2 GB 5009.5-2016; fg i il o€ -
Z 8 GB 5009.6-2016; S IEA I E: 2 Association of
Official Analytical Chemists 7 /H 996.11 ( AOAC Official
Method 996.11 Starch (Total) in Cereal Products) . FH4F
4 E: ZH GB 5009.10-2003

2) WICRRE

FIFH RVA XA [ 252 R R AR PR 700 5
U ZE187K 25.0 mL T RVA TR GEY, BIl—E 83
MFEf (3.5+£0.00) g ANEHFIRE. HA, FEHKD
FEUEN 14%. MR GB24853-2010 AR HEFE 7 1 (1)
TR AT . AR S RIS
1.2.2 REAFEEEFHH &

KH Brabender X% #4555 AL 1] 4% 32 22 $% 1 17 4% -
B E252% SUN &P iwf7e, FERifEGS. Hd, M
HERFIX B4R Sk (1) B I FE A 40-60-110-80-80-80 'C, A
FEZEL I TTIIRIK N 40% . FFIE G T 56— 8820 7E 40 °C
WA THE 2 h, ZTIRSPH 24 h: B2 ETRE,
FEWEIE 0.25 mm #3255 22 22 TH 46060
1.2.3 REMFEANG EESHT

foff Y 0 2 (0N 2 8 5 DU AN 28 5 B I T 4% 0 O
FEH, OIREE (L. 48 (a® FFEE (0% fH.
TR AT AR AT R HE, BRI E 3K, 45 RHCF

S
1.2.4 REBFEANE LB AL ETESETNE

D BEE

HY 1.00 g F£ 5o 30 mL A& 220 B 70% ) 2. 8%,
RAEWE, HAE L h 50 JEE 2R SRR
JUR RN 38 2 5% s T 2% 0 e I 25 12 (0 0 o 2 5 i R A 1)
W70 DAL T ER AR UE S e AR e i 28, Sy
FRUS SRR E TR YERR, BN mg/g.

2) RIEEHEE

Z: 8 NY/T1295-2007, W 5E 224 J5 8y A1 22 52 % e 1f
R I B B
1.2.5 REBFIEAE AL A NE

1, - R B -2- = ff HE 2R F - (1,1-diphenyl-2-picrylhy-
drazil, DPPH) [ HiZEiERAE 1II5E: 2% BAKAR 21
K779, WEORE 3R EB0/K 1 mL, S0 4.5 mL DPPH LAE
W, G R BL 30 min, EVE K 517 nm Nl IR OGBS
PL Trolox ¥¢ i 22l bnvfk 2k . MR b vh b 2R it 55 H R
FEHURIE R DPPH H HEERE YT, #4708 pmol/100 g.

2, 2VBRA - (3-Z0 kO IR Mk -6t R D) %
£ ( 2,2'-Azinobis- ( 3-ethylbenzothiazoline-6-sulphonate,
ABTS) [ HIZERRAE . 2% RE £ )51k,
W R S B2 G 200 uL, FEANAN 4 mL ABTS AR, &
Y6 M 30 min, FEVEK 734 nm FIEROEE . PL Trolox
IRPEEL bR AE B 2R, AR Ar v i 28 0 5 R S SR B
Kk ABTS H HHIERE ST, AN pmol/100 go
1.2.6 X-4t£&474+ (X-ray diffraction, XRD)

15 X5 S AT S OO 98 22 22 5ok DA R 5% e 2 52 T 2%
JENY B S B 25 . BE G DL 2%/min [ 49 38 N 5o~
40° (20) .

1.2.7 REFEEEAEFRAFE

1 & RE

B IR I 4% 7% A R VE RN E 2% XU M R
JEIER IS . TR 3 g WISk (Fis M,) T 150 mL
ok, A 2 AN AR R T %, BH R K,
WAREEZE BN BEEH ARG NG ER B AE R
o, K ERE 500 mL. B 50 mL [z {E N\ 18 #
M sEd (FE M), BT 105 CHMAPTHEEER
(g M), #3 (1D HEARERAK:
10x(M, — M)

M, (D

AR (%)=

2) JRLRRE

AN ) RE 8 28 52 5% 1 T8 2% 110 Jo3 ) R 4k W A6 FH Air
P/36 R AR PR Sk (1) TA-XT2i JF A4 o WA A AR 5 53
JE24 5.00 mm/s, P BLGE Y 1.00 mm/s, TEAZ & 75%,
fili & 77 5.0 go
1.2.8 42 4% & 4% (scanning electron microscopy,
SEM)

