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Analysis of Flavoring Substancesin Defatted Quinoa Noodles
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Abstract: In order to improve the quality of quinoa noodles and inhibit the negative effect of rancid taste
caused by oil oxidation on noodles in processing quinoa powder, the defatting treatment of quinoa powder
was introduced, and the volatile substances in common noodles, quinoa noodles, defatted quinoa noodles

and their soups were analyzed. In experiment, n-hexane was used as the leaching solvent for defatting,
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while the volatile flavor compounds in quinoa noodles and defatted quinoa noodles were detected by

solid-phase microextraction technology and gas chromatography-mass spectrometry (GC/MS). Results

show that repeated defatting for three times could effectively reduce the oil content of quinoa. Compared

with wheat flour, the aldehydes, furans and ketones in the volatile flavor substances of quinoa noodles

were increased. The grass and wine taste of quinoa flour products could be reduced by defatting

treatment. The ketones and esters in the volatile flavor substances of defatted quinoa flour products

showed significant difference. Defatting treatment can improve the flavor of quinoa, and has little effect

on the structure of protein and starch in quinoa flour. Thus, it can be applied as a processing method for

quinoa in the future.

Key words. quinoa; noodles; headspace solid phase microextraction; volatile compounds; GC-MS
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Fig. 2 Total ion flow chromatogram of volatile flavor
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Tablel Summary of flavor componentsin wheat noodles
Hoy ARXT 2 /% A2z VC i 1 B 5} 1] /min
[ 1EC 18.282 CeH,,0 973 6.199
T 10.347 CoH,50 933 11.194
N 9.263 CsH,00 957 4.429
B 6.194 C;H,,0 965 7.987
SR 3.758 CsH,00 930 3.470
R -2-3F I 2.676 CsH,,0 965 11.711
a-2- T 1.681 CoH,40 954 13.117
IEE 1.417 CsH, 0 962 9.660
o 1.366 C;H,O 954 12.990
2-C RS 0.694 CeH,00 923 8.549
B 0.501 CioHa0 891 12.621
g IECBE 9.910 CeH,,0 953 10.634
1-13% 3.990 CsH,,0 962 9.110
- W -3-B% 3.148 CsH;60 976 11.952
5B 2.958 CsH,,0 796 3.470
IETBE 0.809 C,H,0 957 7.429
4-FP R0 0.657 C¢H,,0 981 7.780
FHE 0.639 CgH,50 904 13.357
1F B 0.631 C/H,,0 939 12.041
2-4FEC B 0.472 CgH 50 957 12.486
W I 2 2-1F S B 0 g 8.189 CoH,,0 944 8.820
2-2, FE 0.992 CeH 0 933 4.034
Pk =S e 2.613 CHCl; 977 5.154
B 1.117 CioHys 935 8.163
1E Sk 0.526 CsH), 835 1.604
=M 0.445 C,;Hy 810 5.461
FIA ] — 2 1.831 CsHyp 971 7.172
B K 0.849 CsHyo 963 7.944
LR 0.485 CsHyo 966 6.921
IS 2,3-3% il 0.640 CsH,,0, 884 10.159
A R 0.638 C;HO 884 2.403
i 2 2R 2T 0.638 C,4H;0, 949 3.095
B PR AR T T 0.426 CsH, 04 880 8.438
HAlh IR BT 0.698 CH 005 802 3.417
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Table2 Summary of flavor componentsin wheat noodle soup