KRR R, RS XU 209 4738 1) 05 E 3RS AR
L0 28 27 B 6 T 45 SEM K% . BT A nE B R A
1.0kV,
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1.2.9 4RIPHALaEM

W AN [P €0 2 32 5% e T 4% 28 78 & i 28 2 1) Je gk
TR AN AR HE R 5, BoAR D575 % GOH 27 Al
WOOLNOUGH %" (s 78 . S H B4 A0 38 Ak I3 35
BRI AR, B AUNZIE AL 3 AN B B AR R
LG VER KRB 1 E R PR (Coo) o BRI R
(k) FFEIFE K8 20 Chydrolysis index, HI) Tl IfiL
PR 2 (pGD « PUEJHALIERT (rapidly digestible starch,
RDS) . B ALIEH C(slowly digestible starch, SDS) Al
PitEVER (resistant starch, RS) 5%,
1.3 HIRAIBS 5

TR I B4 14 F SPSS Statistics 26 4t it 43 #1. K FH #

HZE T ZESH (ANOVA) Fl Duncan 78 A8 36 1+ 5 448
EZRNGEE L (P<0.05),

2 HBRESH

2.1 HWMEFRS

AN AR €038 37 52 S oRh B AR S S R, s
TR I & AR IO 22 7, b T v g R ) S5 4 1T 2% (1)
TR . 3 FhAEEE N 420 I 5 45 AN 1 Fiom o

IR 5% s 2 1) % T 2K 5 1T 2% 26 BRI T Ve A 11k
R BAHEE A . bW R, T R e R
T Jie X % 5 R R AR B L R T 1 4, AT T A KR i
FE R kS B S AR R B R T A

®1 TRKNEEEZHHESRESH CER)

Table 1 Basic ingredients content of raw quinoa powder with different grain colors (wet base) %
Ff Koy i} EAM SIUER F£F4E Koy
Sample Ash Lipid Protein Total starch Crude fibre Moisture
E ﬁ% 3.02£0.07° 6.66+0.02° 13.55+0.02° 58.49+0.39° 5.08+0.06" 9.05+0.03"
White quinoa
Va1
A 2.64+0.02" 6.910.04° 14.2240.17° 53.50+0.20° 6.57+0.03 10.840.09°
Red quinoa
R 2.60+0.17* 6.45+0.35" 13.62+0.09° 55.01+0.56" 7.87+0.07° 11.724+0.01°¢

Black quinoa

e WS R R R E 25 22 (P<0.05), FE.

Note: Different lowercase letters indicate significant difference between the samples (P < 0.05), the same below.

3SMELZFEMASENSEAAREEER (P<
0.05), M RKBI/PMRKNAZEL (5849%) . BEH
(55.01%)  ZLHF (53.50%) . L4 BhE #H
g SN NI IPENTTRTE S DI <5 e th i AR = s
787%, WEmMTAREEEAREE (P<0.05) . 4HFE
hREAEARGER SR TRELESAEEE (P<
005, MAHEEH Ky SEEER TUEESEREL
(P<0.05),
2.2 RALERM

ANTRL R 6,28 32 I (ORI A PR 3R 2 o 7 UG M

R, BEPE. HARFE 3T, hERRR K
NARZE BEZ. ARL. WERE SN & EMX,
BRI T R rh A RUREL A KRR L LA 2 B K
Be . AR TURIIEE RN SR 1 el A e 8
Padhild, Ak b i E B BRI S S A R R SO
I, XX BEE RO AR SR IR U A AE 2 BELAS T ek Y
R ATRIAL, AT B R M . RZ K B R R R0 2
AR B B R PR A R, B R
L fo e R VA 00 PS8 R B 4 B 38, AL R Z P i R
MREN S &R, R SR BARDEEREL.

®2 TEKBEZRBIOMUSH

Table 2 Gelatinization parameters of raw quinoa powder with different grain colors

i VB R TR JRAE R EEE ] AR
Sample  Peak viscosity /(mPa-s) Hot paste viscosity /(mPa-s) Breakdown value /(mPa-s) Final viscosity /(mPa-s) Setback value /(mPa-s) Pasting temperature /°C
Eﬁf 1806+15° 1774+15¢ 32+10° 2432+41°¢ 658+30° 68+0"

White quinoa
ﬁﬁi{ 1282438 1107+13° 175+26° 1412433% 305+22° 71x1°
Red quinoa
g 1399+32° 1385+30° 144° 1642451° 257421° 79+5°

Black quinoa

IR L 18T L A AR e R ) B R AR . A
HN,  BGERH RO R e R P RF R R, BEE
RIAZEN I RMEEERTAOEE (P<0.05), £
LA S R A B e R UKL B BB U JT R A, T
FERYIN S InAa e ). B B AT DU WURE B E I PR
HREFE A I (B B, 5 LAt 2 el 3 £ 28 3 03 AT
Eb, 20230 I B AR 0 P LU, R WA LA ) R ek B
o 2 I TR R R 9 A AP [ 2B A S S M R AL SR
AR R AERER, Hep, AEER K
AR E S TR SRAER (P<0.05), 4658 mPas.

B 1 T 4% 0 1 2% 2 BT Ve ML S AR, 7R
ISR AR 2 T 1 EHE Y AR E (W S i T2
B T 4% ) 728 28 o 28 o EE ), L o pgof 3 B b v 3
AR BEE S, a B, AL, BElRmiRER
VLR BRI T (AR B A, AFI T
2P TR
223 & =

W 3 fiow, ARG/ EAE NEE AR
BEWESR (P<005 . Hi, LHER/NEBERBR TR
a SRR, LB, ULEIRE S SRR . BYRRT A2
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ZHLHMERE R TARELZMBEE (P <005 . ik
i, RE R LG K TUR B SR AN S SR AR AL
BHa, EABERRKHIX 2 FPRT.

x3 FENETENGREMEENTH
Table 3 Changes of color properties of quinoa powder with
different grain colors before and after extrusion

Qb3 T SERE (L% AR (e HEE (0
Treatment Sample Brightness Redness Yellowness
AR 91.14£0.07%  0.22+0.02*" 11.94+0.17*
‘White quinoa
IR AN
BREEAD AR 370.033% 4305011 1474005
Before extrusion  Red quinoa

71.94+0.02%  3.00+0.02"° 11.90+0.06™

Black quinoa
A%
White quinoa

Red quinoa
mEx
Black quinoa
e NG FROR F A AL T AN FER A R 2 R (P <0.05),

KRR IR R o (0 4 R A2 R 2% (P < 0.05).

Note: Different lowercase letters indicate significant difference when compared
between quinoa with different colors of the same treatment (P < 0.05), and different
capital letters indicate significant difference when compared between different
treatments of quinoa with the same color (P < 0.05).

PR JG, A 4. BEEH LMEEERIK. oME
MpHE BEWI (P<0.05), XA[RERK NESIE S
BB UIMER T, R I SRS DL RS 3 Ve K % Ak
RN TR S R IR R AR SRR AR N, (HFH 2
FRBEINRE . AN R FE R A R R R AR
kA R Rt 2 5 R E AT
2.4 REE. REEEE

MTREENRGOAR, L2H. R0 RE
AR, HERWIRGEEZPZEH. BN E&EY
DR THRaEEN, HE AT, aRE T2
B & B, HRNBHEESAHEE, TANG MR
KRB REEEFN LR ZM S &, HIREaH
2, XATRE R M T AR KRS

83.63£0.11%  0.30£0.01%* 17.83+0.17"

FrlkJe

. 59.04+0.15B""  8.94+0.15% 19.38+0.31%
After extrusion

56.76£0.20%  5.89+0.10% 15.63+0.24%

o 4% s fi Before extrusion =407

'c;ﬁ 20 | NV JﬁH—:JEAﬂerg);trusion 2 -

£ 7 Cb £ o

g sl § a é 3.0 Tb a

g 05 \ / 5 Lor \ /

B B .

2 L7N %§ %& :% WA % %\
EE =3 k&3 REK EE = K =3 L =3

‘White quinoa Red quinoa Black quinoa
i Sample
b. B AL
b. Changes of flavonoid content

White’quinoa Red quinoa Black quinoa
i Sample
a. TR

a. Changes of polyphenol content

e KRG FREARF R 7 A AL BN DR (o R 3 2 2 S B 2% (P < 0.05),
NGFRARIORFAMRGELZARLEZREE (P<0.05), T,
Note: Different capital letters indicate significant difference when compared
between quinoa with different colors of the same treatment (P < 0.05), and
different lowercase letters indicate significant difference when compared
between different treatments of quinoa with the same color (P < 0.05), the same
below.