x2

componentsin wheat noodle soup

INETELARRRL S ML Gt 4R

Mo FHX 5 /% f st DT B i B4 B ] /min
fiE 2% IE O 17.435 CeH,,0 970 6.197
TR 11.446 CoH,50 960 11.189
R 7.859 CsH,00 960 4.426
BRI 6.814 C;H,,0 966 7.971
(E)-2-Bffs it 3.787 C/H,,0 961 10.199
A 3.082 C;H,O 974 12.988
1E S 2.377 CsH,60 958 9.650
2 -2- I 2.072 CsH,,0 958 11.707
S -2- T 1.526 CoH;0 949 13.111
S I 1.255 CsH,00 940 3.464
L 1.159 C1oHa0 865 12.611
J23-2,4-%% TS 1.146 CyoH,60 944 16.366
2-C S 0.917 CeH,00 947 8.546
s 1EC R 8.546 CeH,,0 965 10.637
1- 3B 4.069 CsH,,0 965 9.121
g 2.288 C,HsO 946 3.797
-3 075 -3- B 2.126 CsH,60 957 11.951
IE T B 1.791 C,H;,0 958 7.468
T 0.923 CsH 50 901 13.357
S I e 0.837 CsH,,0 812 8.457
2-LHECEE 0.551 CsH 30 957 12.486
PR 0.491 C;H,,0 957 12.040
UREES 2-1F [ K I 2316 CoH,,0 858 8.715
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Mo FHX 5 5 /% f st DC P B {4 B B [B]/min
I =R b 4.970 CHCl; 976 5.153
XS 0.768 CioHyg 938 8.121
E S ke 0.692 CeHys 955 1.685
WP = 0.610 C;H; 780 5.460
P ST S ] — 2R 0.697 CsHyo 969 7.143
2,4-TRUT BOR By 0.584 C14H,,0 941 21.182
GBS 2- BT 1.081 C,H,,0 856 7.955
it Sk 2 Tt P TR 0.731 C;sH;0; 963 4.410
2,3-3¢ il 0.466 CH 1,0, 887 10.155
33 M2 0.463 C:H,,0 932 11.408
[[FES LR TR 1.566 C4Hz0, 974 3.088
B2 O W 1.185 CoH 50, 941 10.322
Hifts FH it gt 0.784 CH;CIO,S 743 8.204
3-FIE-1- 2R Sk e 0.590 CioH 0N, 861 21.498
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Fig. 4 Total ion flow chromatogram of volatile flavor
componentsin quinoa noodles
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Table3 Summary of flavor componentsin quinoa noodles

i AHX £ /% e NS i B8 B ] /min
2 1E O EE 18.446 CeH 20 962 6.207
P 6.453 CsH,00 963 4.423
BRI 6.194 C;H,,0 942 7.976
T 5.096 CoH ;30 958 11.190
(E)-2-PEfs s 3.525 C-H,,0 957 10.200
2 3-2,4-%8 T 2.265 C1oH,60 938 16.366
S -2-F I 2.084 CsH,,0 905 11.708
1E S 2.040 CsH,60 958 9.653
o 1.988 C;HsO 967 12.986
al-2-TF g 1.768 CoH,60 953 13.112
2-CU 1.474 CeH ;00 945 8.547
SEIwE 0.857 CsH,00 925 3.460
(E,E)-2,4-B¢ — 1 0.492 C.H,,0 932 12.572
X -2- B M 0.357 C1oH;z0 846 14.446
[EES IE B 3.669 CeH,,0 965 10.634
14 -3- 5% 3.140 CsH,60 975 11.951
1- 3B 2.416 CsH,,0 947 9.115
- 1.053 C,H(O 948 3.792
2-H OB 0.795 CsH 50 961 12.485
IE T 0.681 C,H,00 951 7.452
F 0.446 CgH, 50 901 13.356
1E B 0.410 C7H,60 942 12.040
URLEES 2-TF SR K I 9.466 CyH,,0 917 8.836
2-Z, FE UK I 3.689 CeH0 948 4.026
2-1E T L0k 0.494 CgH,,0 857 7.026
2-1E N LK 0.338 C;H,,0 839 5.346
Je 2 158 2.998 CsH,,Cl 912 3.824
=AML 1.154 CHCl, 972 5.150
+ ke 1.074 C12Hae 897 8.121
+ =k 0.810 C13Hag 934 9.750
6,6- 1 5E-5-0 BT 51, 3-FF 1% 45 0.622 CsHyp 710 7.037
1-fif e b 0.583 CeH3NO, 860 12.638
1E Bk 0.564 C/Hyg 942 1.870
T 0.365 CiHayy 920 6.355
RIS [ R 0.593 CgHyo 970 7.151
4B R 0.383 CsHyo 968 7.925
i 2 3-3F Hi-2-T 1.114 C:H,,0 932 11.409
2,3-3¢ 0.739 CsH,,0, 929 10.156
FH 2 B T 0.681 CsH,,0 920 10.390
[1S-(1 « ,4 & ,5 & )]-4-F 3 -1-(1-FF 0.316 C1oH,60 899 11.911
2 FH) T IR[3.1.0] 2 BE-3-fil
[LiES BETR T 6.670 CoH 50, 930 10.370
LR T 0.414 C,H;0, 955 3.088
Fiftb (H)-FriE 1.281 CioHy6 923 8.136
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Fig.5 Total ion flow chromatogram of volatile flavor