B $EIEAREERIN S HEEREIAGE R
Fig.1
quinoa powder with different grain colors before and after extrusion

Changes of polyphenol content and flavonoid content of

PR 2 W, mEP S &R NS, X2
IR g e L v . A 55 e BRI AN ] e 5 3500 40 22 W RN B
Ml Bt . RGBT A, ki PR AR L B AN 2
By FOSR BRI, phah, BRI Ry AN B AL A
AR S EARSE RS THEAMER, Nisem e sLbr
S B R e,
2.5 MEMLFEENE

BEFEFHZHMBAEFLEMAD SRR THR
e M. B L DPPH A1 ABTS [ H 38 7 4 B
IR AR VAN AN TR KL £ B8 22 [ AN 22 22 5 1 TH 4580 1)
Praaf . BB 2 T LA AN [FRDRL (32 52 0 FH 2 52 5
&M P E s R A ¥ ZR (P <0.05), DPPH.
ABTS H HEPUEM G R IO a3 . B A#
Fo. BiEJa, AFRRLEFEFER ) DPPH. ABTS H HZE4L
FALEME R E TR (P<0.05), BAEHEZEBME
i () & B AR AL A A — . BARZEHIEN N TG,
PUAMTE MG BT N, HE5/NESIRTIE T8
KB,

# T Before extrusion
eIk Aftc{: extrusion
a

120

I\

CE adk R pEE sk B
White quinoa Red quinoa Black quinoa White quinoa Red quinoa Black quinoa

¥ i Sample ¥ i Sample
a. DPPH [ H12E35 B g b. ABTS H Hi &R FRfiE /)
a. DPPH free radical scavenging b. ABTS free radical scavenging

A2 FEERRAER DA
Fig.2 Antioxidant capacity of quinoa powder with different grain
colors before and after extrusion

2.6 X-BIELTE AR

TR RRRZ MR R, FEHLS XA ERXH
B . 3TN, B EMTE 15°. 17°, 18°.
23° G ERATHI I, ML A BUARIENE, X S5HEE
S R TS A B BEE ST, A BRI R IR IR T
AR R TREURE E, VER AT A T v REEAR, = A
25 S I 17.12%. 21.41% F1 25.66% [& A% &
10.53%- 8.06%-. 7.71%. XA RE 2 K N 7EHf E L fE
S GE R WURLEE T R ZU R m i = B U, YE R I 4 R A5
PEREIR, 5043 55 I o 3k N B B Vi A0 PR e s T I B
Y, TERLT BTIAE S IX . b = e R T AR 1 &5 d R T
M, AEEFEmZER NSRS KRG, BEEZRIK.
XATRER N B2 ek & B E, WIALRE I A B
AN R R, N Rl AE A SRR T M R e A
(5> T 2450, T3 1 457 I 22 22 T 2% H Ve B 11 45 o
FERL, BRiEar S EAN, EARARE SRS R
30T VE Ry (A X 45 o P I S . HEARIE, B T AN
1 T 4k 1) A7 AE 2 BELAS SCBE e 0 UM e &5 740 1) 2 3T HE 21,
B AR Ve A ARG 45 f R, Ik [ AP 5 3240
A, BEEMAEEFPEARMHSESERZ,
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b T UE R (A1 AR ) £ Y SE D9 WS, AT BRAIR 1 SR AR S
5 LLR B IR T A ek K 45 L

4% F White quinoa powder, 17.12%

214577 Red quinoa powder, 21.41%

HREF K Black quinoa powder, 25.66%

5 I [ 35 411 % White quinoa extruded noodles, 10.53%
¥ 20 3237 [fi] % Red quinoa extruded noodles, 8.06%

¢ I J 424 [T & Black quinoa extruded noodles, 7.71%

0 5 10 15 20 25 30 35 40 45
744 1 ¥ Diffraction angle 26/(°)
B3 REROAGER LGN X-HEAT4HE