componentsin quinoa noodle soup
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Table4 Summary of flavor componentsin quinoa noodle soup

Moy AHX £ /% b3 NS i B2 B 6] /min
2 FEC 35.950 CeH 1,0 960 6.210
S 8.846 CsH,00 958 4.433
(E)-2-P#fs s 5.389 C-H,,0 962 10.214
B 3.706 C;H,,0 904 8.016
T 3.034 CoH 50 963 11.209
2 2.671 C;H,O 975 12.992
2 -2- S I 2.351 CH,,0 969 11.720
S 2.127 CsH,00 934 3.473
2-CL I 1.840 CeH,00 951 8.558
K -2,4-%% IR 1.620 CioH,60 941 16.368
& a-2-T g 1.114 CoH,0 952 13.121
1B 1.066 CsH, 0 967 9.681
(E,E)-2,4-P& 47 0.726 C7H,,0 929 12.577
pA 0.678 CioH200 866 12.628
R -2- A 0.592 CsH0 935 7.046
(E,E)-2,4-T I 0.333 CoH,,0 935 15.142
e 1E OB 3.367 Ce¢H 4,0 964 10.633
1-73% B 3.063 CsH,,0 956 9.103
-2 45 -3- B 2.269 CH )60 956 11.956
IE TR 1.832 C,H,00 960 7.387
2-LHECEE 0.637 CsH 50 955 12.489
S 0.415 CsH 50 906 13.358
1- 18645 -3 -8 0.292 CsH,00 955 7.631
4-2 SR O 0.284 CsH,0 857 13.188
PYEES 2-1F 13 FE P A 1.041 CoH,,0 941 8.780
2-Z B 0.520 CsH0 930 4.038
Je 2 =R b 1.904 CHCl, 979 5.159
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Mo AHXT /% fh2E5X VC i B £ 88 B [8] /min
I 2,4- T REFE 0.295 C14H20 951 21.181
fii2E PR TR 1.716 C;H¢O 855 7.976
3-F -2 0.877 CgH,40 938 11.418
PP B 0.578 CsH,,0 917 10.403
2,5-C il 0.387 CgH,00, 841 10.177
RS BEMR 2.1k 1.965 CoH50, 925 10.350
LR TR 1.568 C,H;0, 959 3.098
PR IE T Tig 1.484 C/H,,0, 970 7.874
AR — R 5 T g 0.390 Ci6H20.4 951 23.390
FF R B 0.381 CsH,40, 852 12.043
2R T g 0.237 CeH,,0, 871 6.064
FAt (-)-FriEla 1.419 CioHis 854 8.216
[]As 0.364 C¢H,003 805 3.421
LA 0.348 C4H;N 955 12.844
3-F BE-1- 2R S g 0.326 CioH N, 861 21.497
26 BERZERERMERKE SR %R 15]
TERBR B B ik fE v, AR S B T e
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2 35t b 1 BT 15 1) 69 4 % SRk 0 I Rk 0 4 3
Fio MR ErRE fLatingg 5 BOR B
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WY, BRI, B, mhmgds . BRI KR
2 WS, ERISANHAL, FERYIAEE 11 Fh, A 3&“@
R 61.262%, X HFE 1 RIKE 0 (E)-2-Beks , , , | |
FE I 2 T 4% 275 s KA R A4 8 0 e