Fig.3 X-ray diffraction patterns of raw quinoa powder and quinoa

X IR
X-ray diffraction peak intensity

extruded noodles

2.7 ZEBFHE. BRA%RHE
725 IR ) R 8 A 953 2R A2 PP THT 2% 2% 38 4 1Y) B 24

. AR EEER R ANEENNGFREER (P<
0.05). K 4 T LLEH, 2033 F I 1 2% 1 26 2 ) 1)
B, O~ 225 mine X AT AEAE KON AL REF M e M A
BEAK, BEJGTE A TER B I 2% GE M b Bl . NSt
FIF AR HENTH 6 350 78 B A0 O A2 i & TR I K P s A
WP & &, VPO A& i ) — DN E 2 R b, FE
5 AR RNR 7% 8 R AT M R O R P,
A E BRI 2L 78 B IR N 7.46%, B EMTUAREE
%% (10.12%) FIRBELEHIRH % (9.16%) (P <0.05).
XATREE N B2 e S il YRS TR T B3
EHIGER B M g R (B 4), Jb T ARE SRR A ]
TEI R v . SBAE R4 3 () TR & T
ML, BARAMSESESTAHRESE, FEEER
)R AT T G 8 R A 155, 7% 78 I R v T 2% 34 TR (1) A 0 T
T B Z v, T 5 3O s 28 R

R4 TEREREDERFRIFIEMRARE

Table 4 Cooking quality and textural properties of quinoa extruded noodles with different grain colors

FE il R

Cooking time/ EIBR I ks RN 1 g3

Sample mi%q Cooking loss/% Hardness /N Springiness Cohesiveness Chewiness

S 2

I;I %4'4 3.50+0¢ 7.46£0.32" 30.71+0.54° 0.97+0.01° 0.74+0.01° 1768+10°
White quinoa

e 25 o a . a a
R - 2.2540 10.12+0.20 18.82+0.27 0.89+0.02! 0.60+0 1073£9

ed quinoa

228

hgeE 2.75+0° 9.16+0.19° 27.64+0.13 0.90+0.11° 0.62+0° 163620

Black quinoa

AN R (0 8 27 55 H THI 2% (1) R Rt 5 28 B AR R 201
WSk, o (33 B T A% 1 TR R 2 A
T HA 2 NEES (P <0.05) . B B 2 B4 20 4% 5 IR
HIELRPR, R S XA T . TR e
SRR, FEG ARG E A, 3MELRE
4 I AR 18.82~30.71 N 2 [f], M, H#EFEHKE
2K R B T B E SO REREH % (P <0.05),
BRAE B Ah, BREH Rm AR (097 HNEME
(0.74) FINHMERE (1768) WEEETHA 2 MEN (P<
0.05) . AHFFAE T &M, k. REMES )M
WA 6 B 2 IEA PO Bk T TR I B RS A, A
MM AR RE S, KEHEDREH, SEH %R 4
P2 BIREIR, W BRI 2% AR08 38 AN i itk . RH 27 2 5 =
2 0 THT 2% 1) i J03 366 RCRE e, R 2 44 5 1 )38 0 2 3R
T2k HE B B IR S R TR, ) S5 T A vt J 5 A0 PR A
PRAKZE 22 T 25 I A S 5007,

2.8 FiEEE

W 4 Sy AN [FRL B8 3E 22 5 1 THT 2% 75 28 1 3R TR AR A
AR BT 38 F 3 F B I nT DAY B 1 00 42 31 T
2 2 THI AT AR (0 FLA 23 A1, 3 L) 2 R - 3 T
FARDFHERTE T FLIR R A, R0 AT DL
AR B T A R o I BB U 0 e I T 2% 5 K () 241 AT 1, 1)
B et A . BRI DL SR B, HEEEF R
T s R LR HE AT B A P, FLIA KN R85 .
MILLZ R, HAZE I35 I 2% 75 28 5 3R TH Ve B e i 5 44 1

BRI, FLIRCR /NI S AL 2 2 5 T 26 3R
T D20 A e B R B M 28 S5k, SLIRBOR Hoo A AN
W o 3k — A WLEEAS [FD KL (0 28 52 5% 11 T 2 A 4B T P 5 1
B, MG E|PL, fLIRZEESE, HARZAD, &Y
TN IR 0 2 £ 1 BE N0