FAXT &N 15.612%, B2 KU ot 1 (45 v
X B 7 THT 45 ) A AR SRR AR5 ki 2y
F45 2 Fh, MRS ER 5.362%; R L 4

6 BEZEZEEELMRNEASHNABFREER
Fig. 6 Total ion flow chromatogram of volatile flavor
componentsin defatted quinoa noodles
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Table5 Summary of flavor componentsin defatted quinoa noodles

W5 AR 5L /% 4y Fa NG {4 B B [H] /min
B S B 28.515 CeH 1,0 925 6.207
B 7.552 C;H,,0 920 8.015
R 5.493 CoH}50 958 11.210
P 5.146 CsH,00 927 4.431
S G 4.648 CsH,00 934 3.473
R 3.027 C;HO 973 12.991
(E)-2-BEJis s 2.267 C;H,,0 956 10.212
RSB 1.708 CsH,60 966 9.680
S -2-F A 1.136 CsH,,0 961 11.720
R -2-TF N 0.953 CoH,60 958 13.121
2-CLA R 0.817 CeH 00 948 8.557
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Ao AN B /% R . i J3 4+ B4 sf [ /min
[EES 1 O 6.595 CeH 4,0 962 10.633
-3 -3- % 3.375 CsH, 0 972 11.955
1-75 B 2.318 CsH,0 946 9.102
-2 KB 1.002 CsH;s0 963 12.489
2-CL 0.802 CeH 1,0 962 8.640
FEE 0.540 CsH; 50 924 13.359
IEPEEE 0.504 C;H,60 947 12.042
3-CLE 0.476 CeH 14,0 862 8.246
URES 2-1E 3 35 mk g 4.337 CoH,,0 941 8.780
2-Z FEnk g 1.025 CeH;0 937 4.035
jeS = e 1.626 CHCl, 976 5.157
WU 0.897 CioHis 902 8.214
1,2-AE A b 0.778 CsH;0 709 10.402
1E b 0.648 CsHis 914 2.307
FEIRL * 1.005 CeHs 881 3.825
] — 28 0.425 CsHio 964 7.221
il 24 A BER TR 1.181 CsH;05 964 4.415
=] 0.581 CgH,40 970 9.624
2,3- R 0.548 CsH,40, 857 10.175
2,313 i 0.484 C5H;0, 838 5.825
[1S-(1a,4a,50)]-4-F JE-1-(1-FF £ F) — 0.484 CoH,60 918 11.660
F£[3.1.0]S be-3-Fl
RS PR .15 6.730 CoH 50, 950 10.350
1-F 3 -4-(1- 1 36 205 36 3 O B £ TR i 0.609 C1,H200, 831 8.251
LR TR 0.425 C4H;0, 899 3.097
oAt TN 2 I 0.953 CeH 1003 802 3.418
3-F Je-1- IR FE ML g 0.392 C1oH 0N, 860 21.498
B, AHXT SN 3.949%; RHIEYFALEE 2 Fh, ol
FAX S 1.430%; FEYTALHE 5 F, X4
Y 3.278%, BREMIFALE 3 R, MG R oL
7.764%, 532 1 0F LT AIERZS A & h 5 Ak
WA T, Y n 1R R A 1 §,6_
FRACAT 5 HAUW BTELAT 2 B, AR HE 0 1.345%. i
2.7 PRREZEZMEIHIE L XK 244 R sl
TERUBR B0 0 ik R v, AR i HEAE SOAH € Pdm
Tk HP ) PR B RS ] R DT TC RE XA A R PR A AT . ) . . .
R . . 5 10 15 20 25
SEVESMHT (T 7). Bl FF A5 3 i % 1 Rk 4 ——

KR4 FR . AR a . fb2Eln g 6 fs .

M3 6 FIHL, AR ZE A A h A 36 48 L 1%
BRI, EERY RALES 12 Fh, A& R R
62.268% , Xf [ 3 4 I A AEZE 22 V7 1Y) A R Al
J 0 WA BT Rt 5 IR 2R B HE 11 Fl, AR
K 20.100%, XFEE 2 Al 0AS H AR EERS T T

7 BEZEZEMFAELZERNER SN EBFREER
Fig. 7 Total ion flow chromatogram of volatile flavor
componentsin defatted quinoa noodle soup

W RRFEAZ T A FIARR 5 RIS | IR RAAR ALY
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XN 3.411%; BRI LTS 2 F, FHXT & &
R 2.781%, X ELF 4 Al HIEE2E & & MFIEA T

WA, PG B i T R L TR AT
BN . HABYI BT AL 45 4 Fb, AR &8N 3.741%.
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Table6 Summary of flavor components of defatted quinoa noodle soup

M5 AR5 /% b DT 4 B2 B[] /min
e IEC 30.671 CeH,,0 962 6.208
PRI 6.746 C,H,,0 889 8.011
S 5.857 CsH,00 928 3.473
T/ 4,585 CoH,50 963 11.211
S 4.360 CsH,00 904 4.466
% 3.103 C;HsO 969 12.992
(E)-2-BE 4 ik 2.157 CH,0 955 10.213
IS 1.148 CsH; 60 965 9.680
2 -2- I 1.030 CgH,,0 957 11.720
2-CL s 0.963 CeH 60 961 8.558
ZEE 0.871 CioHa00 947 12.628
2T 0.777 CoH;s0 960 13.122
fis ok IE O 7.327 CeH /40 962 10.634
1- B 3.091 CsH;,0 952 9.103
-3 45 -3l 2.520 CgH 60 958 11.956
3 1.927 C,HeO 970 3.798
1-FH A g -2- P 1.036 C4H;00, 965 7.082
IETBE 0.958 C4H,0 958 7.388
2-ZF OB 0.782 CsH 50 948 12.489
S 0 0.771 CsH,0 903 8.425
S 0.607 C;H0 944 3.723
FAA B 0.552 Cy5Ha60 928 19.634
1-7 0.529 CsH 50 905 13.360
UREES 2-1F JRG B 0 g 0.562 CoH,40 934 8.783
Je 2 =H@ W 4.663 CHCl; 976 5.158
IECEE 1.871 CeH 4 958 1.694
IR 2,4-RUT B 0.596 CisH,,0 952 21.182
BB PN T 1.407 C3HO 747 7.974
i Ak 2 RPN T 1.261 CsH;0;5 948 4.415
FH 3k 5 05 Tl 0.743 CsH 1,0 929 10.402
[LES BER T 1.672 CoH 50, 923 10.349
LR LT 1.109 C4H;0, 959 3.096
HoAth A g 1.223 C4HsN 955 12.844
B 1.211 CeH 005 805 3.418
PR 0.706 C,H¢S 956 2.050
7o JrERs v 0.601 CyoH,;60 950 12.968

2.8 MiREXTZEEZ MM

BT EARENEA, a/MGSERA 3 A
FEAE RS, ORI T4 . BERE T . mhik
WA, B T 4O T340 1 600~1 700 cm ' Y5
W, EEH C=0 M4 H-0-H 25l
SGEA, eSS IR AR S o-IRE . B-

Prid . B-Fes . JORUNIE & 2 e &
LUE AR s B2 BT B, iz
Jr A By LT I R 118 A7 " A A TR R A AN A 150 A I
Jig Xt 28 A by i A B A/ (18] 8A ), X
IR R T B AR AL BT B, AR
HEM ZREH, RS IR R A AR
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Fig. 8 Effect of defatting treatment on the structure of quinoa

flour, A: FTIR spectrum of defatted quinoa flour; B: Scanning
electron microscopy of defatted quinoa flour (x5000)
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