N 570 100 pm N 0TS0 100 jum 12 #2100 pm

a. ARG ARIME b LHLLFIRMFRMIE c. R H L&KL mE
a. Surface of white quinoa
extruded noodles

b. Surface of red quinoa
extruded noodles

c. Surface of black quinoa
extruded noodles
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f. Cross-section of black
quinoa extruded noodles
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Fig.4 SEM images of quinoa extruded noodles with different
grain colors
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d. Cross-section of white
quinoa extruded noodles

e. Cross-section of red
quinoa extruded noodles
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Note: RDS was rapid digestible starch, SDS was slow digestible starch, RS was resistant starch; Different lowercase letters indicate significant difference between the

samples (P < 0.05).
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Fig.5 The starch hydrolysis curve and starch percentage of quinoa extruded noodles with different grain colors
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Table 5 The calculated equilibrium concentration, enzymatic
hydrolysis speed rate, hydrolysis index, predicted glycemic index of
quinoa extruded noodles with different grain colors
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Quality characteristics of the extruded quinoa noodles
with different grain colors

TANG Xiaozhi* , ZHANG Hongyu'? , YU Menglan' , CHEN Fenglian?

(1. College of Food Science and Engineering, Nanjing University of Finance and Economics/Collaborative Innovation Center for Modern
Grain Circulation and Safety/Key Laboratory for Quality Safety Control and Deep Processing of Cereals and Oils,
Nanjing 210023, China; 2. College of Food Engineering, Harbin University of Commerce, Harbin 150076, China)

Abstract: Quinoa is one of the most popular ingredients in the creation of healthy and environmentally friendly foods, due to
its rich nutrient composition, balanced amino acids, and various bioactive substances. Quinoa noodles can be prepared for green
and healthy food, particularly for better taste and market prospects. However, the traditional processing of wheat noodles
cannot fully meet the high quality of quinoa noodles at present, due to the lack of gluten. Among them, extrusion has been
applied to prepare the whole quinoa noodles. The natural color of food can also be closely related to its nutritional value.
Quinoa grains with different colors often vary in the content of starch, protein, fat, fiber, and active substances. This study aims
to clarify the great influence on the cooking and nutritional quality of extruded noodles made with quinoa as raw materials. The
mechanism of quality of extruded quinoa noodles with different colors was explored to compare the basic components,
gelatinization of quinoa flours, the microstructure, cooking quality, active components, and starch digestion. Results showed
that the white quinoa achieved the highest content of total starch and crude fiber, compared with the red and black quinoa
powder. The content of crude fiber increased significantly with the deepening of the color of quinoa powder. Among the three
types of quinoa powder, the red quinoa exhibited the highest levels of fat and protein content. In terms of gelatinization
properties, the peak viscosity, final viscosity, and setback value of white quinoa powder were superior to those of red and black
quinoa powder. The pasting temperature of white quinoa powder was lower than that of red and black quinoa powder.
Furthermore, L* values significantly decreased after extrusion, whereas, a* value and b* values significantly increased (P <
0.05). Additionally, the red and black quinoa powder, along with their extruded noodles, exhibited higher levels of polyphenols,
flavonoids, and antioxidant activities, compared with the white quinoa. X-ray diffraction revealed that the extrusion process
caused the changes of starch crystal type from type A to V. There was a decrease of starch crystallinity in the white, red, and
black quinoa noodles from 17.12%, 25.55%, and 21.41% to 10.53%, 8.06% and 7.71%, respectively. White quinoa noodles
shared the highest crystallinity, due to the high starch content and high setback value of powder. The recrystallization of starch
formed a relatively stable and orderly molecular structure, thus enhancing the crystallinity of starch in the extruded quinoa
noodles. Although the cooking time of red and black quinoa extruded noodles was shorter than that of white ones, their overall
cooking quality was notably inferior. The cooking loss of white quinoa noodles was 7.46%, which was significantly lower than
that of red (10.12%) and black (9.16%). At the same time, the extruded white quinoa noodles also exhibited the highest
hardness (30.71 N) and springiness (0.97). The extruded noodles relied primarily on the gelatinization and retrogradation of
starch. The rearrangement of starch was dominated to form a stable gel structure after extrusion for the cooking quality of
extruded quinoa noodles. Scanning electron microscope images confirmed that the gel network structure of white quinoa
extruded noodles was denser and more complete, thereby leading to the lower cooking loss and superior texture, compared with
the red and black quinoa extruded noodles. The in vitro starch digestibility showed that the white quinoa noodles contained the
highest resistant starch content and the lowest predicted glycemic index of 68.56. In summary, the red and black quinoa
presented a relatively higher content of active substances, but white quinoa was more suitable for the production of high-quality
and low-GI extruded noodles. This finding can provide the theoretical and technical reference for the production and processing
of high-quality quinoa noodles.
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